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CE — KONFORMITATSERKLARUNG DE

Wir erklaren in alleiniger Verantwortung, dass dieses Produkt den Bestimmungen
der Richtlinien 89 /336 / EG und 73 / 23 / EG entspricht und mit folgenden Normen
und normativen Dokumenten Gbereinstimmt: DIN EN IEC 61 010-1 and DIN EN IEC
61326-1.

CE — DECLARATION OF CONFIRMITY EN

We declare under our sole responsibility that this product corresponds to the regula-
tions 89 /336 / EEC and 73 / 23 / EEC and conforms with the standards or stan-
dardized documents: DIN EN IEC 61 010-1 and DIN EN IEC 61326-1.

DECLARATION DE CONFORMITE CE FR
Nous déclarons sous notre responsabilité que se prodiut est conforme aux régle-
mentations 89/ 336 / CEE et 73/ 23 / CEE et en conformité avec les normes ou
documents normalisés suivant: DIN EN IEC 61 010-1 et DIN EN IEC 61326-1.

DECLARACION DE CONFORMIDAD DE CE ES
Declaramos por nuestra responsabilidad propia que este produkto corresponde a
las directrices 89 /336 / CEE y 73 /23 / CEE y que cumple las normas o documen-
tos normativos siguientes: DIN EN IEC 61 010-1 y DIN EN IEC 61326-1.

CE — DICHIARAZIONE DI CONFORMITA IT
Dichiariamo, assumendone la piena responsabilita, che il prodotto € conforme alle
seguenti direttive 89 / 336 / CCE e 73 /23 / CCE, in accordo ai seguenti regolamenti
e documenti: DIN EN IEC 61 010-1 y DIN EN IEC 61326-1.
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Explanation of symbols

This symbol identifies information that is of absolute importance to ensure your
health and safety. Failure to observe this information may be detrimental to your
health or may result in injuries.

This symbol identifies information that is of important to ensure problem-free
technical operation of the device. Failure to observe this information may result in
damage to the calorimeter system.

=3

This symbol identifies information that is important to ensure problem-free operation
of calorimetric measurements and for working with the calorimeter system. Failure to
observe this information may result in inaccurate measurement results.
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1 For your safety

Intended pur-
pose

Operating

requirements

Explosive
substances

Notes on the
sample

Combustion residue,
auxiliary materials

In order to be able to use the appliance properly and safely, every user must first
read the operating instructions and observe the safety instructions contained
therein. Take care of these operating instructions and keep them in a place where
they can be accessed by everyone.

The C 5000 calorimeter system may only be used to determine the gross calorific
value of solid and liquid materials in accordance with DIN 51900, BS 1016 T5, ISO
1928, ASTM 5468, ASTM 5865 and ASTM 4809. For this purpose, use only original
IKA® decomposition vessels C 5010 and C 5012. For further details please see the
operating instructions of the decomposition vessels C 5010 and C 5012.

The maximum amount of energy input into the decomposition vessel must not ex-
ceed 40000 J (select the weight of the sample accordingly). The permissible oper-
ating pressure of 230 bar (23 Mpa) must not be exceeded. The maximum permissi-
ble operating temperature must not exceed 50 °C.

Do not fill the decomposition vessel too full of the sample. Only fill the decomposi-
tion vessel with oxygen up to a maximum pressure of 40 bar (4 Mpa). Monitor the
adjusted pressure on the pressure reducer of your oxygen supply. Perform a leak-
age test before every combustion (please observe the operating instructions of the
decomposition vessels C 5010 and C 5012, chapter "Leakage test”).

Many substances tend to combust in an explosive manner (for example because of
the formation of peroxide). This may cause the decomposition vessel to burst.

The standard decomposition vessels must not be used for examinations on
samples that are capable of exploding. It is absolutely essential to use a spe-
cial high-pressure decomposition vessel to contain the sample in these cases!
This high-pressure decomposition vessel can only be used with the C 2000
calorimeter system.

Substances of which the combustion behavior is not known must be examined for
their combustion behavior before combustion in the decomposition vessel C 5010 or
C 5012 (danger of explosion). If you are burning unknown samples, leave the room
or keep a safe distance between you and the calorimeter.

Benzoic acid must only be burned in the form of pellets! Combustible dust and pow-
der must be compressed into pellets before combustion. Oven-dry dust and powder
such as wood chips, hay, straw, etc. burn in an explosive manner! They must be
moistened first! Readily combustible liquids with a low vapor pressure must not be
come in direct contact with the cotton thread (for example tetramethyl dihydrogen
disiloxan)!

In addition, toxic residues of combustion are possible in the form of gases, ash or
precipitates on the inner wall of the decomposition vessel, for example.

Observe the accident prevention requirements applicable to the activity
and the work station. Wear personal safety equipment.

When handling combustion samples, combustion residues and auxiliary materials,
the appropriate safety requirements must be observed. The following are examples
of substances that may cause dangers:

— corrosive

— easily flammable

— capable of exploding

— contaminated with bacteria

- toxic

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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Oxygen

Using a crucible
made of stain-
less steel

Specification of
the decomposi-
tion vessel

Repeated tests

1 For your safety

When working with oxygen, observe the appropriate requirements.

Danger warning: As a compressed gas, oxygen promotes combustion, supports
combustion intensively and may react violently with combustible substances.

Do not use any oil or grease!

Keep all gas lines and screw connections that carry oxygen free from grease.
Observe the accident prevention requirements applicable to the activity and the
work station.

Close the main valve on the oxygen supply when work is complete.

Only carry out maintenance work when the system is depressurised.

When using crucibles made of stainless steel, their condition should be carefully
checked after every experiment.

A reduction in the thickness of the material may cause the crucible to burn and may
damage the decomposition vessel. For reasons of safety, crucibles must not be
used any more after a maximum of 25 combustion procedures.

Caution - Magnetism! Effects of the magnetic field have to be taken into account
(e.g. data storage media, cardiac pacemakers ...).

The decomposition vessels C 5010 und C 5012 are manufactured in accordance
with the regulation for pressure vessels 97/ 23/ CEE. This can be recognized from
the symbol CE with the identifying number of the testing station named. The de-
composition vessel is a pressure device of Category Ill. The decomposition vessel
has been subjected to an CEE prototype test. The CE-declaration of conformity rep-
resents our guarantee to you that this decomposition vessel complies with the pres-
sure device described in the CEE prototype test certificate. The decomposition ves-
sel has been subjected to a pressure test at a test pressure of 330 bar and a leak-
age test with oxygen at 30 bar.

Decomposition vessels are experiment autoclaves and must be tested by a pro-
fessionally trained person each time before they are used.

An individual application is understood here to mean a series of experiments that
are performed under roughly the same conditions in terms of pressure and tem-
perature experiment autoclaves must be operated in special chambers (C 2000,
C 5000).

The decomposition vessel must be subject to repeated tests (internal tests and
pressure tests) by a person with professional training. The intervals between tests
must be determined by the operator based on experience, operating manner and
the material used in the decomposition vessel.

The declaration of conformity loses its validity if mechanical modifications are
made to the experiment autoclaves or if stability can no longer be guaranteed
as a result of heavy corrosion (for example holes eaten in it by halogens).

The threading on the body of the decomposition vessel and cap screw in particular
are subject to a high level of mechanical stress and must therefore be monitored
regularly for wear and tear.

The condition of the seals must be checked for functionality must be ensured by
means of a test for leaks (please observe the operating instructions of the decom-
position vessels C 5010 and C 5012, chapter “Leakage test”).

Pressure tests and service tasks on the decomposition vessel must only be per-
formed by persons with professional training.

We recommend that the decomposition vessel be sent into our factory for in-
spection and repairs if necessary after either 1000 experiments or after one
year or, depending on the application, even sooner than this.
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A person with professional training as defined in these operating instructions is
someone

1.

whose training, knowledge and experience gained through practical activities
ensures that that person will perform the tests in a proper manner.

. who is sufficiently reliable

. who is not subject to any instructions in terms of testing activity

who is equipped with suitable testing equipment if necessary

. who can provide suitable proof demonstrating compliance with the requirements

listed in 1.

National regulations and laws for operating pressure containers must be observed!
Anyone who operates a pressure container must maintain it in proper condition,
must monitor it and perform necessary maintenance and repair tasks without delay,
and must take measures appropriate for the circumstances to ensure safety.

A pressure container must not be operated if it exhibits defects that could en-
danger those working with it or third parties. You can obtain a copy of the pres-
sure vessel regulation from Carl Heymann Verlag or Beuth Verlag.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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2 User notes

Working
through
Sections 1 ... 9

Performing
experiments

Iy

2.1 Notes on using the operating instructions

In this section you will learn how to work through these Operating Instructions in the
most effective manner to be able to work safely with the calorimeter system.

The instructions in Section 1 “For your Safety” must be followed.

You should work through sections 1 through 9 in order, one after the other. In Sec-
tion 3 “Calorimetric measurements,” you will find helpful information about deter-
mining gross calorific values with calorimeters. Section 4 “Features of the system”
provides you with information about standards to which the system conforms,
measurement ranges of the system and the reference states into which the gross
calorific value can be converted. Section 5 “Transportation, storage and setup loca-
tion” is of relevance for the reliability of the system and for ensuring a high degree of
reliability in measurements.

In addition to the description of system components, Section 7 contains technical
data on individual components.

The calorimeter system is ready for a measurement after you have performed the
procedures in Section 8 “Setting up and placing in service” and Section 9 “System
calibration”. The following determinations of gross calorific values should be per-
formed according to Section 10 “Determining gross calorific values” and Section 11
“Evaluating experiments”.

The figures ©, @, @ etc. in the following chapters indicate actions that must always
be carried out in the sequence given.

2.2 Warranty

In accordance with IKA warranty conditions, the warranty period is 12 months. For
claims under the warranty please contact your local dealer. You may also send the
machine direct to our works, enclosing the delivery invoice and giving reasons for
the claim. You will be liable for freight costs.

The warranty does not cover wearing parts, nor does it apply to faults resulting from

improper use or insufficient care and maintenance contrary to the instructions in this
operating manual.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 2-2

2 User notes

2.3 Warranty and liability

Please read through these Operating Instructions attentively. IKA® considers itself
responsible for the safety, reliability and performance of the device only:

e |f the unit has been used in accordance with the operating instructions

e If only persons authorized by the manufacturer perform maintenance on or
make repairs to the unit, and

e |f only original parts and original accessories are used for repairs.

We also direct your attention to the appropriate safety requirements and accident
prevention specifications.

IKA® is not responsible for damages or costs resulting from accident, misuse of the
unit or unauthorized modifications, repairs or innovations.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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3 Calorimetric measurements

Calorimeter
system

Experiment
conditions

3.1 Determining the gross calorific value

In a calorimeter, combustion processes take place under precisely defined condi-
tions. For this purpose, the decomposition vessel is charged with a weighed in fuel
sample, the fuel sample is ignited, and the increase in temperature in the calorime-
ter system is measured. The specific gross calorific value of the sample is calculated
from:

e the weight of the fuel sample
e the heat capacity (C value) of the calorimeter system

e the increase in temperature of the water in the inner vessel of the measurement
cell

To optimize the combustion process, the decomposition vessel is filled with pure
oxygen (99.95 %). The pressure of the oxygen atmosphere in the decomposition
vessel is 30 bar.

The exact determination of the gross calorific value of a substance is based on the
requirement that the combustion proceeds under precisely defined conditions. The
applicable standards are based on the following assumptions:

e The temperature of the substance to undergo combustion is 22°C before com-
bustion.

e The water contained in substance and the water formed during combustion of
compounds in the substance containing hydrogen are present after combustion
in liquid state.

e No oxidation of atmospheric nitrogen takes place.

e The gaseous products of combustion consist of oxygen, nitrogen, carbon diox-
ide and sulfur dioxide.

e Solid ash is formed.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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Ho gross
calorific value

Hu net calorific
value

Heat of combustion and
extraneous energy:

The extraneous energy
can vary considerably

in relation to the heat of
combustion of the fuel
sample.

Igniter

Combustion
aid

3 Calorimetric measurements

Often, however, the products of combustion assumed by the standards are not the
only ones that are formed. In such cases, analyses must be performed on the fuel
sample and the combustion products that yield data for a correction calculation. The
standard gross calorific value is then determined from the measured gross calorific
value and the analysis data.

The Ho gross calorific value is formed from the quotient of the quantity of heat liber-
ated during complete combustion of a solid or liquid combustible substance and the
weight of the fuel sample. In this calculation, the water formed before the combus-
tion of compounds of the combustible substance must be present in a liquid state
after the combustion.

Reference temperature 22°C

The net calorific value Hu is equal to the gross calorific value reduced by the energy
of condensation of the water that was contained in the combustible substance that is
formed by combustion. The net calorific value is the technically more important
quantity, since only the net calorific value can be evaluated in terms of energy in all
important, technical applications.

On the calculation formulas for gross and net calorific value, see Section 17 “Basic
of calculations”.

3.2 Corrections

During a combustion experiment, as conditioned by the system, heat is not gener-
ated only by combustion of the sample; in addition heat also arises through extrane-
ous energy:

The heat of combustion of the cotton thread that ignites the sample and the heat of
electrical ignition would distort the measurement. This effect is taken into account in
the calculation with a correction value.

Substances with low inflammability and substances that do not readily undergo

combustion are burned together with a combustion aid. The combustion aid is first
weighed and is then placed in the crucible with the sample. From the weight of the

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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combustion aid and a specific gross calorific value that is of course already known, it
is possible to determine the amount of heat that is introduced by the combustion aid.
The result of the experiment must then be corrected by that quantity of heat.

The C 14 combustible crucible can be used instead of a more traditional crucible.
The combustible crucible is burned completely with no residue. When a combustible
crucible is used, no additional cotton thread is required. The crucible is contacted
directly by the fixed ignition wire of the decomposition vessel and is ignited.

The purity of the material of the combustible crucible prevents chemical contamina-
tion of the sample material (no blank values).

Decomposition vessel in which the combustible crucible is used must be retrofitted
with an additional part (attachment C 5010.4, see accessories). The sample is
weighed in into the combustible crucible normally. In most cases, no additional
combustion aid is required, because the combustible crucible itself serves as a
combustion aid.

The C 14 combustible crucible cannot be used in combination with the sample
rack.

Almost all substances to be analyzed contain sulfur and nitrogen. Under the condi-
tions that prevail in calorimetric measurements, sulfur and nitrogen burn and

are reduced to SO,, SOz and NO,. In combination with the water from combustion
and moisture, sulfuric acid and nitric acid are produced in addition to heat of solu-
tion. In order to obtain the standard gross calorific value, the gross calorific value is
corrected by the effect of the heat of solution.

In order to obtain a defined final state and to measure all acids quantitatively, 5 ml of
distilled water is placed in the decomposition vessel before the experiment. The
gasses liberated during combustion form acids with the distilled water. After the
combustion, the decomposition vessel is rinsed thoroughly with distilled water to
collect the precipitate that has been deposited on the inner wall of the vessel as
well. The water that was placed in the decomposition vessel is combined with the
rinse water to be titrated for acid content.

3.3 Complete combustion

To determine the gross calorific value correctly, it is of fundamental significance for
the sample to be burned completely. After the experiment, the crucible and all solid
residues must be examined for signs of incomplete combustion.

Normally, solid combustion substances can be burned directly in powder form. Sub-
stances that burn rapidly, i.e. substances for which the combustion has the nature of
an explosion (for example benzoic acid) must not be burned in loose form. These
substances tend to spark, and complete combustion could therefore no longer be
guaranteed. In addition, the decomposition vessel could be damaged. Such sub-
stances must be pressed into tablets before combustion (see Accessories).

Substances with low inflammability (substances with a high mineral content, low-
calorific materials) often can be burned only with the aid of combustion capsules or
combustion bags (see Accessories). It is also possible to use liquid combustion aids
such as paraffin oil or hydrocarbon oil.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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Liquid and
highly volatile
substances

Halogens

3 Calorimetric measurements

Most liquid substances can be weighed directly into the crucible. Highly volatile sub-
stances are placed in combustion capsules (gelatin capsules ore acetobutyrate cap-
sules, see Accessories) and are burned together with the capsules.

