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[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any clai
rights in regpect thereof. As of the date of publication of this document, ISO had notreceived

patent(s)

this may ngt represent the latest information, which may be obtained from the patent database

}Le1 use of (a)
ed patent

hotice of (a)

ich may be required to implement this document. However, implementers are caytioned that

available at

www.iso.ong/patents. ISO shall not be held responsible for identifying any or allstich patent rights.

Any trade
constitute 3

For an expl
related to
Organizatig

This docum
lubricants fi

This third
revised.

hame used in this document is information given for the convenience of users and does not

n endorsement.

bdition cancels and replaces the second edition (ISO 7745:2010), which has been

The main clhanges are as follows:

— additio
— update

— update

of Table 2;

of the dated references.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

ent was prepared by Technical Committee ISO/TC 28, Petroleum and related produc
r'om natural or synthetic sources, Subcommittée SC 4, Classifications and specifications.

h of Clause 2 “Normative references” and renumbering of subsequent clauses accordi

pxXpressions
Yorld Trade
pbword.html.

ts, fuels and

technically

ngly;

Any feedbafrk or questions/on this document should be directed to the user’s national standalrds body. A

complete lig

ting of these-bodies can be found at www.iso.org/members.html.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure
within an enclosed circuit. The most widely used liquid for hydraulic power systems is mineral oil which has
the advantages of excellent lubricity, availability in a wide range of viscosities and reasonable cost.

While not readily ignited in bulk, mineral oil is nevertheless flammable and the high pressures associated
with hydraulic systems can lead to a release of fluid which is easily ignited. In circumstances where ignition
is likely, such as in a steel mill, or where the released fluid must not propagate a fire, such as in a coal mine,
an alternative fire-resistant fluid must be used. Fire-resistance and physical properties such as viscosity
and lubricity vary widely among the several types of fluid available. It is therefore important to select a fire-
resistant fluid which matches its proposed application and the perceived hazards in use.

© IS0 2024 - All rights reserved
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Hydraulic fluid power — Fire-resistant fluids —
Requirements and guidelines for use

1 Scope

This document specifies the operational characteristics for the various categories of fire-resistant fluids

defined by

ISO 6743-4 1t includes roqnirnmnhfc and gnidn]innc for use of these fluids and s

ecifies the

factorsto c
This docum
be minimiz
and safety 4

nsider when selecting a fluid from these categories for a proposed application.

ent identifies difficulties which can arise from the use of such fluids and indi€ates h
ed. Procedures are given for replacing one fluid with another from a differént categ
spects when handling and disposing of fire-resistant fluids are also coyéred.

This documlent does not apply to fire-resistant fluids used in the hydraulic systems of commercia

aircraft.

2 Norm

htive references

There are np normative references in this document.

3 Terms

For the pur
ISO and IEC

IECEle

3.1
fire-resist:
hydraulic fl

[SOURCE: I§

4 Hydra

4.1 Gene

and definitions
poses of this document, the following terms-and definitions apply.

maintain terminology databases for use’in standardization at the following address

ISO Online browsing platform: available-aghttps://www.iso.org/obp

ctropedia: available at https: ffwww.electropedia.org/

int hydraulic fluid
pid which is difficultto ignite and shows little tendency to propagate flame

05598:2020,3.2.282]

ulic systems — Fire hazards

ral

bw they can
rory. Health

or military

PS:

Fluid pressures in hydraulic power systems range up to 50 000 kPa (500 bar) and more. Therefore, any
lack of integrity in the construction of a system which results in a burst or even a small leak, can in many
circumstances give rise to a serious fire hazard.

4.2 Fault conditions

Failure of piping (particularly at joints and fittings), valves or gaskets, and rupture of flexible hoses have
been principal causes of fluid being released from a system. The period of highest risk of this type of failure

is during th

e commissioning, or after the repair, of a hydraulic system.

© IS0 2024 - All rights reserved
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The following fire hazards are directly related to the use of hydraulic fluid under fault conditions.

a) ignition of hydraulic fluids ejected under pressure from hydraulic systems, in the form of a jet, spray or

fog;

b) ignition of combustible vapours produced by hydraulic fluid;

c) ignition of hydraulic fluid spilled during transport, or leaking from hydraulic systems, onto absorbent
material such as lagging or dust and the subsequent propagation of fire along the fluid-wet absorbent
material;

d) ignition of a fluid stream or pool;

e) ignition of hydraulic fluid where fire-resistance has been reduced by chemical or physical changes in the

fluid caused by service operation.

EXAMP
whichr

EXAMP
oil.

NOTE In) each case, a source of ignition as described in 4.3 is necessary to initiate’combustion.

4.3 Sour

Sources of i

a) discharge of static electricity;

b) straye
temper

c) frictionbetween moving surfaces, either during normal operation (e.g. brakes) or under faulf
leading|to high surface temperatures;

d) high surface temperatures due to the presence of hot molten materials or materials unde]
temperpture manufacturing operations;

e) sparks

f) acousti

5 Requi

5.1 Gengdral fluidrequirements

5.1.1 Gerperal

LE1  Reduction of the fire-resistance of a fluid by evaporation or separation of water fx
blies upon water to confer fire-resistance.

LE 2 Ignition of fire-resistant fluid contaminated with more combustible sibstances sud

ces of ignition

pnition include, but are not limited to, the following occurrences:

ectric currents or discharges from malfunctioning electrical equipment leading to }
ptures or sparks;

and open flames from manufacturing operations, such as cutting, welding and grindi

c and electro-magneticenergy, such as ultrasonic and microwave radiation.

rements forfire-resistant fluids

om the fluid

h as mineral

ligh surface

conditions,

rgoing high

ng;

To perform satisfactorily in a hydraulic system, a fire-resistant fluid shall have properties and characteristics
which match the system requirements. Conversely, if the perceived risk of fire limits the range of fluid types
which can be used, the components of the hydraulic system shall be designed to perform adequately with
the fire-resistant fluid selected.

5.1.2 Viscosity

The fluid shall be sufficiently viscous at all working temperatures to prevent unwanted leakage across
working clearances wherever a pressure differential exists. Where the chosen fluid has a very low viscosity,
system components shall be selected which are designed specifically for use with such fluids.

© IS0 2024 - All rights reserved
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The functional fluid, however, shall be of sufficiently low viscosity at all working temperatures to flow
readily through the system and to accommodate rapid changes in velocity and pressure.

