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BASE OIL INNOVATION

Rapid advancements in technology 
are transforming the lubricant  
industry, spurring the development  

of innovative solutions to meet the evol-
ving demands of equipment design. Origi-
nal Equipment Manufacturers (OEMs)  
are producing engines and industrial  
machinery that operate at higher temp-
eratures, within tighter tolerances, and 
require longer service intervals. Con -
currently, new specifications are emerg-
ing that set higher standards for fuel 
e�ciency, emissions control, and envi-
ronmental sustainability. Conventional 
petroleum-based oils are increasingly 
challenged to meet these requirements, 
as they are limited by their inherent con-
straints in thermal and oxidative stability, 
heat management and fluid longevity.

VBASE® Oil Company has respond-
ed to the demand with advanced base 
oils that provide superior thermal 
management, o�ering formulators the 
opportunity to design energy-e�cient 
formulations with excellent environmen-
tal profiles. This paper highlights the key 
features of VBASE Secondary Polyol 
Ester® (SPE®) products whose chemis-
try is described as ‘alkoxylated polyol 
ester’ chemistry. It presents performance 
data on a formulated bio-hydraulic 
fluid as well as field performance data 
on a formulated hydro-turbine oil.

VBASE® SPE® base oils:  
Alkoxylated polyol ester chemistry
Previous articles have explained the 
chemistry (Figure 1) and functional  
performance of VBASE SPE® technolo-
gy1,2. This chemistry is highly versa  -
tile, enabling the design of a wide array 
of alkoxylated polyol esters with vary -
ing molecular architectures and func-
tionalities through the esterification of 

synthetic esters. Their highly branched 
molecular structure enhances their hy-
drolytic stability and low-temperature 
properties. High biodegradability can be 
achieved by using linear fatty acids. Fig-
ure 2 presents the physical properties of 
a range of saturated alkoxylated polyol 
esters, spanning from ISOVG 32 to 460.

Thermophysical Properties
Recently a growing body of knowledge 
has been developed regarding the 
thermophysical properties of lubricants. 
One important property is specific heat 
capacity (the amount of heat required 
to raise the temperature of a unit mass 
of a substance by one degree). While 
this value is useful, volumetric heat 
capacity is more relevant, as equipment 
is typically operated with a specific 
volume of lubricant rather than a specific 
mass. Volumetric heat capacity can be 
calculated by multiplying the fluid’s 
density by its specific heat capacity.

Figure 3 illustrates the volumetric heat  
capacities at 25, 50 and 80°C for a  
range of ISO-VG46 base oils, including  

secondary alcohol groups on a pro  -
prietary polyol with fatty acids from ei -
ther oleochemical or petrochemical 
sources. A key distinction between con-
ventional synthetic esters and alkox-
ylated polyol esters is the incorporation 
of high levels of oxygen in the form 
of ether bonds within their structure. 
VBASE SPE® products can be generi-
cally described as ‘PAG-Ester hybrids’ 
since they o�er many of the functional 
and environmental performance of 
PAGs and esters. The incorporation 
of oxygen provides superior thermal 
management, enhanced detergency, 
and higher viscosity indices compared 
to petroleum oils and many alternative 

Figure 1: Chemistry of VBASE® Base Oils

Figure 2: Typical Properties of VBASE® Base Oils
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API Group II and III petroleum oils, a 
polyalphaolefin and VBASE 46S. Mea- 
surements were made using a TA 
Instruments Q2000 Di­erential Scan-
ning Calorimeter. At 80°C, VBASE 
46S demonstrates a 9-25% increase 
compared to the other oils.

Figure 4 compares an adipate ester 
(ISOVG-32) with VBASE 32S, showing 
that VBASE 32S consistently exhibits 
higher values across all temperatures. 
The high levels of oxygen within the mo-
lecular structure significantly improves 
their volumetric heat capacity compared 
to hydrocarbon base oils and traditional 
esters. Lubricants with higher volumetric 
heat capacity enhance heat management, 
help maintain lower temperatures, pro-
mote safer operations, reduce oxidation 
rates and lead to longer drain intervals.

Field Trial on VBASE® Hydro T-EL™ – 
Formulated Hydro-Turbine Oil 
Most hydro-turbines currently in oper-
ation use petroleum oils, which are 
known for their proven reliability, long 
service life, and compatibility with 
materials. However, petroleum oils pose 
an environmental risk in the event of 
spills, as they are non-biodegradable. 
Biodegradable oils o­er several advan-
tages, including enhanced environ-
mental safety, regulatory compliance, 
reduced spill liability, and, in some 
cases, improved performance. They 
are particularly beneficial when used 
near ecologically sensitive waterways.

VBASE Hydro T-EL™ was developed 
to serve the hydropower market, and its 
performance data presented in Figure 5. 
It demonstrates a high viscosity index, 
excellent oxidation resistance as mea-
sured by the dry-TOST and RPVOT 
methods, superior corrosion protection 

for both ferrous and non-ferrous metals, 
and good demulsibility. In FZG testing, it 
successfully passed stage 12. Hydro T-EL 
was initially evaluated on a combined 
thrust guide test rig at GE Hydro Solu-
tions’ Global Center of Excellence, ensur-
ing its performance would meet the re-
quirements for a large turbine equipment 
trial. Figure 5 illustrates the testing condi-
tions. At speeds ranging from 400 to 800 
rpm and applied loads up to 13 MPa, the 
fluid maintained a stable hydrodynamic 
film, e­ectively protecting the bearing 
and runner surfaces from damage.

