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EcoSafe® TF-25 Turbine Fluid


Just a small amount of varnish can cause valves to stick and 
turbines to trip – events that can cost you more than $40,000 for 
a partial load shutdown and up to $150,000 for a full load trip!


EcoSafe® TF-25 Turbine Fluid reduces the potential for varnish 
formation in today’s harder working gas turbines. It’s a premium, 
oxidatively stable synthetic fl uid that will not degrade to form 
varnish or sludge. 


Actual fi eld experience shows, after more than two years 
of service in GE 7FA equipment, EcoSafe® TF-25 Fluid still 
meets new fl uid specifi cations with no evidence of 
degradation.


By reducing or eliminating varnish formation, EcoSafe® TF-25 Fluid can improve 
starting reliability, reduce downtime and revenue loss, and extend equipment life – all 
while lowering maintenance and repair expense. 


Don’t risk turbine reliability and your capacity to generate power. Choose EcoSafe®


TF-25 Turbine Fluid. It’s the premium non-varnishing lubricant for heavy duty gas 
turbines that can help you avoid costly shutdowns and factored starts.


New Non Varnishing Turbine Fluid 
Reduces Your Risk of Shutdowns 
and Costly Factored Starts


EcoSafe® TF-25 Turbine Fluid is 
based on synthetic lubricant 
technology from the UCON™ 
Fluids & Lubricants business of 
The Dow Chemical Company


To learn more…
Call: 1-800-938-0101


Outside of the U.S. and Canada, 
call 1-517-223-0300


www.americanchemtech.com
®Trademark of American Chemical Technologies
™Trademark of The Dow Chemical Company (“Dow”) or an affi liated company of Dow








18 COMBINED CYCLE JOURNAL, Third Quarter 2009


7F USERS GROUP


It’s the rare user group meeting that 
doesn’t have a discussion about 
sticking servos or other problems 


caused by varnish formation in lube- 
and/or control-oil systems. 
Typically, participants men-
tion the use of a particle-
agglomeration or an electro-
static device as the preferred 
cleanup solutions. An alterna-
tive is to chemically clean the 
affected system and fill with 
new oil. 


Most plants opting for 
new oil, refill with the hydro-
carbon formulation used pre-
viously. With everything else 
the same, varnish reappears 
in time. At the 2009 7F meet-
ing there was significant dis-
cussion on the merits of, and 
experience with, changing 
the type of oil from a hydro-
carbon fluid to a synthetic 
polyalkylene glycol (PAG, see 
table). 


One presentation this year 
was an update by a senior 
engineer from one of the larg-
est US utilities on experience 
with a PAG at a repowered 2 
× 1 combined-cycle plant in 
the Southwest. In mid 2001, 
the company coupled two 
7FAs and companion heat-re-
covery steam generators to a 
170-MW steam turbine which 
had been commissioned 40 
years earlier. The plant oper-
ates in base-load service. 


The switch to a PAG (specifically 
EcoSafe TF-25, see box) was made 
during a hot-gas-path inspection for 


one gas turbine (GT) in November 
2007; the second was converted in 
March 2008. To make the switch, all 
the plant did was drain the existing 


oil and refill with TF-25; there was no 
flush step. 


First slide in the presentation had 
the title and the presenter’s name—


no surprise there.   The second slide 
in the update said “Everything went 
Okay. Questions?” Of course there 
was more, but it got everyone’s 


attention. The utility had conduct-
ed regular analyses (November 
2007; May, July, September, and 
November 2008; and April 2009) 
of the fluid and key parameters 
were presented in a chart. Here’s 
a summary:
■ Color, clear with bronze to 
brown tint.
■ Viscosity (SUS), preferred 
range of 100 to 150. Results virtu-
ally constant—129 or 130.
■ Total acid number (TAN), pre-
ferred range of 0.1 to 5.0. Test 
results showed 0.10 to 0.24.
■ Particle counts (ISO 4406) 
revealed only one minor deviation 
from the preferred maximum of 
7/5/2 until the April 2009 test was 
conducted and that blemish was 
corrected before the next sample 
was taken. The April results were 
7/6/4. Investigation revealed that 
the lab had “recalibrated” its instru-
ments just before the analysis was 
done and the quality of its work was 
still under review at the time of the 
meeting. 
■ Sodium readings ranged from 
1 to 2.5 ppm, potassium from 7.4 
to 8.8, calcium from 1.0 to 1.8, 
barium from 290 to 320.
■ The additive package did not 
degrade over time (100% of the 
initial formulation for all samples).


■ Water. The fluid is slightly hydro-
scopic, so water content spikes 
during summer. Limit is 7500 ppm. 
In summer 2008 water peaked at 


Comparing EcoSafe TF-25 to a 
premium hydrocarbon turbine oil
Parameter TF-25 Hydrocarbon


ISO viscosity grade 25 32
Viscosity at 212F 5.19 cSt,  5.56 cSt, 
 5.11 cP 4.78 cP
Viscosity at 104F 26.23 cSt,  32.44 cSt,  
 25.84 cP 27.90 cP
Viscosity index 132 109
Specific gravity 0.985 0.86
Pour point, F -55 -22
Flash point, F 468 420


No gel, varnish, or particulates have been found 
on lube-oil filters when using EcoSafe TF-25, one 
plant reports


PAG gets good reviews from two top generating companies


■ The potential for rotor clocking 
issues in S14-S16 has been elimi-
nated by indexing wheels in the 
broaching machine.
The OEM undoubtedly would like 


to tell you much more.
A user presentation on a rotor 


rebuild followed. Work was precipi-
tated by near simultaneous shim 
migration in both GTs at a 2 × 1 
combined cycle that damaged the 
two compressors beyond repair. It 
took three weeks to unmarry the 
compressor and turbine and to eddy-
current inspect the turbine wheels. 
The turbine balancing procedure was 
described in detail; the turbine sec-
tion was rebladed. 


Open discussion on the com-
pressor followed the two user pre-
sentations. First topic was ultrasonic 
inspection of R0 and R1 blades, with 


several users reporting false posi-
tives when the OEM did the work. 
There was a little give ’n take on this 
topic. 


One plant that used both the OEM 
and a third-party services provider 
found that both essentially got the 
same result. Another user said his 
experience was different and that the 
OEM missed two major indications 
on R0, which he attributed to meth-
odology, NDE technique, and techni-
cian experience. 