5.1.3 Lubrication

The fluid shall have sufficient viscosity and film strength to lubricate working parts effectively, under both
hydrodynamic and boundary conditions, over the working temperature range. Where the chosen fluid has a
very low viscosity, and adequate lubrication properties are not conferred by additives, system components
that operate satisfactorily with the fluid shall be selected.

5.1.4 Compatibility

The fluid shall m_and non-corrosive. If

necessary, the system or component manufacturer shall be contacted for guidance.

5.1.5 Che¢mical and thermal stability

The thermdl, oxidative and hydrolytic stability of the fluid shall be sufficient to enstire the safe pnd reliable
operation of the system. The service life of the fluid is closely related to the bulk operating temjperature as
well as the gffectiveness of fluid maintenance and the successful control of contamination.

5.1.6 Air|release and foaming

The fluid shall release entrained air readily and not produce stable foam.

5.1.7 Shgar stability

The fluid sHall be shear stable, i.e. its viscosity shall not displdy a significant permanent change gs a result of
applied shefr in the system.

5.2 Othey fluid properties which may impact upon system design

5.2.1 General

The followipg fluid characteristics shalkbe considered during the course of system design and flujd selection.

5.2.2 Filterability

The fluid sHall be filterable at-the rating of the finest filter in the system. The rating (fineness) of the system
filters is defermined by several factors, including type and condition of the fluid, component design, required
componentllife and reliability.

5.2.3 Density

The density of)some fire-resistant fluids is greater than that of mineral oil, which can lead tp increased
pressure drops In circuit components and Impose restrictions on the design of the suction line of the pump.

5.2.4 Vapour pressure

The vapour pressure of some fire-resistant fluids, particularly those whose fire-resistance is conferred by
the presence of water, is much higher than that of mineral oil and varies with fluid temperature. The design
of the system, particularly around the suction of the pump, shall minimize the risk of cavitation at the pump
inlet. Other than very coarse strainers, filters in suction lines should be avoided, and ideally the pressure at
the pump inlet should be greater than 100 kPa (1 bar) absolute.

© IS0 2024 - All rights reserved
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6 Characteristics of fire-resistant hydraulic fluids and factors affecting their

selection

6.1 Gene

ral

6.1.1 Composition

Fluids used as fire-resistant hydraulic media obtain their fire resistance either from the presence of water,
or from their chemical composition.

Water is readily available and completely non-flammable. It has, however, a very low viscosity and poor
lubrication properties and apart from the obvious temperature limitation, its use also gives rise to problems

of erosion, g
water, or w
resistance i
water.

6.1.2 C(la

Table 1 is 4
classificatid
operating tq
Table 1 for i

avitation, amd torTosion. Nevertiretess; there istechmotogy avaitabte that permitsth
hter with corrosion inhibitors added, as a hydraulic fluid. Most hydraulic applicationy
s a requirement, make use of formulated fluids which have performance advdntdge

ksification of fire-resistance fluids

dapted from ISO 6743-4:2015, Table 1, and I1SO 12922:2020, Tables 1 to 3. Table
n and brief description of fire-resistant fluids used in hydraulic systems togethel
mperature ranges. There are four basic categories: HFA, HFB, HFC and HFD (see ISO 6
W definition). There is a sub-division of the HFA and HFD categories according to fluid

Table 1 — Classification of fire-resistant fluids

use of pure
, where fire
S over pure

1 gives the
with their

743-4:2015,

chemistry.

75 % volume

Symbol
Composijtion and properties ymbo Remarks
ISO-L
Wat tént typically 2 95 % vol fraction 2.
Oil in water[emulsions HFAE ater c.on Vit typicaty /o volume fraction
Operating temperature range: +5 °C to +50 °C.
W ically =295 % vol fraction 2.
Chemical so|utions in water HFAS ol c.ontent typically 2 95 % vooume I‘aCEIOI’I
Opeérating temperature range: +5 °C to +50 °C.
o . Typically contain at least 40 % mass fraction of wate}. Operating
Water in oilemulsions AR temperature range: +5 °C to +50 °C.
Typically contain more than 35 % mass fraction of water|in a mixture
Water polymer solutions HFC |of glycols and polyglycols.
Operating temperature range: —20 °C to +50 °C.
. . Consisting of phosphate esters P.
Synthetic flyid f fwat HFDR
ynthetic Hipid free of watex Operating temperature range: =20 °C to +70 °C or to +1§0 °C¢.
. . Consisting of liquids other than phosphate esters.
hetic fl f f HFD
Synthetic flgids free af water v Operating temperature range: =20 °C to +70 °C or to +1§0 °C €.
a  Afew flujds in this category have viscosities significantly higher than 0,8 mm2/s (0,8 cSt) at 40 °C and can contjin as little as

fraction of water.

b Many flu
in ISO 6743-5

C

The higher temperature indicates the approximate upper limit for short-term operation. This depends upon whether the
application is hydrostatic or hydrodynamic. For HFDU fluids, this depends upon the composition of the fluids. Where uncertainty
exists, clarification should be sought from the equipment manufacturer or fluid supplier.

dsin category HFDR also meet the requirements of 1luids category TCD [phosphate-ester control [luids) as specified

6.1.3 Flu

id mixing

The mixing of fire-resistant fluids from different categories shall be avoided. It is also not recommended that
fluids of the same category but of different origins be mixed, unless the compatibility between the fluids has
been clearly established.

© IS0 2024 - All rights reserved
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Changing the hydraulic fluid in a system from mineral oil to a fire-resistant fluid or from one category of
fire-resistant fluid to another, calls for special precautions. In such circumstances, reference should be made

to Clause 9.