The igniters (cotton thread) must be completely burned as well. If unburned remain-
ders of the igniter are left over, the experiment must be repeated or a correction
must be introduced into the result through the extraneous energy.

Substances with high halogen content can cause corrosion to appear on the de-
composition vessel. Decomposition vessel C 5012 should be used for these pur-
poses.

3.4 Calibration

To ensure exact reproducible measurement results, the calorimeter system is cali-
brated after it is first placed in service, after maintenance work, after parts are re-
placed and at specific time intervals. During calibration, the heat capacity of the
calorimeter system is re-determined.

Regular calibration is absolutely essential to maintain accuracy of measure-
ment. Furthermore, the system must be calibrated in the operating mode that
will be used for the experiment (adiabatic, isoperibolic or dynamic).

For this purpose, a specific quantity of a reference substance is burned in the de-
composition vessel under the conditions of the experiment. Since the gross calorific
value of the reference substance is known, it is possible to use the increase in tem-
perature of the calorimeter system when the reference substance is burned to cal-
culate the heat capacity.

The reference substance for calorimetry that is recognized at an international level is
benzoic acid obtained from the National Bureau of Standards (NBS-Standard Sam-
ple 39), with a guaranteed gross calorific value.

If a calorimeter is being operated with more than one decomposition vessel,
the heat capacity of the system must be determined for each decomposition
vessel.

For more detailed information on calibration, please refer to the appropriate stan-
dards as they are listed in Section 4 “Features of the system”.
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4 Features of the system

The C 5000 control and C 5000 duo-control calorimeter systems are used for rou-
tine determinations of the gross calorific value of solid and liquid substances. The
two systems conform to all gross calorific value standards in accepted use, and are
thus recognized worldwide. The extensive selection of accessories and the modular
design of the systems ensure customized adaptation to laboratory tasks. During the
process of an experiment, the software takes care of communication with external
devices (for example analytical scale, sample rack) as well as management of sam-
ples, decomposition vessels and experiment results that eliminates mix-ups.

The two systems are distinguished by the following features:
e A fully automated measurement procedure eliminates the need for time-
consuming routine tasks.

¢ Integrated oxygen filling and degassing.

e Measurement and calculation of gross calorific value according to DIN 51900,
ISO 1928, ASTM D240, ASTM D4809, ASTM D5865, ASTM D1989, ASTM
D5468, ASTM E711

e (Calculation of net calorific value according to DIN 51900, ASTM D240,
ASTM D4809, ASTM D5865, ASTM D1989, ASTM D5468, ASTM E711

e Measurement range: max. 40,000 J
This corresponds to an increase in temperature within the inner vessel of about
4 K.

e Work can be performed based on the adiabatic, isoperibolic or dynamic princi-
ple.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07
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5 Transportation, storage and setup location

5.1 Conditions for transportation and storage

The system must be protected from mechanical bumps, vibrations, accumulations of
dust and corrosive ambient air during transportation and storage. It is also important
to observe that the relative humidity not exceed 80%.

In case of repair the device has to be cleaned and free from any materials which
may constitute a health hazard.

If you require servicing, return the appliance in its original packaging. Storage pack-
aging is not sufficient. Please also use suitable transport packaging.

5.2 Setup location

To ensure high precision in measurements, a constant ambient temperature is re-
quired for the system. The following conditions must therefore be observed at the
setup location:

¢ No exposure to direct sunlight.

e No drafts (for example next to windows, doors, air conditioners).

e A sufficient distance from heater blocks and other sources of heat.

e Adequate circulation of air must be ensured to divert the system’s own heat.

e The minimum distance between the wall and the rear side of the unit must not
be less than 25 cm.

e The system must not have laboratory material such as shelves, cable sleeves,
ring leads, etc, built over it.

e The room temperature must fall within the range of 20 — 25 °C.

e The system must be set up on a horizontal surface.

ﬂ@ To operate the system, the setup location must provide a power supply that con-
forms to the specifications on the rating plates of the system components, as well as
a supply of oxygen (99.95% pure oxygen, quality 3.5, pressure 30 bar) with the ap-
propriate pressure indicator. A shut-off valve for the oxygen supply must be in-
stalled. Observe the instructions on handling oxygen given in Section 1 "For your
safety”.
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Please unpack the unit carefully and make note of any damages. It is important that
any damage that occurred during shipping be noted at once while unpacking. If
damage has occurred, you should take stock of this damage immediately (noting
whether by mail, rail or express delivery, etc.).

The following sections describe the entire range of components included with deliv-
ery, including the various system variants.

6.1 Delivery scope

Package 1 | Package 2 | Package 3 | Description
1x 1x 1x Controller with measurement cell
Accessory set package 1/2 or 3
Operating instructions
1x 1x 2x Decomposition vessel C 50XX
1Xx - - Cooling system C 5001
- 1x - Cooling system C 5004
Data sheet
- - 1x Cooling system C 5002
- - 1x Measurement cell
1x 1x - O,-Pressure hose
Length: 2m
Connection: 1 x M8x1, SW 10
1xW ,8W17
1x 1x 2x Venting hose
Length: 1,5m
Connection: 1 x M6, SW 8
- - 2x Connection piece
- - 3x Pivot plates
- - 1x O,- Pressure hose
Length: 2m
Connection: 1 x M8x1, SW 10
1xv ,SW17
- - 1x Extension for control and connection
cable
- - 2x Water hose, short
2X Water hose, long

IKA®-WERKE C 5000 control/duo-control
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7 Description of the system components

Controller with
measurement cell

7.1 Controller with measurement cell

Together with the measurement cell, the controller makes up the core of the calo-
rimeter system.

The controller works as a central control, interface and display unit for all system
components. Operating commands and experiment parameters can be entered
through the control console (see the following illustration).

During a gross calorific value test, it monitors and controls all phases of the meas-
urement process. Current system states and test data appear on the display. To
ensure that the experiment proceeds with no problems, the components of the sys-
tem are monitored constantly. If malfunctions arise, the display generates a mes-
sage. The results of the experiment are stored together with the parameters of the
experiment and can be printed out if desired.
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Controller:
device connections

The individual tasks performed by the controller are as follow:
e Dialog with the user through the control console

e Store experiment data and experiment protocols ordered by experiment, ex-
periment documentation

e Perform experiments automatically, control and monitoring of measurement
cell(s)

e Communication with the peripheral devices:
Printer, analytical scale, sample rack, external PC
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Measurement cell

The combustion of fuel samples takes place in the measurement cell under pre-
cisely defined conditions. When the gross calorific value is being determined, the
measurement cell takes care of the following experiment conditions:

Experiment e Adiabatic measurement method according to DIN 51900, ISO 1928,
conditions ASTM D240, ASTM D4809, ASTM D5865, ASTM D1989, ASTM D5468,
ASTM E711

e |soperibolic measurement method according to DIN 51900, ISO 1928,
ASTM D240, ASTM D4809, ASTM D5865, ASTM D1989, ASTM D5468,
ASTM E711

e Dynamic measurement method (same as adiabatic but shorter in time)
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Measurement
cell
components

Experiment
process

7 Description of the system components

In order to achieve these experiment conditions, the following components are
housed in the measurement cell

Inner vessel with a water jacket
Magnetic stirrer to create even distribution of heat within the inner vessel

A water system with pump, expansion container and connection for an external
cooling unit

Heater and temperature controller

O; filling and degassing device

The measurement cell receives the signals for performing the individual steps of the
experiment from the controller. The controller records and monitors the experiment
data and operating states that are recorded by the sensors in the measurement cell.

The following processes take place during determination of gross calorific value in
the measurement cell:

The cover of the measurement cell closes automatically and the decomposition
vessel with the fuel sample is immersed into the inner vessel.

Pure oxygen flows through the oxygen filling device into the decomposition ves-
sel until the pressure preset by the user is reached (normally 30 bar).

The pump fills the inner vessel and takes care of circulation in the water system.

The magnetic stirrer keeps the water in the vessel constantly in motion so that
heat is distributed evenly.

The fuel sample is electrically ignited by the ignition device.

The water in the circuit is cooled off by an external cooling unit and is then
heated back up to the required temperature by the heater in the measurement
cell.

After the end of the experiment, the over-pressure is allowed to escape from the

decomposition vessel, the inner vessel is emptied and the cover of the meas-
urement cell is opened. The decomposition vessel can then be removed.
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System
components,
peripheral
devices

C 5000 calorimeter system:
System components and
peripheral devices with
maximum number of
components

7 Description of the system components

With the maximum number of components included and attached, the calorimeter
system includes the following components:

System components: Measurement cell 1 with controller
Measurement cell 2
C 5002 cooling system

Peripheral devices: Printer

Analytical scale
C 5020 sample rack
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7.2 C 5002 cooling system

The C 5002 cooling system cools the water systems of the two measurement cells.
One heat exchanger takes care of the cooling required for each circuit. A compres-
sor with a liquifier and an evaporator generates sufficient cooling output for two
measurement cells of the C 5000 calorimeter system.

The ventilator takes in cool air through the bottom of the unit to draw off the heat it
generates. The air escapes back out of the unit through ventilation slits in the rear
wall.

For the operating security of the entire system, both measurement cells
should always be in active operating mode (the OK window confirmed). This
also applies when working with only one measurement cell.
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C 5001 cooling
system

7 Description of the system components

7.3 C 5001 cooling system

The C 5001 cooling system cools the water systems of one measurement cell. One
heat exchanger takes care of the cooling required for the circuit. A compressor with
a liquifier and an evaporator generates sufficient cooling output for the measurement
cell of the C 5000 calorimeter system.

The ventilator takes in cool air through the bottom of the unit and the rear wall to
draw off the heat it generates. The ventilator then forces the air back out of the unit
through ventilation slits in the rear wall.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 7-9

7.4 C 5004 cooling system

C 5004 cooling

system

The C 5004 cooling system cools the water system with one measurement cell. The

secondary circuit of the system is connected to an external water supply to divert
heat.

Please observe the operating instructions C 5004.
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8 Setting up and placing in service

Opening the front flap

The components of the C 5000 calorimeter system are unpacked and are located at
the place where you will set them up (see Section 5, paragraph 5.2 on the location
for setting up the unit). Open the front flap of the measurement cell or of the two
measurement cells for the C 5000 duo-control by pushing on both recesses at the
same time.

Then carry out each of the following steps:
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8.1 Setting up package 1

@

Install the ventilation hose according to the following illustration:

Ventilation hose:
Guide the hose along
the right side of the
housing towards the
back.

The combustion gasses are discharged through the ventilation hose after each
combustion experiment. The ventilation hose should not be squeezed or kinked
while the hose is being laid.

Since combustion gasses are hazardous to your health, the ventilation hose
should be connected to an appropriate device for purifying or drawing off gas
(C 5030).
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@

Screw the pressure hose (O line) with the M8x1 cap screw onto the oxygen con-
nection sleeve of the measurement cell with an open-ended spanner (opening 10,
included with delivery), and install the hose according to the following illustration:

Pressure hose:
Guide the hose along
the right side of the
housing towards the
back.

€)

Using the handle (included with delivery of the decomposition vessel), remove the
blind plugs from the cold water connections of the measurement cell. Removing the
blind plugs allows residual water to escape. This water should be captured with an

absorbent pad.

Removing the blind plugs
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Installing the C 5001
cooling system onto
the measurement cell

8 Setting up and placing in service

@

Make sure that the oxygen supply line is connected to the C 5000 calorimeter as
described under Point @. Then connect the O; line to the laboratory oxygen supply
end.

Please refer to chapter 8.4 for details how to connect to oxygen supplies.

The oxygen supply line supplied is suitable for a pressure of max. 40 bar. It is 2 m
long, and the smallest permissible bending radius is 80 mm. The pressure-reducing
valve C 29 (accessory) is suitable for connecting the O, line to the oxygen supply. It
has a 1/4" BSP thread for connecting the hose. For use with an American pressure-
reducer with a 1/4" NPT thread, a suitable adapter for the oxygen line is included.

®

Place the C 5001 cooling system next to the measurement cell. Push the cooling
system all the way up to the measurement cell. The joining piece on the C 5001
cooling system fits into the opening on the measurement cell that lines up with it.
Fasten the two components in place by screwing in the two counter-sunk socket
bolts. Insert the hoses into the water connections of the measurement cell.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 8-5

8.2 Setting up package 2

For Package 2, setting up the measuring cell and connecting the oxygen supply are
identical to the procedures for Package 1. Please carry out Points ® to @ as de-
scribed in Section 8.1 “Setting up package 1, and then continue with Point ® of this
Section (8.2).

®

Place the C 5004 cooling system on the water connection of the measurement cell:

Installing the C 5004
cooling system onto the
measurement cell

®

For information on connecting and operating the C 5004 cooling system, see the
datasheet included with delivery and chapter 7.4 “C 5004 Cooling system”.
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8.3 Setting up package 3

@

Open the front flaps of both measurement cells and install the ventilation hose ac-
cording to the following illustration:

Ventilation hose:

Guide the hose of each

measurement cell along
the right or the left side
of the housing towards

the back.

The combustion gasses are discharged through the ventilation hose after each
combustion experiment. The ventilation hose should not be squeezed or kinked
while the hose is being laid.

Since combustion gasses are hazardous to your health, the ventilation hose
should be connected to an appropriate device for purifying or drawing off gas
(C 5030).
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@

Assemble the basic unit, the C 5002 cooling system and the second measurement
cell together as illustrated in the following illustration:

Assemble the
measurement cell
and cooling unit
together

©)

Screw the pressure hose with the two M8x1 cap screws onto the oxygen connection
sleeves of the measurement cells (with an SW10 open-ended spanner, included

with delivery).

Assembling of the
pressure hose
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@

Connect the second measurement cell with the controller through the extension
cord. The plugs should be screwed in place.

Assembling the
extension cord

®

Remove the blind plugs and insert the water hoses into the water hose connections
of the cooling system and the two measurement cells (see Section 8.1, Part 3).

Assembling the water
hoses

®

Set the pivot plates in place.

Setting the pivot
plates in place
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8.4 Connection oxygen supply

Installation

The 2 m long O, hose supplied with the system is designed for a maximum pressure
of 40 bar at room temperature. This can either be fed directly to the oxygen cylinder
or to another oxygen connection point with a pressure reducer (smallest permitted
bending radius 80 mm).

The C 29 reducer valve (accessory) for the oxy-
gen cylinder features an R 4 inch thread for con-
necting the pressure hose.

The pressure hose is supplied with an adapter for
American pressure reducers.

@

Make sure that the oxygen supply line is connected to the C 5000 calorimeter as
described under Point ®. Then connect the O; line to the laboratory oxygen supply
end.

The pressure of the oxygen should be 30 bar, but must not in any case exceed
40 bar. You should use oxygen of quality 3.5 (99.95% pure oxygen).

Keep all gas lines and screw connections that carry oxygen free from grease.
Observe the accident prevention requirements applicable to the activity and the
work station. Wear personal safety equipment.

Close the main valve on the oxygen supply when work is complete.

Only carry out maintenance work when the system is depressurised.
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Connecting the printer,
sample rack and scale

8 Setting up and placing in service

8.5 Connecting peripheral devices

If sample racks, electronic scale or a printer have been delivered with the calorime-
ter, they should be connected now.

The connection sockets are located on the rear wall of the controller. When con-
necting the sample rack, take note of the labeling for the connection cable.

The power to peripheral devices and calorimeter must be turned off while they
are being connected to the power switch.

Please refer to chapter 8.4 for details how to connect to oxygen supplies.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Opening the expansion
container

=3

Page 8-11

8.6 Filling the system circuit

@

The liquid with which the system is filled must be prepared as follows (about 5 liters
per measurement cell):

Fill a clean container with about 2.5 liters of distilled water
Add 5 ml of Aqua-Pro

Add the remaining 2.5 liters of distilled water to the container
Stir the mixture, or close the container and shake

A clean container that can be grasped easily should be used to fill up the system
circuit with liquid. Open the cover of the expansion container by rotating and add 1
liter to the expansion container of the measurement cell.

