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The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien,co
all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promate‘inte
co-operation on all questions concerning standardization in the electrical and electronic fields. .To this
in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical
Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC_ Publication(s)’
preppration is entrusted to technical committees; any IEC National Committee interested|in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
Stanfardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

The formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical cofmmittee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for international use and are accepted by IEC
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Committees in that sense. While all reasonable efforts are made\yto ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC Natiohal' Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national and regional publications. Any divergence

for any
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pbetween

any |EC Publication and the corresponding nationalofr regional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of cahformity. Independent certification bodies provide cg
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsibleg

mempbers of its technical commiti€esand IEC National Committees for any personal injury, property da
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fqg
expenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any ot
Publ|cations.

Attention is drawn to the,Normative references cited in this publication. Use of the referenced public
indispensable for the.corfect application of this publication.
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IEC |[draws attention to the possibility that the implementation of this document may involve the udge of (a)

patept(s). IEC(takes no position concerning the evidence, validity or applicability of any claimed patent
respect thereof:-As of the date of publication of this document, IEC had not received notice of (a) patent(
may |be required to implement this document. However, implementers are cautioned that this may not r
the lptest information, which may be obtained from the patent database available at https://patents.iec

rights in
), which
epresent
.ch. IEC

shalll nef*be held responsible for identifying any or all such patent rights.

IEC 62862-1-6 has been prepared by IEC technical committee TC 117: Solar thermal electric
plants. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

117/199/FDIS 117/202/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at http://www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62862 series, published under the general title Solar thermal electric
plants, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recpnfirmed,
e withdrawn, or

e revjsed.

IMPOIRTANT — The "colour inside" logo on the cover page of this"document indicates
that it contains colours which are considered to be useful forthe correct understanding
of its|contents. Users should therefore print this document/using a colour printer.



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=6f3e402a7029fee9b9897faceeadaca0

accom
silicon

The ap
covere
new te
in this

2 Nd

The fol
constit
For u
amend

IEC TS
ISO 20
ISO 21
ISO 27

ISO 30
pour p

ISO 31
viscos

ethods,

-6 - IEC 62862-1-6:2024 © |EC 2024

SOLAR THERMAL ELECTRIC PLANTS -

Part 1-6: Silicone-based heat transfer fluids for use in
line-focus concentrated solar power applications

62862-specifies—the—technicalreguiremen s—{safety-andphysical-parameters),
inspection rules and intervals, sampling, judgment, marking, labelling and
banying documents, packaging, transportation and storage, recycling and(disppsal of
p-based heat transfer fluids (SiHTF) for use in line-focusing solar thermal power plants.

plication of polydimethylsiloxane-based heat transfer fluids for this type of installation is
d in this document. Owing to their chemical nature and composition, the introdugtion of
st methods to determine the applicability and the thermal stability of SiHTF is included
document.

yrmative references

lowing documents are referred to in the text in such,a way that some or all of their ¢gontent
Lites requirements of this document. For dated.réferences, only the edition cited agpplies.
dated references, the latest edition ofc.the referenced document (including any

ents) applies.

62862-1-1, Solar thermal electric plants — Part 1-1: Terminology
49, Petroleum products — Detefmination of colour (ASTM scale)

60, Petroleum products—~.Corrosiveness to copper — Copper strip test
19, Determination«offlash point — Pensky-Martens closed cup method

16, Petroleum and related products from natural or synthetic sources — Determingtion of
Dint

04, Petroleum products — Transparent and opaque liquids — Determination of kinematic
ty and calculation of dynamic viscosity

ISO 3405, Petroleum and related products from natural or synthetic sources — Determination of
distillation characteristics at atmospheric pressure

ISO 3675, Crude petroleum and liquid petroleum products — Laboratory determination of density
— Hydrometer method

ISO 6618, Petroleum products and lubricants — Determination of acid or base number — Colour-
indicator titration method

1ISO 11
optical

885, Water quality — Determination of selected elements by inductively coupled plasma
emission spectrometry (ICP-OES)

ISO 12185, Crude petroleum and petroleum products — Determination of density — Oscillating

U-tube

method
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ISO 12937, Petroleum products — Determination of water — Coulometric Karl Fischer titration
method

ISO 15597, Petroleum and related products — Determination of chlorine and bromine content —
Wavelength-dispersive X-ray fluorescence spectrometry

ISO 20846, Petroleum products — Determination of sulfur content of automotive fuels —
Ultraviolet fluorescence method

UNE 206015, Heat transfer fluids for solar thermal power plants with parabolic trough collector
technology. Requirements and tests

DIN 47
Sicher
with or

DIN 51
gebrad

Testing and evaluation of used heat transfer fluids]

54-1, Waérmelibertragungsanlagen mit organischen  Wérmetrdgern &
heitstechnische Anforderungen, Priifung (in German) [Heat transfer installatiehs
ganic heat transfer fluids — Part 1: Safety requirements, test]

529, Priifung von Mineralblen und verwandten Erzeugnissen — Priifung und Beur
chter Wéarmetrdgermedien (in German) [Testing of mineral oilsCand related pro

Teil 1:
orking

teilung
jucts —

y der

gnition

-1 and

lowing

DIN 51794-2003-05, Prifung von Mineralélkohlenwasserstoffen — Bestimmun
Ziindtdmperatur (in German) [Testing of mineral oil hydrocarbons — Determination of i
temperature]

3 Terms and definitions

For thg purposes of this document, the termscand definitions given in IEC TS 62862-1
the following apply.