6.2 Characteristics of fluids in different categories

6.2.1 HFAE — 0il in water emulsions (thickened and un-thickened)

6.2.1.1 General

HFAE fluids are extremely fire-resistant due to their very high water content and are available as thickened
and un-thickened fluids (see 6.2.1.2). The un-thickened type is usually supplied as a concentrate which is

mixed with|
volume frad
fluid and th
add the con
automatic 1
emulsifiers
bactericide
and thicker
than as con

Emulsions
known as n

appearance,

The finishe

6.2.1.2 V

Due to the
water (app
use with lo
Thickened

more conve
reliably wit

6.2.1.3 L

The lubric
protection
with these f

6.2.14 C

o

water by the user, commonly In the ratio of Z % to 5 % volume fraction of concengy
tion of 98 % to 95 % of water. The optimum concentration shall be decided after te
e diluting water, and discussion with the fluid supplier. When prepared manually, i
centrate gradually, with continued stirring, to the required volume of water. For lar
hixers are available. The concentrate typically consists of a mineral oilytogether w
corrosion inhibitors, pH buffers and coupling agents. Anti-wear additives, anti-f
5 and fungicides may be included. For the thickened fluids in this category, the addit]
er are up to 25 % of the total volume; these fluids are normally supplied ready m
Centrates.

vith a particularly small oil droplet size and usually lowey 'mineral oil content arg
hicro-emulsions and, depending upon the hardness of the diluting water, can be tr:

1 fluid is usually alkaline, with a pH typically in the‘tregion of 9,0 to 9,5.

scosity

very high content of water in un-thieckened fluids, their viscosities are close to t
roximately 0,8 mm?2/s at 40 °C). Acéerdingly, hydraulic components designed spe|

rate, with a
5ts with the
L is usual to
ce volumes,
ith suitable
am agents,
ive package
ixed, rather

commonly
inslucent in

hat of pure
cifically for

v viscosity fluids are normally used’in hydraulic systems filled with un-thickened HFAE fluids.

FAE fluids have viscosities comparable to mineral oil (e.g. I[SO VG 32 and ISO VG 4
ntional hydraulic components.to be used. The components, however, are still require
h the reduced lubricating(phoperties of these fluids.

hbrication properties

ion properties~of HFAE fluids are generally poor. The oil present in the fluid prd
r lubricated contacts, but specially designed hydraulic components are usually requ
luids. The lives of rolling element bearings within components tend to be short.

hrrosion protection

b), allowing
1 to operate

vides basic
ired for use

csthe ro
>—tHe-—+E

ommended

In order to

ncure adeauate carracian nratoction iticimnartant ta maintain at all +imao
et e ua e co T 0510 POt oo p Ottt Ottt e

proportion of the concentrate in the finished fluid.

6.2.1.5 Compatibility

a) Compatibility with seals, gaskets, hoses etc.

Acrylonitrile-butadiene rubber with high nitrile content (NBR) and fluorinated (FKM) rubbers are the
preferred elastomeric sealing materials for HFAE fluids. Other elastomers can be compatible, but their
compatibility shall be confirmed by the fluid and seal suppliers. Some polyurethane seals, i.e. polyester
urethane (AU) and polyether urethane (EU), can be damaged by hydrolysis. Absorbent materials such
as leather, paper, and cork should be avoided.

NOTE

See ISO 1629 for details on rubber nomenclature.
© IS0 2024 - All rights reserved
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Compatibility with paints and coatings

HFAE fluids are generally not compatible with conventional paints. Reservoir interiors should either
be left unpainted or covered with two-component epoxy coatings. Where corrosion in the non-wetted
areas of a reservoir is likely to be a problem, stainless steel can be considered for the reservoir and its

cover.

Compatibility with metals

The majority of metals used in the construction of hydraulic systems designed for use with mineral
hydraulic oils are also compatible with HFAE fluids. Cadmium, lead, and magnesium alloys should
not be used. Aluminium can be suitable if anodized and zinc-plated components are compatible with
some fluids, provided the surfaces are passivated. Where uncertainty exists, the fluid supplier shall be

consul

6.2.1.6 W

The reserv
water. Low
risk of freez

6.2.1.7 F

Dilution of 4
is particul
of the fini
dilution, to

As loss of ¥
ensure thaf
the refract
demineraliz

After exten
in the diluti
phase sepa
without del

The pH of t
limits.

d

lorking temperature

dir temperature of an HFAE system should not normally exceed 50 °C to, aveid exce
br working temperatures are preferred. The minimum working temperature is 5 °©

ing.
uid maintenance

in HFAE concentrate should normally be with potable maimsywater unless the chemig
ly high, in which case softened or demineralized watefshould be used. Ideally, thd

shfed product should be assessed by the supplier, with the water to be used by the c

ensure that the mixed fluid meets all the technical requirements.

vater from the system is likely to occur over time, the fluid shall be regularly m
the concentration remains within acceptable'limits. This is normally assessed by

ed water to avoid an increase in the carcentration of salts in the fluid.

ded use, the cream, free oil, and reSidues formed from interactions between the ha
on water and the additives in the ¢concentrate, can separate from HFAE fluids. Wher¢
Fation occurs and free water,_can be observed, the cause should be investigated a

ny.

he fluid shall be regularly monitored and maintained within the fluid supplier's re

The fluid shjould also be monitored regularly for the presence of microbiological contamination (g

yeasts, and

moulds). If leftanchecked, high populations of microbes can shorten the service life

(e.g. by fluigl destabilization and additive depletion), cause offensive odours, and present a healt

persons whi

6.2.1.8 F

0 come.into contact with it.

tsive loss of
[ to obviate

al hardness
properties
istomer for

onitored to
measuring

ve index of the fluid. It is preferable that water lost through evaporation is replaced using

rdness salts
e significant
hd rectified

ommended

.g. bacteria,
of the fluid
h hazard to

Itration

Most filtration media can be used with HFAE fluids, although cellulose and cloth-based materials should be
checked for compatibility. Filter rating depends upon the application and system requirements. Prior contact
with the filter suppliers is advisable if the use of fine filtration is considered, as this can destabilize the fluid.

6.2.19 D

isposal

The high water content of these fluids often means that disposal is relatively easy. However, it is necessary
first to split (“break”) the emulsion into its two main components. A combination of elevated temperatures,
pH adjustment, and the addition of proprietary “emulsion breaking” chemicals are the most common
techniques to achieve this. Ultrafiltration may also be used to split emulsions into oil-rich and water-rich
components. Suppliers of the fluid and of the equipment and chemicals should be consulted for details.

© IS0 2024 - All rights reserved
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The concentrated oil components can then be incinerated if it is not possible to reuse them. The aqueous
phase can normally be discharged to the sewer, diluting it if required by local regulations. Alternatively,
the aqueous fluid can be filtered further by nanofiltration or reverse osmosis, to give a fluid either meeting
discharge requirements or a fluid of sufficiently high quality for re-use.

For most users of small quantities of HFAE fluids, the most economic and straightforward disposal of waste
fluid is via registered waste contractors licensed to handle these materials.