For the Duo-control, measurement cell 2 should be turned off first for the first
filling. Measurement cell 2 should not be turned on and filled up until the pro-
cedure for filling up cell 1 has been completely finished.

@

Connect the power plug with the power source. Turn on the measurement cell on
the power switch (the cooling unit will not be turned on yet at this point).

The system begins to boot up. The cover of the measurement cell opens automati-
cally and the opening screen appears on the display of the control console. You
must confirm the opening screen with the OK key.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 8-12

Opening screen

Water level
error message

8 Setting up and placing in service

Information

CEHEAA DuoControl
Uersion ZA
Reuw: 7

Because there is only a small amount of water in the expansion container, the fol-
lowing message now appears:

Refill with water or empty IV (IV - inner vessel)

At the same time, an acoustic signal is heard.
This message must be ignored at first, and you must not confirm it by pressing the
OK key.

Mode: Adiabatic 18143156

Information

Device: 1
Refill water!

; or -
3.0 empty IV
1 »[ empty IV ]

lldaiting L
Ztable
ﬁ . G T T T T E‘ T T Il‘@‘ T T |1|5| T T Elﬂl T T |2|5| I'nli “
Helg Eample Eual MeEnu
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Now pour in about 1-1.5 liters (in any case, enough for the message on the display
and the signal to go off) of the prepared mixture evenly and slowly.

This will turn the pump on automatically and the water will be pumped from the ex-
pansion container into the system.

As the water level in the expansion container sinks, the same message appears
again:

Refill water or empty IV

and the acoustic signal is heard. This message must be ignored again, and you
must not confirm it by pressing the OK key.

©)

Now the water system must be vented. Turn the ventilation screw out by about
3 ... 5 mm with a screwdriver (do not screw the ventilation screw out entirely).
Watch the ventilation screw until water comes out and turn it shut again. There are
still pockets of air trapped in the water system, but they should dissipate within the
next 2 to 3 minutes through the expansion container. The pumping noises are then
reduced significantly.
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8 Setting up and placing in service

@

Continue filling with the prepared liquid until the message on the display goes off.
The water capacity in the entire system is about 4.5 liters. Set the cover back on the
expansion container with a turning motion. The rest of the mixture will be required
later on for operating the unit.

The sieve insert in the filling sleeve of the expansion container must be
checked when refilling the system for deposits, etc. Observe the references in
this regard in Section 13 “Care and Maintenance”.

During routine operation, liquid is lost by evaporation and by adhering to the decom-
position vessel.

During normal operation, if this error message appears on the display:
Refill water or empty IV

at least 50 ml of the mixture should be added to the expansion container. If the
message does not disappear, repeat the filling process in increments of 50 mi.

®

At this point, the cooling unit is turned on. The system is now ready for operation.
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8.7 Control and display elements

Before you continue with the next steps in preparing the system for operation, you
should become familiar with the display and control console.

The control console is equipped with the following elements:

LC display for showing system data, experiment data as well as menus and
dialog boxes for entering data.

Function keys The assignment of the function keys depends on the operat-
ing state of the system at the moment. F7 calls up a context-sensitive help
system. The footer of the display indicates the current assignment of the
function keys.

Cancel key The cancel function is active in the menu and dialog boxes. You
can use cancel to leave a window without the system accepting any data that
may have been entered.

Del key If you have entered a character sequence inside a dialog box, for
example the weight of the combustion sample, you can delete the character
immediately to the left of the cursor with the Del key. The Del key has a sec-
ond function: outside a dialog box, you can open the menu bar on the upper
edge of the screen by pressing the Del key.

OK key You can use the OK key to activate menu items and to close or con-
firm dialog boxes. In addition, OK is used to cause the system to accept data
that was entered inside a dialog box.

Tab key Tab moves the cursor within a dialog box from one configuration
box to the next.

Tab is used to move from the display for measurement cell 1 to the display
for measurement cell 2 in the duo control system.
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Example of a
dialog window

10.

8 Setting up and placing in service

Left, right, up and down arrow key The arrow keys move the cursor within
the entry lines, menu windows, tables and protocols.

Number block You can enter numbers, decimal points and blank spaces
with these keys. You can open up or close an additional information window
for service purposes with the decimal key outside of a dialog box. You can
print out the content of this window with the space bar ©.

You can use button 1 to go to the maintenance menu when there is no
measurement running. Pressing button 2 feeds a page if a printer is con-
nected.

Contrast controller For controlling the contrast of the display.
Lock screw Loosening the lock screw will change the angle of inclination of
the display. To lock it, the screw must be screwed in again until it is tight.

Various dialog elements can be selected within the dialog box in the display.
The following dialog elements are available:

— entry line

— button

— simple table

— selection table

— option table

— display elements (cannot be accessed)

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Active element

Option table

Selection table

Entry line

Example of a
dialog window

Active dialog
element

Entry line

Table

Active button

Dialog window
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Modus:iAadiabat | 14:81:21
Hﬂﬁeratiaﬁ E=xperiment init
*[X1 Protocol L e Last exper .

L 1 Eample_rack . ) Etandar
[ 1 Eom
[~ ] REestore e=xp. .
[ 1 Usr—def. name Units
L 1 Oz Eurglﬁg_ L) Joulesg
L 1 omb. crucibl L calf?.
[ 1 Decomposition . » BTUS1ih
. 3 kbhAkg
Mode . Lo MJIsSky
. 3 Isoperibolic )
#) Adiabatic Evaluation
Lo Dgﬁamlc e DIMASIEKA
L 1 Addustment L ARTM
=L Ok 1«
Ref . gro== cal. walue
26457 [ Cancel ]
Helg | Eettings

All dialog elements are labeled. Active dialog elements are identified by the charac-
ter ». You can cycle through and make each element in turn the active element by
repeatedly pressing TAB. Only the active dialog element can be accessed (have
some function performed on it). The button is an exception to this rule.

Digits and decimal points can be entered in an active entry line. The character that
was last entered can be deleted with DEL. Some entry lines offer the possibility of
selecting letters and additional characters from a displayed table of characters with
arrow keys and then bringing them into the entry text with the “.” key.

TAB ends entry and activates the next dialog element.

OK ends entry and closes the window.

You can select or deselect the lines of an active table (also a selection and option
table) with the Up arrow and Down arrow keys. The possibility for selecting is indi-
cated in a selection table with (e).

For an option table, the option in the selected line can be activated (indicated by [x])

or deactivated again (indicated by [ ]) with the space bar.

TAB completes work in the table and activates the next dialog element.

OK ends work in the table and closes the window.

An active button is switched with the OK key. If a table is active and the button is
labeled with a number, it is possible to switch to it directly with the corresponding
number key.

Almost every dialog box has the buttons OK and Cancel.

If the OK button is marked with - and <, it can also be switched with the OK key
from an active table or entry line. The result is that the dialog box closes and the
entries and settings are taken over. A button labeled with Cancel can always be
switched with the CANCEL key and also results in the window closing, but without
the entries and settings being accepted. In no case can the actions previously initi-
ated by other switches be undone.
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8.8 Turning on the system

When you turn on the calorimeter system (measurement and cooler), the opening
screen first appears (the cover of the measurement cell opens up automatically).

Information

CEAEA DuoControl
Uersinp = . 2ZH

Opening screen

In the footer line you can see the current assignment of the function keys. You must
confirm the opening screen with the OK key to reach the main screen.

Mode: Adiabatic 18 :49:56&
Status line %EL—”DE 1=
LK1
3.9
]l lait ing

=table

0.0 TR T g 15 0 26 25 min
Main screen Helg Tample ___ Euwal Femnu

You can reach all menu and dialog windows from the main screen. You can reach a
part of them through menu lines that are called with the Menu key or the Del key
(Duo-control).
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/Egstem Experiments Conf . Maint

Menu line Deuice 12
Result window ——
[LKI]

3. 0] [

Process window 1 r

Footer line \sw%.éﬁ fe® |
Main screenwik @.9 T T g 15 O B 0 BPE pin
active menu lines Heleg_ | Sustem menu

You can move the cursor through menu lines with the arrow keys. You can also
open a menu window with Arrow down or OK, and then a dialog box with OK.

=g=tem Experiments Cont Maint .

Eateftime
ANguage
EHi%

CLK1
3 .07

aiting |
Main screen with L ——
activated menu € - ® L= 1o s e S min
window Helg___ | =2etting date and time

J
=

If the error message Refill water or empty IV (IV = inner vessel) appears while you
are confirming the opening screen, check to see the water level of the inner vessel
(visual check).

Mode: Adiabatic 18143156

Information

Device: 1
Refill water!

) or
3.0 empty IV
1 »[ empty IV ]

J Waiting L
Ztable
ﬁ . G T T T T E‘ T T Illel T T |1|5| T T Izlol T T I2|5| "n'i “
Water level error message '~ Helg Fample ______ Ewval Menu

If it should happen to be higher than 1 cm above the bottom of the vessel, then
please confirm the error message in the display with the OK key.

In this case, the remainder of the water is pumped out of the inner vessel into the
expansion container.
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Date/time dialog box

8 Setting up and placing in service

If the error message is not eliminated in spite of the inner vessel being emptied, you
must pour 50 ml of the prepared liquid into the expansion container. The message
then disappears.

If this quantity alone is not sufficient, then repeat the last step in 50-ml increments.

Before you pour the liquid into the expansion container, however, always
check the water level in the inner vessel first. If you should find a residual vol-
ume of water there and other additional liquid is added to the expansion con-
tainer, this could cause the system to overflow the next time the inner vessel
is emptied.

8.9 Configuring the system

Some configuration tasks and system settings can now be performed.

Checking the date and time of day

@

Open the System menu.

@

Open the Date/time dialog box.

Mode:!: Adiabatic 18 :51: 36
Deuvice 13

LK1
—[L[ m] DatesTime
2'earci@ . 990 99
Monthid, 122 =}
Dagl1_ 21> =2
Houri@d 232 1@
Minuteid . .59 51
Fecondid . _ 592 =28
[Cancel] =L 0Ok 1+
- - - = A Ao Fr Y da mAIll
Helyg___ | Eetting date and time
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Meaning of the entries:

Year (0...99) number of the year, for example 97 = 1997, 02 = 2002
Month (1...12) Calendar month, for example 03 = March

Day (1...31) Day of the month

Hour (0...23) Hour entry; 0 = midnight

Minute (0...59) Minute entry

Second (0...59) Second entry

€)

Compare the entries with the current date and time of day and correct the entries as
needed. If you confirm the dialog box with OK, the system clock and calendar will
accept these values.

Selecting the language

@

Open the System menu

@

Open the Language dialog box. You will see a list of languages in which dialogs can
be processed while working with the calorimeter system.

Modus:iAdiabat 14:88 12332
Device 1=

=L e ] —o—— La_'ng'u_ag'e
sLhanguage
. 3 Deut=sch
»{+) English L1
. 3 Francais=s
i » Italiano
. 3 Espanol
. Ceskug
. 3 ZerboKroat
=L Ok 1+ [ Cancel ]
| 2takble |
) ﬂ . ﬂ T T T T El T T T Illﬁl T T |1|5| T T E‘ﬁl T T |2|5| I'nli:r.
Language dialog box S e

©)

Using the Up / Down arrows, select your language from the list and confirm the se-
lection with OK. From now on, text on the screen, text in the help system and print-
outs will be in the new language selected.
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Settings dialog box

8 Setting up and placing in service

System settings

A few system settings must still be made for the experiment procedure, the method
of working, the initialization of the experiment, the reference gross calorific value
and the unit of measure for the gross calorific value. To do this, place the cursor in
the menu line on Conf., open the menu window and call up the Settings dialog box.

Modu=s:fAadiabat 14:61:131
—[p]——7———— EZa=t+ inas=s

#0peration E= er1ment init
2»[H1 Protocol L Eer
[ 1 Zample rack Lo Staﬁdar

L 1 EBom ID

[ 1 Restore exp. .

L 1 Usr—deF name Units=s

[ 1 Eurglﬁg e Joules g

L 1 crucihbl L calf%_

L 1 Decnmpasltlaﬁ . » BTUA1ih

. 2 kllhAko

Mode Loy MJIAkg

L Isaper1b011c .

e Adiabati Evaluation

L DaﬁaMID L+ DINASIEA

L 2 Adjustment L2 AETH

=L Ok 1+

Ref . gro=s=s cal. walue

26457 [ Cancel ]

Hele | Eettings

The window shows the configuration boxes of the calorimeter. You can move the
cursor to the next configuration box with Tab. To make settings in the Operation
configuration box, you must place the cursor on the desired line with the Up/Down
arrow and then press the space bar &. Your entry is confirmed with “x”. If you press
the space bar again, the “x” will be deleted.

Operation configuration box

[ ] Protocol

If you check this option, a protocol, or record, will be printed out for each ex-
periment. This also applies to the individual temperature measurement val-

ues taken during the measurement. In addition, the temperature protocol is

displayed in the info-window for test parameters, see Section 11.1, “5-Info”.

[ ] Sample rack

A sample rack is connected and will be used. The Sample dialog box can no
longer be called manually; instead placing samples on the sample rack, or
removing them from it activates the same dialog box. This ensures secure
management of even a large number of samples.

For more information on working with the sample rack, please refer to the

C 5020 Operating Instructions.

[ ] Bomb ID

Decomposition vessels are automatically identified by their coding. There is
no manual entry of the code number of decomposition vessel. See Section 9,
“Coding decomposition vessel”.

[ ] Rest. experim.

The experiment can be restarted at another time if it is interrupted before the
ignition. The experiment parameters are retained. Even if a test is interrupted
after ignition with the error message No temperature increase, the test can
still be restarted. To restart the experiment, the decomposition vessel must
be removed from the measurement cell and then reinserted again.
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[ ] User def. name

Here you can specify whether you will enter the Sample name yourself in the
Sample name configuration box and in the Sample dialog box, or whether
the system will automatically assign the Sample name. If you do not select
this option, the system assigns experiment numbers in the Sample name
box.

[ ] O2 rinsing

With this option, the decomposition vessel is briefly filled with oxygen, after
which the oxygen is released each time, before the actual filling with oxygen.
The purpose of this is to remove atmospheric nitrogen.

[ ] combustible crucible
This option reduces the value for extraneous energy by 50 Joules since no
cotton thread is used.

[ ] Decomposition

If the sample is to be subjected to a subsequent decomposition after it has
undergone combustion, the decomposition vessel must be depressurized
outside of the calorimeter. To do this, a special depressurization station

C 5030 is connected (there is no automatic depressurization of the decom-
position vessel).

Mode configuration box
In this box, you can select an option for the temperature control of the water
jacket in the outer vessel. The following options are available:

( ) Isoperibolic The temperature of the water jacket is regulated to a
constant temperature.
( ) Adiabatic The temperature of the water jacket is regulated ad-

justed to match the temperature of the inner vessel.

( ) Dynamic The combustion experiments are performed according
to a quick procedure.

( ) Adjustment Internal parameters of temperature control are deter-
mined for this option. The device has been adjusted
during the functional test in the factory. It possesses a
temperature compensation so that under normal labo-
ratory circumstances no adjustment is required when it
is first placed in service. For more detailed information,
see Section 14.3 “Adjustment”.

Reference gross calorific value [J/g] configuration box

In most cases, certified benzoic acid is used. The indicated gross calorific
value should be entered. If you are working with another reference combus-
tion substance, you must enter the gross calorific value of this combustion
substance here yourself.

Experiment init. configuration box

You can use the experiment initialization to specify how the parameters User
and Sample properties should be set in the Sample dialog box, as well as all
parameters in the Experiments dialog box. These setting options are dis-
cussed again in Section 11, “Determining gross calorific values”. The follow-
ing options are available:
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8 Setting up and placing in service

( ) Last experim. The system accepts the User and Sample properties
parameters for a new experiment as well as the indi-
cated post-experiment parameters of the last experi-
ment to be evaluated.

If the User def. name option has been selected, the
sample name is also accepted. This must then be ed-
ited or reentered to make up for the difference.

