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Abstract
Many industrial processes (i.e., concentrated solar power [CSP] plants) require indirect heating of the product 

to temperature above ambient temperature. A heat transfer fluid (HTF), such as a GlobalthermTM Omnitech (Global 
Heat Transfer; Staffordshire, UK), is used in such plants and flows from the heater to source requiring the heat. Not 
all HTFs are the same, however, and so understanding the difference between fluids is important to ensure that end-
users use the correct fluid for the correct operation. This is especially true in CSP plants where HTFs operate at high 
temperatures for long periods of time and therefore need to be stable under such conditions. Indeed, biphenyl diphenyl 
oxide (BDO) mixtures are commonly used in CSP plants as they can be heated to 400 degrees Celsius, which is 
higher than the upper operating temperature for a mineral-based HTF (i.e., ~400 degrees Celsius). It is a fact that all 
HTFs will thermally degrade over time and so it is important to monitor this to ensure that an early intervention can be 
taken if a problem starts to appear. The objective of HTF monitoring being to keep the HTF and plant operational for 
as long as is possible. Routine sampling and chemical analysis is used to assess the physiochemical properties of 
a HTF. For this to be done effectively, it is important to understand the properties of a virgin HTF and then to assess 
the rate of thermal degradation over time. Carbon residue, total acid number and closed flash point temperature are 
routinely measured in the laboratory and the current study proposes their use to assess the extent of thermal cracking 
and oxidation, two common pathways through which a HTF thermally degrades. The findings of this assessment 
are presented herein. Future work should consider using a similar approach to assess the condition of other HTFs 
commonly used in industrial applications. 

Keywords: Heat transfer fluid; Thermal heat transfer fluid; Thermal
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Introduction
The electricity produced by concentrated solar power (CSP) plants 

is growing with ~430 MW produced in 2008 [1] and an estimated 20 to 
630 GW to be produced by 2020 [2] and 2050 [3,4] respectively. CSP 
plants use a heat transfer fluid (HTF) to collect heat from the sun. The 
main types of HTF being: 1) air/other gases; 2) water/steam; 3) mineral 
based HTFs (e.g., Globaltherm M); 4) synthetic based HTFs; 5) molten 
salts (e.g., Globaltherm Omnistore); and, 6) liquid metals [3]. Synthetic 
HTFs that contain a eutectic mixture of biphenyl and diphenyl oxide 
(BDO), such as Dowtherm A, Therminol VP-1 and Globaltherm 
Omnitech [4], are commonly used as a heat carrier in CSP plants [5]. 

The sheer size of CSP plants, for example the first CSP plant built in 
India used a solar field consisting of three loops with parabolic troughs 
and measured 1,500 meters in length and covered 8,000 m2 [6] means 
that the HTF is an expensive asset [3]. Commercial operations therefore 
need to work to minimize the cost of the HTF as well as maximize the 
performance of the CSP plant [3]. 

It is a fact that HTFs will age with usage and is influenced by a 
number of factors including elevations in temperature above the HTFs 
bulk operating temperature, oxidative stress and HTF contamination 
[7]. Being able to slow the process of degradation is critical to 
maintaining an effective and efficient operation. Laboratory chemical 
analysis is routinely used in the condition monitoring of HTFs. Indeed, 
a HTF that undergoes thermal degradation will form heavy (i.e., 
carbon formations) and light-chain (flash point components that can 
be assessed from open and closed flash point temperatures). Organic 
HTFs operating at high temperatures are susceptible to air oxidation 
and it is possible to assess the extent of HTF oxidation by looking at its 
neutralization number (i.e., total acid number [TAN]) (Table 1). Other 

tests can also be used to assess foreign contaminants and kinematic 
viscosity [5]. 

Aluyor and Ori-jesu [8] describes “thermal stability” as the 
resistance posed by a fluid to either molecular breakdown or the 
rearrangement of molecules at elevated temperatures in the absence 
of oxygen (i.e., thermal degradation). Synthetic HTFs, such as eutectic 
mixtures of BDO, are generally considered to exhibit better thermal 
stability than mineral-based HTFs [9]. They are also considered to be 
more resistant to fouling (for example, please see reference [10]. 

Objectives for This Article
This article aims to compare mineral-based and synthetic (i.e., 

Chemical test What is assessed?