Show of hands: The overwhelming 
majority of users does UT inspections 
of R0 blades in accordance with OEM 
recommendations, but less than one 
quarter of the attendees calls in 
GE to do the work. One manager 
reinforced the need for disciplined 
inspection by noting that cracks in 
R0 blades on two peakers at his plant 


were found after only 1200 hours of 
service. One crack was half an inch 
deep and three inches long. 


Discussion moved to the back end 
of the machine with a good bit of user 
opinion on the subject of clocking in 
rows 14-16 (a moot point if you buy 
an enhanced compressor). About a 
dozen users said they had done work 
on S15, S16, and S17 to deal with 
blade rock. The pinning solution pio-
neered by Rodger Anderson of DRS 
Power Technology Inc, Schenectady, 
NY, and the OEM’s patch-ring fix 
each had their supporters.


An attendee noted that the patch-
ring alternative requires rotor remov-
al. He said it also requires some 
advance planning because you have 
to buy the material for the patch 
ring ahead of the outage and have a 
qualified machine shop make it. This 
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In electric generating plants, polyal-
kylene glycols, aka PAGs, are syn-
thetic substitutes for hydrocarbon or 
mineral oils as turbine lubricants and 
control fluids. 


They often are specified where 
varnish and/or sludge adversely 
impact plant availability. Gas tur-
bines, in particular, are challenging 
duty for lubricants and control fluids 
because of their high operating tem-
peratures.


Dr Mart in Greaves, technol-
ogy leader for Dow Chemical Co’s 
UCON™ products, which are the base 
stocks for fluids such as EcoSafe 


TF-25, said in a signed article that 
appeared in the April 2009 issue of 
Compoundings, “when hydrocar-
bon oils degrade they form high-
molecular-weight polar byproducts 
that become insoluble in the hydro-
carbon base oil. Consequently, 
sludge develops over time, and 
in some cases, varnish formation 
occurs.” 


He also noted that “the more par-
affinic nature of the newer base oils 
has resulted in the oxidative degrada-
tion products being even less soluble 
in the base oil, accelerating sludge 
and varnish formation.” This is not a 


comforting message for powerplant 
owner/operators. 


“In contrast to hydrocarbon 
oils,” Greaves continued, “PAGs 
are extremely polar in nature. When 
they degrade by oxidation, smaller 
polar byproducts are formed, which 
are soluble in the PAG base oil. The 
net result is that sludge is almost 
eliminated and equipment reliability 
enhanced.”


EcoSafe T-25, as noted, is based 
on Dow’s synthetic lubricant tech-
nology. It is marketed by American 
Chemical Technologies Inc, Fowler-
ville, Mich.


Explaining PAG


3070 ppm, but settled back to 520 by 
November. 


An increase in generator hydrogen 
consumption occurred after both con-
versions to PAG. This was not caused 
by the loss of hydrogen, but rather by 
purity degradation requiring increased 
scavenging. With the PAG fluid den-
sity at 0.985 compared to oil at 0.86 
(table), oil supply pressure went up by 
15 psi, and seal-oil differential pres-
sure from 6 to 8 in. H20. 


Higher seal-oil flow meant 
increased air infiltration. However, the 
utility’s test philosophy was to main-
tain a direct conversion from mineral 
oil to PAG to see what impacts, if 
any, there would be on equipment—
no tweaking allowed until engineers 
were able to evaluate how the fluid 
performed on GTs. The speaker said 
the plant intended to decrease seal-oil 
delta P to 6 in. H2O at the next outage 
to see if hydrogen consumption would 
return to normal.


Visual results: No gel, varnish, or 
particulate matter has been found 
in filter canisters. Filter elements 
in photo are cleaner than might be 
expected. 


More 7F experience
Calpine Corp’s Oneta Energy Center, 
Broken Arrow, Okla, is another convert 
to EcoSafe TF-25. This snippet of infor-
mation came from the Dow Chemical 
Co booth at the vendor fair. Although at 
least one plant representative attended 
the 7F meeting, there was no formal 
presentation. So the editors followed up 
by phone.


Oneta consists of two 2 × 1 7FA-
powered combined cycles. The plant 
experienced varnish and carbon 
build-up (in servo valves, pencil filters, 
reservoir interiors, and piping), which 
were attributed to turbine-oil degrada-
tion caused by high heat and friction. 


After unsuccessfully testing several 


methods and systems designed to 
remove and/or reduce varnish, the 
plant decided to replace the lubricant 
with a product that would better resist 
its formation. EcoSafe TF-25 was the 
fluid selected.


Preparations to switch lubricants 
included a complete varnish flush 
using a cleaning formulation in the 
original oil. Varnish and sludge were 
removed from system components. 
Next, 3500 gal of TF-25 was circu-
lated through the GT and drained. 
Then the system was refilled with 
fresh TF-25. 


The problems with varnish and 
sludge have disappeared. Plant 
personnel also noted a slight drop 
in bearing metal temperatures (2 to 
3 deg F) under comparable operat-
ing conditions. The latter benefit is 
attributed to less friction loss in the 
bearings. Results of follow-up analyti-
cal tests over a year’s operation met 
expectations.


process took a month from identifica-
tion of need to having a new patch 
ring onsite. 


A welcome lunch break after a 
busy morning. Two time slots speak-
ers like to avoid are the first presen-
tation after lunch and the last one of 
the day. Vision-Makers’ Sheila Vashi 
assures a super desert with the lun-
cheons she organizes, thereby provid-
ing the necessary sugar rush to keep 
the group attentive for the first after-
noon speaker. 


However, no “boost” was needed 
on Tuesday afternoon. The steering 
committee invited the O&M super-
intendent of a 2 × 1 combined cycle 
with a booming voice to present 80 
slides on a triple major—that’s right, 
overhauls of two GTs and a D11 
steam turbine conducted simultane-
ously—in 15 minutes. No time to nod. 


A profile on this project is scheduled 
for the next issue.


This case history was followed 
by one discussing R0 cracking on 
the suction side of the dovetail in a 
unit with about 250 starts and fewer 
than 3000 operating hours. The 
owner’s engineer reported R0 crack-
ing on two of the company’s 12 7FAs. 
Details of incidents like this one are 
important to hear because apply-
ing lessons learned by others can 
reduce the potential for damage to 
your equipment. There’s simply no 
substitute for attending a 7F meet-
ing in person. 


The turbine session opened to 
wheel cracking, lockwire tab crack-
ing, crack initiation at the cooling 
slot location, etc. After relatively 
limited discussion, attention turned 
to the combustion system. A compre-


hensive presentation on combustion 
dynamics monitoring (CDM) got that 
session off to a fast start. 