( ) Standard The post-experiment parameters are set to 0 for a new
experiment. The extraneous energy is set to 50 J/0 J
(without/with combustible crucible), and the User and
Sample properties boxes in the Sample dialog box re-
main empty.

Unit configuration box
The unit of measure for the caloric results is specified here. This refers only
to the result protocols! Available for selection:

( ) Joules/g

( ) callg

( ) BTU/ib

( ) kWH/kg

() MJ/kg

Evaluation configuration box

() DIN/IKA The calculation modes used previously for IKA®
calorimeters are grouped under this evaluation
procedure.

( ) ASTM D1989, D240, D5865, D4809, D5468, E711
This procedure takes into account current US
standards for combustion calorimetry of solid and
liquid fuels, and wastes.

The evaluation procedure selected will be used for all subsequent evalua-
tions. Measurements already evaluated will not be affected by a change un-
less they are re-evaluated. In such a case, all the evaluation parameters al-
ready entered will be reset to zero.

When you click on OK, the calorimeter system accepts the settings and closes the
dialog box.
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Configuring the scale
If electronic scale is attached to the system, the scale type must be configured. To
do this, open the Scale dialog box in the Conf. menu box.

ModeifAadiabatic 1A:83:34
—[m]—m—m—————— Balance
HT%pe Data bit=
®»i33 Hone ) L
L ) Eartorius C#2 B2
L 2 Mettler
L 2 Ohau=s .
Port Farity
Ce ) COM 1 {2 lWithow
Coox oM =2 e Euamn
Lo Unewven
Baud
L) Z2H8 .
2 12808 Btop bit=s
Ly 24808 e 1
e d8HBE Lo =2
L) Y5HE
[ 1 with comb aid =L Ok 1+
[ 1 revers
HolJ g lcaid:l 5] [Cancel]
Help_ | Configuring balance

The window displays the configuration of the scale. The parameters you select here
must agree with the interface parameters of the attached scale. Please refer to the
scale manual for the parameters.

To move the cursor to the next configuration box, press Tab. Up/Down arrow moves

the cursor within a configuration box. If you leave a box with Tab, the current setting

is retained in the box.
You can make the following settings with the configuration boxes:

Type configuration box
Here you can indicate which scale is connected to the system. Either no
scale or one of the types indicated are connected.

Port configuration box
No entry is possible in the Port box. The scale is always attached to COM1.

Baud configuration box
The data transmission rate between the scale and the calorimeter system is
adjustable to 300, 1200, 2400, 4800, 9600 and 19200 Bit/s.

Data bits configuration box
Here you can select whether data will be transferred in 7-bit or 8-bit format.

Parity configuration box

Indicate whether the transferred data should be accepted without a check for
parity by the calorimeter system, or whether a check should be performed for
even or odd parity.

Stop bits configuration box

Select either 1 or 2 stop bits for the data transfer protocol. If you are using a
combustion aid or the combustible crucible, it is possible to record the weight
of the combustion aid or the combustible crucible by using a special weighing
mode and to calculate the extraneous energy resulting from this measure-
ment automatically.
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8 Setting up and placing in service

With combustion aid configuration box

If the option With combustion aid is marked, the values of the scale are
transferred in the following order:

1. “Weighed in combustion aid”

2. “Weighed in combustion aid + weighed in sample”

Reverse configuration box

If the box reverse is marked in addition to the configuration box With com-
bustion aid, scale values will be transferred in the following order:

1. “Weighed in sample”

2. “Weighed in sample + weighed in combustion aid”

After the transfer, the second measured value appears in the “New meas-
urement” dialog box. The calculated value for extraneous energy is already
entered there.

Gross calorific value of the combustion aid configuration box

In combination with the configuration box With combustion aid, the gross
calorific value of the combustion aid must be entered in this box so that the
system can calculate the extraneous energy.
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9 System calibration

Before it is possible to make precise measurements with the calorimeter system, it
must be calibrated. This is done by burning tablets of certified benzoic acid (see
accessories) with a known gross calorific value. This makes it possible to determine
the heat capacity (the C value) of the system based on the amount of heat that is
required to raise the temperature of the calorimeter system by 1 degree Kelvin. This
value is then used for subsequent determinations of gross calorific values.

The heat capacity is determined by the measurement cell and the decomposition
vessel. It has a substantial influence on the gross calorific value being determined,
and must especially be determined when the system is first placed in service, after
maintenance or repair work, and when parts are replaced.

H@ If a measurement cell is being operated with several decomposition vessels,
the heat capacity of the system must be determined through calibration for
each individual decomposition vessel. A decomposition vessel should only be
used in the measurement cell for which it has also been calibrated.
The calorimeter system must be calibrated in each operating mode (adiabatic,
isoperibolic and dynamic) in which measurements will later be made. Please
observe the applicable standards in this regard.

Calibration must take place under the same conditions as will be found during sub-
sequent experiments. If measured quantities of substances (for example distilled
water or solutions) will be used in the decomposition vessel, exactly the same quan-
tity of these substances should be used during calibration.

Calibration notes

e In order to achieve precise results, you should take care that the combustion not
exceed an increase in temperature of 4 K. This applies as a rule of thumb if no
benzoic acid is being used during the calibration.

e |t should be mentioned here in advance that when determining gross calorific
values, the increase in temperature must be roughly the same as for the cali-
bration (for example 2 tablets — approximately 1 g of benzoic acid = 2.6 K)

Coding

When working with the calorimeter system, a maximum of 4 decomposition vessels
can be used. The maximum for the duo-control system is 2 decomposition vessels
per measurement cell. This is possible by coding the decomposition vessels from 1
to 4. The system recognizes which decomposition vessel an experiment is being
performed with and assigns its calibration parameters to it.

H@ Each decomposition vessel must be coded before it is used for the first time.

To do this, attach the black coding rings into the recesses on the decomposition
vessel provided for this purpose.
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Coding of the
decomposition vessel

9.1 Charging the decomposition vessel with the calibration
substance

The instructions in chapter 1 “For your Safety” must be followed.

For further details please see the operating instructions of the decomposition ves-
sels C 5010 and C 5012.

Observe the accident prevention requirements applicable to the activity and
the work station. Wear personal safety equipment.

Individual parts of the
decomposition vessel

Now you can charge the decomposition vessel with the calibration substance, for
example certified benzoic acid.
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@ If more than one decomposition vessel is being used, the respective individ-
ual parts must not be exchanged between the various decomposition vessels
(see the engraving on the individual parts).

On cleaning the decomposition vessel, see Section 10.4

To prepare the coded decomposition vessel, follow the steps listed below:

@

Screw off the cap screw and take off the cover with the aid of the handle.

Opening the
decomposition vessel

@

Secure a cotton thread with a loop in it on the middle of the ignition wire.

Assembling the
cotton thread

©)

Weigh in the calibration substance (about 1 g, 2 tables of certified benzoic acid; see
accessories), accurate to within 0.1 mg, and place in the crucible.

In general, you must choose the weighed in quantity so that the increase in
temperature does not exceed 4 K (maximum energy input: 40,000 J). Other-
wise, the decomposition vessel may suffer damage. Bursting decomposition
vessels can cause danger to life and limb. When working with unknown sub-
stances, very small amounts must be chosen at first to weigh in, in order to
determine the energy potential.
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Sample dialog box

9 System calibration

@

Make certain that the desired operating mode (isoperibolic, adiabatic, or dynamic) is
set (see Section 8.8 “Configuring the system”). Open the Sample dialog window to
enter parameters. If a sample rack is active, parameter input is opened automati-
cally by setting or removing a crucible (see also C 5020 Operating Instructions).

Modus:iAadiabat 14:83:18
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. . ghi.jkl
[ 1 Calibration nnopox
stuuuws
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=[ 0OK 1« [Cancel]
Help_ | Entering experiment parameters

Enter the weight of the combustion sample in the Weighed in quantity box. If an
electronic scale is connected to the calorimeter system, the weight can be accepted
automatically. Depending on the type of scale, the Sample dialog window can be
opened either through the sample key of the calorimeter or through the Print/transfer
key of the scale. The space bar can be used to accept the scale value again.

You can move the cursor to the following entry boxes with the Tab key. The mean-
ings of the other entry boxes are as follows:

QExtrant Correction for the thermal energy from the cotton thread used as
an ignition aid. A preset value of 50 J/0 J (without/with combustible
crucible) appears here. If you use a different ignition aid instead of
the IKA® cotton thread, change this value as appropriate.

QExtran2 Correction for the thermal energy from an additional combustion
aid. The preset value is 0.
If the weight of the combustion aid is transferred in With combus-
tion aid mode from electronic scale, the resulting extraneous en-
ergy calculated from the weight appears in the QExtran2 box.
Even without a scale, the gross calorific value of the combustion
aid can be taken into consideration automatically. In this case, you
should enter the weighed in quantity of the combustion aid in the
QExtran2 box and then press the | arrow. QExtran2 is calculated
according to the formula

QExtran2 = Weighed in quantity of combustion aid x
calorific value of combustion aid

and is entered in the QExtran2 box. If a value > 10 J is entered, it
is assumed that the value already represents all extraneous en-
ergy QExtran2. In this case, there is no further conversion based
on the formula given above.
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Note: In all automatic calculations, 70 J is taken into account for
the electrical ignition energy.

Sample name  The software automatically assigns a sample number for each
measurement of the format ymmddnn, where y is the year, mm is
the month, dd the day and nn a running number. It is easy with
sample numbers formed in this manner to select and work with
specific groups of measurements from the library.

If you select the option User def. name under Menu, Configuration,
Settings, you can assign your own numbers or names for meas-
urements (automatic numbering continues to run in the back-
ground, but is no longer taken into consideration).

If you have selected the option Last in addition under Menu, Con-
figuration, Settings, Experiment init., the number of the last ex-
periment appears as a suggestion for the current measurement. If
you do not edit this suggestion, the sample number will be the
same for all measurements!

Example of a Sample name = 6052401

1 Number of the year, 6 = 1996
05 Month, 0 ... 12, 05 = May

24 Day of the month, here May 24™
01 The running experiment number

Sample Any additional information on the sample. You can select letters

properties and characters from the character table with the arrow keys. With
the decimal point key, the system accepts the selected characters
into the entry field (max. 40 characters).

User The name of the user (up to 8 characters). Entry as for
Sample properties.

[ ] Calibration  Mark this box with space bar for the system to use the experiment
for calibration.

OK causes the system to accept entries in the dialog box.

®

The message Bomb | appears from then on at the bottom of the screen. This
means that from now on, the decomposition vessel can be suspended in the meas-
urement cell cover.

®

If additional amounts of distilled water, solutions, etc. will be used in subsequent
combustion experiments, the same quantity of the same substance should be in-
cluded now in the decomposition vessel. The system should be calibrated in the
same state in which you intend to be working later. If the operating mode changes
(with/without an amount of water) the calibration should also be repeated.

To increase the life of parts subject to wear and tear (O rings, seals, etc.), we

recommend in general that you always work with a measured amount of water
in the system.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 9-6 9 System calibration

@

Place the crucible in the crucible holder.

Aligning the cotton thread

Attach cotton thread

The decomposition vessel is fitted with a permanent ignition wire. In order to initiate
the combustion process, a cotton thread must be attached to the ignition wire. At-
tach the cotton thread as shown in the illustration.

Align the cotton thread with a pair of tweezers so that it is suspended into the cruci-
ble and touches the sample. This will ensure that the burning thread will ignite the
sample during the ignition process.

©)

Close the decomposition vessel (C 5010 or C 5012).
Place the cover onto the lower section and push down until it presses against the
stop piece in the lower section.

C 5010 C 5012
Place the union nut onto the lower section and tighten by hand.

C 5010 C 5012

The decomposition vessel can now be filled.
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9.2 Calibration

@

Guide the decomposition vessel carefully until it interlocks with the filling head of the
open measurement cover (No. 1 in the following illustration)

Always hold the decomposition vessel by the top of the cap screw!

The decomposition vessel maintains a defined position in the holder on the fill head
by being lowered at the centre of the fill head by 0.8 mm (no. 2 in the following illus-
tration). A spring element then contacts the electrical ignition contact on the decom-
position vessel.

The decomposition vessel is now suspended vertically in the receiving piece
(visual check to make certain!).

The message "Bomb securely closed?" will appear. Ensure that the decomposition
vessel is properly closed and confirm with OK.

Suspending the
decomposition vessel into
the filling head of the
measurement cell cover

As soon as the electrical circuit in the decomposition vessel is closed through the
ignition wire, the calorimeter goes into ready mode. The message Bomb { changes
to a display of the function key assignment Start. If the function key assignment
Start does not appear, please check the ignition wire of the decomposition vessel.
Take note of whether the status is shown in a stable state on the display.

After each measurement, the measurement cell is adjusted so that normal starting
conditions are present for the next measurement. During this phase (about 3 to 5
minutes), “Unstable” is displayed in the process window of the measurement cell. As
long as this message is displayed, no measurements are possible in adiabatic or
isoperibolic operating modes. Experiments in dynamic mode can also be started
during the adjustment phase.
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Change over time in the
temperature of the inner
vessel during a calibration

9 System calibration

@

Activate Start. The measurement cell cover closes.

Each time 1000 ignitions have been performed using a given decomposition vessel,
the following message will appear:

1000 ignitions performed with Bomb x
Inspect decomposition vessel
or contact IKA service

This indicates that the decomposition vessel has reached a maintenance point and
that a safety check must be carried out. Confirm this message by pressing "7", TAB
and OK in sequence.

This message does not release the user from the responsibility of also continuously
checking the decomposition vessel for wear and carrying out safety inspections as
required.

The decomposition vessel is then filled with oxygen. Next, the inner vessel is filled
with water. As soon as the system begins with the experiment, the display shows a
graph of the change over time in the temperature of the inner vessel.

Mode:!: Adiabatic 18 :5& 135
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Bomhb 1
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LK1 C= JAH
9.3

Frel. axperimen

] 22 _ @728
0.0 TR T Te 0 15 0 26 0 25 min
Helg Fample Cancel Eual e

©)

If necessary:
You can interrupt the experiment at any time with Cancel. For the process, see item
5.

@

For systems with two measurement cells:
You can now perform steps 1 - 9 from Section 9.1 and steps 1 - 3, from the same
section with the second measurement cell.

®

When the measurement is complete, the measurement cell cover opens and pres-
sure is released from the decomposition vessel. At the same time, the inner vessel
is emptied. After that, the cover opens up completely. As soon as the message
Bomb A appears in the bottom line, you can remove the decomposition vessel.
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®

Open the decomposition vessel and check the crucible for any signs of incomplete
combustion. If combustion was not complete, the results of the experiment must not
be used for calibration. The experiment must be repeated.

@

Clean the decomposition vessel as described in Section 10.4 (or the Operating In-
structions for decomposition vessel C 5010/C 5012) and prepare the next experi-
ment.

Perform a number of calibration experiments for each decomposition vessel as de-
scribed in Section 9.1 “Charging the decomposition vessel with the calibration sub-
stance” and Section 9.2 “Calibration”, steps 1 - 7. For the number of calibrations
required, refer to standard in use. For example, DIN 51900 recommends at least
5 calibrations.

©)

After the last calibration: activate Menu, open the Conf. menu window and then
open the Bombs dialog box.

Modus:iAdiabat 14:84:87
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—L[ =] EBomhbs
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Help_ | Organi=ing bomhbhs

Using Tab and Up arrow / Down arrow, place the cursor on the number of the de-
composition vessel with which the calibration experiments have just been per-
formed.

For systems with two measurement cells:

Using Tab and Up arrow / Down arrow, place the cursor on the number of the
measurement cell and then on the decomposition vessel with which the calibration
experiments have just been performed.
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Calib. dialog box

0]0,
Open the 3-Cal dialog box.