Carbon residue Heavy-chain hydrocarbons

Closed flash point temperature Light-chain hydrocarbons

Open flash point temperature Light-chain hydrocarbons

TAN The extent of HTF oxidation

Table 1: What the chemical testing says about the condition of a HTF. 
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BDO-based) HTFs to ascertain the following: 

a) Their physicochemical properties.

b) To understand how these HTFs should be maintained and if 
there are any differences.

c) To compare the thermal stability (from plots of carbon 
residue versus open and closed flash point    temperatures) and anti-
oxidative capacity (from plots of carbon residue versus TAN) of these 
HTFs. 

Materials and Experiments
Materials and methods

The sampling of HTFs: A 500 ml of the HTF was sampled from 
the plant whilst the HTF was in circulation. These samples were then 
taken to the laboratory for subsequent chemical analysis [7]. This was 
performed using a closed sampling device to prevent the HTF coming 
into contact with air and thus ensuring a representative sample of the 
HTF was collected. This technique has been presented previously [11]. 
All laboratory analysis was conducted according to ISO14001 [12] and 
ISO17025 [13]. 

HTFs sampled and chemically analyzed: Mineral-based (i.e., 
Globaltherm M) and BDO-based HTFs (i.e., Dowtherm A) were 
included in this analysis.

Contrast and comparison

Physicochemical properties: The physicochemical properties of 
virgin mineral and BDO-based HTFs were compared by extracting key 
data from safety data sheets for Globaltherm M (mineral-based) and 
Globaltherm Omnitech HTFs (BDO-based) [14]. 

Comparing the maintenance and management programs 
required for mineral and BDO-based HTFs: The maintenance 
guidelines for mineral and BDO-based HTFs were compared based on 
guidance for usage, routine sampling, chemical analysis and handling. 
The objective was to determine if these HTFs should be treated any 
differently in the real-world setting.

Assessments of thermal stability and anti-oxidative capacity: 
Retrospective test reports were analyzed to assess the thermal stability 
and anti-oxidative capacity of mineral and BDO-based HTFs. Thermal 
stability was determined from x-y plots of carbon residue against 
closed flash point temperature. Likewise, anti-oxidative capacity was 
determined from x-y plots of carbon residue against TAN. 

Comparisons were made by constructing x-y plots and grouped 
according to carbon residue values: Closed flash point temperatures 
and TAN were grouped according to carbon residue, which was 

organized based on 5 groups: 

a) Group 1, <0.05% carbon residue and typical of a virgin HTF.

b) Group 2, ≥0.05 and <0.5% and considered a satisfactory rating.

c) Group 3, ≥0.5 and <0.75% and considered a cautionary rating.

d) Group 4, ≥0.75 and <1.0% and action to correct the issue 
should be considered.

e) Group 5, ≥1.0% and this is considered to be severe and an 
immediate intervention is required [11]. 

Results and Discussion
Physicochemical properties

Some typical physicochemical properties for mineral and BDO-
based HTFs are compared in Table 2. 

It is claimed that eutectic mixtures of BDO have been used in 
industrial HTF systems for over 60 years [15]. Eutectic mixtures of BDO 
are commercially available [16,17] and traded under many different 
brand names. One example is Globaltherm Omnitech [14] which 
contains a uniform eutectic mixture of biphenyl (C12H10) and diphenyl 
oxide (C12H10O) [5,16] with a melting point of roughly 12 degrees 
Celsius and an upper operating temperature around 400 degrees Celsius 
[5,18]. This means the operating range is above 12 degrees Celsius 
as below this temperature the HTF solidifies. This is in contrast to a 
mineral-based HTF which has a lower operating temperature of -10°C, 
which means it has the advantage of being able to be used without 
steam tracing in most cases and less prone to solidifying during storage 
or cold operating climates. Although, solidification will not present an 
issue in plants are protected from the weather.

The upper operating temperature of the BDO-based HTF is 400°C 
and is a reflection of the fluid’s superior thermal stability as compared 
with a mineral-based HTF (i.e., +120°C higher than a mineral-based 
HTF (Figure 1 and Table 2). 

BDO-based HTFs can also be used effectively as a liquid HTF 
(below boiling point), a vapor phase (above its boiling point) or as a 
mixture of liquid plus vapor, which is defined by the overall design 
of the plant [14]. This is compared with a mineral-based HTF which 
operates in the liquid phased. 

BDO-based HTFs also have lower flash point temperatures and 
higher bulk and auto-ignition temperatures (Figure 1 and Table 2). 
Indeed, the BDO-based HTF provides a safety margin of 221°C above 
its upper operating temperature [19] as compared with the 40°C 
normally provided by a mineral-based HTF [20]. 