The success of the pilot trial prompt-
ed a full-scale trial at the Porjus Hydro-
electric Power Station in Sweden, 
focusing on their U8 turbine. This site 
is Europe’s leading hydropower R&D 
facility. The primary objective was 
to demonstrate the reliability of the 
equipment and the stability of the fluid, 
thereby o­ering a sustainable alterna-
tive to traditional hydrocarbon oils.

The U8 turbine is a 10 MW Fran-
cis turbine, equipped with a tilting pad 
thrust-guide bearing (comprising 12 
babbit pads) and a 1-meter diameter 
runner. The average bearing load was 
4 MPa, operating at a sliding speed of 
~600 rpm. The fluid was monitored 
over a 12-month period, accumulating 
7,250 hours of runtime with 63 start-
stop cycles. Results, shown in Figure 6, 
indicate that the fluid remained stable 
throughout the trial, with no changes in 
viscosity, air release time, or demulsibil-
ity. A minor increase in its acid value 

Figure 5: Field Trial Evaluation at Porjus, Hydroelectric Power Station in Sweden

Figure 3: Volumetric Heat Capacities of 
ISOVG-46 Base Oils

Secondary Polyol Ester® base oils offer high 
volumetric heat capacity and are a useful 
building block in formulating lubricants by 
improving thermal management in equipment.

Figure 4: Volumetric Heat Capacities of 
ISOVG-32 Base Oils

Higher values are obtained for the oxygen-rich 
VBASE 32S base oil

Figure 6: Field Trial Evaluation at Porjus, Hydroelectric Power Station in Sweden
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was observed. Water levels fluctuated 
during the trial, likely due to seasonal 
variations. Elemental analysis revealed no 
signs of contamination or wear metals.

A particularly notable observation 
was the average reduction of fluid 
temperature by 10°C compared to the 
previous petroleum oil (ISOVG 68) 
used in the turbine. This improvement 
is attributed to the superior volumetric 
heat capacity of VBASE Hydro T-EL. 
E�ective heat management remains a 
challenge for petroleum oils. VBASE 
SPE® oils o�er a promising solution for 
OEMs seeking fluids with enhanced 
thermal management properties. Initial 
conclusions suggest that VBASE Hydro 
T-EL is a high performance environmen-
tally acceptable alternative to petroleum 
oils for hydro-turbine equipment.

Formulating Bio-hydraulic Fluids  
using SPE® Technology
High performance biohydraulic fluids 
use synthetic esters due to their high 
biodegradability, and low toxicity, 
making them particularly suitable for 
use in environmentally sensitive areas. 
Ester-based fluids can improve ener-
gy e�ciency by reducing component 
wear, and minimizing energy losses 
caused by friction. Carefully formulated 
fluids o�er excellent low-temperature 
properties, making them ideal for mobile 
equipment operating in cold climates.

To meet the rising demand for 
e�ciency, energy savings and preci-
sion, OEMs are designing smaller, more 
powerful hydraulic systems. This trend is 
driven by industries that require light-
weight, agile machinery and reduced 
operational costs. Two key challenges in 
the design of future fluids are managing 
the thermal performance of hydraulic 
systems and optimizing air release times.

Fast air release times of fluids is es- 
sential in smaller, more powerful hydrau-
lic systems due to the higher pressures, 
faster flow rates, and increased precision. 
E�ective air release ensures consistent 
performance and protects components 
from damage. This becomes even more  
critical when using bio-hydraulic fluids,  
which are more susceptible to air- 
related issues such as cavitation. 

At VBASE, we’ve developed bio- 
hydraulic fluids designed to meet these 
challenges. Figure 7 illustrates the per-
formance of a formulated bio-hydraulic 
fluid (ISOVG-46) tested according to ISO-
15380. It uses VBASE 46S and additized 
(1.25% by weight) with an environmental-
ly acceptable additive package. It demo- 
nstrates an excellent viscosity index and 
low-temperature properties, good oxida-
tion stability, and outstanding ferrous 
and non-ferrous corrosion protection. 
The fluid also meets the specification 
requirements for hydrolytic stability and 
exhibits an excellent air release time. 
Many bio-hydraulic fluids made from 
synthetic base oils have significantly 
higher air release times. Furthermore, 
unlike some ester-based synthetics that 
are incompatible with common elasto-
mers, it shows excellent compatibility 
with NBR, HNBR, and Viton (Figure 8).

Bio-hydraulic fluids formulated using 
VBASE SPE® base oils are capable of  
exceeding both OEM requirements 
and international specifications. Key 
attributes, such as superior thermal 
management and optimized air release 
times, provide innovative solutions for the 
industry. The VBASE team is currently  

conducting a study to evaluate the hy-
draulic energy e�ciency of bio-hydraulic 
fluids derived from SPE® base oils, com-
paring them to conventional petroleum 
oils and alternative ester fluids. Initial 
results, which will be published soon, 
further validate the significant energy e�-
ciency advantages o�ered by these fluids.

Summary
Formulations using VBASE® Secondary 
Polyol Ester® base oils o�er OEMs an 
e�ective solution for managing heat and 
are engineered to meet the evolving per-
formance demands of future equipment 
while complying with emerging envi-
ronmental standards and regulations.
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Figure 7: Example of the Performance of a Bio-Hydraulic Fluid using VBASE 46S  
versus ISO-15380 Specification

Figure 8: Example of the Performance of a Bio-Hydraulic Fluid using VBASE 46S 
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