There was so much material of 
value to users wanting to better 
understand the benefits of having a 
CDM system, the editors opted to do 
comprehensive sidebar on the subject 
(p 14). A few other discussion topics 
were handled in the same manner, 
providing an added dimension to the 
journal’s user-group meeting cover-
age. 


Several more user presentations 
filled most of the time remaining 
before the vendor fair opened. One 
user from Korea discussed experience 
with a special tool to detect combustor 
end-cover leakage. Another reported 
on difficulties encountered trying 
to tune a combustion system for an 


Continues on page 24
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Dow TF-25 Logs Over 18,000 Operating Hours On General Electric 
Turbines 
Midland, MI - September 13, 2010 


The Dow Chemical Company (Dow) has offered Dow TF-25, sold exclusively in 
North America by American Chemical Technologies, Inc. (ACT) as ECOSAFE TF-
25, for over three years. During those four years, turbines have performed 
successfully in the field for over 18,000 hours and 368 starts. One of these turbines 
has been operating at the Calpine-Oneta power plant located in Broken Arrow, OK 
since November, 2007. The recommended operating parameters for fluids on 
these turbines were originally written for mineral oil based lubricants. Dow TF-25 is 
comprised of unique polyalkalene glycol (PAG) chemistry which has had decades 
of proven performance in other turbo-machinery applications. PAG chemistry is 
fundamentally different from mineral oil. Therefore, not all of the recommended 
lubricant properties specified in GE K 32568F, Lubricating Oil Recommendations 
for Gas Turbines with Bearing Ambience Above 500 Degrees F., provide a relevant 
correlation to the performance of this PAG based fluid.


According to the G.E. specification: “the (recommended lubricant properties) are 
only recommended values. An oil that has been shown to perform successfully in 
the field may still be used even if all the (recommended lubricant properties) have 
not been satisfied”. 


“The recommended properties for lubricating oil in the G.E. documentation do not 
have any specifications for PAG based fluids,” said Chuck Carn, strategic 
marketing manager for Dow Fluids and Lubricants. “However, the G.E. 
specification allows for the use of fluids that have been shown to perform 
successfully in the field. Our experience verifies that we have met the performance 
criteria.”


Why The Change to ECOSAFE?


The turbines in Broken Arrow were not operating efficiently because of severe 
problems with varnish and carbon build-up. These by-products of turbine oil 
degradation that result from high heat and friction were fouling servo valves, pencil 
filters, reservoir interiors and piping. The recurrence of varnish and carbon build-up 
was hindering proper operation of critical hydraulic components. The resulting 
sludge not only plays havoc in obvious places but collects in areas not so obvious 
like turbine piping and heat exchangers.


When mineral oil based turbine oils are subjected to the rigors of normal gas 
powered turbines, servos stick and filters get plugged. This means more time for 
maintenance personnel to work on the machinery. Significantly adding to those 
costs are the lost production of turbines that are off line. So the price Calpine was 
paying for less than ideal lubrication was quite high. After unsuccessfully testing 
several methods and systems that claimed to remove and/or reduce the varnish 
seen, Oneta Energy Center (OEC) decided to move towards replacing the lubricant 
with a product that would better resist or eliminate the varnish or the mechanism 
causing it to form.


Lubrication is important for installations like the one in Broken Arrow, OK as gas 
turbines are built to run at high operating temperatures and require fine tuned 
hydraulic controls. Selecting the right lubricant and keeping the oil clean are two of 
the keys to fewer break downs, less maintenance or downtime. Localized hot spots 
in turbine oil can initiate oxidation, resulting in the formation of sludge, varnish, and 
hard carbon deposits. ECOSAFE TF-25 is a premium lubricant marketed 
exclusively in North America by American Chemical Technologies, Inc. and based 
on advanced synthetic lubricant technology from The Dow Chemical Company, 
designed to remedy typical problems associated with traditional turbine lubricants.
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ECOSAFE TF-25 Turbine Fluid can shrink the potential for varnish formation in gas 
turbines used in either base load service or high stress peaking operations. 
Avoiding varnish formation can help improve starting reliability, help ensure 
reliable, long term turbine service, and extend equipment operating life with less 
maintenance and repair expense.


ECOSAFE TF-25 is a high viscosity index, polyalkylene glycol based fluid which 
provides a low coefficient of friction, exceptional thermal conductivity, and fast air 
release.


Performance Advantages of PAG Based Lubricants  
Oxidation by-products are soluble in the base fluid and will not fall out of bulk 
solution to cause varnishing or sludge. PAG based lubricants contribute to long 
term actuator and valve cleanliness, reducing the likelihood of sticking and 
improving starting reliability. Unplanned maintenance costs due to forced outages 
can be minimized and intervals between costly scheduled maintenance events are 
longer.


High Temperature Stability  
ECOSAFE TF-25 Turbine Fluid is very stable at high temperatures encountered in 
gas turbines and is resistant to thermal degradation at temperatures of 120 
degrees Centigrade or 250 degrees Fahrenheit. The result is longer fluid life and 
increased reliability.


Solving Problems At Broken Arrow  
To solve the problems of contamination Calpine was experiencing, a complete 
turnkey operation was performed to remove the old lubricant and by-products. A 
fluid system flush and cleaning was performed on the turbine at Broken Arrow. All 
the old varnish was removed, so too was the sludge that had accumulated during 
the normal operation. After thorough cleaning of the turbine, ECOSAFE TF-25 was 
used to replace the old lubricant. The results were immediately promising. OEC 
noticed a slight drop in bearing metal temperatures by approximately 2°F - 3°F 
under similar operating conditions. This reduction in heat is assumed as a result of 
less friction/energy loss in the bearings.