ISO and IEC maintain terminological ¢databases for use in standardization at the fo
addreslses:

e |EQ Electropedia: available-at-http://www.electropedia.org/

e |SQ Online browsing platform: available at http://www.iso.org/obp

3.1 General definitions

3.11

heat trlansfer flaid

HTF

substances-in the liquid or gaseous phase that are used for heat transfer

3.1.2

unused heat transfer fluid
heat transfer fluid which has not been introduced into the heat transfer system, e.g. the solar

field

3.1.3

heat transfer fluid in use
heat transfer fluid which has been introduced into the heat transfer system at least once

3.1.4

heat transfer fluid at operating conditions
heat transfer fluid which is operated at the specified working temperature, after reaching a
chemical equilibrium state
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https://iecnorm.com/api/?name=6f3e402a7029fee9b9897faceeadaca0

-8 - IEC 62862-1-6:2024 © |EC 2024

3.1.5

equilibration

process of reaching equilibrium composition under specific temperature and pressure
parameters

Note 1 to entry: In a chemical reaction, equilibrium is the state in which both the reactants and products are present
in concentrations which have no further tendency to change with time, so that there is no observable change in the
properties of the system. Typically, silicone-based heat transfer fluids at a given temperature and pressure
experience changes of their physical properties until a chemical equilibrium is established. Afterwards, the physical
properties and chemical composition of the fluid remain stable.

3.1.6

maximum working temperature
maximpm bulk temperature of the heat transfer fluild permitted at any location in thle heat
transfdr fluid system

3.1.7
maximum bulk temperature
highes} average temperature of the heat transfer fluid in a specified section of the installation

Note 1 tp entry: The location of the section of the installation with the maximum bulk.temperature is usually directly
after thg exit of the hot collector outlet or at the exit of a fluid heater.

3.1.8
film temperature
temperature at the contact between heat transfer fluid and‘heating surface of the solar refceiver,
heater| or other components

3.1.9
zeotropic mixture
complgx mixture with liquid components that have different boiling points

Note 1 tp entry: Individual substances in the mixture do not evaporate or condense at the same temperature as a
pure sulystance.

3.2 Relevant physical and chemical properties of heat transfer fluids

3.21
appearance
<of heat transfer fluid> parameter describing the purity of a heat transfer fluid, referring to the
absenge or presence (ofyturbidity, emulsion, particles or visible water in the heat transfeq fluid

Note 1 tp entry: The“appearance and color of a heat transfer fluid can be useful for a comparative assesgment. A
change |n color, or the appearance of particles, may indicate degradation or contamination of the liquid.

3.2.2
compgsition
<of heat transfer fluid> information on the chemical identity of the medium or its individual
components

Note 1 to entry: For complex mixtures information on the chemical identity can be also the chemical family instead
of individual compounds. The physical and chemicals properties of the HTF are very relevant for concentrated solar
power (CSP) application. These properties and the health, safety and environment (HSE) classification is determined
by the type of chemistry of the HTF. The chemical composition of siloxanes can be determined by gas
chromatography—mass spectrometry (GC-MS).
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3.2.3

water content

<of heat transfer fluid> amount of water in the heat transfer fluid, given on a mass (gravimetric)
basis

Note 1 to entry: High water content leads to higher vapor pressure. It may also impact the corrosivity and other
parameters like aging rate of an HTF and hydrogen formation rate and thus the concentration of particles or
degradation products. Concerning SiHTFs, high amounts of water may also lead to water-induced degradation
reactions. In consequence fluid viscosity may increase significantly faster and shorten shelf-life. The occurrence of
water in the heat transfer fluid is usually due to a defective point in the heat exchange system.

3.24

chlorine content
<of hdat transfer fluid> amount of chlorine in the heat transfer fluid, given on, d mass
(gravimetric) basis

Note 1 fo entry: Corrosiveness and the degradation rate of the HTF may increase with increasing |chlorine
concentgation, thus the chlorine content of the heat transfer medium shall be known.

3.2.5
sulphur content
<of hgat transfer fluid> amount of sulphur in the heat transfefcfluid, given on & mass
(gravimetric) basis

Note 1 to entry: The corrosiveness and the degradation rate of the HFEvmay increase with increasing| sulphur
concentfation, thus the sulphur content of the heat transfer medium shall bé known.

3.2.6
acid number
neutr?ization number

<for water soluble acids> required basic amount(shown in milligrams of potassium hydfoxide)

to neufralize the acid content in one gram of the heat transfer fluid sample (mg KOH/g HTF)

3.2.7
coppef corrosion

corrosion of materials made of copper or copper alloys when exposed to the HTF itself|or any
other dompounds in the HTF

Note 1 tp entry: The relative degree of corrosiveness can be determined by the copper strip test.

3.2.8
flash pgoint
minimym temperature at which a flame on the surface of a heat transfer fluid triggers the ignition
of the liquid's_vapor (°C)

Note 1 entry: The flash point determines the flammability classification of the liquid and thus the transport
regulatigns, (hazardous goods), as well as measures for occupational and plant safety During operation df a CSP
plant the YP y op g Y P P ccordingly, the system is
designed for it, and all surfaces of the fluid are covered with inert gas (nitrogen).

3.2.9

auto-ignition temperature

temperature at which a heat transfer fluid self-ignites in the presence of air but in the absence
of flames or sparks that could trigger combustion (°C)

Note 1 to entry: The auto-ignition temperature of a medium is required to specify equipment suitable for the use in
potentially explosive atmospheres (areas prone to leakages). The surface temperatures shall either be limited to a
safe value below the auto-ignition temperature, or other measures to prevent fire in accordance with the results of a
hazard analysis have to be taken.

3.2.10

heat of combustion

amount of energy released when a unit of mass of a heat transfer fluid is burned in the presence
of oxygen (J/kg)
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3.2.11

viscosity

resistance of a liquid to flow under the action of gravity, which arises from the internal friction
of a fluid

Note 1 to entry: The kinematic viscosity is related to the dynamic viscosity by dividing with the density. The dynamic
viscosity is usually given in Pa's, while the value of the kinetic viscosity is given in mm?/s. This is a
temperature-dependent physical quantity. The kinematic viscosity is a relevant parameter for the evaluation of the
flowing and pumping behavior of the HTF. It influences the pressure losses. Aging and oxidation of the fluid tend to
change the fluid viscosity.

3.2.12
densit

mass per unit volume (kg/m?3); a temperature- and pressure-dependent physical quantity

3.2.13
pour point
temperature below which the liquid loses its flow characteristics

Note 1 tp entry: The pour point is the parameter to define the lowest operating temperature. If the pour point of the
HTF is gdbove ambient temperature, special technical precautions for HTF heating shall be taken, especially during
commisgioning and longer standstills of the plant or parts of the plant.

