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FIRE-RESISTANT FLUIDS 

The most common types of fire-resistant medium are: 

0 oil-in-water (o/w) emulsions, classified as ISO-type HFAE, 
0 water-in-oil (w/o) emulsions, ISO-type HFB, 
0 water-glycol solutions, ISO-type HFC, 
0 phosphate esters, ISO-type HFDR, 
0 organic esters, ISO-type HFDU. 

Although these products present a significantly lower fire hazard than 
conventional mineral oil-based fluids, the individual fire-resistant 
products often possess certain other less advantageous properties; 
examples are given below. 

(a) The relatively high density of some fire-resistant fluids results in 
greater demands on the pump’s suction capacity in systems where 
the pump is positioned above the fluid level. 

@) Certain fluids with low viscosity indices are considerably more 
viscous than conventional hydraulic fluids at low ambient tem- 
peratures. In such cases positioning pumps below the fluid reser- 
voir in order to obtain a positive suction head may be necessary to 
avoid cavitation problems prior to achieving the normal opera- 
tional temperature. 

(c) The high vapour pressure of aqueous fluids may easily induce 
bubble formation at low pressures and cause cavitation. The 
temperature of operation for IS0 types HFAS, HFAE, HFB and 
HFC should therefore be limited to 5545°C to obviate this 
problem and restrict evaporation losses from the water phase. 
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Eventual evaporation losses should be compensated for by regular 
additions of demineralized water; this is particularly important 
with respect to HFC fluids on account of the pronounced thicken- 
ing tendency as the water content decreases. 

(d) Microbiological growth is a potential danger in most systems 
utilizing water-based fluids, especially in HFAE and HFAS media 
at moderate temperatures of operation. 

(e) The lubricating properties of aqueous media are generally inferior 
to those of conventional mineral hydraulic fluids, and this short- 
coming may often necessitate modifications to the system when 
converting from mineral fluids to aqueous hydraulic fluids. The 
fatigue life of ball and roller bearings is considerably reduced 
when lubricated by fluids containing water; special pump designs 
incorporate over-dimensioned bearings to compensate for this 
shortcoming. 

(f) A number of fire-resistant fluids attack conventional seal materi- 
als, hoses and paints. This particularly concerns phosphate esters, 
water-glycol solutions and certain organic esters. 

The properties of various fire-resistant fluids are compared in Table 
20.1. 

HFAE media are oil-in-water (o/w) emulsions, containing by defini- 
tion a maximum of 20% mineral oil finely dispersed within the water 
phase. Consequently, the viscosity of these fluids approximates to that 
of water (~0.8 cSt at 40°C), and conventional hydraulic systems 
intended for use with a mineral hydraulic fluid normally require 
modification in order to utilize the HFAE fluid without causing exces- 
sive wear of critical components. Operational limitations for these 
fluids are pressures 5 6  MPa and a temperature range of 5-50"C. Never- 
theless, o/w emulsions have given satisfactory service for many years in 
large systems operating at low pressures. An inherent property of 
aqueous media is the unfortunate reduction in fatigue life of heavily 
loaded steel surfaces. It is therefore preferable to utilize journal 
bearings rather than ball or roller bearings in hydraulic pumps and 
motors operating on these fluids. The quality of water used in prepar- 
ing these emulsions is also extremely important; hard-water qualities 
may result in calciferous deposits, whilst soft water promotes foaming. 
Biocide additives are frequently incorporated in aqueous media to 
prevent microbiological growth and associated problems, always a 
potential hazard in these fluids at moderate operating temperatures. 
The alkaline nature (high pH) of many formulations represents a 
potential corrosion hazard with respect to magnesium, zinc, cad- 
mium, lead and aluminium. Recent development work has resulted 
in the formulation of even finer o/w dispersions ('microemulsions') 
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possessing improved stability towards separation of the oil phase, 
together with superior lubricating properties. Modern products con- 
tain typically %lo% mineral oil and are popularly known as HWBF- 
fluids (‘high water base fluids’). The search for further improvements 
in lubricating properties has resulted in development of HWBF pro- 
ducts of higher viscosity, e.g. Shell Irus Fluid AT with a kinematic 
viscosity of 11 cSt at 40°C. Such fluids can probably replace conven- 
tional mineral hydraulic oils in many applications without any parti- 
cular modification of the systems, and promising results have been 
achieved, e.g. in the steel industry (CON-CAST units). 