6.2.2 HFAS — Chemical solutions in water (thickened and un-thickened)

6.2.2.1 General

and un-thlc
mixed with

volume fradti

fluid and th
add the con
automatic

corrosion if
also be incd
25 % of the

The mixed f

6.2.22 V

Due to the
water (app
use with lo
Thickened

more conve,
reliably wit

6.2.23 L

Although th
the lubricat
hydraulic ¢
within com

6.2.24 C

In order to
proportion

thibitors, pH buffers, and anti-wear additives; anti-foam agents, baetericides, and fun
rporated. For the thickened fluids in this category, the additive package and thicke
total volume; these fluids are normally supplied ready mixed, rather than as concent

luid is usually alkaline with a pH typically in the region £9,0 to 9,5.

scosity

very high content of water in un-thickened flids, their viscosities are close to t
roximately 0,8 mm?2/s at 40 °C). Accordinglys*hydraulic components designed spe|
v viscosity fluids are normally used in hydraulic systems filled with un-thickened }
HFAS fluids have viscosities comparable~to mineral oil (e.g. ISO VG 32 and ISO VG 4
ntional hydraulic components to be used. The components, however, are still require
h the reduced lubricating properties.of these fluids.

hbrication properties

e lubrication properties of HFAS fluids are generally poor, additives can be incorpora

bmponents are usually required for use with these fluids. The lives of rolling eleme
bonents tend to be)short.

hbrrosion protection

bnsure adequate corrosion protection, it is important to maintain at all times the re
of the'concentrate in the finished fluid.

mixers are available. The concentrate typically consists of a combination of wh

ter-soluble
oicides may
er are up to
rates.

hat of pure
cifically for
HFAS fluids.
b), allowing
1 to operate

ted to raise

ion performance to @ievel beyond that typically achieved by HFAE fluids. Specially designed

nt bearings

ommended

6.2.2.5 Compatibility

a) Compatibility with seals, gaskets, hoses etc.

Acrylonitrile-butadiene rubber with high nitrile content (NBR) and fluorinated (FKM) rubbers are the
preferred elastomeric sealing materials for HFAS fluids. Due to the absence of o0il from the formulation,
other elastomers such as ethylene propylene diene terpolymer (EPDM) and silicone rubber can be
suitable, but their compatibility shall be confirmed by the fluid and seal suppliers. Some polyurethane
seals (AU and EU) can be damaged by hydrolysis. Absorbent materials such as leather, paper, and cork
should be avoided.

NOTE

See ISO 1629 for information on rubber nomenclature.
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tsive loss of
[ to obviate

b) Compatibility with paints and coatings
HFAS fluids are generally not compatible with conventional paints. Reservoir interiors should either
be left unpainted or covered with two-component epoxy coatings. Where corrosion in the non-wetted
areas of a reservoir is likely to be a problem, stainless steel can be considered for the reservoir and its
Ccover.

c¢) Compatibility with metals
The majority of metals used in the construction of hydraulic systems designed for use with mineral
hydraulic oils are also compatible with HFAS fluids. Cadmium, lead, and magnesium alloys should
not be used. Aluminium can be suitable if anodized and zinc-plated components are compatible with
some fluids, provided the surfaces are passivated. Where uncertainty exists the fluid supplier shall be
consulted

6.2.2.6 Working temperature

The reserveir temperature of an HFAS system should not normally exceed 50 °C to, aveid exce

water. Lower working temperatures are preferred. The minimum working temperature is 5 °

risk of freez
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The fluid shjould also beddenitored regularly for the presence of microbiological contamination (g
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ing.
uid maintenance

in HFAS concentrate should normally be with potable mainsywater unless the chemig
ly high, in which case softened or demineralized watefshould be used. Ideally, thd

ensure that the mixed fluid meets all the technical requirements.

vater from the system is likely to occur over time, the fluid shall be regularly m
the concentration remains within acceptablelimits. This is normally assessed by me
dex of the fluid. For some fluids however,.nore accurate estimations of the dilution d
ical titration of specific additives, following the fluid supplier's recommended pro
hat water lost through evaporation isireplaced using demineralized water to avoid an
ration of salts in the fluid.

Hed use, cream, free oil, and residues formed from interactions between the hardness
ter and the additives in the.€oncentrate can separate from HFAS fluids. Where signif
bccurs, and free water can-be observed, the cause should be investigated without del

he fluid shall be regidarly monitored and maintained within the fluid supplier's re

yeasts, and
(e.g. by flui
persons w
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come-into contact with it.
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6.2.2.8 Filtration

Most filtration media can be used with HFAS fluids, although cellulose and cloth-based materials should be
checked for compatibility. Filter rating depends upon the application and system requirements. Although
HFAS fluids are chemical solutions, advice should be sought from the fluid supplier or filter manufacturer if
very fine filtration is used.

6.2.2.9 Disposal

The most straightforward and economic method for disposal of relatively small quantities of HFAS fluid is to

employ are

gistered waste contractor who is licensed to handle material of this type.
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As these fluids are chemical solutions, it can prove difficult to separate the additive components and
produce an effluent stream sufficiently free from residual contamination for direct disposal to the foul
water drainage system. Many of the fluids are inherently biodegradable, but it is possible that biocides in
the formulation require dilution with water before they can be disposed of via conventional microbial waste
water treatment plants.

6.2.3 HFB — Water-in-oil emulsions (invert emulsions)

6.2.3.1 General

Water-in-oil emulsions are dispersions of water droplets in a continuous phase of mineral oil, with
appropriate emu151f1ers stablllzers and 1nh1b1tors The fire- re51stance is conferred by the presence of water

in the formy
oil. These f
approximat
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commonly
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usual to sel
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6.2.3.3 L
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means that
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protection
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6.2.3.5 C
a)

Compat

ulds are supplled ready for use, require no d11ut10n and normally contain a voluin¢
ely 40 % of water. Changes in water content can reduce emulsion stability and fire<re

scosity

tegory HFB can be supplied to meet a range of viscosity grades as defined in ISO 344

hvailable viscosity grades are ISO VG 68 and I1SO VG 100. These fluids display nont

.e. the measured viscosity varies with the rate of shear. This has«an effect on lubricat

h] oil.

hbrication properties

tion properties of HFB fluids are generally superior to those of HFA fluids due

of mineral oil in their formulations, allowing Standard hydraulic components to
lations. The presence of an appreciable amguit of water in the formulations of HFB
reduced pressures and speeds are necessary to maximize component life. Compone|
ecommendations shall be sought where there is concern about a proposed applicatio

prrosion protection

are formulated with appr@priate corrosion-preventative additives to provide
for both ferrous and nontferrous metals commonly employed in the construction

pmpatibility

ibility with Seals, gaskets, hoses etc.

