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Phosphate ester fire resistant fluids have been
in use in the control systems of steam turbines
for over 50 years.

Many things about these fluids and their
condition monitoring had been understood for
the most part, but this is not always the case
now.



The reasons include some or all of the following; 

• The types of triaryl phosphate being used are 
changing.

• The designs are changing and more variable.

• Less make-up fluid is being used.

• The purification media is changing.

• More labs are doing some testing.

• Different tests are being done.

• Plus site and supplier personnel are changing. 



Phosphate ester fire resistant fluids have;

• Higher flash and fire points

• Higher autoignition temperatures

• Lower heats of combustion

• Higher hot manifold temperatures

• Most importantly, phosphate ester fluids are self-
extinguishing.  Consequently, they are not as likely 
to spread flaming streams or flaming pools of oil. 

Caution: Other fluids seldom have all these advantages

Why Phosphate Esters



• Higher specific gravity – 1.13 vs 0.86

• Lower viscosity index – 20 vs 90 or more

• Good wear protection without additives

• Good plasticizers so different elastomer 
compatibilities

• Good oxidation resistance but can have poor 
hydrolytic stability

Other Differences from Mineral Oils



Many are 
okay.

Specify 
what you 
want.

There are 
many 
versions of 
Viton

Note 1; 
Compatible 
but can 
affect fluid

Elastomer Compatibility Chart



Now ICL  Now Lanxess

Common Phosphate Ester 
Control Fluids

Fyrquel is a TM of ICL & Reolube a TM of Lanxess.
Canoil is an authorized distributor for Lanxess Turbofluids.



One or more of the following;

1. Purification Media Not Changed Soon Enough.
2. Purification Flowrate is Wrong.
3. Purification Media is Wet or dry and/or fouled.
4. Purification Housings Are Air Bound.
5. Defective Valves.
6. Wrong Purification Media.
7. Wrong Fluid is Being Used.
8. Overstressed Fluid (hot spots, low levels, etc.)
9.   Material Incompatibility
10. Unsuitable Part or Maintenance Substitutions.

Root Causes of Fluid Issues



11. Plus, it is not possible for many older and some 
newer plants to adequately maintain the fluids and 
prevent operational problems following the original 
turbine OEM’s original procedures and/or with the 
original equipment. 

Root Causes of Fluid Issues cont’d



The reason is to catch fluid issues before they can
cause operational problems. Also, so that any issues
do not cause unnecessary remedial work including
fluid changes, system flushes, excessive filter changes,
excessive media changes, excessive fluid bleeding &
feeding and the like.

You have to do the right tests, at the right time, with
the right samples, do the right interpretation and then
take the right actions.

Why Test?



Test Frequency Limit

Chlorine Content monthly* 150 ppm (max)
Water Content “ * 0.2% (max)
Neutralization Number “ * 0.3 mgKOH/g (max)
Mineral Oil Content “ 4.0% (max)
Specific Gravity “ 1.13 (min)
Particulate Contamination “* SAE A-6D Class 3  

* Every 48 hours if a marked increase occurs until problem is alleviated.

Testing GEK 46357
In-service Fluid 1977 – not current



Test Frequency Limit

Particulate Contamination monthly SAE A-6D Class 3  
Chlorine Content monthly* 100 ppm (max)
Water Content weekly* 0.2% (max)
Neutralization Number 3 months* 0.2 mgKOH/g (max)
Mineral Oil Content 3 months 4.0% (max)
Specific Gravity 3 months 1.13 (min)
Resistivity or Conductivity   3 months 5 Gohm.cm (min)

* Every 48 hours if a marked increase occurs until problem is alleviated.

Note: Other characteristics were listed but no test frequency is specified. These are 
Color, Viscosity at 40 and 100C, Pour Point, Flash Point, Fire Point, and Autoignition 
Temperature.

Testing for Neutralisation not changed to monthly until GEK 46357F in 2010!

Testing GEK 46357A
Operating Fluid 1979 – better but do not use



Color monthly
Water Content “ 1000ppm
Neutralization Number “ 
Particulate Contamination “

Resistivity 3 months 10 Gohm.cm
Mineral Oil Content “  0.5%
Metal Content “

Viscosity 6 months
Air Release “
Chlorine Content “

Foaming 12 months

Specific Gravity ?
Pour Point ?
Flash Point ?
Fire Point ?
Autoignition Temperature ?
Fire Resistance ?

New Testing GEK 46357G – 2012 - use

New test 
requirement 
in blue.



• Electrokinetic wear of servo valves

• High acid numbers

• Foaming

• Deposits such as bathtub rings in reservoirs

• Rapid filter plugging

• Elastomer incompatibility

Past Typical EHC Fluid Issues



• Varnish

• High MPC

• Fluid darkening

• High phenol content (weak acids)

• Electrokinetic wear of servo valves

• More use of hoses

Current EHC Fluid Issues



https://www.ehcturbofluid.com/#calculator

Input your data and get an evaluation



Know what is normal and watch for it.