3.2.14
cloud point
<in ligyids> temperature below which a transparent soldtion undergoes either a liquid-liquid
phase [separation to form an emulsion or a liquid-solid-phiase transition to form either a| stable
solutiop or a suspension that settles a precipitate (cloudy appearance)

Note 1 to entry: The presence of solidified particles thickens the fluid and may clog filters in the system. The
solidified particles may also accumulate on cold surfaces.

3.2.15
normall boiling point
temperature at which the vapor pressure of the liquid (azeotropic mixtures) equals the
atmospheric pressure at sea level

Note 1 entry: The boiling temperature at ambient pressure influences in particular the handling of the heat
transfer [medium during commissioning.

3.2.16

boiling range
temperature rangevinvolved in the distillation of zeotropic mixtures, from the start|to the
temperature when the component with the highest boiling point evaporates

Note 1 tp entry; During operation, a fluid pressure above the vapor pressure of the heat transfer mediurp at any
point of fhesystem is required.

3.2.17

heat of evaporation

amount of energy (heat) that has to be absorbed by a unit of mass of a heat transfer fluid in
order to evaporate at a given temperature and pressure (J/kg)

3.2.18

maximum film temperature

maximum permitted temperature in the heat transfer system at the contact between the heat
transfer fluid and the heating surface of the solar receiver, heater, or other components
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3.2.19

insoluble product

content of inorganic particles and insoluble degradation products, e.g., solid waste materials
like coke in a heat transfer fluid sample

Note 1 to entry: This parameter analyses the possible change in the composition of the heat transfer fluid due to
degradation and/or contamination.

Note 2 to entry: Insoluble products can be defined by lack of solubility of solid compounds in specific solvents like
e.g., acetone, toluene or pentane. Another definition is lack of solubility of solid compounds in the HTF at a specific
temperature.

Note 3 to entry: Insoluble compounds can be caused by degradation products of the HTF, by corrosion products of

steel or py-econtamiration-with-airt—e-g——Ffrerm—weldingp+ ses—Henee—theldnrd-efnrsoluble—preodusts—mayindicate
contamipation by dirt, corrosion products e.g., due to enhanced humidity, or significant thermal stress af.the HTF.
Insolublé products may decrease heat transfer on surfaces. They may also cause clogging or blockage |of pipelines
e.g., in ¢ases of prolonged overheating or wear and clogging of seals and valves.

3.2.20

metal pontent

amounft of metals in the heat transfer fluid

Note 1 tp entry: The metal content is relevant because high contents e.g. of chromium can generate envirgnmental
and health risks. Furthermore, heat transfer oils could contain traces of metals, either caused by corrosion processes
in case pf high-water levels in the HTF system, abrasion in the production proécess or by ongoing operation in heat
transfer [systems. Some metals could have a catalytic effect on the degradation of the HTF itself or could cldg filters.
3.2.21

heat cpnductivity

ability pf a heat transfer fluid to transfer heat (W/(m.K))

Note 1 o entry: The thermal conductivity affects the Pfandtl number which, in turn, affects the heat|transfer
coefficignt. The Prandtl number describes the heat transport by momentum exchange in relation to the heat fransport
by heat [conduction within a fluid. This means that a_high thermal conductivity increases the heat transpoit (at the
same flgw velocity) and ensures a low temperature gradient in the laminar boundary layer (from the core temperature
to the film temperature of the flow).

Note 2 tp entry: Heat conductivity is a temperature-dependent quantity.

3.2.22

heat chpacity

energy| required to increase.the temperature of a specific amount of heat transfer fluid (J/(gK))
Note 1 tp entry: Heat capacity is a thermodynamic property of the liquid that is related to the energy transgort from
the solaf field. The higher the value, the more energy the liquid takes up on the increase in temperature.

Note 2 tp entry: Heat capacity is a temperature-dependent variable.

3.2.23

vapor pressure
pressure-exerted-by-the—gaseous—phaseeof-aheattransferfluidthatis—inequitibrium—with the

liquid phase at a given temperature (Pa)

Note 1 to entry: The vapor pressure of the HTF together with the pressure losses (and additional safety measures)
determines the design pressure of the CSP subsystems. High vapor pressures lead to increased plant costs. If the
medium in its area of application has a vapor pressure above the ambient pressure, pressure vessels are required
which cause considerable costs.

3.2.24

thermal degradation

degradation where damaging chemical changes on a molecular level take place at elevated
temperatures, without the simultaneous involvement of other compounds such as oxygen

Note 1 to entry: Even in the absence of air, molecular compounds (like polydimethylsiloxanes) will begin to degrade
if the temperature is high enough.
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thermal stability
resistance of a heat transfer fluid to thermal degradation within a temperature range for which
it is specified

Note 1 to entry: The thermal stability of an HTF typically limits and thus determines the maximum working
temperature of parabolic trough power plants. This value is also used to estimate the life span and exchange rate (if

needed)

of the heat transfer fluid at operating conditions.

4 Classification of heat transfer fluids

4.1

For the

4.2
Oil obt

4.3
Liquid
4.4
Liquid

depending on the composition stable above 400 °C:

4.5

Liquid

(CAS Nio. 101-84-8, C4,H4,0).

4.6

Inorga

chlorids, etc.

5 Specifiedfluid properties and test methods

5.1

The tests listed In this Clause b are considered to determine whether the 1luid 1S suita

General

purposes of this document, the heat transfer fluids are classified as follows inf 4,2

Mineral oil fluids

bined from crude oil by refining processes.

Synthetic fluids

pbtained mainly from the synthesis of various organic compounds.

Synthetic heat transfer fluids based on polydimegthylsiloxanes (silicone, SiH

composed of polydimethylsiloxanes (CAS No0.63148-62-9, CH;3[Si(CH3),0],Si((

Drganic synthetic heat transfer fluids'\based on biphenyl / diphenyl oxide
BP/DPO)

from the eutectic mixture of biphenyl (CAS No. 92-52-4, C,,H,y) and dipheny

Molten salt

nic salt in liquid-State usually composed of mixtures of alkali nitrates, carbg

General

to 4.6.