9 System calibration
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Evaluating calibrations

Using the button 3-Calc in the calib. dialog box, carries out the acid correction for
the selected calibration. The calculation is dependent on the evaluation procedure

selected:

e Evaluation procedure ASTM D1989, D240, D5865, D4809, D5468, E711
For calibration, a dialog reduced to the acid-correction fields and a shortened
results form are displayed. The comments in Section 11.2 under Point ® apply

here too.

e Evaluation procedure DIN/IKA

In the DIN/IKA evaluation procedure, the acid correction to ASTM D240 or
ASTM D1989 can also be used for calibration. The results form is shortened ac-
cordingly. The other calculation modes are not available for calibrations.

The calibration experiments are listed in the dialog box. The columns in the experi-

ment list have the following meanings:

No.
C value

Running number of the calibration experiments
The heat capacity of the calorimeter system determined with

the experiment in question

Experiment

00

The sample name of the experiment in question

Place the cursor on 2-Sel with Tab and confirm with OK, or press the 2 key. You
have now selected the test for calibration. The test is marked with "V on the display
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0]6)

Using the Tab key and the Down arrow key, place the cursor on the next experiment
and activate 2-Sel. With this, you have selected the next experiment for calibration.
The average value of the selected experiments, the average, relative error as a per-
centage, as well as the scattering range (max-min) absolutely and as a percentage
are displayed in the corresponding boxes.

Average Calculated average value

MRF [%] Average, relative error

Max-min Scattering range

Diff % The scattering range by percentage in reference to the

average value

00

Repeat step 13 for all values that are to be selected. Average then displays the av-
erage C value of these experiments.

0]0,
The following criteria apply to evaluating successful calibrations:
MRF [%] Average, relative error, < 0.2 % according to ISO 1928
Diff. [%] Scattering range by percentage, < 0.4 % according to
DIN 51900

Depending on the standard used, other criteria may be of consequence. Normal
requirements for accuracy of the calorimeter are however fulfilled with the values
given above.

O®

Using Tab, place the cursor on the button [32 ] and confirm with OK or press 3. This
causes the average value from the selected calibration experiments to be assigned
to the calorimeter system as the system heat capacity, or C value. If you place the
cursor on [€ 4] and confirm with OK, you can enter the system heat capacity into
the C value box.

0]%)

Place the cursor on the experiments that were not used for calculating the average
value and delete with 7-Del.

O®

Exit the dialog box with OK. This ends the system calibration; you can now continue
with determining gross calorific values.
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10 Determining gross calorific values

Decomposition vessels C 5010 and C 5012 are not permitted for experiments
on fuel samples capable of exploding! Note in this regard Chapter 1 “For your
safety”.

The individual parts, and in particular the threading of the decomposition ves-
sel must be checked regularly for wear and corrosion. Note in this regard Op-
erating Instructions C 5010 or C 5012.

The C 5000 calorimeter system is a precision measuring instrument for routine de-
terminations of gross calorific values for solid and liquid substances. Exact meas-
urements are only possible, however, if the individual steps of the experiment are
performed with great care. The method of proceeding as it is described in Chapter 1
“For your safety” and in the following sections must be adhered to precisely.

If more than one decomposition vessel is being used, the respective individ-
ﬂ@ ual parts must not be exchanged between the various decomposition vessels
(see the engraving on the individual parts).

10.1 Notes on the sample

Notes on the Substances of which the combustion behavior is not known must be examined for

sample their combustion behavior before combustion in the decomposition vessel C 5010 or
C 5012 (danger of explosion). If you are burning unknown samples, leave the room
or keep a safe distance between you and the calorimeter.

A few points must be observed in reference to the substances to undergo combus-
tion. Normally, solid combustion substances can be burned directly in powder form.
Substances that burn rapidly (for example benzoic acid) must not be burned in loose
form.

Benzoic acid must only be burned in the form of pellets! Combustible dust and pow-
der must be compressed into pellets before combustion. Oven-dry dust and powder
such as wood chips, hay, straw, etc. burn in an explosive manner! They must be
moistened first! Readily combustible liquids with a low vapor pressure must not be
come in direct contact with the cotton thread (for example tetramethyl dihydrogen
disiloxan)!

These substances tend to spark, and complete combustion could therefore no
longer be guaranteed. In addition, the inner wall of decomposition vessel
could be damaged. Such substances must be pressed into tablets before
combustion.

The IKA® tablet press C 21 is especially suitable for this purpose.
Liquid Most liquid substances can be weighed directly into the crucible. Liquid substances
substances with turbidity or water that will settle out must be dried or homogenized before being
weighed in. The water content of these samples must be determined.
Highly volatile For highly volatile substances, a gelatin capsule or acetobutyrate capsules (see ac-

substances cessories) are used. The gross calorific value of the capsules must be known so that
it can be taken into account in the resulting combustion heat as extraneous energy.

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 10-2

Combustion aid

Acid formation,
heat of solution

Substances
with high
halogen
content

10 Determining gross calorific values

The capsules described above, or combustion bags made of polyethylene (see ac-
cessories) can also be used as combustion aids for substances with low inflamma-
bility or low-calorific substances. The combustible crucible C 14 can also be used.
Before the capsules or the combustion bags can be filled with the substance to be
determined, they must be weighed to be able to calculate (from the weight and the
gross calorific value) the additional extraneous energy (see scale mode With com-
bustion aid). This energy must be taken into consideration for QExtrani. The
amount of combustion aid used should be as little as possible.

10.2 Acid correction

Almost all substances that will need to be analyzed contain sulfur and nitrogen.
Sulfur and nitrogen are reduced under the pressures and temperatures prevailing in
the decomposition vessel to SO,, SO; and NO,. In combination with the resulting
water of combustion, sulfuric acid, nitric acid and heat of solution are generated.
This resulting heat of solution is taken into account as specified in DIN 51900 when
calculating the gross calorific value. In order to record and determine all resulting
acids quantitatively, 5 ml of distilled water can be placed in the decomposition ves-
sel before the experiment.

The calibration of the device must have been carried out with the same
amount of water placed in the decomposition vessel!

After the combustion, this water must be collected and the decomposition vessel
must be thoroughly rinsed with distilled water. The rinsing water and the water that
was present are combined and titrated for their acid content (see DIN 51900). If the
sulfur content of the combustion material and the nitric acid correction are already
known, the water does not need to be analyzed.

To increase the life of parts subject to wear and tear (O rings, seals, etc.), we

recommend in general that you always work with a measured amount of water
in the system.

Decomposition vessel C 5012 must be used for substances with high halogen
content.
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10.3 Procedure for determining gross calorific value

After the system has been switched on and you have acknowledged the opening
screen with OK, it requires about 30 minutes until the stable temperature conditions
are prevalent in the measurement cell.

Before a measurement is started, the system must have previously been calibrated
as described in Section 9 “Calibration”.

@

The decomposition vessel must be clean and dry. See item 10.4. If necessary, a
measured amount of distilled water or a solution must be placed in the decomposi-
tion vessel. Substances with low inflammability are weighed into the crucible with a
combustion aid. The heat of combustion from the combustion aid must be known.
Note in this regard Section 10.1 “Notes on the sample”. Prepare the decomposition
vessel as described in Section 9.1 “Charging the decomposition vessel with the cali-
bration substance”. Instead of the calibration substance, the decomposition vessel is
charged with a representative sample of the substance to be examined.

In general, you must choose the weighed in quantity so that the increase in
temperature does not exceed 4 K (maximum energy input: 40,000 J). Other-
wise, the decomposition vessel may suffer damage. Bursting decomposition
vessels can cause danger to life and limb. When working with unknown sub-
stances, very small amounts must be chosen at first to weigh in, in order to
determine the energy potential.

If you are burning unknown samples, leave the room or keep a safe distance
between you and the calorimeter.

The reproducibility of the results depends to a significant extent on whether
the increase in temperature (the energy input) of the decomposition vessel
during the combustion experiment comes close the value that was obtained
during the calibration. If necessary, the optimal sample quantity must be de-
termined through trial and error.

If distilled water or solutions are used during the combustion experiment, the
calibration must previously have been carried with the same amounts of dis-
tilled water or solutions.

If you are using a combustion aid, you must add the energy from the combustion aid
and enter it into the energy entry in the Sample dialog box in the QExtran1 box, or
else use the appropriate scale mode With combustion aid.

If a scale is used in the With combustion aid mode and the weight of the combustion

aid is previously transferred, the extraneous energy calculated from the weight ap-
pears in this box.
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Suspending the de-
composition vessel into
the filling head of the
measurement cell cover

10 Determining gross calorific values

@

Suspend carefully the decomposition vessel into the open measurement cell cover
until it reaches the stopper (1., see the following illustration).

Always hold the decomposition vessel by the top of the cap screw !

The decomposition vessel maintains a defined position in the holder on the fill head
by being lowered at the centre of the fill head by 0.8 mm (no. 2 in the following illus-
tration). A spring element then contacts the electrical ignition contact on the decom-
position vessel.

The decomposition vessel is now suspended vertically in the receiving piece
(visual check to make certain!).

The message "Bomb securely closed?" will appear. Ensure that the decomposition
vessel is properly closed and confirm with OK.

The message Bomb { on the bottom line of the screen changes to a display of the
function key assignment Start. If the function key assignment Start does not appear,
please check the ignition wire of the decomposition vessel. Take note of whether the
status is shown in a Stable state on the display.

After each measurement, the measurement cell is adjusted so that normal starting
conditions are present for the next measurement. During this phase (about 3 to 5
minutes), “Unstable!!” is displayed in the process window of the measurement cell.
As long as this message is displayed, no measurements are possible in adiabatic or
isoperibolic operating modes. Experiments in dynamic mode can also be started
during the adjustment phase.

In addition to the adjustment requirements, the following conditions must be fulfilled

in order to start a measurement:

e A measurement must be prepared

e The maintenance function must not have been activated

e The decomposition vessel must be removed and placed back in again

e The ignition contact and the ignition wire of the decomposition vessel being
used must be in order.

Not until this point is the start button for the measurement cell enabled, i.e., Start
appears on it.
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©)

Activate Start. The measurement cell cover closes.

Each time 1000 ignitions have been performed using a given decomposition vessel,
the following message will appear:

1000 ignitions performed with Bomb x
Inspect decomposition vessel
or contact IKA service

This indicates that the decomposition vessel has reached a maintenance point and
that a safety check must be carried out. Confirm this message by pressing "7", TAB
and OK in sequence.

This message does not release the user from the responsibility of also continuously
checking the decomposition vessel for wear and carrying out safety inspections as
required.

The decomposition vessel is then filled with oxygen. Next, the inner vessel is filled
with water. As soon as the system begins with the experiment, the display shows a
graph of the change over time in the temperature of the inner vessel.

For a system with two measurement cells (duo-control) steps 1 — 2 are now possible
with the second measurement cell. In other words, the second measurement can be
started while the measurement in the first measurement cell is still running.

A measurement can also be manually ignited and stopped in order to carry out a
decomposition process quickly and safely. This requires use of an adiabatic or
isoperibol working method.

Ignite the sample using Menu = Messungen = Zindung (Menu = Measurements
=> Ignition). Ignition will occur within the next minute.

End the measurement using Menu = Messungen = Ende (Menu = Measure-
ments =» Stop). The process will stop within the next minute.

)

The sample is ignited and the change in temperature of the inner vessel over time is
recorded.

After the end of the experiment, the system displays the results of the experiment

Mode Adiabatic 11:12:49
Deuvice 1
Bomb 1
Ll = 98&c82182
m= @8.72819 o
LK1 H= 48527 J- g
o) Femowe bombt
ztakhle
.0 TR T g 15 0 2o 0 25 min
Helg Bomhb+ Euval Menu
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10 Determining gross calorific values

®

The decomposition vessel is vented and the measurement cell cover opens.

®

As soon as the message Bomb 1T appears, remove the decomposition vessel and
open it.

@

Check the crucible for combustion residue. Both the cotton thread and the fuel sam-
ple must have been burned completely. If there are any signs of incomplete com-
bustion, the experiment must be repeated.

10.4 Cleaning the decomposition vessel

If there is any reason to suspect that the combustion sample or the combus-
tion residue could be hazardous to health, you should wear protective per-
sonal equipment when handling and working with these materials (for exam-
ple protective gloves, gas mask). Experiment residues that are hazardous to
health or which are environmentally hazardous must be disposed of with spe-
cial waste. We make explicit reference to the applicable regulations.

It is of fundamental importance for the decomposition vessel to be clean and dry.
Contamination can change the heat capacity of the decomposition vessel and result
in imprecise measurement results. After each combustion experiment, the inner
walls of the vessel, the inner fittings (supports, electrodes, etc.) and the combustion
crucible (inside and outside) must be thoroughly cleaned.

In most cases, condensation must simply be removed from the inner walls of the
vessel and the inner fittings. It is sufficient to carefully wipe off the parts with an ab-
sorbent cloth that will not leave lint.

If the decomposition vessel cannot be cleaned with the procedure described (for
example because of burned or corroded spots), you should contact the Technical
Service Department.

The combustion residue in the crucible, for example soot or ash, should also be
carefully wiped off with an absorbent cloth that will not leave lint.
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10.5 Turning off the system

If you want to turn off the calorimeter system, open the System menu and call Exit.
For a duo-control system, measurement cell No. 2 can be turned off separately.

No decomposition vessel must be suspended in the measurement cell cover.

If you are working with a duo-control system, you must activate the display for
measurement cell No. 1 with Tab. Exit then turns off the entire system. If the display
for measurement cell No. 2 is active, only measurement cell No. 2 is turned off.

Turn off the unit only with the Exit item in the System menu, and not with the
power switch (data will be lost!).

once the system is turned off, a message to that effect appears on the display. The

message asks you to turn off the power switch for the calorimeter and the cooling
unit.
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11 Evaluating experiments

Experiment list

After the determinations of gross calorific value have been completed, you can
evaluate the results. In addition to an overview of the experiments, the calorimeter
system offers you the possibility of post-processing results and converting them to
other references states. You can also print out or delete experiment results. You will
find these functions in the menu items Evaluation and Library of the Experiments
menu box.

11.1 Post-processing experiments

The calorimeter system assigns the stored experiments in two groups, “Daily ex-
periments” and “Library”. The daily experiments are those that have been performed
since the system was turned on. The library is long-term storage.

Post-processing daily experiments

@

Activate Eval. The “Experiment list” dialog box appears.

Mode: Adiabatic 11:25:893
Deuvice 13
Bomb 1
i = SdeazZza
m= 1.2345 g .
—L m ]J————— Experiment list
e Exgerim Fe=sult Etate
1 9Peggis 4827 J g Endia)
2 SBEBE12 ZBZEZ Jrg Endia)
» S SHEAZER 2ET3Z J-g Endiad 2
[1-3=1 1 [2-A11 3 [3-Fri 1
[4-Del 1 [5-Infol [6-Calc]
Helg__ | Froces=sing experiment list
A list of the daily experiments appears. The meanings of the columns are as follow:
Experim. The sample name and description of the combustion sample
Result Gross calorific value or C value that was determined during this ex-
periment
State End

The experiment was completed with a result.
The operating mode is displayed in brackets:
a (adiabatic), i (isoperibolic), d (dynamic), A (adjustment)

Can
The experiment was cancelled.
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11 Evaluating experiments

+Cal
The experiment was performed for calibration purposes.

+Sim
The experiment was a simulation.

Eval

The experiment has been evaluated.

— Code Eval: the DIN/IKA evaluation procedure was used.

— Code ASTM: the ASTM D1989, D240, D5865, D4809, D5468,
E711 evaluation procedure was used.

Wait
The fuel sample is in the crucible and all parameters have been en-
tered. The experiment can be started.

Prep.
The crucible is in the sample rack with a fuel sample.

Run
The experiment is currently being performed in the measurement cell.

The buttons have the following functions:

1-Sel

2-All

3-Pri

4-Del

5-Info

6-Calc

Marks an experiment in the list
exception: calibration.

Marks all experiments (max. 100 experiments) in the list.
Exception: Experiments with status +cal and Prep.

Prints the experiment list.

Deletes experiments that have been previously selected with 7-Sel
or 2-All. Exception: +cal; Prep.

Opens an information window with the experiment parameters.

Opens a dialog box to convert the results of the experiment into vari-
ous reference states.