Parameter Unit Mineral-based HTF BDO-based HTF
Other HTF examples Descriptive BP Transcal N, Globaltherm M, Shell Thermia B Dowtherm A, Globaltherm Omnitech, Therminol VP-1
Operating range 0C -10 to 320 15 to 400
Appearance Descriptive Viscous clear-yellow liquid with a mild odor Clear-to-light yellow liquid with a geranium-like odor
Density at 250C kg/m3 873 1056
Kinematic viscosity (at 40, 1000C) mm2/s 29.8, 4.5 2.5, 0.97
Auto-ignition 0C >320 621
Maximum film 0C 330 425
Boiling point at 1013 mbar 0C 365 257
Open flash point 0C 230 123
Closed flash point 0C 210 113

Table 2: A comparison of the typical physicochemical properties of a mineral and BDO-based HTF.
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Both mineral and BDO-based HTFs are combustible materials, but 
the both have relatively high open flash points 230 and 123°C (mineral 
and BDO-based HTF, respectively) [19]. The flash points for BDO-
based HTFs are lower compared with mineral based HTFs, but it is also 
important to factor the greater thermal stability of BDO-based HTFs. 

Table 2 compares the kinematic viscosity for mineral and BDO-
based HTFs. For BDO-based HTFs, the kinematic viscosity is lower 
than mineral-based HTFs and only changes slightly between the lower 
and upper operating temperatures. For comparative purposes this 
is seen in Table 2 where the factor of change in kinematic viscosity 
between 40 and 1000C is 2.6 (0.97 divided by 2.5 mm2/s) and 6.6 (4.5 
divided by 29.8 mm2/s) for BDO and mineral-based HTFs, respectively. 
A benefit of the lower viscosity for BDO-based HTFs is that problems 
on start-up are minimized as the fluid has a lower viscosity than a 
mineral-based HTF [19]. 

The carbon residue, water and neutralization number (indicating the 
TAN for a HTF) are ideally as close to zero as possible. Contamination 
of a HTF, and potentially subsequent HTF system corrosion and HTF 
degradation, can be caused by the introduction of foreign particles 
(e.g., water) or chemicals during system flushing and cleaning [19] as 
a result of process leaks [19] or during the building of new HTF plants 
(e.g., welding slag and environmental contaminations) [21,22]. Hence, 
even at the early stages in the construction of a plant it is important to 
sample and chemically analyze the HTF to mitigate the exposure to and 
manage the removal of any identified contaminants [21,22]. 

Maintenance and management programs for mineral and 
BDO-based HTFs 

The thermal stability of a HTF depends not just on the chemical 
structure, but also on sound engineering practices [19] and sound 
maintenance programs to monitor and manage the rate of thermal 
degradation and degree of oxidation [11]. 

The advice from manufacturers (from example see [19] when 
sampling and analyzing HTFs is summarized below:

a) A 500 ml is required to chemically analyze the condition of the 
HTF.

b) Closed sampling devices should be used to get a representative 
sample of the HTF.

c) Before sampling, the sampling device should be thoroughly 
washed. 

d) A HTF should be taken from the main circulating line of the 
HTF system, but samples may be required from other parts of 
the system if a specific issue is being investigated. 

e) Analysis of a HTF provides insights, as discussed above, into 
the condition of the fluid and is used to identify problems (e.g., 
contamination) as well as to monitor the state of the HTF and 
to help define suitable interventions if a correct to the HTF 
condition is required. 

f) Following sampling of a HTF, is should be allowed to cool 
(to below 40 degrees Celsius) before handling and chemical 
analysis. This will also work to keep light-ends in solution and 
stop them escaping from the sample.

g) HTFs should be sampled routinely and research has shown 
that the condition of mineral-based HTFs improves if sampled 
every 3 months [7]. 

h) The chemical analysis conducted on the HTF sample should be 
defined in consultation with the manufacturer of the fluid.

Assessments of thermal stability and anti-oxidative capacity

Figure 2 plots carbon residue against TAN and closed flash point 
temperature to provide visual assessments of the thermal stability 
(bottom panel) and anti-oxidative capacity (top panel) for a mineral 
and BDO-based HTF. From Figure 2 it is clear that for a mineral-
based HTF, carbon residue increases at twice the rate of TAN. Thus 
demonstrating the need to assess carbon residue closely for mineral-
based HTFs as this appears to be an early and sensitive marker for 
assessing the condition of the HTF. Moreover, once a mineral-based 
HTF gets to a carbon residue value of ≥1% weight, the HTF will need 
to be replaced. This can be achieved by monitoring the fluid and this 

 
Figure 1: Comparison of flash point, bulk operating and auto-ignition 
temperatures for mineral and biphenyl and diphenyl oxide (BDO)-based 
heat transfer fluids (HTFs). 