TF)

CH3)3);

oxide

nates,

ble for

use in solar thermal applications. If the fluid is already in use the test items should ensure that
it can still be safely operated within its design limits.
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5.2 List of technical requirements and evaluation of the quality of unused heat
transfer fluids
Table 1 — Properties and test methods for unused heat transfer fluids
Property Test method Alternative test Reference value
method
Appearance 1ISO 2049 Transparent without suspended
solids
Composition Identity of the Polydimethylsiloxane (material
component class safety data sheet)
GC-MS
Water content ISO 12937 DIN 51777 [1]1 <100 ppm [3]
SH/T0246-1992
(2]
Chlorine content ISO 15597 DIN 51408-2 [4] <10 ppm (UNE 206015)
Sulphur content ISO 20846 SH/T0689-2000 <10 ppm (UNE 206015)
[5]
ISO 20884 [6]
ISO 14596 [7]
Acid|number (water soluble ISO 6618 DIN 51558-248] < 0,2 mg KOH/g (UNE 20p015)
acids)
Copper corrosion ISO 2160 <1 a (UNE 206015)
Flagh point (closed cup)? ISO 2719 GB/T261-2008 [9] | 110 °C, (UNE 206015)
Autp-ignition temperature DIN 51794-2003-05 ASTM E659-15 In °C, no general referenge
[10] value available
SH/T0642-1997
[11]
Heat of combustion DIN 51900-1 [12] | In kJ/kg, no general refergnce
value available
Kinematic viscosity, at 0 °C ISO 3104 DIN 53019 [13] In mm/s2, no general refefrence
Kinerhatic viscosity, at 25 °C GB/T265-1988 | Value available
14
Kinenjatic viscosity, at 100 °C [14]
Density, at 25 °C 1ISO 3675 ASTM D1298 [15] | In kg/m?, no general refefence
1SO 12185 ASTM D4052-22 | Value available
[16]
DIN 51757 [17]
SH/T0604-2000
[18]
Freez¢ point, pour point, cloud 1ISO 3016 GB/T3535-2006 In °C, no general referenge
point [19] value available
Normal boiling point/boiling ISO 3405 In °C, no general reference
range value available
Normal heat of evaporation® No method In kJ/kg, no general reference
value available
Maximum film temperature No method In °C, product data sheet, no
recommended general reference value
available
Maximum working temperature No method In °C, product data sheet, no

general reference value
available

1

Numbers in square brackets refer to the Bibliography.
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The term ppm (parts per million) is commonly used for the concentration 1076,

a8 The flash point in the closed cup method is conducted inside a closed vessel which is not open to the outside
atmosphere. The lid is sealed, and the ignition source is introduced into the vessel itself, allowing for a closer
approximation to real-life conditions (such as those found inside an HTF tank).

There is no standard method available for zeotropic mixtures, thus the value shall be estimated with sufficient
safety margin.

Standard test methods are given in the test method column. The alternative test method may be followed.
Reference values are for the unused liquid. The deviations from these reference values shall be agreed between
the customer and the supplier.

5.3 ist of additional fluid properties and test methods Tor silicone-based heaf
ransfer fluids for general layout at operating conditions

All parameters mentioned in Table 2 shall be specified for the heat transfer fluid!at opgrating
conditipns due to the equilibration of the polydimethylsiloxane-based HTF upon-heating|above
200 °C{ (see 3.1.4 and 3.1.5).

Therefpre, the properties in Table 2 required for the design of heat fransfer systems shall be
specified at operating conditions, together with the intended tempgrature range, and indicating
the applied test method.

Table 2 — Additional fluid properties at specified operating conditions

Property Unit
inematic or dynamic viscosity mm?/s or mPa s
Density kg/m3
Heat conductivity W/(m-K)
Isobaric heat capacity kJ/(kg-K)
apor pressure kPa
Bolubility of nitrogen mmol/kg
Formation of hydrogen pmol/(kg-h)
Formation of methane pmol/(kg-h)
A\t the time of publication; no standard test methods for the parameters at operating conditions givern
in this Table 2 are @available. The supplier or manufacturer shall therefore specify the test conditions

5.4 List of fluid properties and test methods for heat transfer fluids in use

The fufther Usability of the heat transfer fluid results from the tests listed in Table 3, if negessary,
from the-additional-testslisted-inTable4-inconnection-with-the limitvaluesgivenby the fluid
manufacturer or supplier. The test items in Table 4 are focused on decomposition products and
plant-related impurities. According to DIN 51529, compliance with the limit values
recommended by the manufacturer is crucial for assessing the reusability of the system filling.
The definition of the limit values for the assessment of further usability is based on the general
experience of the manufacturers and suppliers of the heat transfer fluid. If there are special
circumstances and with regard to system-specific features, an overall assessment can only be
made in conjunction with the system operator.
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Table 3 -Test methods for heat transfer fluids in use (basic program)

Property Test method Alternative test method

Appearance ISO 2049

Water content ISO 12937 DIN 51777
SH/T0246-1992

Acid number (water soluble acids) ISO 6618 DIN 51558-2

Flash point (closed cup) 1ISO 2719 GB/T 261-2008

Kinematic viscosity (25 °C) ISO 3104 DIN 53019
GB/T265-1988

Standgrdtestmethodsaregiverrrthetestmethodcotummm—TFHeattermative testmethodmay be-fottowed:

Table 4 — Test methods for heat transfer fluids in use (additional program)

Property

Test method

Alternative test
method

Insoluljle products

ASTM D 893 [20]

Sulphur content?

Metal ¢ontent? ISO 11885°
Chlorirle content® ISO 15597
ISO 20846 SH/T0689-2000

Thermal degradation

T-group method (Annex A)

Gas cdncentration (H,, Methane)

Evaluation of{cylinder
samples\(6:3)

a8 Melals can indicate impurities from the system.

¢ Chlorine can indicate impurities from the.system.