Using the Up arrow/Down arrow keys, you can select the experiment from the list
that you would like to post-process. Then you can move the cursor with Tab from
the list box to the buttons.

You can activate the buttons either by placing the cursor on them with Tab and
pressing OK or by pressing the corresponding button number on the numeric key-

pad.
©)

Place the cursor on the experiment that has just been completed and activate the
5-Info button. An information window appears with the results of the experiment.
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Bombh 1 for deuvice 1 BHE:
16 AT _ZBR 2 HE:18

HMEAEURING PROTOCOL =ZE7F1&H1

Cell: 1 Eomb
ample i
U=s=r

Sample prnpertl

Date of experim. r 16 B? EBEE
=tart tlme of EHPEle 289
Mode I ﬁam1c Z5=

state End¥

: 1.1=
Temperature increase @ 2.43
Extraneouzs energy ]
Ignition energg 3
wvalues g 25 J R
Ho ©anz 3 27183 J

Help_ | Frint:EFACE Clo=se=:0KEAY

=JNE0D
E G [
L]

]

Post-processing experiments from the library

@

Open the Library dialog box in the Experiments menu box. The header indicates the
number of experiments still available in memory.

9287 Experiments free 11:29:28
Deuvice 13
Bomhb 1
Ll = 9B&ap22a@
m= 1.2345 g .
—L[ =] Experiment library
Eearch mask . B
—_ ahq&ef
ghijkl
mnopgxr
[ 1 Add stuvux
yzaouli
[Canc=11] =L 0Ok 1+
0.0 TR T Te 15 0 26 0 25 min
Helg | E=2arcching in libraryg

@

A search mask appears into which you must enter the sample name of the experi-
ment that you would like to post-process. If you want to select an entire series of
experiments, you must enter the part of the sample name that is common to the
entire series of experiments. If you enter a decimal point for search mask, the sys-
tem lists all experiments that are stored in the library. If search mask is left empty,
the list of the last search procedure is displayed. The Add option adds the list of the
new search procedure to the list of the last search procedure. Confirm your entry
with OK.

The search routine finds all measurements that meet the search mask criteria. The
display is not sorted. No more than 100 measurements can be displayed. Measure-
ments that are not displayed can be displayed after a follow-up search with more
stringent criteria in the search mask. During and after the search procedure, the
header line displays the number of measurements found.
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Experiment list with the
experiments whose
name match the

search mask

11 Evaluating experiments

Faarch. .. 128 0Ok 11:588:14
Device 1=
Bomb 1
L= 9dea2z2a
m= 1.2345 o .
—[ 8 ]J———— Experiment li=t
¥ Exgerim_ Re=ult =tate
= H&EE 289 18627 J<K Endfay+Cal+
7T 9ReAZ218 4AEZ2TY J-g Endlal
2 9HeEZ11 Z2E4383 J- g Endfa)
9 REEZ214d 2eZ26d J<g Endlal+Zim
18 9EcEAZ1se 4HS5ZTY Jo g Endial
11 9B&AZ212 48527 J g Endial
12 98219 ZAZ252 J g Endial
» 12 9EEEZZE 2E47E JAg Ewaldal b
[1-%=1 1 [2-A11 1 [F—Fri 1
[4-Lel 1 [S—Infol [6—Calc]
Helg | Proce=ssing e=xperiment list

©)

A list of experiments appears whose sample name matches the search mask.

11.2 Calculating reference states / evaluation of experiments

The evaluation includes the following points:

e Acid correction of the gross calorific value
e Calculation of the net calorific value
e Conversion to another reference state

Calibrations cannot be evaluated. An acid correction will only be carried out
for calibrations. This evaluation will be made in the dialog box calib. (See Sec-
tion 9 “System calibration”)

Several input modes are offered for these calculations. You can select the one that
corresponds to the present sample parameters. This covers many application cases
occurring in day-to-day circumstances. The formulas that are used are taken largely
from DIN. You will find an exact description there or in other applicable standards.

@

Open the Evaluation dialog box. You can reach this dialog box either through the
Experiments menu in the header line or through the Eval. function key.
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Mode:!: Adiabatic 11:25:89
Deuvice 13
Bomhb 1
Ll = 9B&ap22a@
m= 1.2345 g
—L[ =] Experimaent list
e Exgerim Fe=sult Etate
1 HoEZ212 d4Es27 J-g Endap
=2 9BeE219 ZRZ25Z2 Jr g Endlar
S 2 9EeE22d Z5F3E JoSg Enddas 2
[1—-==1 1 [2-A11 1 [F—Fri 1
[4-De=1 1 [S—Infol [&—Calc]
Helg | Proces=s=ing experiment list

A list appears with the daily experiments. Use the Up arrow / Down arrow keys to
select the appropriate experiment and press the 6 key or place the cursor on the 6-
Calc button with Tab and confirm with OK.

Modus:fadiabat 14:85:14
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There are two different windows, which one is used depends on the evaluation pro-

cedure:

1. Evaluation procedure ASTM D1989, D240, D5865, D4809, D5468, E711
A window opens in which the ASTM standard used can be selected and the nec-
essary evaluation parameters entered. The formulas and designations are those
used in the ASTM standard.
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Modu=s!Dunami=sch Z5°C 142256
Titration
2.7eg NaZCO3 : 18.88 ml
Acid corr. HZ2:504d =2 : 1E1 22 J
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Help__ | Print:EFPACE Closei0kAY

2. Evaluation procedure DIN/IKA

A dialog box opens for entering the results of analytical examination of the sample
and combustion residues. Parameters that have been determined in the supply state
of the sample are designated with (raw) and parameters from the reference state
analysis moist with (an). In the dialog box you will find the entry boxes for the pa-
rameters of the selected calculation mode. You can select from the following modes:

Standard without titration
QExtrant Extraneous energy from combustion of the cotton thread or

other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

H>0 El Ana The percentage of combustion water making up the sample.

Sulfur (an) The percentage of sulfur.

Nitrogen The percentage of nitrogen.

Standard with titration

QExtrant Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Hydrogen (an) The percentage of hydrogen making up the combustion
sample.
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Carbon
calculation
modes

11 Evaluating experiments

Ba(OH), The titrated quantity of 0.1 N barium hydroxide (titration of the distilled
water with which the decomposition vessel was rinsed
out after the experiment).

Na,CO3 Quantity of sodium carbonate that was present in the decom
position vessel (20 ml according to DIN specification; 0.05 N).

HCI The titrated quantity of 0.1 N hydrochloric acid (titration of the
distilled water with which the decomposition vessel was rinsed
out after the experiment).

The modes following immediately below are used exclusively for examinations on
carbon. In addition to the heat of solution from acid formation, they consider the per-
centage of ash, and calculate, depending on the carbon calculation mode, the per-
centage of water from the sample moisture as well as the percentage of volatile
components.

Carbon: H, input, without titration
QExtrant Extraneous energy from combustion of the cotton thread or

other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Hydrogen (an) The percentage of hydrogen making up the combustion
sample.

Sulfur (an) The percentage of sulfur.

Rough moist. (raw) ~ The percentage of water from rough moisture.

Ash (an) The percentage of ash.

Hygr. moist. (an) The percentage of water from hygroscopic moisture.

Nitrogen The percentage of nitrogen.

Carbon: H, input, with titration

QExtran1 Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Hydrogen (an) The percentage of hydrogen making up the combustion
sample.
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Ba(OH), The titrated quantity of 0.1 N barium hydroxide (titration of the
distilled water with which the decomposition vessel was rinsed
out after the experiment).

Na,CO3 Quantity of sodium carbonate that was present in the
decomposition vessel (20 ml, 0.05 N).

HCI The titrated quantity of 0.1 N hydrochloric acid (titration of the

distilled water with which the decomposition vessel was rinsed
out after the experiment).

Rough moist. (raw)

The percentage of water from rough moisture.

Ash (an)

The percentage of ash.

Hygr. moist. (an)

The percentage of water from hygroscopic moisture.

Carbon: Volatile input, without titration

QExtran1 Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Sulfur (an) The percentage of sulfur.

Rough moist. (raw)

The percentage of water from rough moisture.

Ash (an)

The percentage of ash.

Hygr. moist. (an)

The percentage of water from hygroscopic moisture.

Volat. comp. (raw)

The percentage of volatile components.

Nitrogen

The percentage of nitrogen.

Carbon: Volatile input, with titration

QExtrant Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion

aids.

Volat. comp. (raw)

The percentage of volatile components.
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Ba(OH), The titrated quantity of 0.1 N barium hydroxide (titration of the
distilled water with which the decomposition vessel was rinsed
out after the experiment).

Na,CO3 Quantity of sodium carbonate that was present in the
decomposition vessel (20 ml, 0.05 N).

HCI The titrated quantity of 0.1 N hydrochloric acid (titration of the
distilled water with which the decomposition vessel was rinsed
out after the experiment).

Rough moist. (raw) ~ The percentage of water from rough moisture.

Ash (an) The percentage of ash.

Hygr. moist. (an) The percentage of water from hygroscopic moisture.

Acid correction based on ASTM 1989

QExtrant Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Hydrogen (an) The percentage of hydrogen making up the combustion
sample.

Na>,CO; Titrated quantity in ml (0.34 N).

Rough moist. (raw) ~ The percentage of water from rough moisture.

Ash (an) The percentage of ash.

Hygr. moist. (an) The percentage of water from hygroscopic moisture.

Sulfur (an) The percentage of sulfur.

Acid correction based on ASTM 240

QExtrant Extraneous energy from combustion of the cotton thread or
other ignition aid; 70 J is automatically taken into account for
the electrical ignition energy.

QExtran2 Extraneous energy from the burning of additional combustion
aids.

Hydrogen (an) The percentage of hydrogen making up the combustion
sample.
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Rough moist. (raw) ~ The percentage of water from rough moisture.

Ash (an) The percentage of ash.

Hygr. moist. (an) The percentage of water from hygroscopic moisture.
NaOH The titrated quantity in ml (0.0866 N).

Sulfur (an) The percentage of sulfur.

@

Enter the required parameters for the calculation mode selected and confirm the
dialog box after the last entry with OK.

Modus: Hd1abat 14685158
(5 1 EE-EEBQ 14185
MEAZURING PROTOCOL
Experiment @ 428441
zamp le : dpZedad
U==r 3
=ample prnpertles
Date of expercim. I Bd B2 2884
Ztart time of e=xperim. @ 15:43
Lles=sal : Bombe 1
walue 5 1BEe1E JAH
Mode : Adiabatic
=tatus Ewval+=im
zamele mass r 1.123240[ ﬁ
Temperature increase 2.12=24
Extraneocus ensergd 1 5 =15
Extransous EHEPQH =2 K
Ignintion energy . TH
Cackhont(DIMI: Input: without +i
zurface mn1sture(raw3 2.88
Measurement Total wateriraws 2 = = .
protocol (1) 1 | Print:SPACE Close:0HAY
o Modus:iAadiabat 1 14:@%4?6
fA=h Can? : 15 .28
Ash Crau ) : 1292 =
Hugr . molisturetan? 5 2.18 ¥
Hugr . moisturedoawl 2 1.92 x
Hadrogent cai ? g 112
Hudrogent anl 2 1.22 =
Hudrogemntwaf ) 5 1.439
Uolatiledrcawl 2 H_HA
Uolatiledan? g 15 = B
Uolatiledwaf 2 H_HA
= lehurcianl 5 2.28 &
=0 lphurcdoawm) 2 2_HZ2 x
Hitrogentanl 5 1.18 &
=ulphur 2 234 J
nitrogen 5 53 J
Ho Ak 2 ZEEZ5 JA g
Ho ©an2 3 23159 J
Ho Cwaf 2 5259 =
Hu Cra 2 Z2EZ2T J
Huo Can2 2 28839 JA g
Measurement Hu Cwaf s 5 234934 JA o -
protocol (2) ey | Print:SPACE Close:OHAY
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11 Evaluating experiments

®

A new window appears and shows the measurement protocol with the definitive
results of the experiment. You can print the measurement protocol by pressing the
space bar and close the window with OK. You can scroll through the protocol with

the arrow keys. Meaning of the individual correction parameters:

H>O elementary analysis

Rough moisture (raw)

Total water (raw)

Ash (an)

Ash (raw)

Hygr. moisture (an)

Hygr. moisture (raw)

Hydrogen (raw)

Hydrogen (an)

Hydrogen (waf)

Volatiles (raw)

Volatiles (an)

Volatiles (waf)

Sulfur (an)

Sulfur (raw)

Nitrogen (an)

HCI consumed

Ba(OH)., consumed

IKA®-WERKE C 5000 control/duo-control

The percentage of water in the fuel sample, as deter-
mined by elementary analysis.

The percentage of rough moisture in the supply state.

The percentage of water in the fuel sample in the sup-
ply state.

The percentage of ash in the fuel sample in the “analy-
sis moist” reference state.

The percentage of ash in the fuel sample in the
supply state.

The percentage of hygroscopic moisture in the “analy-
sis moist” reference state.

The percentage of hygroscopic moisture in the
supply state.

The percentage of hydrogen in the supply state.

The percentage of hydrogen in the “analysis moist”
reference state.

The percentage of hydrogen in the “water and
ash-free” reference state.

The percentage of volatile components in the
supply state.

The percentage of volatile components in the “analysis
moist” reference state.

The percentage of volatile components in the “water
and ash-free” reference state.

The percentage of sulfur in the fuel sample in the
“analysis moist” reference state.

The percentage of sulfur in the fuel sample in the
supply state.

The percentage of nitrogen in the fuel sample in the
“analysis moist” reference state.

The titrated quantity of hydrochloric acid.

The titrated quantity of barium hydroxide.
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Na,COj; present

Q sulfur
Q nitrogen

Ho (raw)

Ho (an)

Ho (waf)

Hu (raw)

Hu (an)

Hu (waf)

Page 11-13
The quantity of Na,COj; present in the
decomposition vessel.
The heat of solution from the formation of sulfuric acid.
The heat of solution from the formation of nitric acid.

The specific gross calorific value of the fuel sample in
the supply state.

The specific gross calorific value of the fuel sample in
the “analysis moist” reference state.

The specific gross calorific value of the fuel sample in
the “water and ash-free” reference state.

The specific net calorific value of the fuel sample in the
supply state.

The specific net calorific value of the fuel sample in the
“analysis moist” reference state.

The specific net calorific value of the fuel sample in the
“water and ash-free” reference state.
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12 Experiment simulation

In many cases it is helpful to perform gross calorific value experiments or to calcu-
late possible experiment results without actually performing the combustion experi-
ment. Using the Simulation dialog box in the Experiments menu box, the calorimeter
system simulates experiments on the basis of data that is provided.

This option is especially useful if a calibration was unintentionally performed instead
of a determination of a gross calorific value or vice-versa. This can be corrected
through simulation by using the increase in temperature of the misinterpreted meas-

urement.
Open the Simulation dialog box in the Experiments menu window.
Modus:tAdiabat 14:823:18
[m]———— Experiment 4820482
Weighed—in guant. 1.12=24
QE=tranil 5@ _ @ UExtranz B _d
Tample name dEF 28482
zample proper
U=e=r
»Bomhb 1 i -
Cell 1 abcdef
. . ghi.jkl
[ 1 Calibration nnopox
stuuuws
yzaoul
=[ 0OK 1« [Cancel]
Simulation
dialog box Help_ | Entering experiment parameters

@

Move the cursor with Tab to the entry boxes and enter the sample data with which
the simulation will be performed.
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Entry of simulation
parameters

12 Experiment simulation

©)

As soon you have confirmed the data with OK;, a dialog box appears for entering the
simulation parameters.

Bombk 1 for dewvice 1 11:57:55
Dawvice 1=
LK1
3.0
[m] Fimuolation
C wvalues 18529
#Tempebif £ =2 _593%
=L 0ok 1+ [ Cancel 1
- - - = A AL Fo g dax MR LIN
Helg__ | Eesult simulation

O)

You must enter the following parameters:

C value: Heat capacity of the calorimeter system

TempDiff The temperature difference at which the simulated combustion is
conducted.