About Dow


Dow combines the power of science and technology with the “Human Element” to 
passionately innovate what is essential to human progress. The Company 
connects chemistry and innovation with the principles of sustainability to help 
address many of the world's most challenging problems such as the need for clean 
water, renewable energy generation and conservation, and increasing agricultural 
productivity. Dow's diversified industry-leading portfolio of specialty chemical, 
advanced materials, agrosciences and plastics businesses delivers a broad range 
of technology-based products and solutions to customers in approximately 160 
countries and in high growth sectors such as electronics, water, energy, coatings 
and agriculture. In 2009, Dow had annual sales of $45 billion and employed 
approximately 52,000 people worldwide. The Company's more than 5,000 products 
are manufactured at 214 sites in 37 countries across the globe. References to 
"Dow" or the "Company" mean The Dow Chemical Company and its consolidated 
subsidiaries unless otherwise expressly noted. More information about Dow can be 
found at www.dow.com.
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The Dow Chemical Company 
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EcoSafe® TF-25 
  Premium Non-Varnishing Lubricant for Heavy Duty Gas Turbines


Formulated to Reduce or Eliminate Varnish Formation, Valve Sticking,  
and Resulting Shutdowns and Factored Starts


Based on synthetic lubricant technology from the 
UCON™ Fluids & Lubricants business of The Dow Chemical Company







A Premium Lubricant Formulated  
to Protect Today’s Gas Turbines


Performance Advantages


Non-Sludge or Varnish Forming – EcoSafe® TF-25 Turbine Fluid is oxidatively 
stable and will not degrade to form varnish or sludge. Oxidation by-products are 
soluble in the base oil and will not fall out of solution to cause varnishing or 
sludge. The stability of EcoSafe® TF-25 contributes to long-term servo valve  
cleanliness, reducing the likelihood of sticking and improving starting reliability. 
Fewer trips due to varnish mean generating revenue is protected and purchases 
of replacement power are reduced. Unplanned maintenance costs due to forced 
outages are avoided and intervals between costly scheduled maintenance events 
are not shortened by increases in the frequency of factored starts.


Less Potential for Microdieseling – Microdieseling occurs when small air 
bubbles entrained in turbine oil are compressed, explode and burn the oil. The 
lower foaming tendency of EcoSafe® TF-25 Turbine Fluid suggests minimal air is 
entrained in the fluid, reducing the potential for small air bubbles to become 
compressed and explode. This reduces equipment wear and can also reduce a 
potential source of particle contamination.


Reduced Static Discharge – Low thermal conductivity and resulting hot spots, 
dielectric breakdown, and the presence of wear metals in the oil are believed to 
be important contributors to static discharge. With higher thermal conductivity 
than an ISO 32 Group II mineral oil, EcoSafe® TF-25 can provide better heat 
transfer, reducing the potential for static discharge produced by hot spots. The 
dielectric constant of EcoSafe® TF-25 is approximately 5.7 compared to about 
1.2 for the mineral oil, which suggests that the insulating capabilities of EcoSafe® 
TF-25 are more likely to remain intact. The fluid exhibits excellent wear  
performance, minimizing metal content in the oil.  


Hydrolytic Stability – EcoSafe® TF-25 Turbine Fluid will not break down and 
react with water, minimizing fluid degradation and acid formation that can 
damage equipment.


High Temperature Stability – EcoSafe® TF-25 Turbine Fluid is very stable at 
high temperatures and resistant to thermal degradation at temperatures up to 
120°C (250°F), resulting in longer oil life and increased reliability.


Reduced Friction – The higher viscosity index of EcoSafe® TF-25 allows use of 
a lower viscosity grade to achieve the same absolute viscosity as an ISO 32 
Group II mineral oil at typical operating temperatures. Using a lower viscosity 
grade reduces friction and increases overall system efficiency while reducing 
thermal demand on bearings.


All-Weather Service – With a higher viscosity index than conventional turbine 
oils, EcoSafe® TF-25 Turbine Fluid retains excellent viscosity characteristics over a 
wider temperature range than petroleum-based turbine oils. The lubricant has a low 
pour point for cold weather start-up of peaking units and offline base load units.


Material/Gas Seal Compatibility – EcoSafe® TF-25 Turbine Fluid is compatible 
with commonly used seals, hoses and metals. The oil is also compatible with 
common gas turbine seals. Detailed compatibility data is available upon request.


Detergency – EcoSafe® TF-25 is a natural detergent, so systems remain clean 
– free of staining or sticky residue.


Biodegradable/Low Toxicity – EcoSafe® TF-25 Turbine Fluid is classified as 
“inherently biodegradable” and environmental impact is low if the product is 
spilled. EcoSafe® TF-25 also satisfies stringent criteria for toxicity.


Varnish build-up in today’s smaller, more powerful gas turbines is the 
root cause behind many turbine shutdowns and resulting lost power 
generation capacity. A small amount of varnish can cause servo valves to 
stick and the unit to automatically “trip” or shut down – an event that 
can cost more than $40,000 for a partial load trip. The cost of a full load 
turbine trip event can be as high as $150,000 or more!  


EcoSafe® TF-25 Turbine Fluid can reduce the potential for varnish 
formation in gas turbines used in either base load service or high-stress 
peaking operation. Reduced varnish formation can improve starting 
reliability, help ensure reliable long-term turbine service, and extend 
equipment operating life with less maintenance and repair expense.  


EcoSafe® TF-25 Turbine Fluid is based on a very high viscosity index (VI), 
polyalkylene glycol (PAG) base fluid with a high performance additive 
package. The oil is oxidatively stable and will not degrade to form 
varnish or sludge, contributing to long-term cleanliness. 


Initial field trials in several power generation facilities indicate that 
EcoSafe® TF-25 can also reduce the potential for microdieseling, 
electrostatic build-up and other conditions that can contribute to  
varnish formation, oil breakdown, and resulting wear.


EcoSafe® TF-25 is based on PAG synthetic lubricant technology  
developed by the UCON™ Fluids & Lubricants business of  
The Dow Chemical Company.


EcoSafe® TF-25 Turbine Fluid







  Petroleum-based 
Typical Performance Properties*  EcoSafe® TF-25 Turbine Oil


Four Ball Wear, (ASTM D4172), 40 Kg, 1200 RPM, 0.63 0.65 
75°C (167°F), 1 hr., Average wear scar dia., mm 


Copper Strip (ASTM D130), 3 hrs @ 100°C (212°F) 1A 1A 


Hydrolytic Stability (ASTM D2619)  
   Weight Change of Copper Panel, mg / cm2 -0.042 -0.017 
   Appearance of Copper Panel Shiny,1B Shiny,1B 
   % Change in Viscosity -0.94 +0.77 
   Change in Acid Number, mg KOH / g +0.66 -0.02 
   Total Acidity of Water Layer, mg KOH 3.91 1.07 
   % Insolubles 0.007 0.001


Thermal Stability (ASTM D2070)  
   Copper Rod Weight Change, mg +0.1 -0.2 
   Copper Rod Visual Shiny, #2 Dull, #5 
   Steel Rod Weight Change, mg -1.9 0.0 
   Steel Rod Visual Shiny, #2 Shiny, #2 
   Steel Rod Total Sludge, mg / mL 7.3 / 100 8.7 / 100 
   % Kinematic Viscosity Change +2.06 +2.60 
   % Neutralization Number Change +0.07 +0.13