Acrylo
preferr
compat

NOTE

itrile-butadiene rubber with high nitrile content (NBR) and fluorinated (FKM) rub}
d elastomeric sealing materials for HFB fluids. Other elastomers can be compatib

at of mineral
fraction of
sistance.

8. The most
Newtonian
ion and it is

bct a fluid with a higher viscosity than would be chosen for the-équivalent application operating

to the high
be used in
fluids often
nt and fluid
1.

satisfactory
bf hydraulic

bers are the
e, but their
AU and EU)

ibility shall be conflrmed by the fluid and seal suppllers Some polyurethane seals (|

See ISO 1629 for information on rubber nomenclature.

Compatibility with paints and coatings

Je avoided.

Most coatings and paints which are compatible with mineral oil are also appropriate for HFB fluids.

Compatibility with metals

The compatibility of HFB fluids with metals is similar to that of mineral oil. Cadmium should not be

used.
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6.2.3.6 Working temperature

The reservoir temperature of a system operating with an HFB fluid should not normally exceed 50 °C to
avoid excessive loss of water. The minimum working temperature is 5 °C to avoid risk of freezing, except
where the fluid contains a glycol as part of the formulation and the fluid supplier expects low temperature
operation. Although some suppliers claim that these fluids can withstand freeze-thaw cycles, storage above
5 °Cis recommended.

Where tank heaters are necessary to maintain a minimum temperature, the energy density at the surface of
the heating elements should be no more than 3 W/cm? to avoid the risk of splitting the emulsion by localized
overheating.

6.2.3.7 Fluid maintenance
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splitting the emulsion and measuring the amount of water directly. Alternatively,
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(here it is acceptable to replace lost water, demineralized or distilled water should
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bnce and mechanical shearing to which the cirenlating fluid is exposed in the systf
to break down added water into the very fine droplet size essential for emulsion
ded, the conditions for addition shall be. determined in accordance with the flui
ations to ensure a satisfactory dispersion:

hre likely to display some degree of phase separation in service depending upon the
Cle, and the ingress of contamination. Where the volumes of free oil and water exce
bcommendations, operation of the’system should cease immediately in view of the in
the risk of damage to hydraulic components. Its cause should then be determined an

Itration

ion media suitablefor mineral oils can also be used with HFB fluids, although cq
materials shall.be checked for compatibility. The filter rating depends upon the app
irements as'some fluids may be destabilized by very fine filtration. Where very fine
id and filtersuppliers shall be consulted.

Although t
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rature. The
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ng, to ensure that layers of water-rich emulsion do-hnot collect at the bottom of the reservoir.
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are durable

when properly maintained. Disposal, when necessary, would normally be via incineration. Alternatively, the
emulsion can be split using appropriate chemicals and the oil fraction recovered. The aqueous fraction may

be discharged to waste.
NOTE Local regulations can apply.

The most straightforward and economic method for disposal of HFB fluid is to employ a registered waste
contractor.
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6.2.4 HFC — Water polymer solutions

6.24.1 G

eneral

Water polymer solutions, commonly known as “water glycol fluids” are solutions of glycols and polymeric
glycols in water. These fluids are true solutions and derive their fire-resistance from the proportion of water
present, at a volume fraction of typically 35 % to 45 % in the formulation. Loss of water by evaporation

results in a

NOTE 1

fluid with a much-reduced fire-resistance.

(15 cSt) at 40 °C can also be included in category HFAS.
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Since 2004, a new type of water-glycol solution is available. It contains typically 20 % volume fraction
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scosity

ategory HFC have very good viscosity-temperature characteristies \and can
es down to -20 °C. They are generally supplied in viscosity grades SO VG 15 to IS(
50 3448.

hbrication properties

kion properties of the combination of water and glycols‘which form the basis of HF
hhanced with appropriate additives. As a consequeiiCe, satisfactory wear protec

ures and speeds can be necessary to maximize component life.

hg plain bearings are available. Component and fluid suppliers' recommendations sha
 is concern about a proposed application.

brrosion protection

are formulated with appropriate corrosion preventative additives to provide
for both ferrous and non-fertous metals commonly employed in the construction o

bmpatibility

ibility with seals;.gaskets, hoses etc.

Acrylonitrile-butadiene rubber with high nitrile content (NBR) is the preferred elastom

materia

propylg
the for

ne diene terpolymer (EPDM) can be compatible, due to the complete absence of ming

be used at
VG 100, as

C fluids are
fion can be

he relatively poor performance with rolling element bearings, however, means that reduced

1l be sought

satisfactory
[ hydraulics

eric sealing

1 for HEC) fluids. Other elastomers such as isobutene-isoprene (IIR) rubbers, and ethylene

ral oil from

ulation, but the compatibility of alternative materials, including fluorinated rubbers

(FKM) and

polyur¢thane elastomers, shall be confirmed by the fluid and seal suppliers. Absorbent maferials such
as leather, paper and cork should be avoided.

NOTE
b)

See ISO 1629 for details on rubber nomenclature.

Compatibility with paints and coatings

The majority of conventional paints and coatings used with mineral oils are not compatible with HFC
fluids. Where it is necessary to protect surfaces continually wetted by the fluid, two-component epoxy
paints are recommended. Alternatively, stainless steels can be used.
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Compatibility with metals

HFC fluids are compatible with most metals used in the construction of hydraulic systems designed for
mineral oil. Cadmium, zinc and magnesium alloys should not be used. Aluminium components should be

anodized.

6.2.4.6 Working temperature

The working temperature of an HFC system should not generally exceed 50 °C to avoid excessive loss of
water. The presence of glycol in the formulation means that operating temperatures significantly below zero

are possible, provided the viscosity requirements of the system are met.

6.2.4.7 Fluid maintenance

As loss of water from the system is likely to occur over time, regular monitoring of the fldid’i
to ensure
measuremgnt by Karl Fischer titration according to ISO 760, and by measuring thé-velume
water diredtly after splitting the fluid with a suitable solvent. The fluid supplier’s recommendat
optimum mjeasurement technique shall be sought.

Where loss jof water has occurred, the fluid supplier shall be consulted on theréimedial measures
taken, if any. Where it is acceptable to replace lost water, demineralized or distilled water shoul
maintain stpbility of the fluid. Water should be added at a slow rate into/thereservoir of the syst
is operatin
bottom of the reservoir.