4 Sulphur can indicate impurities fromthe system.

Standdrd test methods are given in the test method column, The alternative test method may be followed.

b Melal content shall be transferred into waterssoluble components e.g. by closed microwave acid
digpstion (HF/HNO,) with subsequent ICP-OES or ICP-MS measurement. [21]

6 Ingpection interval and sampling

6.1 nspection‘interval

Heat transferfluids in an operating plant shall be checked for their serviceability once a
on demand+in accordance with DIN 4754-1. Therefore, the heat transfer fluids in use s

year or
hall be

sampled and inspected at least once a vear in accordance with all items listed in Tab

e3. In

any of the following cases of demand, sampling inspection shall be conducted
recommendations, instructions and fluid handling recommendations are given in Annex
e After the filling process but before heating up the system for the first time.
e After the initial start-up.
e Three months after the initial start-up period.

e Irregularities of the process which could harm the heat transfer

overheating/contamination.
e Change of the operating mode.
e Three months after a change-over from a different heat transfer fluid.

(safety
B):

fluid e.g.
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HTF sampling

Sampling of heat transfer fluids shall meet the following requirements:

Sampl

The sample taken shall be a uniform sample representing the quality status of the heat
transfer fluids currently in use in the system, i.e., it should preferably be taken from the
main circulating line of the system, e.g., from the cold side of the loop, not from the
expansion vessel (risk of non-representative sample). Occasionally, additional samples
may have to be taken from other parts of the system if specific problems exist.

The heat transfer fluid should be sampled while cold below its flash point (<< 50 °C). A
hermetic container as shown in Figure 1 shall be used to prevent the escape of low
boilers and gases which otherwise would be lost from the sample.

Before sampling, the sampling container should be thoroughly flushed with inerkpas.

ng bottles of the following type which comply with UNE 206015 standard (Heat transfer

fluids flor solar thermal power plants with parabolic trough collector technology{’Requiréments

and te

6.3

5ts) shall be used:
An impermeable, clean and dry container shall be used for storing,the heat transfer fluid
from sampling to enable laboratory analysis.

The container shall be made of a material that is compatible/with the heat transfer fluid
and suitable for its transport in order to preserve the chemical properties of the sample
during this entire period. The materials compatible with the HTF are preferably pure
aluminum (material AL 99.5) or borosilicate glass.

With tamper-evident screw cap made of PP withhaluminum inner seal.
With UN approval (1B1/X/250).
Packaging group | (X).

IEC

Figure 1 — Example of an aluminum bottle for sampling (new)

Gas-sampling

For gas analysis representative samples containing HTF and gas in the same relative ratio as
in the fluid system may be obtained by collecting samples with steel cylinders that are equipped
with valves.

Components of cylinders and valves shall be chosen that withstand the temperature and
pressure of the heat transfer system. For sufficient gas tightness compression fittings or
welded connections should be used between valves and cylinders (Figure 2).

300 ml cylinders and connection sizes between 6 mm and 10 mm (1/4" / 3/8") should be
used.


https://iecnorm.com/api/?name=6f3e402a7029fee9b9897faceeadaca0

IEC 62862-1-6:2024 © |IEC 2024 -17 -

6.4

For collecting representative samples, the cylinders should be connected in vertical
position between the high-pressure inlet and the lower pressure outlet of the solar field
via compression fittings at connection points equipped with valves (e.g. drain valves).
Sampling points should be connected to the cylinder with 0,953 cm (3/8 inch) tubing with
total length less than 6 m. The high pressure side shall be connected to the bottom valve
and the low-pressure side to the top valve of the cylinder.

Air should be removed from the cylinder by flushing with nitrogen via extra connections
while the cylinder is mounted ready for collecting the sample to avoid oxygen
contamination of the heat transfer system. Nitrogen quality should correspond at least
to the one used as blanket gas in the heat transfer system. Instead of flushing with
nitrogen the cylinder may be pressurized with 10 bar nitrogen which is then
dprnmprnqand at the outlet of the r‘ylindpr to ntmncphprp This should he pnrfnr ed at
least three times to remove oxygen. X

i Il

The cylinder should be filled with the HTF sample by completely open‘u“@ valves
required to enable passage from the inlet to the outlet. HTF flow throughthe clylinder
should be maintained for at least 2 min to ensure that any gas bubblg\S/ re flustjed out
of the device and that it is filled only with the HTF sample with disselved gas. Sufficient
quality of the sampling process should be checked with the sa@/mass obtaiped by
weighing the empty and the filled cylinder. The sample mass 5'% Id correspond to the
cylinder volume times sample density at the temperature of the ampling process.

After the cylinder is filled, the outlet valve of the cylinde\ Il be closed before ¢losing
the inlet valve directly afterwards. S\

The closed cylinder is disconnected from the syste a?er cooling down and after ¢losing
all other included valves, including those to the transfer system.

The sample should be sent to a specializ@ laboratory for analysis in a trgnsport
container that protects the cylinder and \b@es from damage. After ensuring that the
valves are firmly closed and that the @ample is cool, the valve' handles shall be
disconnected. \,\(\

Evaluation of hydrogen or any ot@‘ﬁgas content shall be performed according| to the
literature method described in [22]:

IEC

\Q/ Figure 2 — Example of a cylinder mounted with two valves
{b - i

Labeling of the samples

After sampling, the sampling bottle/cylinder shall be tightly closed and labelled. The cylinder
shall be marked with date and serial number (e.g., 2023-01-31 0045). An accompanying one-
page form shall be added including said date, serial number and following data:

1) Customer data

a)
b)
c)
d)
e)

Company
Contact person
Address

Phone

Email
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2) Information about the facility
a) Address of the operator company, Location
b) Application
c) Date of commissioning
d) Sampling location
e) Volume used in the operating system
f) Use of inert gas (nitrogen or argon)
3) Information about the sample

a) Sample identification

b) |Trade name of the heat transfer fluid

c) |Type of liquid, classification

d) [Date and time of sampling

e) [Weight (or volume) of the liquid

f) |Person who takes the sample

g) |[Reasons for the analysis (routine or otherwise)

h) [Hours of operation / Age of the heat carrier

i) [Date of the last processing of the liquid (filling, filtering;. etc.)
j) |Liquid temperature at the entrance to the solar field

k) [Liquid temperature at the exit of the solar field

[) [Change in operating conditions (pressure, ¢emperature, mass flow)
7 Reporting

The prpgress of the liquid analyses, the-rend graphs of the most important parameters and the
acceptpble and/or no longer acceptable limit values of the various parameters described in
Clausqg 5 shall be given in the repeft sheet.