Foam Tendency (ASTM D892), ml  
   5 Minute Blowing  
      Seq. I  10 100 
      Seq. II 0 10 
      Seq. III 0 50 
   10 Minute Settling  
      Seq. I  0 0 
      Seq. II 0 0 
      Seq. III 0 0


Air Release (ASTM D3427)   Minutes @ 50°C (122°F) 0.4 4.7 


Rust Prevention (ASTM D665)   Distilled Water Pass Pass


RPVOT, min (ASTM D2272) 420 900


  Petroleum-based 
Typical Physical Properties*  EcoSafe® TF-25 Turbine Oil


ISO Viscosity Grade 25 32


Viscosity @ 40°C cSt (104°F cP) 26.23 (25.84) 32.44 (27.90


Viscosity @ 100°C cSt (212°F cP) 5.19 (5.11) 5.56 (4.78)


Viscosity Index 132 109


Specific Gravity (relative density) 0.985 .86


Pour Point, °C (°F) -48 (-55) -30 (-22)


Flash Point, °C (°F) 242 (468)  215 (420)


Specific Heat  @ 40°C (104°F), joules / g°K (ASTM E1269) 2.017 2.064


Thermal Conductivity @ 40°C (104°F), watts / m°K (PLTL-73) 0.145 0.1


*Typical properties, not to be construed as specifications.


EcoSafe® TF-25 Turbine Fluid


Superior Oxidative Stability
Results of controlled tests show the 
superior stability of PAG-based fluids 
such as EcoSafe® TF-25 Turbine  
Fluid compared to PAOs (synthetic 
hydrocarbons). After 2,500 hours at 
120°C, the PAO produced significant 
deposits. In contrast, the vial 
containing the PAG-based fluid was 
virtually free of deposits.


PAGPAO


Kinematic Viscosity Comparison Absolute Viscosity Viscosity vs. Pressure


Varnish build-up in gas turbines can 
cause servo valves to stick and turbine 
units to shut down.
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American Chemical Technologies
485 E. Van Riper Road
Fowlerville, MI 48836
Phone: 517-223-0300
Fax: 517-223-1703
www.americanchemtech.com


Ask About the Full Line of Fluids and Lubricants from ACT
• EcoSafe® TF-25 Turbine Fluid
• EcoSafe® FR Fire Resistant Hydraulic Fluids
• EcoSafe® EHC Hydraulic Fluids for the Power Generation Industry  
• EcoSafe® NCLR Hydraulic Fluids for Nuclear Power Stations 
• UCON™ TRIDENT™ AW Anhydrous Hydraulic Fluids
• Neptune® Gear Oils
• EcoGear® Gear Oils


To Learn More Call: 1-800-938-0101
Outside of the U.S. and Canada, please call 1-517-223-0300 (USA)


®Trademark of American Chemical Technologies. ™Trademark of The Dow Chemical Company or an affiliated company of Dow.


Europe
Schulze & Partner, PGmbH
Mr. Rudolf M.H. Schulze
Aachener Strabe 79
B-4700 Eupen, Belgium
 
Phone: +32-87-56 90 20 
Fax: +32-87-56 90 17
Mobile: +49-1717778089
E-mail: schulze.partner@skynet.be
Web: www.schulzepartner.com 
 


China
CMC Cometals China
Wei Dong
Floor B-11, Renji Plaza
101 Jingshun Road
Beijing 100102
 
Phone: +86-10-59540166
Fax: +86-10-59540101
Mobile: +86-13801080752
E-mail: wd@cmc.com


Why Varnish Formation is at the Forefront  
of Gas Turbine Lubrication Issues
A sticking servo valve can cause a gas power generation 
turbine unit to “trip” or shut down in an instant, taking 
important power generation capacity off line. Each such  
forced outage can be an expensive event:


• Lost generating capacity deprives the operator of revenue.  
 While fuel is saved while the unit is down, the difference  
 between operating cost and anticipated revenue, or “spark  
 spread” becomes a net loss.  


• To meet customer demand while the unit is down, the   
 operator may be forced to purchase replacement power from  
 others, a significant  additional expense.  


• Forced outages can mean unplanned maintenance expense  
 for varnish removal.   


• An increase in the frequency of factored starts resulting from  
 trip events can decrease the intervals between costly   
 scheduled outages for routine maintenance, called for under  
 OEM guidelines.


Why has varnish formation become such a large issue in the 
operation of gas turbines? Three factors are often cited:  


First, today’s gas turbines are smaller, yet capable of producing 
more power than their predecessors. The smaller equipment 
works harder, placing greater stress on both the unit itself and 
the lubricating oil that protects it. If the turbine oil is not 
oxidatively or thermally stable enough, varnish can form on 
critical surfaces, leading to shutdowns, and the potential for 
equipment damage and costly repairs.


The trend toward use of turbines for peaking – versus base load 
– service places further demands on equipment and oil, 
increasing stress. Unlike base load units that run continuously, 
“peaker” turbines operate only during spikes in power demand 
and remain idle between service periods. Not only is start-and- 
stop peaker service more stressful on the turbine, but during 
downtime the turbine oil cools, which can permit oxidation 
byproducts to fall out of solution and form varnish that can 
directly impact starting reliability.  


Finally, the movement of mineral oil formulations from Group I 
fluids to higher purity Group II formulations has reduced the 
solvency of these turbine oils, which increases the potential for 
varnish formation during operation.


 ®The Dow Diamond is a Trademark of The Dow Chemical Company.