New fluid 
0.5-1.0

3.0 – 4.0 typical 
for used GE & W

7.0 – 8.0 typical for 
Alstom and NEIP

Color



As fluid is used, acid like compounds can be formed.

Normal target is <0.1 mgKOH/g with proper changes of and 
the right flow for the purification media.

Caution: Too high at any time can lead to later problems 
and shortened fluid life.  As acid number gets higher, the 
degradation rate can increase. Also if too high, the fluid 
charge cannot be saved with traditional means.

Acidity (not really)



Acid Number GE Fossil
Caution: ASTM D664 vs D974 vs FTIR

Much better 
with more FE 
changes
and dry media

Caution: fluid 
issue can 
have more 
than one 
cause. In this 
case there 
were 14 other 
improvements 
mainly re 
procedures.



Typical Alstom Water Content

Caution: Trend results

Trend plot 
and do it vs 
date so that 
seasonal 
variations 
are more 
obvious.

High water 
content can 
cause fluid 
degradation and 
affect the 
operation of 
electrostatic 
filters.



Much Better With Reservoir Dry Air Purge

GE and W  now both 
1000 ppm max

Water Content 

Dryer fluid 
can extend 
fluid life and 
also that of 
some 
purification 
media, and 
reduce 
maintenance 
on desiccant 
breathers.

Caution: It might be possible to go too dry.



Too high can lead to shorter fluid lives, servo and or
solenoid valve problems with sticking and
screen/filter blockage. Resample and determine
source if still high. Check system.

Caution: A high particle count should always be
investigated and corrected. This is in case a pump
is in distress, contaminated fluid was added or a
filter is bypassing. The goal is to prevent
compromising the system.

Particle Count



Can depend 
on the 
sampling  
point but 
there should 
not be great 
spikes. 
Check 
sampling 
procedure 
and 
compliance.

Particle Count 

Know Who and How They

Took The Sample

Caution: ISO 4406 is only the reporting



Keep high to prevent electrokinetic wear of servo-valve 
internals such as the spools and flappers.  

Normally controlled by fuller's earth, Selexsorb and some 
IX purification media.

Caution: Can also affect other close clearance components 
with pressure drops including pressure control and relief 
valves.

Caution: Some servo-valve designs can be more tolerant 
than others.

Resistivity



Slowly getting 
better with right 
changes and dry 
media. Should 
go up with new 
media.

Resistivity

Important 
to trend 
and to 
determine 
if too low is 
a real 
issue.OLD

NEW GE MINIMUM

Caution: Was the test at 20C?



Electrokinetic Wear of Servovalves

Moog flapper 
showing 
electrokinetic 
wear. 
Also had ‘wrong’ 
torque motor 
showing need to 
properly inspect 
pulled 
servovalves.



New Tests - Patch

MPC uses a 0.45 micron patch. A dark patch 
and/or a high patch weight can indicate existing or 
pending varnish and/ or soot problems.

Note: The 
standard ASTM 
MPC test needs 
to be modified 
for phosphate 
ester fluids as 
does the 
reporting in some 
cases.

Caution: What patch, what diluent, what drying, etc.



New Tests – Ruler Area

To large an 
area under 
the bump 
can indicate 
fluid 
degradation. 
Deposits 
and/or 
varnish can 
be more 
likely.

Caution: What software, what was it with new 
fluid and was it with the Green Solution?



Originally the turbine OEMs did not intend to purify the fluid and this did 
not work well. Then the importance of controlling the chlorine content 
and hence the resistivity was found to be necessary. With time the 
OEMs, to varying degrees, have also gone to lower acid numbers, 
lower water contents and different media. Media types include;

Activated alumina (not for servovalve systems)

Low sodium activated alumina (not for servovalve systems)

Fuller’s earth (attapulgus clay)

Selexsorb GT (AA and zeolites)

Ion exchange (WBA)

IX (mixed resins/wet or dry)

Other

New Purification Media



GE D11 Steam Turbine - Purification system has two 6x18 cartridges. 

Acid No. Reduction with IX



New Fluid Treatment Tritek 1280

Two ICB IX cartridges, two ECR™ electrostatic collectors, a 6” x 
18” 3 micron filter, TMR™ N2 (dry nitrogen) unit and heater.



Not good but a Canoil goal is to prevent fluid 
getting this bad.

Used Electrostatic Collectors



• Know the current turbine OEM and industry 
requirements for fluid testing.

• Adapt as required for your units.

• Trend the fluid and other relevant data.

• Set conservative targets.

• Make sure that the tests being done are suitable.

• Bench mark as required.

• Be careful comparing results from different labs.

• For condition monitoring include filter elements, servo 
valves, pumps, etc.

• There are subject matter experts at Canoil, EPT and 
Lanxess who can help.

Summary



Thank you