The pH of the fluid shall be regularly monitored and maintained within the fluid supplier's re
limits.

6.2.4.8 Filtration

Most filtratjon media suitable for mineral oils can also be used with HFC fluids, although cellulos
ials should be checked for compatibility. It may be advisable to check with the m
that the adlpesives used in the filter cartridgesiare compatible with these fluids. Filter rating de
the application and system requirements.

6.2.4.9 Djsposal

Although the service life of HEC.fluids can vary widely depending upon the application, they
when propgrly maintained.~-Bisposal, when necessary, would normally be via incineration.
disposal m¢thods can be subject to local regulations. HFC fluids shall not be released into water

The most s
contractor.

raightforward and economic method for disposal of HFC fluid is to employ a regis

6.2.5 HFDR — Synthetic fluids containing no water and consisting of phosphate esters

5 necessary

at the concentration of water remains within acceptable limits. Suitable techniques include

of released
ions for the

that can be
l be used to
em, while it

, to ensure rapid dispersion and to prevent the formationof layers of water-rich solution at the

ommended

e and cloth-
hnufacturer
pends upon

are durable
Alternative
courses.

ered waste

6.2.5.1 General

Phosphate esters derive their high fire resistance from their chemical structure. Fluid density at ambient
temperature is greater than 900 kg/m3 for the alkyl derivatives and greater than 1 100 kg/m3 for the aryl or
phenolic-based products.

6.2.5.2 Viscosity

Fluids in category HFDR can be supplied to meet a range of viscosity grades as defined in ISO 3448. Viscosity
grades ISO VG 22 to ISO VG 100 are the most commonly available for general industrial applications.
Compared with mineral oils, the viscosity temperature characteristics of phosphate esters are generally
poorer and, where cold-start situations are common, it may be advisable to fit heaters into the reservoir.
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Where such tank heaters are used, the energy density at the surface of the heating elements should not
exceed 0,7 W/cm? to avoid the risk of damage to the fluid. If the elements are installed in a pumped circuit,
where the fluid velocities are much higher, this can be increased to 2 W/cm?.

6.2.5.3 Lubrication properties

The lubrication properties of HFDR fluids are generally excellent (related phosphorus additive technologies
are used as anti-wear agents in other lubricant types). Standard hydraulic components designed for use with
mineral oil applications are nearly always suitable for use with phosphate esters, provided the appropriate
elastomeric seals are fitted. The increased density relative to mineral oils can require slight changes to
hydrodynamic bearing design and to the pump inlet arrangement.

6.2.5.4 Corrosion prnfnl‘ﬁnn

HFDR fluid§ can contain soft metal corrosion inhibitors but do not usually contain rust prewentatives.

6.2.5.5 Compatibility
a) Compatibility with seals, gaskets, hoses etc.

Fluorinfated rubber (FKM) is the preferred elastomeric sealing materialfor industrial HFDR fluids, but
it is nof suitable for fluids intended for aerospace applications whereyaliphatic phosphat¢ esters are
used. Ethylene propylene diene terpolymer (EPDM) and butyl (IIR)&ubbers are also suitablg. Absorbent
materigls such as leather, paper, and cork should be avoided.

NOTE See ISO 1629 for information on rubber nomenclature.
b) Compatibility with paints and coatings

The mdjority of conventional paints and coatings are not compatible with HFDR fluids and normally
it is re¢ommended that interior surfaces be left.inpainted. Where it is necessary to protgct surfaces
that arg not continually wetted by the fluid;.tWo-component epoxy or vinyl ester paint §ystems are
recomrhended. Alternatively, stainless steel\¢éan be used.

c¢) Compatibility with metals

HFDR fluids are compatible with niost metals used in the construction of hydraulic systems.|Aluminium
components should preferably be.anodized and the compatibility of copper alloys should b¢ confirmed
with thle supplier, especially,if the application is at elevated temperatures. Aluminium alloy surfaces in
rubbing contact should beaveided.

6.2.5.6 orking température

The reservir temperdture of a system operating with an HFDR fluid should not normally exceed 70 °C.
Lower working températures prolong the service life of the fluid. In certain applications, tempgratures up
to 150 °C cdn be pérmitted, but at such temperatures the fluid is subject to a more rapid deterioration and
shall be freiaently checked. At high temperatures, appropriate seals shall be selected, and advige should be
sought from the manufacturer.

6.2.5.7 Fluid maintenance

Phosphate esters are susceptible to hydrolysis and the water content of the fluid should therefore be kept as
low as practicable. Itis often appropriate to use active water removal techniques such as vacuum dehydration.
Degradation of the fluid by hydrolysis and by oxidation leads to the formation of acids. Accordingly, the fluid
should be routinely monitored for water content (see ISO 760 or ISO 12937) and acid number (see ISO 6618
or ISO 6619). In some applications, the fluid is treated in use with acid sorbent materials to maintain a low
acidity. The fluid suppliers shall be contacted for more details.
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ISO 12937 is appropriate to users of coulometric titrators but should only be used for aryl phosphates.
However, the technique of adding anionic surfactants to phosphate ester samples which are cloudy with
water has not been proven and it is possible that such technique is not suitable.

[SO 6618 is not suitable for used HFDR fluids which are dark in colour or dyed. ISO 6619 is appropriate for all
types of HFDR fluids

6.2.5.8 Filtration

Most filtration media suitable for mineral oils can be used with HFDR fluids. It is advisable to check with
the manufacturer that the adhesives used in the filter cartridges are compatible with phosphate esters. The
filter rating depends upon the application and system requirements; HFDR fluids should be filterable down

to the finest ratings normally found in hydraulic applications.

6.2.5.9 D

The life of
contractors

Lsposal
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6.2.6.5 Compatibility

a) Compatibility with seals, gaskets, hoses etc.

Fluorinated rubber (FKM) is compatible with both the common types of HFDU fluids. The compatibility
of elastomers based upon acrylonitirle-butadiene (NBR) rubber, polyurethanes (AU and EU) or butyl
(IIR) rubber shall be confirmed by the fluid and seal suppliers. Absorbent materials such as leather,
paper and cork should be avoided.

NOTE

See ISO 1629 for information on rubber nomenclature.
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Compatibility with paints and coatings

Compatibility with paints and coatings varies with the chemistry of the HFDU fluid. Most are compatible
with two-component epoxy paints but where any doubt exists, recommendations from the fluid

supplie

rs shall be sought.