American Chemical Technologies, Inc. 
485 E. Van Riper Road, Fowlerville, MI 48836 


Office: 517-223-0300     Fax: 517-223-1703 
 
EMERGENCY:  INFOTRAC 1-800-535-5053 24 HOURS/DAY, 7 DAYS/WEEK 
 
This MSDS Complies With 29 CFR 1910.1200 (The Hazard Communication Standard) 
 


SECTION I – IDENTIFICATION 
 
Product Name: EcoSafe® TF-25   
Chemical Identification: Polyalkylene Glycol                
CAS #: Mixture 
 


SECTION II – INGREDIENTS AND HAZARD CLASSIFICATION  
 
Chemical Name:  Polyoxyalkylene Glycol  
CAS Number:     Trade Secret 
Hazardous Per 29 CFR 1910.1200:  No  
Exposure Standards:  None established 
 


SECTION III – PHYSICAL DATA 
 
Boiling Point (760 mmHg):   Not applicable 
Freezing Point:     Not established 
Vapor Density (air = 1):    No Data 
Specific Gravity:   .985   25°C 
Evaporation Rate:  No Data 
Vapor Pressure @ 20 ° C:  <0.01 mmHHg @ 20°C 
Solubility In Water:   <0.1% 
Odor:  Low odor 
Appearance:  Light amber liquid 
 


SECTION IV – FIRE AND EXPLOSION DATA 
 
Flash Point:   453º F, 234°C  Pensky Martin Closed Cup 
                        468°F, 242°C  Cleveland Open Cup        
Extinguishing Media:  Water fog or fine spray, carbon dioxide, dry chemical, foam.  Alcohol 
resistant foams (ATC type) are preferred if available.  General purpose synthetic foams 
(including AFFF) or protein foams may function, but much less effectively.  Do not use direct 
water stream.  Will spread fire. 
Hazardous Combustion Products:  During a fire, smoke may contain the original material in 
addition to unidentified toxic and/or irritating compounds.  Hazardous combustion products may 
include and are not limited to: carbon monoxide, carbon dioxide. 
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Firefighting Procedures:  Keep people away.  Isolate fire area and deny unnecessary entry.  
Burning liquids may be moved by flushing with water to protect personnel and minimize 
property damage.  Avoid accumulation of water.  Product may be carried across water surface 
spreading fire or contacting an ignition source.  Do not use direct water stream.  May spread fire. 
Protective Equipment for Fire Fighters:  Wear positive-pressure self contained breathing 
apparatus (SCBA) and protective fire fighting clothing (includes fire fighting helmet, coat, pants, 
boots, and gloves.) If protective equipment is not available or not used, fight fire from a 
protected location or safe distance. 
 


SECTION V – REACTIVITY DATA 
 
Hazardous Polymerization:  Will not occur. 
Stability:  Thermally stable at typical use temperatures. 
Incompatibility:  Avoid contact with strong oxidizing agents and strong acids. 
 


SECTION VI – HEALTH HAZARD INFORMATION 
 
Light amber liquid. Low odor. No significant immediate hazards for emergency response are 
known. 
 
Potential Health Effects:   


Inhalation:  At room temperature, vapors are minimal due to physical properties; a single 
exposure is not likely to be hazardous.  If material is heated or mist is produced, concentrations 
may be attained that are sufficient to cause irritation and other effects.   
Eyes:  Essentially nonirritating to eyes. 
Skin Contact:  Short single exposure may cause slight skin irritation.  Prolonged or repeated 
exposure may cause slight skin irritation.  Material may be handled at elevated temperatures; 
contact with heated material may cause thermal burns.  A single prolonged exposure is not likely 
to result in the material being absorbed through skin in harmful amounts. 
Swallowing:  Single dose oral toxicity is considered to be low.  Small amounts swallowed 


incidental to normal handling operations are not likely to cause injury; swallowing amounts 


larger than that may cause injury. 


Subchronic:  Observations in animals exposed to excessive amounts of similar polyglycols 


include slight kidney and liver effects. 


Skin:  The LD50 for skin absorption in rabbits for a similar material is greater than 2,000 mg/kg. 
 
Ingestion:  The oral LD50 for rats for similar materials is greater than 2,000 mg/kg. 
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Additional Studies:  Overexposure to vapor generated at high temperatures may result in eye 
and respiratory tract irritation, dizziness, nausea and the inhalation of harmful amounts of 
material. 
 
Environmental Fate: 
     Degradation and Persistence:  Based largely or completely on information for similar 
material.  Biodegradation under aerobic static laboratory conditions is moderate (BOD20 or 
BOD28 /ThOD between 10 and 40%).  Material considered biodegradable based on 83% DOC 
disappearance in the EPA Aerobic Aquatic Biodegradation test. 
     Ecotoxicity:  Based largely or completely on information for similar material.  Material is 
moderately toxic to aquatic organisms on an acute basis (LC50 between 1 and 10 mg/L in most 
sensitive species). 
 
First aid: 
Eyes:  Flush eyes with plenty of water. 
Skin:     Wash off in flowing water or shower. 
Ingested:  If swallowed, seek medical attention.  Do not induce vomiting unless directed to do so 
by medical personnel. 
Inhaled:  Remove to fresh air if effects occur.  Consult a physician. 
 
Note to physician:  If burn is present, treat as any thermal burn, after decontamination.  No 
specific antidote.  Supportive care.  Treatment based on judgment of the physician in response to 
reactions of the patient. 
 


SECTION VII- PRECAUTIONS FOR SAFE HANDLING AND USE 
 
Handling:  Product on surfaces can cause slippery conditions.  Product shipped/handled hot can 
cause thermal burns.  Product handled hot may require additional ventilation or local exhaust. 
Storage:  Keep containers tightly closed when not in use.  Store in steel , stainless steel, 
polypropylene, polyethylene lined containers, Teflon, glass lined container, aluminum, Plasite 
3066 lined containers, Plasite 3070 lined containers, or 316 stainless steel. 
Respiratory protection:  For most conditions, no respiratory protection should be needed; 
however, if material is heated or sprayed, use an approved air-purifying respirator. 
Engineering Controls:  Good general ventilation should be sufficient for most conditions.  
Local exhaust ventilation may be necessary for some operations. 
Skin Protection:  use gloves impervious to this material.  Use gloves with insulation for thermal 
protection, when needed. 
Eye/Face Protection:  Use safety glasses. 
                                                            


SECTION VIII – CONTROL MEASURES 
 
Protect People:  Isolate area.  May be a slipping hazard. 
Protect the Environment:  Contain liquid to prevent contamination of soil, surface water, or 
ground water. 
Cleanup:  Contain spill if possible. 
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Disposal:  DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY 
BODY OF WATER.  All disposal methods must be in compliance with all Federal, 
State/Provincial, and local laws and regulations.  Regulations may vary in different locations.  
Waste characterizations and compliance with applicable laws are the responsibility solely of the 
waste generator. 
 


SECTION IX – TRANSPORTATION INFORMATION  
 
Dot Hazard Classification:  Not Regulated  
U.S. DOT Bulk (Ambient)       Not regulated. 
U.S. DOT Non-Bulk                 Not regulated. 
 


SECTION X – REGULATORY INFORMATION  
 
Sara Section 313:   To the best of our knowledge, this product contains no chemical subject 


to SARA Title III Section 313 supplier notification requirements. 