 
Figure 2: Plots of carbon residue against total acid number (TAN; top 
panel) and closed flash point temperature (bottom panel) for Globaltherm 
M and a biphenyl diphenyl oxide (BDO) based HTF.
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is an important part of HTF system planned preventative maintenance 
[23] and offers the opportunity to be able to detect problems and take 
appropriate action when needed. In the current case this would be 
maintaining carbon residue as close to the values for a virgin HTF (see 
typical values presented in Table 1) as possible. 

Although, the current data shows that both carbon and TAN were 
increasing and this raises the question as to whether these changes 
were primarily driven by oxidation or by thermal cracking. This can 
be assessed by looking at plots of carbon against closed flash point 
temperature. Indeed, the bottom panel of Figure 2 shows the thermal 
stability of the HTF was relatively constant with closed flash point 
temperature constant at each level of carbon. This data suggests that 
the degradation of HTF was driven largely by oxidation rather than 
cracking of the HTF [24]. This is supported by the fact that carbon 
increases linearly with TAN (i.e., oxidative state) but is stable against 
closed flash point temperature. This is further supported by Table 3 
where kinematic viscosity increases as opposed to decreases. The 
increase denoting the formation of carbon in solution, as would be 
occurring through oxidation of the HTF [24].

The comparison of mineral and BDO-based HTFs over the full 
range of carbon residue values was not possible because of the limited 
number of samples for the BDO-based HTF. From Figure 2, however, 
thermal stability and oxidative state are relatively stable over the range 
of carbon values investigated. The data for BDO-based HTFs highlights 
the need for further work to allow the comparison of different HTFs 
Table 3.

Conclusions
The current study highlights three important aspects for every 

HTF: 

i. The importance of referring to the safety datasheet to understand 
the thermochemical physicochemical properties and performance of 
a virgin HTF. This is an important reference source to understand a 
fluid or to compare fluids, such as was done herein to understand the 
differences between mineral and BDO-based HTFs. 

ii. All HTFs need to be maintained as part of the overall maintenance 
of a plant. All HTFs need to be managed as their condition is directly 
related to the condition of the overall plant. Indeed, Wagner [5] states 
that “Relevant regular maintenance services of the system components 
are necessary and to be carried out by experienced personnel to ensure 
trouble-free operation of the plant over a longer period.” This needs to 
be done by experienced engineers, such as Global Heat Transfer (www.
globalheattransfer.co.uk) using suitable equipment so that a representative 
sample can be obtained safely whilst the plant is still in operation [22]. 

iii. Chemical analysis can be used to assess the condition of the 
HTF and to make early decisions regarding the maintenance of the 
HTF and the plant. The results of tests for carbon residue, TAN and 
closed flash point temperature can be used to assess both the extent 
of thermal cracking (x-y plots of carbon residue versus closed flash 
temperature) and oxidation (plots of carbon residue versus TAN). The 
data presented in this paper suggested that the degradation of HTF was 
driven largely by oxidation as opposed to thermal cracking [24] and 
these insights were achieved the 11-point test offered by Global Heat 
Transfer. 

Acknowledgement

I would like to acknowledge the engineering support provided by Global Heat 
Transfer and the writing support provided by Red Pharm communications, which is 
part of the Red Pharm company (please see @RedPharmCo on Twitter).

References

1. Reports n Reports.com, Global Heat Transfer Fluid Market Applications and 
Geography-Forecasts To 2017 market research report. 

2. Australian Solar Institute (2015) Realising the potential of concentrating solar 
power in Australia. Report prepared by IT Power (Australia) PTY LTD in 2011. 

3. Küser D (2015) Solar Report. Concentrating Solar Power (CSP) Outlook on 
large potentials and the MENA region.

4. Oetinger J (2011) Troubleshooting heat-transfer fluid systems. Anatomy of a 
Heat Transfer Fluid Analysis. Chemical Engineering.

5. Wagner WO (1997) Heat transfer technique with organic media. In Heat 
transfer media 2 edn. Graefelfing Germany Maria-Eich-Straβe 4-58.

6. Biencinto M, González L, Zarza E, Díez LE, Muñoz-Antón J (2014) Performance 
model and annual yield comparison of parabolic-trough solar thermal power 
plants with either nitrogen or synthetic oil as heat transfer fluid Energy 
Conversion and Management 87: 238-249.