HFB fluids are water-in-oil (w/o) ‘invert’ emulsions consisting of 
minute water droplets, 1-2 pm in diameter, finely dispersed within the 
oil phase. The water content is normally around 4 0 % ~  in order to 
confer satisfactory fire resistance and meet the relevant specification 
requirements. Marketed products are usually IS0 VG68 or 100, and 
may be used over a temperature range of &50”C, or even up to ~65°C if 
the increased volatility is acceptable. HFB fluids naturally possess far 
better lubricating properties than HFAE media, and yield satisfactory 
performance in gear, screw and axial piston pumps up to 20 MPa. 
Vane pumps, however, rate the lubrication properties of HFB emul- 
sions more critically, and operating pressures above 5-6 MPa are not 
generally recommended. 

HFC fluids are aqueous solutions of glycols and polyalkylene gly- 
cols, with the addition of various additives, e.g. anti-wear, corrosion 
and foam inhibitors. The water content should be at least 35% by 
volume to ensure satisfactory fire-resistance properties (the majority 
of products marketed contain 4w5%), and this should be monitored 
regularly and maintained at the specified level to obviate troublesome 
viscosity increases. An interesting, though not generally recognized, 
fact is the temperature susceptibility of the lubricating properties of 
some HFC fluids. With certain formulations, for example, the anti- 
wear performance may be significantly improved by increasing the 
operational temperature towards the upper limiting value of 65°C. 
Systems intended for HFC fluids should not incorporate components 
of magnesium, cadmium or zinc. The fluids are compatible with 
conventional nitrile rubber seals, but are extremely aggressive to 
many types of paint coating. HFC fluids normally tend to entrain air 
and hold particulate contamination in suspension to a greater degree 
than mineral hydraulic media. Consequently, these fluids are more 
critical with respect to effective de-aeration by good reservoir design, 
and adequate filtration capacity. 

HFD fluids are formulated on the basis of various synthetics, and 
may be classified according to their chemical composition. The base 
fluids include organic esters of diverse complexity, polysiloxanes, 
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silicate esters, phosphate esters and polyphenyl ethers. Synthetic 
hydrocarbons derived from polymerization of a-olefin oligomers have 
found extensive use in the formulation of less flammable hydraulic 
fluids for the aviation industry (see Chapter 14). 

A number of the HFD-fluid base materials have become consider- 
ably less attractive during recent years, due to the increased focusing 
on environmental factors. This especially concerns HFDS and HFDT 
fluids on account of their halogen contents. However, the unique 
properties associated with certain of these halogenated fluids will 
undoubtedly ensure continued interest in further development for 
aerospace and military applications. 

Among HFD media it is principally the phosphate esters and 
organic esters that are selected for industrial applications today. Of 
these, the phosphate esters are clearly the most fire-resistant, 
although they inevitably present a number of limitations with respect 
to the design of the system and choice of materials (Table 20.1). The 
high density, low viscosity indices and poor low temperature flow 
properties of many phosphate esters necessitate due attention to the 
dimensioning and positioning of suction lines, filters and strainers. 
Extreme caution must be exercised in the selection of seals and hoses. 
The incompatibility of these fluids with conventional nitrile elasto- 
mers frequently precludes conversion of mineral-oil systems due to 
the prohibitive cost of replacing all seals, etc., by fluorocarbon elas- 
tomers, EPR or butyl rubber alternatives. As in the case of all fire- 
resistant fluids, it is wise to confer with suppliers of both seals and 
components to ensure satisfactory compatibility with the selected 
hydraulic medium. 

20.1 Conversion of existing systems to fire- 
resistant fluids 
Unless specifically designed for a particular fire-resistant medium, 
most hydraulic equipment is normally designed for the use of mineral 
hydraulic oils. Successful conversion to fire-resistant fluids is depen- 
dent upon careful selection of fluid types suitable for the system 
components (with eventual modifications) and operational para- 
meters. In addition, satisfactory condition monitoring, contamination 
control and maintenance routines must be established. 

When converting existing systems, the following guidelines are 
suggested: 

1. Obtain comprehensive technical information regarding the sys- 
tem components, conditions of operation and manufacturer’s 
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2. 

3. 

4. 
5. 

6. 

7. 
a. 