In all cpses, the results report'sheet should contain the following information:

1) Customer data
a) [Company
b) |Contact person
c) |Address
d) [Phone
e) [Email

2) Information about the facility
a) Address of the operator company, Location
b) Application
c) Date of commissioning
d) Sampling location
e) Fluid volume in the heat transfer system
f) Use of inert gas (nitrogen or argon)
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3) Information about the sample
a) Sample identification
b) Trade name of the heat transfer fluid
c) Type of liquid, classification
d) Date of sampling
e) Weight (or volume) of the liquid
f) Person who takes the sample
g) Reasons for the analysis (routine or otherwise)

h) Hours of operation / Age of the heat carrier

i) |Date of the last processing of the liquid (filling, filtering, etc.)
j) |Date of receipt
k) |Date of analysis
4) Reference to last sample diagnosis
5) Results (and respective test method)
a) |Basic program
i) Appearance
ii) Water (mg/kg or ppm)
iii) Acid number (water soluble acids) (in mg KOH/g)
iv) Flash point (closed cup) in °C
v) Kinematic viscosity (25 °C) in mm2/s
b) |Additional program
i) Insoluble products
ii) Metal content in ppm
iii) Chlorine content in ppm
iv) Sulphur content in ppm

v) Degradation
8 Marking, labellingiand accompanied documents

The mark and labekof the product shall include product name, trademark, model, batch number,
net wejght, manufacturer's name and address, etc.

The following accompanying documents shall be provided on delivery of each batch of peructs:

e Certificate of analysis (CoA);
e Technical data sheet;
e Material safety data sheet.

9 Mixing

Heat transfer fluids with different chemical and physical properties shall not be mixed into the
same system.
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10 Recycling and disposal

For silicone-based heat transfer fluids in use which are intended for recycling, distillation and
filtration may be used to remove contaminants. With these measures the quality of the heat
transfer fluids can be improved to a certain extent. Hence, the heat transfer fluid may be
returned to the original system for further use. This is permitted if the parameters according to
Table 1 under normal operating conditions are met.

In the process of recycling, no other chemical additives should be added to change the physical
properties.

Recyclingof sfticone based HTF 1S generaily possibie and snalt be evaluated by the
corresponding manufacturer or supplier. If recycling is not an option, the disposal of\‘the HTF
can be|subject to regulatory requirements.

11 Regplacement and disuse

The nged for partial or complete replacement of the heat transfer fluid shall be evaluated and
determined by the customer and supplier / manufacturer together as\ib depends on the working
conditipns and the facility the fluid is used in.

The replaced heat transfer fluid is recycled or disposed of taking into account that local laws
and regulations can apply.
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Annex A
(informative)

Determination of the degree of thermal degradation of

polydimethylsiloxane-based heat transfer fluids

Overview

This test procedure describes how to determine the degradation level of polydimethylsiloxane-
based heat transfer fluids. This test procedure is not applicable to other synthetic heat transfer

fluids.

Under

The re
SIHTF

provid¢ information about the stability of the SiHTF in general.

The us
typical

manufacturer or the supplier.

A.2

T=T-

A3

SiHTF

exposy

Meaning of symbols M, D, T

{units (Me3SiO4,,): monofunctional trimethylsilyloxy group for end-capping

Linits (Me,SiO,,,): difunctional dimethylsilyloxy group for chain-building

nits (MeSiO;,,): trifunctional branching methylsilyloxy group

Principle

the laboratory conditions described in this analytical procedure, this method
information about the effect of heat on SiHTF as a function of temperature andd@exposur
sults provide information about the degree of degradation and the further usability
when they are exposed to given elevated temperatures. This analytical method dd

in general are polymeric mixtures of linear siloxanes consisting of M- and D-uni
thermgl stability of SiHTF is assessed by determining the number of T-units forme

gives
e time.
of the
es not

ability limits (e.g., the maximum amount of T-groups tolerable in the SiHTF) gnd the
mean annual T-group growth rate at a specific temperatdre shall be given by th

e HTF

s. The
d after

re to elevated-temperatures (Figure A.1).
Me Me Me
Me —Si—O —— —O—Sli—O— —O—Sli—O—
Me Me (o]
M-unit D-unit T-unit

IEC

Figure A.1 — Representation of the molecular structure
of M-, D-, and T-units in polydimethylsiloxanes (PDMS)
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unused in use
Me Me
Me Me Me Me Me Me \ 0 /
A + M /Si/ Si —M
Me —Si—O-d—Ssi—o04-Si—Me — g Me—Si—O4-Si— 0] Si—Me © | | ©
O O
l\|/le l\|/le n l\|/le I\|/Ie |\|/Ie X l\|/le Nsi y
Me/ \Me
0sxs(n-3) 1sysn
Initial siloxane composition Low molecular-weight siloxanes Cyclic siloxanes

IEC

DMS,
left) @nd the thermally induced equilibration reaction of linear polydimethylsiloxanes

At temperatures above 250 °C, silicone-based heat transfer fluids (polydimethylsiloxanes)
underdo rearrangement reactions (equilibration) of their silicone-oxygen bonds-when used as
intended (under inert conditions).

The twp major relevant processes at high temperatures are:

i) |Equilibration: a temperature-dependent equilibrium between’linear and cyclic silpxanes
(see Figure A.2). Depending on the working temperaturé-the ratio between cyclic and
linear components may vary.

i) |Disproportionation: branching T-units and end-capping M-units are formed| by a
metathesis reaction of two D-units (see Figure A)3Y. Disproportionation is a slow pfrocess
and relevant for the determination of the fong-term stability. The formation fate of
T-groups is also dependent on the temperature, but on a significantly slower tim¢ scale
than equilibration. Below 400 °C no measurable amount will be formed for long periods
of time.