7. Wright CI, Picot E, Bembridge T (2015) The relationship between the condition 
of a mineral-based heat transfer fluid and the frequency that it is sampled and 
chemically analyzed. Applied Thermal Engineering 75: 918-922.

8. Aluyor EO, Ori-jesu M (2009) Biodegradation of mineral oils-A review. African 
Journal of Biotechnology 8 : 915-920. 

9. Stachowiak GW, Batchelor AW (2005) Engineering Tribology. Butterworth-
Heinemann USA.

10. (2015) Therminol SP heat transfer fluid.

11. Wright CI (2014) Thermal heat transfer fluid problems following a system flush 
with caustic and water. Case Studies in Thermal Engineering 2: 91-94.

12. (2014) Environmental management. ISO 14001:200

13. (2014) General requirements for the competence of testing and calibration 
laboratories. ISO/IEC 17025: 2005

14. (2015) Globaltherm high temperature thermal fluid range. Global heat transfer

Carbon residue, % weight
Parameter <0.05 ≥0.05 to 

<0.5
≥0.5 to
<0.75

≥0.75 to
<1.0

≥1.0

Number of samples chemically analyzed 82 793 46 30 30
Water content, ppm 90.43 84.49 83.60 63.00 182.89
Kinematic viscosity, mm2/s 30.3 30.2 30.9 33.8 36.2
Elements, e.g., silicon (ppm less than 5 µm) 11.8 14.3 18.3 11.5 16.0
TAN 0.1 0.2 0.3 0.5 0.5
Ferrous debris, insolubles 7.0 15.6 20.9 17.8 29.1
Open flash point temperature, 0C 212.0 203.1 197.3 202.8 204.2
Closed flash point temperature, 0C 165.5 155.6 150.4 164.6 160.5
Fire point temperature, 0C 244.1 243.9 236.6 240.0 240.2

Table 3: The physicochemical properties of the mineral-based HTF for each carbon level.

http://www.slideshare.net/gloriarascoe/heat-transfer-fluids-market-40413607http:/www.marketsandmarkets.com/
http://www.slideshare.net/gloriarascoe/heat-transfer-fluids-market-40413607http:/www.marketsandmarkets.com/
http://www.itpau.com.au/realising-the-potential-of-concentrating-solar-power/
http://www.itpau.com.au/realising-the-potential-of-concentrating-solar-power/
http://www.solarserver.com/solar-magazine/solar-report/solar-report/concentrating-solar-power-csp.html
http://www.solarserver.com/solar-magazine/solar-report/solar-report/concentrating-solar-power-csp.html
http://www.paratherm.com/wp-content/uploads/2013/01/Troubleshooting-Heat-Transfer-Fluid-Systems.pdf
http://www.paratherm.com/wp-content/uploads/2013/01/Troubleshooting-Heat-Transfer-Fluid-Systems.pdf
https://books.google.co.in/books/about/Heat_Transfer_Technique_with_Organic_Med.html?id=cMS2TVPcLqcC&redir_esc=y
https://books.google.co.in/books/about/Heat_Transfer_Technique_with_Organic_Med.html?id=cMS2TVPcLqcC&redir_esc=y
https://www.researchgate.net/publication/264460238_Performance_model_and_annual_yield_comparison_of_parabolic-trough_solar_thermal_power_plants_with_either_nitrogen_or_synthetic_oil_as_heat_transfer_fluid
https://www.researchgate.net/publication/264460238_Performance_model_and_annual_yield_comparison_of_parabolic-trough_solar_thermal_power_plants_with_either_nitrogen_or_synthetic_oil_as_heat_transfer_fluid
https://www.researchgate.net/publication/264460238_Performance_model_and_annual_yield_comparison_of_parabolic-trough_solar_thermal_power_plants_with_either_nitrogen_or_synthetic_oil_as_heat_transfer_fluid
https://www.researchgate.net/publication/264460238_Performance_model_and_annual_yield_comparison_of_parabolic-trough_solar_thermal_power_plants_with_either_nitrogen_or_synthetic_oil_as_heat_transfer_fluid
https://www.researchgate.net/publication/267027797_The_relationship_between_the_condition_of_a_mineral-based_heat_transfer_fluid_and_the_frequency_that_it_is_sampled_and_chemically_analysed
https://www.researchgate.net/publication/267027797_The_relationship_between_the_condition_of_a_mineral-based_heat_transfer_fluid_and_the_frequency_that_it_is_sampled_and_chemically_analysed
https://www.researchgate.net/publication/267027797_The_relationship_between_the_condition_of_a_mineral-based_heat_transfer_fluid_and_the_frequency_that_it_is_sampled_and_chemically_analysed
http://www.ajol.info/index.php/ajb/article/viewFile/59986/48255
http://www.ajol.info/index.php/ajb/article/viewFile/59986/48255
https://www.elsevier.com/books/engineering-tribology/stachowiak/978-0-7506-7836-0
https://www.elsevier.com/books/engineering-tribology/stachowiak/978-0-7506-7836-0
https://www.therminol.com/products/Therminol-SPhttps:/www.therminol.com/products/Therminol-SP
http://www.sciencedirect.com/science/article/pii/S2214157X14000045
http://www.sciencedirect.com/science/article/pii/S2214157X14000045
http://www.iso.org/iso/catalogue_detail?csnumber=31807
http://www.iso.org/iso/catalogue_detail.htm?csnumber=39883
http://www.iso.org/iso/catalogue_detail.htm?csnumber=39883
http://www.globalheattransfer.co.uk/heat-transfer-fluids?gclid=CJ_94pPr0MoCFcQWaAods6YHcQ