 


SARA Hazard Category:  This product has been reviewed according to the EPA “Hazard 
Categories” promulgated under Sections 311 and 312 of the Superfund Amendment and 
Reauthorization Act of 1986 and is considered, under applicable definitions, to meet the 
following categories:  Not to have met any hazard category. 
 
Toxic Substances Control Act (TSCA):  All ingredients are on the TSCA inventory or are not 
required to be listed on the TSCA inventory. 
 
State Right-to-Know:  This product is not known to contain any substances subject to the 
disclosure requirements of New Jersey or Pennsylvania. 
 
OSHA Hazard Communication Standard:  This product is not a “Hazardous Chemical” as 
defined by the OSHA Hazard Communication Standard, 29 CFR 1910.1200. 
 
Canadian Regulations:   
      WHMIS Information:  The Canadian Workplace Hazardous Materials Information System 
Classification for this product is:  This product is not a “Controlled Product” under WHMIS. 
 


SECTION XI – SPECIAL PRECAUTIONS  
 
Prepared By:       Mark D. Latunski 
Date Revised:      08/01/2008 
Supersedes: 10/4/2007 
Date Prepared:  11/20/1998 
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The information provided herein is believed to be accurate to the best of the company’s 
knowledge as of the date of its issue.  We do not warrant or guarantee the information provided 
and will not be held liable for any loss or damage from its use. 
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Polyalkylene Glycol
Synthetic Turbine Fluid Technology


An introduction to product, chemistry and performance


Technical information for turbine fluids marketed by The Dow Chemical Company and American Chemical Technologies, Inc.







Polyalkylene Glycol-based     
Synthetic Turbine Fluid Technology


 Fluid Fluid By-Product Molecular Weight
 Chemistry Polarity Polarity Range  Explanation of Oxidation Composition
 
 PAG-based  Polar Polar Low
 Synthetic  (i.e. Organic
   Turbine Fluid  Acids)


 Petroleum-  Non-Polar Polar High
 based   (i.e. Peroxides and
 Turbine Oil   Carbonyl species)


Low molecular weight by-products are soluble in 
the PAG base fluid. This is due to the polar nature 
of both, as like dissolves in like. Since these are 
low molecular weight and soluble there is no 
agglomeration during hot and cold cycles.  
Therefore, PAG-based Synthetic Turbine Fluid is 
non-varnish forming.


High molecular weight by-products of oxidation 
are attracted to each other. These agglomerate 
to produce larger molecules as they undergo hot 
and cold cycles. As these high molecular weight 
molecules increase in size, they separate and 
form insoluble varnish.


Molecular chains attach to one another as 
oxidation continues to take place, therefore 
varnish creation persists.


Polyalkylene Glycols (PAGs) are homopolymers of 
ethylene oxide or propylene oxide, or co-polymers 
of ethylene oxide or propylene oxide. Because of 
this unique structure, PAG-based Synthetic Turbine 
Fluid provides a non-varnish forming characteristic.  
 


Petroleum-based turbine oils contain sulfur and 
aromatics which are oxidized to produce polar 
products, which polymerize, increase viscosity,  
and create varnish.


Avoid Costly Shutdowns and Maintenance with 
PAG-based Synthetic Turbine Fluid from Dow
Varnish build-up in heavy-duty gas turbines is a leading cause of costly 
unplanned shutdowns and resulting lost power generation capacity.  
The culprit is conventional petroleum-based turbine oil, which breaks 
down to form varnish and sludge that cause servo valves to stick.


Use of filtration to remove solid degradation byproducts addresses a 
symptom but not the root cause of varnish formation: the petroleum-
based turbine oils themselves. For the best protection against  
varnish-related shutdowns, switch from petroleum-based turbine oil  
to non-varnishing PAG-based Synthetic Turbine Fluid.


PAG-based Synthetic Turbine Fluid from Dow helps prevent shutdowns 
and the high cost of lost electrical power generation capacity. It also 
cuts the expense of varnish prevention maintenance measures.  


Proven in more than ten years of turbo compressor service, PAG-based 
Synthetic Turbine Fluid – a combination of polyalkylene glycol (PAG) 
base fluid with a proprietary additive package – improves the all around 
performance of your lubrication system, increases turbine reliability 
and operational efficiency, and provides year-round protection against 
seasonal changes.  


After ten years of service, original installations show more than 50 
percent remaining useful life with no deposit formation and without  
the need for additional filtration. In more than 20 months of service  
in gas turbines, PAG-based Synthetic Turbine Fluid has performed  
very well – further demonstrating that PAG-based Synthetic Turbine 
Fluid can be expected to last significantly longer than petroleum-based 
turbine oils.  


In the following pages, we’ll demonstrate why PAG-based Synthetic 
Turbine Fluid offers better tribological characteristics and performance 
than petroleum-based turbine oil.


Performance Advantages of PAG-based  
Synthetic Turbine Fluid
•  Non-Sludge or Varnish Forming – varnish build-up in gas   
 turbines can cause servo valves to stick and turbine units to shut   
 down, resulting in unplanned maintenance costs.
• Less Potential for Microdieseling – PAG-based Synthetic   
 Turbine Fluid reduces the potential for entrained air bubbles that   
 can cause problems with microdieseling. 
•  Reduced Static Discharge – PAG-based Synthetic Turbine  
 Fluid provides better heat transfer and lower coefficient of friction   
 than petroleum-based turbine oil, reducing the potential for  
 static discharge.
• Hydrolytic Stability – PAG-based Synthetic Turbine Fluid will not  
 break down and react with water, minimizing fluid degradation and  
 acid formation that can damage equipment.
• High Temperature Stability – The fully saturated PAG molecule   
 is very stable at high temperatures and resistant to thermal  
 degradation at temperatures up to 120°C (250°F), resulting in  
 longer oil life and increased reliability.
• Reduced Friction – The inherent lower coefficient of friction and   
 higher viscosity index of PAG-based Synthetic Turbine Fluid allows   
 the use of a lower viscosity grade, reducing friction, increasing   
 overall system efficiency and reducing thermal demand on bearings.
• All-Weather Service – With a higher viscosity index than 
 petroleum-based turbine oils, PAG-based Synthetic Turbine Fluid   
 retains excellent viscosity characteristics over a wider temperature  
 range than petroleum-based oils.
• Material/Gas Seal Compatibility – PAG-based Synthetic Turbine  
 Fluid is compatible with commonly used seals, hoses and metals.
• Detergency – PAG-based Synthetic Turbine Fluid is a natural  
 detergent, so systems remain clean, and free of staining or  
 sticky residue.
• Biodegradable/Low Toxicity – PAG-based Synthetic Turbine   
 Fluid is classified as “inherently biodegradable” and environmental  
 impact is low if the product is spilled. PAG-based Synthetic Turbine  
 Fluid also satisfies stringent criteria for toxicity.