Me Me
D | T |
=== —— Sj —==Me ===Q=—=5si Me
Pogt*/s e 07
S B Lol
D | ' (!)M

Q

IEC

Figure A.3 — Thermally induced disproportionation of D-units in linear
polydimethylsiloxanes, into T and M units

The thermal stressing of the polydimethylsiloxane-based heat transfer fluids at temperatures
above 250 °C, primarily leads to disproportionation, i.e., the formation of T-groups. With
increasing temperature, the disproportionation gains in significance. The thermal formation of
these structures only becomes detectable at working temperatures above 400 °C. An increasing
number of T-groups may lead to branching points between individual polymer chains. Ultimately,
if each polymer chain of a polydisperse mixture has at least two T-units, the system is
theoretically completely crosslinked. Crosslinking in general will increase the mean molar mass
of the polymer mixture and eventually lead to a long-term increase in viscosity.

It is possible to find a correlation between the number of T-groups and the viscosity increase if
the macromolecular properties of a polydimethylsiloxane fluid are known (e.g., mean molar
mass, mean molar chain length, general fluid composition). Therefore, the number of T-groups
is the most important parameter to determine the current state of the SiIHTF and its thermal
stability.
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To quantify the degree of degradation of the heat transfer fluid the molar amount of T-units can
be quantified by 29Si-NMR spectroscopy. To provide a heat transfer fluid with a low viscosity
for optimum operating condition the emerging amount of T-groups should be monitored regularly
(preferred annually or by individual preference).

The m
silicon
length.
crossli

Conce
T-grou

1. Initiation 2. Chain propagation 3. Gelation

2 Chains with 1T 2 Chains with 1T

+ 1 chain with 2T

2 Chains with 1T

+ 2 chains with 2T.
1EC

Figure A.4 — Theoretical model for describing the long<term increase
in viscosity of polydimethylsiloxane-based fluids by/thermal aging

bdel shown in Figure A.4 makes it possible to estimate the theoretical gel point

of the

p heat transfer fluids. Hence, the theoretical gel pgint is a function of the averagg¢ chain

Therefore, the amount of T-groups presentin the fluid describes the rg
hking degree with a given chain length.

ning the measurement of the thermal stability of silicone fluids, the determination
b amount can be applied:

Unused silicone fluids contain low values of T-groups (in the lower ppm
<1 000 ppm).

During operation above 250.2C, T-groups are continuously formed — the incremen
thereby increases with_higher temperatures. (The formation of these structursg

quired

of the

range

tal rate
s only

becomes detectable at\temperatures above 400 °C.) This will slowly lead to branching

of the former separate siloxane molecules. The amount (fraction in percent) of
present in the SiHIF is therefore linked with the viscosity of the fluid. In the end,
amounts of T-units could lead to a viscosity increase.

M-units
higher

The molarssamount of T-groups present in the fluid can be determingd via

293j-NMR<spectroscopy.

The-maximum tolerable amount of T-groups depends on the fluid compositig
average chain length) and shall be defined by the fluid manufacturer.

n (i.e.

NOTE

etallic or organic impurities, as well as water can induce the formation of T-groups even below temp

of 400 °C on a significant level (impurities due to maintenance works, HTF exchange).

A4

Technical equipment

eratures

e Commercially available nuclear magnetic resonance (NMR) systems (400 MHz (for H and
79,5 MHz for 29Si, or higher field strength if available) equipped with 5 mm barium boric
oxide (BBO) probe (or 10 mm BBO probe if available) or comparable systems

e appropriate NMR tubes (borosilicate glass)
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appropriate pulse program for 29Si, e.g. Bruker® 29Si zgig (90 degrees pulse angle) with
the following standard parameters:

— sweep width (sw): 200 ppm

— time domain size (td): approx. 128 k, minimum 64 k
— transmitter offset (0o1p): =50 ppm

and the following optimized acquisition parameters:

— relaxation delay time (d1): e.g. 15 s (adjust d1 to 5 to 7 times of the slowest relaxation
signal)

— number of scans: ns = 3 000

In casg of other spectrometer types, the described pulse program can be adjusted accorfing to

commaqn procedures (e.g. analysis of T1 and T2 times for optimization of relaxation.del
d1;
as well, if necessary. In any case contact the manufacturer of the technical equipment.

A.5 |Safety remarks

Solvents CgDg and toluene are hazardous substances. Benzene i§ carcinogenic.

A.6 |Reagents

y time
adaption of "number of scans"). The other parameters of the experiments shall be adjusted

If not njoted otherwise, commercially available chemicals of the purity grade "p.a. — pro analysis"
should|be used. For safe handling of the used chemicals check their material safety datalsheets

provided by their suppliers.

A.7 |Procedure

o |Deuterated benzene-dg (CAS 1076-:43-3; 99.6 Atom-% D; water < 0,01 %)
e |Dichloromethane-d, (CAS 1665400-5; 99.8 Atom-% D; water < 0,01 %)

o |Chromium(lll)acetylacetonate (CAS 21679-31-2, purity: > 98,0 %)
e |Tetramethylsilane (TMS:or SiMe,; CAS: 75-76-3; purity: > 99,0 %) as common internal
standard for 29Si NMR Wwith a chemical shift of § = 0,0 ppm for spectra calibratior.
o |Methyl-tris(trimethylsiloxy)silane (TM,;; CAS: 17928-28-8; purity: > 99,0 %) is a

monodisperseSiloxane with a M:T-ratio of 3:1 and can be used as reference substance
e.g. to validdte-the linearity of the T-siloxane signals in 29Si NMR.

e |Toluene~(CAS 108-88-3; purity: > 99,8 %; water < 0,01 %)

A.71 Sample preparation

a)

b)

c)

Standard version: dissolve approx. 2,5 mL sample in approx. 1 mL toluene/CgDg mixture
(1:1) with 1 % Cr(acac); in a 10 mm NMR tube and homogenize the mixture.