Page 5 of 5

Citation: Wright CI (2015) Comparing the Thermal Stability and Oxidative State of Mineral and Biphenyl Diphenyl Oxide Based Heat Transfer Fluids. 
J Appl Mech Eng 4: 187. doi:10.4172/2168-9873.1000187

Volume 4 • Issue 6 • 1000187
J Appl Mech Eng
ISSN:2168-9873 JAME, an open access journal 

15. (2015) Dowtherm A properties. World of chemicals

16. (2015) Physical properties of DowthermA The Engineering Toolbox.

17. (2015) Diphenyl-heat transfer fluids Lanxess.

18. Free Dictionary (2015) Azeotropic Mixture.

19. (2015) Dowtherm A heat transfer fluid. Product technical data.

20. Dowtherm Q (2015) Heat Transfer Fluid Product Technical Data. 

21. Wright CI, Picot E (2015) A case study to demonstrate the value of a system
flush and clean prior to filling a plant with virgin heat transfer fluid. Heat Transfer 
Engineering. 

22. Wright CI (2015) Case study in CSP plant performance. Renewable Energy
Focus 16: 22-26.

23. Phillips WD (2006) The high-temperature degradation of hydraulic oils and
fluids. Journal of synthetic lubrication 23: 39-70. 

24. Noria Corporation (2015) The lowdown on oil breakdown. Machinery 
Lubrication.

https://inldigitallibrary.inl.gov/sti/5282926.pdf
http://www.engineeringtoolbox.com/thermodynamics-t_36.html
http://www.thefreedictionary.com/Azeotropic+Mixture
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_0030/0901b803800303cd.pdf?filepath=/heattrans/pdfs/noreg/176-01337.pdf&fromPage=GetDoc
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_0030/0901b803800303db.pdf
https://www.researchgate.net/publication/281573617_A_case_study_to_demonstrate_the_value_of_a_system_flush_and_clean_prior_to_filling_a_plant_with_virgin_heat_transfer_fluid
https://www.researchgate.net/publication/281573617_A_case_study_to_demonstrate_the_value_of_a_system_flush_and_clean_prior_to_filling_a_plant_with_virgin_heat_transfer_fluid
https://www.researchgate.net/publication/281573617_A_case_study_to_demonstrate_the_value_of_a_system_flush_and_clean_prior_to_filling_a_plant_with_virgin_heat_transfer_fluid
http://www.sciencedirect.com/science/article/pii/S1755008415300454
http://www.sciencedirect.com/science/article/pii/S1755008415300454
https://www.hyprofiltration.com/clientuploads/directory/Knowledge/PDFs/High Temp Degradation of Hydraulic Oils  Fluids.pdf
https://www.hyprofiltration.com/clientuploads/directory/Knowledge/PDFs/High Temp Degradation of Hydraulic Oils  Fluids.pdf
http://www.machinerylubrication.com/
http://www.machinerylubrication.com/

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Objectives for This Article 
	Materials and Experiments 
	Materials and methods 
	Contrast and comparison 

	Results and Discussion 
	Physicochemical properties 
	Maintenance and management programs for mineral and BDO-based HTFs  
	Assessments of thermal stability and anti-oxidative capacity 

	Conclusions 
	Acknowledgement 
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	References 