Compatibility with metals

HFDU fluids are generally compatible with most metals used in the construction of hydraulic systems.

In case

of doubt, recommendations from the fluid suppliers shall be sought.

6.2.6.6 Working temperature
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7 Hydrdulic systems —General precautions

7.1 Assembly work

Assembly work shallbe carried out and supervised by competent staff following good hydraulic ﬂfactice. The
highest risk of Jéaks is during commissioning of a new system after assembly or during re-conpmissioning

after repair

7.2 Pipework and hoses

Pipework and hoses shall be mounted and secured in such a way as to minimize the effect of vibration.
Consideration shall be given to siting components, routing pipes and hoses to minimize the likelihood of
physical damage, particularly chafing of the hoses. Wherever possible, pipework should not be routed

adjacent to

other services, particularly high-voltage electrical supplies.

7.3 Seals and gaskets

Only materials compatible with the fluid shall be used. Failure of incompatible materials can result in the

rapid loss o

f fluid in the form of jets, or sprays, which significantly increase the risk of fire.
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7.4 High fluid temperatures

The operating temperature of a well-designed hydraulic system should not normally exceed 50 °C at the
pump inlet. Higher operating temperatures shall be subject to careful consideration of the increased hazards
and preferably with the written agreement of the fluid supplier. Operation at increased temperatures should
be accompanied by more frequent monitoring of the fluid condition and properties.

High operating temperatures generally reduce fluid viscosity which can greatly increase the potential
leakage rate and render the system less efficient. Further, when water-based fire-resistant fluids are used in
high temperature conditions, evaporation of water can lead to reduced fire resistance and other changes in
fluid properties.

Itis recommended that thermal shut-down devices be incorporated within the hydraulic reservoir to operate
in the even i i

High températures also accelerate fluid degradation due to chemical changes. Prolonged e
excessive tgmperatures can promote instability in emulsion-type fluids, resulting in the Separat]
rich emulsipn (cream) and free oil which is more flammable than the bulk of the fluid/Where i
require redervoir heating for cold start-up, the rating of the heater shall be limited to av
degradation of the fluid.

xposure to
ion of an oil
nstallations
id thermal

8 Hydrdulic circuit requirements for fire-resistant fluids

8.1 Reservoir

A reservoir
shall be pr
HFAE, HFAS

of sufficiently large dimensions to allow good air release, fitted with a suitable filt

pvided. A tight-fitting and well-sealed cover limitscwater evaporation from fluids o

, HFB and HFC and also serves to minimize the‘ingress of contamination. The fluid

er/breather
f categories
return pipe

shall be locaited below the minimum permissible fluid level to avoid foaming.

To assist fl4id deaeration, the fluid suction line shaltbe located as far as possible from the return pipe.

8.2 Pipework and hoses

ids shall be
taken into

In the desig
taken into
account.

n and specification of pipestand hoses, the higher density of most fire-resistant flu
hccount. The increased viscosity of HFDR fluids at low temperatures shall also be

Consideratipn shall be given @at-the design stage to fluid pressure losses in long lengths o
especially where this can affectthe selection of a specific type of fire-resistant fluid.

f pipework,

8.3 Pump suction

Flow velocities thfough suction lines shall not exceed 1 m/s, and pump inlet pressures below 3
shall be avoidéd for fluid categories HFAE, HFAS, HFB, and HFC. Boosted pump inlet cor
advantageolus:

tmospheric
ditions are

8.4 Strainers and filters

For fluids having either a high density or a high viscosity in the cold state, filters and strainers shall be sized
in accordance with the recommendations of the filter supplier. The sizing of filters for HFAE and HFAS fluids
shall not be based simply upon fluid viscosity. If calculations for these fluids are based upon viscosity and
the filter supplier's recommended maximum pressure drop for clean fluid, they lead to undersized filter
assemblies. These result in a relatively short cartridge life and the risk of erosion damage to the filtration
media. A filter sizing based upon a 30 mm?/s (30 cSt) fluid usually leads to an acceptably sized filter.

Fine filtration shall be fitted only in pressure and/or return lines. If it is required to fit a strainer in a pump
suction line, it shall be of an appropriate size and rating, to minimize the pressure reduction at the pump
inlet port, thereby reducing the risk of cavitation in the pump.
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Adsorbent filters such as activated earth and ion exchange are not generally appropriate for fire-resistant
fluids. However, fluids in category HFDR and some fluids in category HFDU can benefit from the control
of acid degradation products by these media. If these are installed, the recommendations of fluid/filter
suppliers shall be sought.

8.5 Equipment performance

While the lubrication performance of some fire-resistant fluids is considered to be at least as good as, if not
better than, fully formulated mineral oils, many have inferior performance in this respect. In these cases, it
can be necessary to down-rate or suitably modify hydraulic circuit components in order that a satisfactory
service life is achieved.

A detailed discussion, in conjunction with the manufacturers of the equipment and suppliers of the fluid, is

recommendg

ed during the design of new hydraulic equipment intended to operate with fire-resi

having redyced lubricity and/or a very low viscosity.

9 Changing the fluid in a hydraulic system

9.1 Gendral

d

Firstly, the
shall be chg
cartridges

system in o

The basic
fluid previ

rocedure for changing the fluid in a hydraulic system is verysimilar regardless of|
usly used in the system and the category of fluid with whiclfit shall be replaced.

hydraulic circuit shall be drained as completely as possible. If necessary, seals, d
nged to materials compatible with the replacement fluid. Filters shall be changed if

Fder to remove fluid trapped in pipework.

It can also pe necessary to change the sizes of hoses.and pipes, particularly on pump suction
sub-ambiernt pressure should be avoided. If the change-is from a fluid with good lubrication perfo
conventiongl viscosity to one with poor lubrication'performance and/or very low viscosity, the 1
of many of the components (pumps, valves, etc.)-with equivalent units designed for use with the 1
fluid can bgrequired.

should be filled with a minimum quantity of the replacement fluid, or a special fl
(see also 9.3.1) and run, at minimum pressures, to flush the system and suspend the residues of
fluid. Wherg possible, turbulent flow) should be used to remove any deposits from the internal
the pipework. The flushing charge is then immediately drained as completely as possible and
refilled with new fluid. The system should be monitored frequently after the change to ensure t}
of contamination by the previous fluid is within acceptable limits. If the level of contaminatid

stant fluids

the type of

askets, etc.
the existing

hre not compatible with the replacement fluid. It;can be necessary to dismantle parts of the

lines where
rmance and
eplacement
eplacement

ishing fluid
the original
surfaces of
the system
hat the level
n begins to

adversely affect the characteristics or performance of the new fluid, it can be necessary to consider a further

drain and refill.