Non-Polar Fluid


Polar Fluid
Low MW
Polar By-Products Homogeneous Solution


High MW Polar 
By-Products


Agglomeration of Soft
Contaminants


Conditions that Stimulate
Varnish Formation


Temperature,
System, Cycles,
& Time


Additional Degradation 
May Occur, but By-Products 
Remain in Solution


High MW Molecules Grow, 
Forming Insoluble Varnish 
that Adheres to Surfaces


 PAG-based  Typical ISO 32 
Typical Physical Properties*  Synthetic Turbine Fluid  Petroleum-based Turbine Oil


Viscosity Grade 25 32


Kinematic Viscosity @ 40°C cSt (104°F cP) (ASTM D445) 26.23 (25.84) 32.44 (27.90)


Kinematic Viscosity @ 100°C cSt (212°F cP) (ASTM D445) 5.19 (5.11) 5.56 (4.78)


Viscosity Index (ASTM D2270) 132 109


Specific Gravity (relative density) (ASTM D941) 0.985 .86


Pour Point, °C (°F) (ASTM D97) -48 (-55) -30 (-22)


Flash Point, °C (°F), Closed Cup (ASTM D92) 242 (468)  215 (420)


Specific Heat  @ 40°C (104°F), joules / g°K (ASTM E1269) 2.017 2.064


Thermal Conductivity @ 40°C (104°F), watts / m°K (PLTL-73) 0.145 0.1


*Typical properties, not to be construed as specifications.


Comparison of Oxidation Processes  (Petroleum-based Turbine Oil vs. PAG-based Synthetic Turbine Fluid)


Petroleum-based Turbine Oils have aromatic, 
paraffinic, naphthenic and sulfur/nitrogen 
heterocylic structures which easily oxidize to 
form high molecular weight by-products


The copolymers of EO & PO provide a unique 
structure to PAG that only produces low 
molecular weight by-products of oxidation


Chemical Composition  (Petroleum-based Turbine Oil vs. PAG-based Synthetic Turbine Fluid)


PAG-based Synthetic 
Turbine Fluid


Petroleum-based 
Turbine Oil


Petroleum-based 
Turbine Oil


PAG-based Synthetic 
Turbine Fluid


(Source: A.J. Caines and R.F. Haycock, Automotive Lubricants Reference Book. 1996)







In the United States and Canada, this PAG-based Turbine Fluid is available from...


American Chemical Technologies, Inc.


1-800-938-0101  •  www.americanchemtech.com


Laboratory evaluations of PAG-based Synthetic Turbine Fluid 
provide further indications of its excellent lubricating qualities.


Friction
Traction performance testing on a PCS Instruments Mini Traction 
Machine showed that PAG-based Synthetic Turbine Fluid demon-
strates lower traction coefficients than a petroleum-based turbine 
oil under specified test conditions (as shown in the figure to the 
right). This low coefficient of friction can allow operating energy 
savings, and has been confirmed by a decrease in temperature 
measurements of operating turbine bearings.


Excellent Wear Performance
The wear preventative properties of PAG-based Synthetic Turbine 
Fluid in sliding contact were determined on neat and water-
containing fluid per the ASTM D4172 standard test. PAG-based 
Synthetic Turbine Fluid shows excellent anti-wear performance, 
even with as much as 2% water in the fluid, as well as after 
over 1,411 hours of operation in a turbine. Note that PAG-based 
Synthetic Turbine Fluid passes the ASTM D665 rust prevention 
test, which is run with 10% water (100,000 ppm water).


Air Release  
Using the ASTM D3427 standard test, PAG-based Synthetic  
Turbine Fluid shows excellent air release for both neat fluid and 
fluid contaminated with water. These air release times are lower 
than those typical of petroleum- and hydrocarbon-based turbine 
fluids. Prolonged air release times can lead to pump cavitation,  
microdieseling, premature oxidation and component wear.


Tribological Characteristics of PAG-based Turbine Fluid


Traction Curve of Turbine Fluids
Conditions: 70°C, 0.8 GPa Load at 1000 mm/sec


Four-Ball Wear Testing on PAG-based Synthetic Turbine Fluid, 
ASTM D 4172 Test Condition: 40 Kg, 1200 rpm, 1 hour, 75°C


Fluid Scar Diameter, mm


PAG-based Fluid neat 0.65


PAG-based Fluid + 7500 ppm water 0.67


PAG-based Fluid + 20,000 ppm water 0.66


PAG-based Fluid + 2900 ppm water after 1411  
operating hours in GE 7FA Turbine 0.66


Air Release Characteristics of PAG-based Synthetic Turbine Fluid,
ASTM D3427 Test Method
  Minutes to 0.2%  
Fluid Temperature, °C Entrained Air  Volume


PAG-based Fluid neat 50 0.4


PAG-based Fluid + 2000 ppm water 50 0.7


PAG-based Fluid + 4000 ppm water 50 1.0
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PAG-based Synthetic Turbine Fluid


Petroleum-based Turbine Oil


PAG-based Synthetic Turbine Fluid with 7,500 ppm water


PAG-based Synthetic Turbine Fluid with 20,000 ppm water


To Learn More…  


U.S., Canada, Mexico  Phone: 1-800-447-4369  Fax: 989-832-1465
Latin America: Phone: +55 11-5188-9222  Fax: +55-11-5188-9749


Europe: Phone Toll Free: +800-3-694-6367*  Phone: (+32) 3-450-2240  Fax: +32 3-450-2815
Asia-Pacific Phone Toll Free: +800 7776-7776*  Phone: (+60) 3-7958-3392  Fax: +60 3 7958 5598


*Toll free service not available in all countries.


NOTICE: No freedom from any patent owned by Dow or others is to be inferred. Because use conditions and applicable laws may differ from one location to another and may change with time, Customer is responsible 
for determining whether products and the information in this document are appropriate for Customer’s use and for ensuring that Customer’s workplace and disposal practices are in compliance with applicable laws 
and other government enactments. The product shown in this literature may not be available for sale and/or available in all geographies where Dow is represented. The claims made may not have been approved for 
use in all countries. Dow assumes no obligation or liability for the information in this document. References to “Dow” or the “Company” mean The Dow Chemical Company and its consolidated subsidiaries unless 
otherwise expressly noted. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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