®

Confirm the dialog box with OK. Using the Evaluation dialog box (See Section 11,
“Evaluating experiments”), you can post-process the simulated experiment in the
normal manner or convert the results into the desired reference state.
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13 Care and maintenance

In order to ensure problem-free operation over a long time, the following mainte-
nance tasks should be performed on the calorimeter system:

13.1 Sieve insert

Check the sieve insert daily while refilling the prepared liquid.

The entire volume of water in the system is constantly circulated and kept free of
impurities by the sieve insert in the filling sleeve of the expansion container.

This sieve insert must daily be checked for deposits and accumulations of dirt and
so forth.

If clearly visible deposits have become attached to the surface of the sieve, the
sieve must be cleaned. To do this, turn off the device, remove the cover from the
water-filling shaft and remove the filter insert (see the illustration below).

g

After the sieve insert has been removed, it can be rinsed off under running tap wa-
ter.

For tough dried-on deposits, the sieve can be cleaned with a brush or in an ultra-
sonic bath.

After it is cleaned, the filter insert is placed back in the unit and the opening is closed
with the cover.

¢ The unit must only be operated with the original filter insert. A missing
filter insert may result in the device malfunctioning.

¢ The unit must only be operated with the filling adapter cover closed. This
will keep the loss of liquid from evaporation to a minimum.
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Opening the front flap

13 Care and maintenance

During routine operation, liquid is removed from the system through evaporation and
by adhering to the decomposition vessel.
If this error message appears on the display during normal operation:

Refill with water or empty IV (=inner vessel)

you should add 50 ml of the mixture to the expansion container. If the message on
the display does not go away, repeat the refilling process in increments of 50 ml.

13.2 Changing the water

The liquid in the system should be changed every 3 to 4 months. Each time you
replace the water, check the sieve for sludge (visual inspection).

@

Turn off the device using the Exit menu item (the cover on the measurement cell
closes automatically) and then turn the power switch to “Off”. Before draining the
water, the device must be turned off on the power switch. Open the front flap of the
measurement cell or of the measurement cells by pushing on both recesses at the
same time.
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drain hose into the
water drain connection
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@

Have a container with a capacity of at least 5 | ready, and lead the water outlet hose
into it. Alternatively, you can lead the outlet hose into a drain or sink. As soon as you
push the water drain hose into the water drain connection, the cooling water system
empties itself. Push on the locking button of the water drain connection to insert and
remove the hose.

After the water is replaced, the sieve insert may become dirty again in a matter
of minutes. In this case, it should be cleaned as described in Section 13.1. In
some cases this procedure must be repeated 2 or 3 times to remove all accu-
mulated deposits from the system.
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Replacement parts
of the inner cover

13 Care and maintenance

13.3 Replacing the inner cover / O, filling piston

If it should become necessary to break down the inner cover to replace parts, it can
be put back together again as shown in the following illustration.

Spare parts list

Item Pieces Name
1 1 Capillary cpl.
2 1 Piston cpl.
3 1 Pressure spring VD123 1.4310
4 1 Oring 11 x2 FKM
5 1 Filling head Peek
6 2 Cylinder screw DIN84 M3x30 A2
7 1 Centering ring 1.4301
8 1 Oring2x1.6 V80G
9 1 Contact spring 2.1020.34
10 2 Lens screw DIN7985 M3x8 A2 1.4301
11 1 Seal disk
12 1 Oring4x1.5
13 1 Piston
14 1 Quad ring 5.28 x 1.78

Only the parts with item numbers are available as replacement parts.
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If it should become necessary to replace the O filling piston (item 2), proceed as
follows:

@

Loosen the screws (item 6) with a blade-screwdriver.

)

Remove the centering ring (item 7) together with the filling head (item 5), the pres-
sure spring (item 3) and the piston (item 2)

Caution: The seals (item 4 and item 8) are free

©)

Push the pressure spring (item 3) onto the new piston and insert both parts into the
filling head. The remainder of the assembly takes place in the opposite order.

Caution: During reassembly, make certain the filling head is in the
correct position (item 5). The seals (item 4 and item 8) should
be aligned on the opposite side of the inner cover.

After replacing the piston and the seal disks, the decomposition vessel must
be refilled with oxygen using the maintenance menu (menu items O2 Fill / De-
pressurise) and then depressurized in order to test the complete unit for
proper seal.

13.4 Replacing the O, seal

If a leak is detected while filling the decomposition vessel with oxygen, the O, seal
on the filling piston must be replaced:

e Remove the decomposition vessel from the measurement cell.

e Activate the O2 seal menu item from the Maintenance menu to extend the pis-
ton.

e Remove the small orange seal from the extended piston (see Section 13.3,
item 11).

e Insert the new seal (included with delivery) onto the piston.

e Activate the O2 seal menu item from the Maintenance menu again to retract the
piston again.

13.5 Decomposition vessels

For maintenance of the decomposition vessel, please read the C 5010/C 5012 Op-
erating Instructions.
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14 Troubleshooting

Maintenance menu

The C 5000 calorimeter system is subject to strict quality control during manufac-
turing. If improper functionality should nevertheless occur, you will find a series of
malfunction situations with the appropriate measures for eliminating the problem.
Most malfunctions are displayed in the header line of the display. Alternatively or in
addition, a message box may appear which the user must acknowledge. If your at-
tempts at eliminating problems are unsuccessful, please contact your authorized
IKA® Technical Service Department.

14.1 Maintenance menu

Ega=tem Experiments Conft Maint
Device 1= Ogen MMC
Clo=s=s MC
Info
Fill I1U
LK1 Empt? L
3.0 Templnit
Re=et
02 =eal
02 Fill .
Depressuri=ses
]l laiting
ztakble
Q.90 T TR T g 15 20 0 25 min
Helg | Test wer=sion

The maintenance menu offers the possibility of performing a series of system func-
tions in the case of a malfunction. The commands of the maintenance menu can
only be performed if the measurement cell is in maintenance status.

The functions Open MC, Close MC, Fill IV, Empty IV, O2 Fill, Depressurise are acti-
vated by the corresponding menu command and end automatically. While the func-
tion is being performed, the menu item in question is locked.

Open MC Opens the measurement cell cover.

Close MC Closes the measurement cell cover.

Info An information window is shown /hidden. The function can also be
called up or closed with the “.” key. You can print the information
window with the Space bar ©.

Fill 1V The inner vessel is filled with water. The filling process ends
automatically after about 120 seconds.

Empty IV The water is pumped out of the inner vessel. The emptying ends
automatically when the inner vessel is empty.

Templnit The temperature measurement is reinitialized.

Reset Reset of the temperature control of the outer vessel.
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14 Troubleshooting

02 seal The piston on the oxygen filling unit in the measurement cell cover is

extended and then retracted again when it is activated a second time.

O2 Fill A decomposition vessel that is suspended in the measurement cell

cover is filled with oxygen. The process ends after about 50 seconds.
The process is displayed in the process window. During this proce-
dure, the decomposition vessel cannot be removed.

Depressurise Over-pressure is drained from a decomposition vessel that is

suspended into the measurement cell cover. The procedure ends
automatically after about 70 seconds. During this procedure, the de-
composition vessel cannot be removed. The process is displayed in
the process window.

14.2 Malfunction situations

Malfunction situations with the associated message on the display:

e The coding on the decomposition vessel is not recognized:

Messages on the display:

- Bomb “x” not for cell “y” (duo control)

- No assignment possible

- Bomb “x” is already assigned

- Bomb not recognized

The system displays the malfunction and interrupts the measurement. Check the
coding ring on the decomposition vessel and the optical detection unit on the
measurement cell for dirt or precipitates. Check the correct assignment of the de-
composition vessel to the measurement cell. To continue your measurement se-
ries, you may have to turn off detection of decomposition vessels (Conf. /
Settings / Bombs ID). Contact the Technical Service Department.

The measurement cell cover does not open or close completely:

Messages on the display:

- Cover is not closed / open

The system displays the malfunction and interrupts the measurement. Try to
open the measurement cell cover manually and close it again. To do this, exe-
cute the commands Close MC and Open MC in the Maintenance menu. If the
function cannot be restored again, please contact the Technical Service Depart-
ment.

Full status of the inner vessel is not achieved within 200 seconds:

Messages on the display:

- Water filling time exceeded

The system displays the malfunction and interrupts the measurement. Repeat the
attempt.

If the error appears again, please contact the Technical Service Department.
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No increase in temperature after electrical ignition:

Messages on the display:

- No increase in temperature

The system displays the malfunction and interrupts the measurement. Check the
ignition wire, the cotton thread, the fuel sample and the O, supply. It may be that
you will have to use a combustion aid.

The combustion experiment lasts too long:

Messages on the display:

- Preliminary experiment > 13 minutes

- Main experiment > 16 minutes

Adiabatic and isoperibolic measurements are interrupted after 13 minutes in the
preliminary experiment (warm-up) and 16 minutes in the main experiment. Check
the stirrer drive (rotating stirring rod after the inner vessel has been emptied), the
seal of the decomposition vessel (see C 5010 / C 5012 Operating Instructions),
the function of the cooling unit as indicated by heat escaping from the cooler
fans.

Error while recording temperature:

Messages on the display:

- Error temp. meas.

The malfunction is displayed in the header line of the display. An acoustic signal
is heard at the same time. The temperature display stops changing. You can try
to eliminate the error with the Temp-init. command in the Maintenance menu. If

this does not work, the calorimeter must be restarted.

Water sensor error:

Messages on the display:
- Water sensor error
Please contact your Technical Service Department.

Problem with ignition wire:

Messages on the display:

- Problem with ignition wire

This error message is displayed if the ignition capability can no longer be ensured
during the measurement. The experiment is interrupted. Check the ignition wire,
the ignition wire fastening and the contact spring on the filling head of the inner
cover.

Sample rack invalid:
Messages on the display:
- Sample rack invalid

For more information on this message, see the Operating Instructions for the
C 5020 sample rack.
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14 Troubleshooting

e Temperature control of the system unstable:

Messages on the display:

- “Unstable” status

The “unstable” condition may last up to 10 minutes after turning on the machine,
and up to 5 minutes between measurements. If this time is exceeded signifi-
cantly, or if the “stable” condition is no longer reached at all, select the Reset op-
tion from the maintenance menu.

Check in addition the functionality of the cooler (make sure hot air is coming out
of the outlet). If the “Stable” status is not reached within an additional 30 minutes,
turn the machine off. If the problem persists after the unit has been turned back
on again, please contact your Technical Service Department.

Memory is too low:

Messages on the display:

- Memory is too low

The total number of all measurements that the C 5000 can manage during a run
sequence is limited to about 240. This limitation is reached as early as after 50
hours of continuous operation (25 hours with the duo-control), and the message
above appears. Afterwards, a defined exit must be carried out (menu item EXIT).
When you switch on again, normal operation can be continued.

This number has nothing to do with the storage capacity of the library.

A malfunction situation without a direct message on the display:

¢ Loss of power, controller in an undefined state:

If no measurement was running, the system can be restarted by turning it off and
back on again. If the system was in the process of performing a measurement,
proceed as follows:

Turn the system off and back on, and start normally.

If there is residue in the inner vessel, confirm Empty IV.

Open the Maintenance menu

Bleed the over-pressure from the decomposition vessel with Depressurise

PN~

O, filling does not work:

Check the O, supply to the unit (30 bar). If there is a detectable loss of seal dur-
ing the filling procedure, replace the O, seal (see Section 13, “Care and mainte-
nance”).

O, ventilation does not work:

Check the O, supply to the unit (30 bar). Check the way the ventilation hose is
installed and laid out. There must be no kinks or obstructions in the degassing
hose. Check the settings in the Config., Settings menu. The Decomposition item
must not be set, since this turns off O, ventilation.
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¢ Incomplete combustion:
Check the O, supply to the unit (30 bar). Use a combustion aid if necessary (see
also the applicable standards under "Taking samples/sample preparation”.

e Cover cannot be removed from the decomposition vessel:
The O filling / ventilation procedure is still running (see the status window in the
display).

¢ When suspending the decomposition vessel into the measurement cell, the
display Bomb | is not changed to START:
Check the following items:

— “Stable” state not yet achieved (see status window).

— The decomposition vessel was not removed when an experiment was inter-
rupted.

— No experiment is prepared.

— The maintenance menu is open.

— Problem with the contact spring.

— Ignition wire is defective.
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14 Troubleshooting

14.3 Performing an adjustment (adiabatic mode)

If the unit is going to be operated in adiabatic mode, an adjustment is required first.
This has already been performed at the factory during the functional test. Under
normal laboratory conditions, the user must perform an adjustment again if:

Measurement times for adiabatic measurements regularly take longer than 25
minutes.

Adiabatic measurements are frequently interrupted because the time limit for the
preliminary or the main experiment has been exceeded.

Procedure for an adjustment:

Set the operating mode to Adjustment (see Section 8; ltem 8.8 System
settings). For a duo-control unit, this setting refers to both measurement cells.

Prepare a mock measurement (see Section 10, Iltem 10.3). An empty crucible is
used. Enter the fictitious value “1” for the weighed in quantity.

Start the measurement.

The process completes itself automatically within 72 to 120 minutes. Upon com-
pletion, a value D = ..... is displayed in the result window. You should make note
of this value in your device materials. In this case the adjustment was success-
ful.

Then switch back to the desired operating mode. If you would like to work in adia-
batic mode, the calibrations must be repeated for all decomposition vessels.

If the adjustment is not successful within 120 minutes, the procedure is interrupted
without any result.

In this case, please contact your Technical Service Department.
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15 Accessories and Consumables

15.1 Accessories

Ordering description

C 5010
C 5012
C 5010.4
C 5010.5
C 5010.6
C 5020
C 5030
C 5040
C 21
C29

KV 600

IKA® decomposition vessel, standard
IKA® decomposition vessel, halogen resistant
Holding surface for disposable crucible
Holding surface large crucible

Venting button

Sample rack

Venting station

CalWin®, calorimeter software
Pelleting press

Reduction valve

Cooler unit

15.2 Consumables

Ordering description

C710.4
C 5010.3
C 5012.3
C 5003.1
C4

Cb5

Cé6
C710.2
C9
C10
c12
C12A
C 43

C 43A
Cc723
C14
C15

Cotton thread, cut to length (500 pieces)
Ignition wire, replacement (5 pieces)

Pt ignition wire, replacement (2 pieces)
Aqua-Pro bath stabilizer (30 ml)

Quartz dish

Set of VA combustion crucibles (25 pieces)
Quartz dish, large

Set of VA combustion crucibles, large (25 pieces)
Gelatin capsules (100 pieces)
Acetobutyrate capsules (100 pieces)
Combustion bag, 40 x 35 mm (100 pieces)
Combustion bag, 70 x 40 mm (100 pieces)
Benzoic acid (NBS 39i, 30 g)

Benzoic acid (100 g)

Benzoic acid in tablet form (50 pieces)
Disposable crucible (100 pieces)

Paraffin strips (600 pieces)
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16.1 Technical data for the controller

Operating power

Power consumption:

C 5000 control

(controller with one measurement cell)
C 5000 duo-control

(controller with two measurement cells)
Device fuses

Protection type according to DIN 40 050
Protection class

Over-voltage category

Contamination level

Ambient temperature

Ambient relative humidity

Dimensions

(Controller with measurement cell, with-
out display)

Weight

(controller with measurement cell)
Display

electrical power is supplied through
measurement cell to conform to rating
plate

max. 1300 Watts

max. 2500 Watts

1x3.15AT; 230V
1x6.25 AT; 100/115V

IP 21

1 (protective grounding)
2

I

20°C ... 25°C

80 %

560 x 380 x 397 mm (WxDxH)

41 kg

320 x 200 pixels, with illuminated back-
ground

16.2 Technical data on the C 5003 measurement cell

Operating power
Power consumption
Device fuses

Protection type according to DIN 40 050
Ambient temperature

Ambient relative humidity

Dimensions

Weight

IKA®-WERKE C 5000 control/duo-control

see rating plate

see controller
2x6.25 AT; 230V
2x 15 AT; 100/115V

IP 21

15°C ... 25°C

80%

440 x 380 x 397 mm (WxDxH)
34 kg
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16 Technical data

16.3 Technical data for the C 5001 cooling system

Operating power
Power consumption
Cooling output
Device fuses

Protection type according to DIN 40 050
Protection class

Over-voltage category

Contamination level

Ambient temperature

Ambient relative humidity

Dimensions

Weight

see rating plate

max. 300 Watts

240 Watts

2x3.0A, FF; 230V
2x6.0A, FF;100/115V

IP 21

1 (protective grounding)

2

Il

15°C ... 25°C

80 %

180 x 380 x 397 mm (WxDxH)
17 kg

16.4 Technical data for the C 5002 cooling system

Operating power
Power consumption
Cooling output
Device fuses

Protection type according to DIN 40 050
Protection class

Over-voltage category

Contamination level

Ambient temperature

Ambient relative humidity

Dimensions

Weight

see rating plate

max. 700 Watts

2 x 300 Watts

2x4.0A, FF; 230V
2x8.0A, FF;100/115V

IP 21

1 (protective grounding)

2

Il

15°C ... 25°C

80 %

440 x 380 x 397 mm (WxDxH)
33 kg

16.5 Technical data for the C 5004 cooling system

Cooling-water temperature
Cooling-water flow rate
Diameter of cooling-water hoses

18°C ... 20°C
90 1/h...140 I/h
10 mm

For further data and operating instructions, please see Data Sheet C 5004 (included

in scope of supply).
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17 Basic calculations

The following sections list mathematical formulas that are used to calculate results
of measurements. The calorimeter system acquires the data required for the meas-
urements partially during the combustion process and the data is partially the results
of analyses of examination on fuel samples or on combustion products. The calcula-
tions correspond to the applicable standards (DIN 51900, ASTM 240D, ISO 1928,
BSI) for gross calorific values and net calorific values.