9.2 Draipingand cleaning the circuit

9.2.1 The Tollowing sequence Is not mandatory, but most ol the steps are likely to be necessary at some
stage in the draining of the circuit. Before attempting this procedure, however, the equipment builder should
be consulted in case written guidance is already available.

9.2.2 Drain the reservoir at the lowest readily available point. This may be a valve or port for draining off
collected water or it may be a connection to allow regular replacement of the fluid.

9.2.3 Completely drain the system from the lowest point in the pipework. Drain the reservoir again and
remove as much residual fluid as possible (a vacuum cleaner capable of handling liquids and compatible with
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the original fluid is ideal). If deposits remain on the walls of the reservoir, these should be removed with
absorbent, lint-free wipes.

Manual cleaning within the confined space of a reservoir is a potentially hazardous activity and shall only be
conducted by competent persons.

9.2.4 Disconnect pipes and hoses, where possible, and blow through with low pressure compressed air.
The air shall have a dew point below the ambient temperature to avoid blowing water droplets into the
hydraulic lines.

9.2.5 Drain accumulators, hydraulic cylinders, pumps and motors, dismantling and cleaning if necessary.
Replace components which are not suitable for service with the replacement fluid.

9.2.6 DiSIInantle and clean all strainers and filters, replacing the filter elements, ensuring tll\at the new
cartridges gre compatible with, and of the correct specification for, the replacement fluid,

9.2.7 Renpove sensitive components, e.g. servo-valves, and overhaul them in a cledrvenvironnment. Do not
use halogerjated solvents for this purpose.

9.2.8 Syst
and inappr
(NBR) rubb

ematically work through the entire system, replacing all incompatible construction materials
priate seals. Where the original fluid was mineral oil, the commbonly used acrylonitrilg-butadiene
er with high nitrile content is often appropriate for the replacéement fluid.

NBR is not
there is any

uitable for HFDR fluids and fluorinated (FKM) rubberiis not generally suitable for HFC fluids. If

doubt of the identity of the original seals or packing;:they should be replaced.

9.2.9 Reapsemble the system, ensuring that all components are properly installed and that all joints are

correctly m|

ade. If possible, fit flushing blocks in place of:$ensitive components such as servo-val

9.3 Flushing and draining the circuit

9.3.1 Fill
check for n
advice shot
ratings app

9.3.2 Ops
relief valve

the circuit with the minimum quantity of replacement fluid to safely operate the
ajor leaks. Some manufactugers may recommend a specific flushing fluid, in whic
ld be followed. The fluid-should be filtered into the system using filling filters w
Fopriate to the components’and demands of the circuit, and at least as fine as the sys!

rate the system with minimum load. Ideally the pressures should initially be reduce
5 if appropriate.All system functions should be operated so that all the pipework a

flushed. If
flushed. T
conditions

ossible, reduce’the settings on relief valves so that the discharge lines from these
fluid vel@eities in pipework should be increased, where possible, to achieve tun
hich facilitate the removal of deposits on the internal surfaces of pipes and fittings.

Once most pf the residue from the original fluid charge has been dispersed into the flushing
system shopuld’be brought up to design pressure and operated normally. It may be necessary

VeES.

system and
h case their
th removal
em filters.

d, adjusting
nd lines are
» valves are
bulent flow

charge, the

to stop and

restart the system several times to flush components such as accumulators. The system should be run
continuously for a period of time, 4 h being generally sufficient for a very simple circuit. Up to 24 h can be
necessary for more complex circuits. Where flushing blocks have been used, refit the components after an
appropriate period of flushing. Consult the system manufacturers as necessary.

Monitor the system filters and fit replacement cartridges immediately if any become blocked to avoid filter
bypass and loss of protection from damage due to re-circulating particulate contaminants.

9.3.3 Stop the system and immediately drain it completely, following the routine described in 9.2. It is not
necessary to change the seals again, but it can be advisable to replace all system filter cartridges once more.

It should be noted that the presence of long pipe runs between the valves and hydraulic cylinders can result
in neither the pipes nor the cylinders being adequately flushed. This is because there is minimal overall
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flow to bring mixtures of original and replacement fluids back to the reservoir. In these circumstances, it is
necessary to dismantle the pipework and disconnect the cylinders to flush and clean them effectively.

9.4 Filling and re-commissioning the circuit

9.4.1 Fill the circuit with the normal operating volume of replacement fluid using filling filters with
removal ratings equal to or finer than the system filters.

9.4.2

Ideally, the system should be operated for a short period of time under a low-load duty cycle. Once

the system has been thoroughly checked, reset any relief valves to their original operating pressures or to

the pressur

es appropriate to the replacement fluid.

9.4.3 Motitor key fluid properties regularly — initially, at least, on a daily basis — to check fo

of contamirn
specific ang
fluid, resid

a
off from th}

into HFB a
compromis

Where a ch
the water (
vacuum del

9.4.4 Motitor the system filters for premature blockage. Some fire-resistant fluids encourage
jants from the internal surfaces of the hydraulic gifcuit, and these can temporarily 1

of contamir
life.
9.4.5 Ifse

ation with the original fluid. These include appearance, cleanliness, foaming and air
lytical methods to measure the content of the previous fluid. Where mineral 6il-was

d most HFD fluids. If present in excess, the stability of the fluid and/or fire-resist
bd.

hnge has been made from a water-containing fluid to a non-aqueous fluid, including

ydration equipment may be used to reduce the water content to acceptable levels.

vere contamination of the fluid occurs, it can prove necessary to drain and refill onc

9.5 Appropriate flushing fluids

Table 2 sunpmarizes the appropriate flushing fluid, the main changes in fluid properties and ¢

considerati
in 6.1 and 6

bns when changing from orfe-fluid type to another. More details of the fluid properti
2.

1 quantities tend to float to the surface of HFA and HFC fluid types and‘should |
reservoir with the system stopped. Low concentrations of mineral,0il tend to K

ontent should be monitored closely. Water-absorbing filtex/ cartridges, adsorption

- the effects
release; use
the original
e skimmed
e absorbed
hnce can be

mineral oil,
devices or

the release
educe filter

P more.

mpatibility
PS are given
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