Variant: dissolve approx. 150 mg sample in approx. 0,7 mL CD,Cl, with 1 % Cr(acac); in a
5 mm NMR tube and homogenize the mixture.

Chemical shifts calibration with TMS as internal standard: Add 5 mg to 10 mg of TMS to the
samples prepared according to procedures a) or b).

NOTE Cr(acac), is the relaxation reagent. Without the addition of toluene, Cr(acac), can be precipitated.

A.7.2 Measurement procedure

NMR measurements should be performed according to the user manuals/guidelines provided
by manufacturer of the technical equipment.
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A.8 Evaluation

A.8.1 Analysis of results

For data processing and analysis (peak positions, integration, etc.) use commercially available
software, e.g., provided by the technical manufacturers (Bruker Topspin or similar). For

— 25—

appropriate analysis, the signal to noise ratio shall be (S/N) of 1 000:1.

1) If Tetramethylsilane (TMS) is added as internal standard, reference the respective signal as
0 = 0,0 ppm for spectra calibration. If no TMS is added, reference the most intense signal in

the M range to +6,750 ppm.

2) Integrate each individual signal within the following shift regions (see Table A 1):

e |M-units (Me3SiO,,5): +12 ppm up to +5 ppm

e |D-units (Me,SiOy;5): =8 ppm up to —24 ppm

e |T-units (MeSiOj3;,): =40 ppm to -68 ppm

Table A.1 — Shift regions and assignment

Integral From [ppm] Up to and Assignment
including [ppm]

A 14,8 14,4 M(OR)

B 8,7 5,5 M

C 0,4 -2,3 Sic,

D -8,4 -10,3 D,

E -12,0 =130 D(OR)

F -18,6 -20,6 D,

G -20,6 -23,9 D

H -57,4 -57,5 T

I -58,1 -58,8 T

J -64,3 -64,9 T

K <65,2 -68,1 T
NOTE "SiC," refers to-Siatoms that are surrounded by four C atoms.
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Figure A.5 — Representation of‘a 29Si NMR spectrum indicating
the different shift regions

A.8.2 Calculation of the degree of degradation

As sigmal intensity is proportional(to the amount of 29Si nuclei, the molar ratio of M:D:T can be
deternfined by comparing the integral sums of each shift region defined in Figure A.6.

1) Sumn up all integrals of.each shift region as well as the total.
21\ 21p; 21t
2dy =2+ Zlp* XUy

2) Divlde each_integral sum by the total for scaling
YL YIgp* 100 =i % (i = M, D, T)

3) Setup the scaled M:D:T ratio for quantifving the deqree of degradation
Ll l 7J ~J ~J J

The unit of the calculated value is mole percent (mol-%).
4) To calculate the growth rate of a random year, subtract the determined amount of T-groups
(mol-%) of the certain year Y I (i) from its previous year Y I1 (i—-1).

The maximum amount of T-groups tolerable in the SiHTF and the typical mean annual T-group
growth rate at a specific temperature shall be given by the HTF manufacturer or supplier.
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Assessment of the result

Determine the amount of T-groups via 29Si NMR spectroscopy before and after thermal
exposure. Note that the amount of T-groups after filling the system in a cold state is the initial
value. The changes in the T-group amount of the heat transfer fluid shall be taken as a
percentage of the M:D:T ratio (mean of at least three samples). The test temperature and test
period shall be reported for every T-group amount. The lower the percentage of T-units (the
lower the degree of decomposition with the same test temperature and test period), the greater

is the t

hermal stability of a heat transfer fluid.

As small values show a greater deviation than higher amounts of T-group it is necessary to
evaluate the aging in the first years of operation over a period of minimum 5 (five) years in a

row for

A.9

A.9.1

To vali
shall b
a diluti
accura

A.9.2

TMj is
M-unit
substa

As an
<0,1n
of 298
mol %
T-grou

A.9.3

To den
be con

A.9.4

a reliable evaluation of the average aging rate.

Accuracy

General

date the quantification of T-groups via 29Si NMR — with respect t6'1SO 10012 — s
e measured at different spectrometers and analysed by different operators. Furthg
on series with a defined T-group containing standard should be performed to sh
cy and linearity of this method.

Addition of TM; as external standard

a monodisperse and well-defined siloxane campound consisting of one T-unit an

. 29Si-NMR renders its molecular ratio: 74,75 mol % M, 25,25 mol % T). Heng
hce can be used as an external standard-to verify the measured T-groups.

pxternal standard, TM5 should be added to a SiIHTF sample in a dilution series b¢

ol % and 1,0 mol % T-units. In-both cases the results should demonstrate the ac
NMR by linearity between added TM3 (in mol %) and the measured amount (

. Furthermore, 0,1 mol %.ih general can be set as an acceptable detection i
bs when using a representative 500 MHz NMR spectrometer.

Repeatability,

nonstrate the'repeatability of 29Si NMR measurements a selected SiHTF sample

Reproducibility

hmples
rmore,
ow the

i three
e, this

ptween

curacy
also in
mit for

should

secutively_measured three times at different spectrometers and analyzed with identical
integrgl patterns,

To evaluate the reproducibility of this method the deviation of different spectrometers as well
as different operators should be investigated.

A.10

TMj is

Example with TM; as reference substance

a monodisperse T-based siloxane with an M:T-ratio of 3:1 (see Figure A.6).

J (29Si) = 7,5 (3Si, Me3Si04,,) and -64,3 (1Si, MeSiO5,5) ppm.
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Figure A.6 — 29Si NMR spectrum (99,3 MHz;.CD,Cl,) of TM;
with TMS as internal standard

Calculéate the M:T ratio as shown in A.8.2:
ZIM = 3,0, ZIT = 1,0, Zla” = 4,0
YIm ! X1 =3,0/4,0x 100 = 75,0 % M; YIpl 31,,=1,0/4,0x100=250% T

all =

M:T = ¥5,0: 25,0 (all mol-%)
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