9. 

recommendations. The component suppliers (particularly the 
pump manufacturers) often issue their own requirements for use 
of fire-resistant fluids, frequently issuing lists of approved pro- 
ducts and recommending necessary system modications. 
On the above basis, discuss with the suppliers which fluid types 
could be suitable, and whether modifications to the system are 
required. Possible modifications might include pressure and/or 
rpm limitations in systems employing water-based fluids. Simi- 
larly, it could be advisable to utilize different filter elements, 
and replace light alloy components by stainless steel alternatives. 
Drain the previous fluid completely from the system, dismantling 
components, filters, couplings, etc., as required to empty the 
system. 
Wipe the internal walls of the fluid reservoir clean and dry. 
Clean and change all filters. Check that the type of filter is 
suitable, i.e. compatible and of acceptable efficiency and capacity 
for the selected fluid. 
Remove eventual paint and tank coatings with caustic soda or 
other proprietary paint stripper should there be the slightest 
doubt regarding their chemical resistance to the new fluid. Be 
aware that external painted surfaces will probably also be subject 
to a certain degree of contact with the working fluid on account of 
possible spillages or leakages. (N.B. All pipe connections should be 
securely sealed off so as to protect the rest of the system during this 
operation.) 

Replace all incompatible components, seals and flexible hoses. 
Check that the suction line and strainer are adequately dimen- 
sioned with respect to the flow and volatility characteristics of the 
new fluid. 
If the system contains significant residues of mineral oil, fill with a 
minimum charge of fire-resistant fluid and circulate for 30 min. 
Thereafter drain the system and fill with new fluid. 

10. Inspect all filters and strainers at regular intervals during the 
initial period of operation. Monitor the condition of the new fluid 
by relatively frequent laboratory checks until reassured that the 
system is functioning satisfactorily. 

20.2 Maintenance of fire-resistant fluids 
The user of fire-resistant fluids must accept the need for greater 
vigilance with repect to fluid maintenance than is normal for conven- 
tional mineral hydraulic fluids. No longer is it sufficient to periodically 
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Fig. 20.1 Viscosity-water content relationship for IS0 HFC fluid (Shell Irus 
Fluid C). 

change filters, repair the occasional leak (fire-resistant fluids are 
expensive!) and top up the fluid reservoir. 

The majority of fire-resistant fluids display a considerably greater 
degree of detergency than conventional mineral hydraulic fluids, and 
consequently dirt particles or wear debris do not settle out in the 
reservoir as readily. This tendency promotes abrasive wear of pumps 
and other components besides causing valves to malfunction. 

Effective contamination control is therefore an important aspect of 
operation with fire-resistant fluids and a simple settling test, per- 
formed by allowing a representative sample of the fluid in circulation 
to stand for 24 h, can yield a useful indication of filtration efficiency. 

Evaporation losses from invert emulsions (HFB fluids) and water- 
glycols (HFC fluids) may have unfortunate secondary effects. Reduced 
water content in HFB fluids results in decreased fire resistance and 
viscosity, whilst water-glycol solutions become more viscous (Fig. 
20.1). The viscosity of HFC fluids varies inversely with the water 
content and is often used as a simple means of assessing evaporation 
losses. 
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Table 20.2 Monitoring programme for fire-resistant fluids ISO-type HFAE, 
HFB, HFC and HFDR 

O/W emulsion 
(HFAE) 

Oil content 
Emulsion stability 
PH 
Microorganisms 
Particle count 

W/O 
(HFB) 

Water content 
Emulsion stability 
Viscosity 
Microorganisms 
Particle count 

Water-glycol Phosphate ester 
(HFC) (HFDR) 

Water content Density 
PH Acid value 
Viscosity Viscosity 
Microorganisms Moisture 
Particle count Particle count 

Once a correct combination of system design and hydraulic fluid is 
established, the key to economic and effective operation is strict 
adherence to manufacturers’ recommendations, systematic inspec- 
tion of filters, and periodical monitoring of the hydraulic fluid by 
laboratory examination as indicated below in Table 20.2. When labora- 
tory analysis confirms the condition of the fluid is no longer accep- 
table, the system should be drained and re-charged with fresh fluid. 
Prolonged use of a fluid that has deteriorated beyond accepted quality 
limits is faulty economy and will eventually result in costly down time 
and component expenditure. 