The following indices are used for the various reference states:

raw - supply state
an - analysis moist or air dry
waf - water and ash free

Section 17.9 contains an alphabetical list with the meanings of the formula symbols.

17.1 Calculations for calibration
Heat capacity (C value) of the calorimeter system

He -M+Q

C=
AT

average value MW

M, +M, +..M,
n

MW =

Average relative error MRF

D? +D3 +..D?
n—1

MRF =100- L \/
MW

17.2 Calculations during an experiment

Gross calorific value of the fuel sample

_C-AT-Q,

Hom p

Remark: This is the provisional gross calorific value without acid or water correction.
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17.3 “Standard without titration” mode

Net calorific value of the fuel sample

Hyan = Hoan — (H,0 - 24.41)

Uan

Energy from the formation of sulfuric acid

Qg =S,,-m-94.62
Energy from the formation of nitric acid

Q, =Ng -m-43

17.4 “Standard with titration” mode
Percentage of sulfur

s =3
' m-.94.62

Energy from the formation of sulfuric acid
Q¢ =15.1-(Ba(OH), + HCI-Na,CO,)
Energy from the formation of nitric acid
Q, =6-(Na,CO, —HCl)
Sum of extraneous energy
Y Q=9 +Q,+Q,
Gross calorific value of the fuel sample

_car-YyaQ

Gon m
Net calorific value of the fuel sample

Huan = Hoan — (H,,, -218.13)

Uan 2an
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17.5 “Carbon: H2 input, without titration” mode

Conversion factor from reference state an to raw

_100-H,0

raw

' 100-hF,,

Percentage of sulfur

S :San'F1

raw

Percentage of water

HZOraw = gF

raw

+hF,_,

Percentage of ash

Araw = I:1 ’ Aan

Hygroscopic moisture

hFraw = I:1 ’ hFan

Percentage of hydrogen

Hpy = F; -H

2raw 2an

100

Hover = Hon -
2wet T2 100 - (A, +hF )

Volatile components

— 100 B (HZOraw + Araw)

fBraw 'waaf
100
HZOraw = gFraw +hFan
B, - B
I:1
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17 Basic calculations

_ 0.115-,/0.115% - 4[(H,,, —2.98)-0.00142]

waaf
0.00284

Remark: This approximation formula applies for mineral coal with a percentage of
volatile components between 6% and 40%.

Energy from the formation of sulfuric acid

Qg =S,, -m-94.62

Energy from the formation of nitric acid

Q, =N,,-m-43

Gross calorific value of the fuel sample

HOraw = HOan -F1
H :C-AT—@Z—@S
on m
3 100 100 H
ot T100—hF o
00=hFa 100- Am.&
100 -hF,

Net calorific value of the fuel sample

Huaw = Hyo, +24.41-hF, )-F,—H,0,,, -24.41)

Hyan =Homn — Hay, -218.13 +0F, - 24.41)
100
HUwaf = (HOraw +24.41. Hzoraw)' 100 —hF . b
™ 100-|A,, . 100
100 -hF,,
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17.6 “Carbon: H2 input, with titration” mode

Conversion factor from reference state an to raw

_100-H,0,,
" 100-hF,,

Percentage of sulfur

s - G
' m-94.62
Sraw :San -F1

Percentage of water

H,0.,.. =9F,

raw

+hF,_,

raw

Percentage of ash

Araw = F1 ’ Aan

Hygroscopic moisture

hF

raw

—F, -hF

an
Percentage of hydrogen

Hy =F; -H

2raw 2an

100
Hover = Hon -
2uef =2 100 - (A, +hF )

Volatile components

— 100 B (HZOraw + Araw)

fBraw 'waaf
100
Hzoraw = gFraw + hFraw
fBan — fBraw
I:1
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17 Basic calculations
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—2.98)-0.00142]

_0.115-/0.115% - 4[(H, .

waaf
0.00284

Remark: This approximation formula applies for mineral coal with a percentage of
volatile components between 6% and 40%.

Energy from the formation of sulfuric acid

Qg =15.1-(Ba(OH), + HCI-Na,CO,)

Energy from the formation of nitric acid
Sum of extraneous energy
) Q=Q,+Q, +Q,

Gross calorific value of the fuel sample

HOraw = HOan 'F1
C-AT-)YQ
T T
100 100
H = . ‘H
o = 00— hF, 100 o
100-| A, ———
100 - hF,

Net calorific value of the fuel sample

Hyww = Hy,, +24.41-0F, )-F, —H,0,, -24.41

raw

Hyan =Homn — Hay, -218.13 +0F, - 24.41)
100
HUwaf = (HOraw +24.41. Hzoraw)' 100 —hF . b
™ 100-|A,, . 100
100 -hF,,
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17.7 “Carbon: volatile input, without titration” mode

Conversion factor from reference state an to raw

_100-H,0

raw

' 100-hF,,

Percentage of sulfur

Sy = San -1

raw

Percentage of water

HZOraw = gF

raw

+hF,_,

Percentage of ash

Araw = F1 ’ Aan

Hygroscopic moisture

hFraw = I:1 ’ hFan

Percentage of hydrogen

H,,. =2.98+0.115-fB , —0.00142.fB2
Haue[100 = (A4, +hF )]
2 100
H,., =F -H

2raw 2an

Volatile components

fBan — fBraw
F1
| 100
o 100 - (HZOraw + Araw )

B, =B

Energy from the formation of sulfuric acid

Q. =S,,-m-94.62

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Page 17-8 17 Basic calculations

Energy from the formation of nitric acid
Q, =N,,-m-43

Gross calorific value of the fuel sample

HOraw = HOan ’ I:1
L _CAT-Q -4
oo m
_ 100 100 H
Owef — ) "o
100-FFa 100 (A 100
100—hF

Net calorific value

Hyo = Hy., +24.41-hF, )-F,—H,0,, -24.41
Hua” = HOan _(H2an '218-13+hFan 2441)
100
HUwaf = (HOraw +24.41. Hzoraw ) 100 —hF . =
® 100-(A, . 100
100 —hF,,

17.8 “Carbon: volatile input, with titration” mode
Conversion factor from reference state an to raw

_100-H,0

raw

' 100-hF,,

Percentage of sulfur

Sp= 35
™ m-94.62
S, =S -F1

raw an

IKA®-WERKE C 5000 control/duo-control Ver. 10 04.07



Percentage of water

HZOraw = gF

raw

+hF,_,

Percentage of ash

Araw = F1 ’ Aan

Hygroscopic moisture

I"IFraw = |:1 ’ hFan

Percentage of hydrogen

Hy =F; -H

2raw 2an

H,,o =2.98+0.115-fB,,, —0.00142. B2

2waf waf

Volatile components

fBan — 1:Braw
F

_B 100

waaf — Praw °
100-(H,O

+Au)

raw
Energy from the formation of nitric acid

Q, =6-(Na,O, —HCl)

Energy from the formation of sulfuric acid

Qg =15.1-(Ba(OH), + HCI-Na,CO,)

Sum of extraneous energy

) Q=9 +Q, +Q,
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Page 17-10 17 Basic calculations

Gross calorific value of the fuel sample

HOraw = HOan 'F1
C-AT-)YQ
=T
100 100
H = . ‘H
o = 00— hF, 100 o
100-| A, o
100-hF,

Net calorific value

Hyww = Hy,, +24.41-hF, )-F, —H,0,,, -24.41

Huan = Hoan — (s, - 218.13 +hF,, -24.41)

Uan 2an

Hy., =Ho., — (H,0-24.41)

Uan

100 100

100 —hF._
an 100—[Aan-100 j

Hows = Hony +24.41-H,0._, )

Oraw

100 —hF,,
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17.9 Formula symbols

Aan

Araw
Ba(OH),
C

Dy

Fi
fBan
fBraw
waaf
9Fraw
HOan
Hos
HOraw
HOwaf

HUan

HUraw
HUwaf
HCI
hFan
H2an

H2raw
H2waf

Sraw
AT

Percentage of ash in the reference state analysis moist [%]
Percentage of ash in the supply state [%]

Titrated quantity 0.1 N barium hydroxide [ml]

Heat capacity of the calorimeter [J/K]

Difference between the average value AV and the individual
measured value M,

Conversion factor from reference state “an” to “raw”

Volatile components in the supply state [%]

Volatile components in the reference state analysis moist [%)]
Volatile components in the reference state water and ash-free [%]
Rough moisture

Gross calorific value in reference state analysis moist [J/g]

Gross calorific value of the calibration substance

Gross calorific value of the sample in supply state [J/g]

Gross calorific value of the sample in the reference state water
and ash-free [J/g]

Net calorific value in reference state analysis moist [J/g]

Net calorific value in the supply state [J/g]

Net calorific value in the reference state water and ash-free [J/g]
Titrated quantity of hydrochloric acid [ml]

Hygroscopic moisture [%]

Percentage of hydrogen in reference state analysis moist [%)]
Percentage of hydrogen in supply state [%]

Percentage of hydrogen in the reference state water and ash-free [%]
Percentage of total water 9sum of combustion water, rough moisture
and hygroscopic moisture [%]

= Percentage of total water in supply state [%)]

mass of the fuel sample [g]

x™ measured value

Average relative error

Average value

Number of calibration measurements

Nitrogen in the reference state analysis moist [%]

The quantity of sodium carbonate present [ml]

The sum of extraneous energy, as a function of the calculation
mode [J]

Extraneous energy from the formation of nitric acid

Extraneous energy from the formation of sulfuric acid

Extraneous energy from ignition, combustion of the cotton thread,
combustion aids.

Extraneous energy from electrical ignition and from combustion of
the cotton thread [J]

Percentage of sulfur in the reference state analytical moist [%]
Percentage of sulfur in the supply state [%]

Increase in temperature of the calorimeter system during a
combustion experiment [K]
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A

Acetobutyrate capsules...........
Acid formation ...........oouueereennn.
Acid correction.........cccceeeeeeeenee.
AdiabatiC......ccoooeveeeiiiiiieeen,
Adjustment .........cooeeeiiiieeennen.

B

Benzoic acid......ccceeeevveieevnnnnnn.

Cc

Calculation modes...................
Calibration experiments ..........
Calibration notes .........ccccuc......
Calorimeter system .................
(@707 [ o IR
Combustion aids...........ccc........
Combustion bags .........cceeueee.
Combustion products ..............
Condensation energy ..............
Controller......cccooceeeeiiieeeenen.
Correction calculation..............
Corrosion......ccceecveeeeeciieeeee,
Cotton thread.........ccocoeeeruiennee.

D

Daily experiments.........cccce......
Date ..o
Depressurizing ......cccceeveeeeeens
Device connections.................
Display panel.......ccccceeviieeennns
Distilled water.........ccccceeeeenees
Dynamic .......ccceeviiieeeiiiieeees

E

Experiment conditions..............
Experiment initialization...........
Experiment list.......cccccoviieennns
Experiment procedure.............
Extension cord.........cccccvernens
Extraneous energy ..........c.......

F

Function kKeys .......ccccceviieeenns

G

Gelatin capsules...........cco........
Gross calorific value................
Gross calorific value standards
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H

Halogen-rich substances........................ 10-2
Halogens.......oocveeeiiieee e 3-4
Heat capacity ......cccocovveeeiniiiiiiieee e, 9-10
Heat of solution..........cccvvveeereeenennnee. 3-4;10-2
Hydrogen, compounds containing............ 3-1
I

[GNIEEN o 3-3
Incomplete combustion............cccoocveeeee 10-5
Interface parameters ...........ccooceeeieieeni. 8-26
[SOPeriboliC.......cooviiieiiiiieeeee e 8-24
L

Language ....ccooveeeeviieeee e 8-22
Library.....cccooeveeeeee e 11-1
Liquid substances..........cccccceevrneennn. 3-4;10-1
Low-inflammability, substances with ........ 3-4
M

Main SCreen .......ooovviicieieeieeeeeeee 8-19
Malfunction situations ...........cccceccveeeenee 14-2
Malfunctions..........oooiiiiii e, 14-1
Malfunctions, eliminating ............cccccce.... 14-1
Measurement protocol..........ccceecveeeennnee. 11-9
Measurement cell .......ccccoveveiiiieieennen, 7-4
N

Net calorific value .........cocoveeviiiiieeee 3-2
NItFHC @CIA -.eeeeeeeeee e, 3-4
(o]

OpEeNINg SCreEN ......cevvueeeiieeeiiee e 8-12
Optical detection unit.........cccceevvcveeenee 14-2
Optimal sample quantity ........ccccccveeennee. 10-3
Oxygen atmosphere ........cccocceceveviiieeennnee 3-1
Oxygen connection sleeve .........ccccee.....e. 8-3
OXygen SUPPIY «.cooeeeeeeeiiee e 5-1
P

Peripheral devices..............ccccoooiiiin 7-7
Post-processing.......cccceevvveeeeiiiieeenninenn. 11-1
Pressure container regulation................... 1-2
Properties .......cocvveiiiieeiiiiee e 4-1
Purpose of application ............cccceeviieeenne 1-1
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Q

Quantity of added substance ................... 9-1
R

Rapidly-burning substances................... 10-1
Reference gross calorific value............... 8-23
Reference substance ..........cccccvvvvvvvvnvnnnnes 3-5
S

Scale....coooveeiee 8-25
Searchmask ..o 11-3
Simulation.........ccccoovee 12-1
Solid materials.........cccccoeveveeenl. 3-4; 10-1
Stable and unstable......................... 10-2; 9-6
Standard gross calorific value................... 3-2
Sulfuric acid........cooovvveeiiii 3-3
System settings ....cooovceiiiiiie 8-23
T

Temperature inCrease ........cccceeeecveeeeenee 10-3
Time of day.....ccoocveeeiiiieie e 8-19
Turbidity.....oceeeeeee 10-1
U

Unit of measure.........ooovveeeeeiieiieiiiiinnnn.. 8-25
\'

Ventilation hose.........ccevvevvevevvvevevennes 7-6; 8-3
Ventilation SCrew .......ocoovvveveeeveveieeeeennnnn.. 8-14
Volatile substances .........cccccuvvvunnn... 3-4; 10-1
'}

Water....oooveeeeeiieeieeee e, 3-2
Water (amount added) ........cccceevvveeenne 10-2
Water drain hoSe......coevvvvvvveveveeeieeeeenen, 13-4
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