
HYDRAULIC FLUIDS AND THE 
ENVIRONMENT 

Latter years have been marked by increased vigilance towards the 
serious threats to humanity posed by industrial activities and asso- 
ciated pollution of the environment. Growing public interest in pro- 
tecting nature - and ourselves - has materialized, and hydraulic fluids 
are naturally included amongst the many products against which 
interest is directed. Hydraulic fluids are indeed of especial interest 
in this respect because they are utilized in relatively large volumes in 
excavating machines, bulldozers, mobile cranes and other equipment 
for outdoor operations. The danger of leakages is always present, and 
the sudden rupture of a flexible hydraulic hose under pressure may in 
the space of a few seconds result in considerable pollution of the 
surroundings and ground water. 

Mineral oils are composed of relatively stable hydrocarbon com- 
pounds, and are only very slowly broken down by microorganisms in 
the environment. Eventual pollution by conventional mineral hydrau- 
lic oils can therefore disturb the ecological balance, both in water- 
ways and on land, for long periods. This fact has resulted in a growing 
interest in biodegradable products, and it is generally assumed that 
‘biodegradable’ is synonymous with ‘environmentally friendly’. How- 
ever, this is not necessarily so, as many chemical compounds also form 
toxic biodegradation products. It is not therefore valid to equate 
biodegradability and environmental acceptability. Pollution of woods 
and hedgerows with one of today’s most promising (based on current 
knowledge) biodegradable fluids could also result in short-term 
(‘acute’) injurious effects to trees and plants, but less long-term envir- 
onmental damage than with mineral oil products. 
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24.1 What is  biodegradability? 
Microbiological degradation is the processes whereby microorgan- 
isms, with (‘aerobic’) or without (‘anaerobic’) the help of oxygen, 
break down organic material and extract nourishment from the 
decomposition products. In every gram of fertile soil there exist 
around lo8 living bacteria, of an average size of 1-2 pm3 or, expressed 
in more familiar terms, 100-200 kg of microbes per acre of good 
agricultural land. These microorganisms multiply very rapidly when 
food and warmth are available. 

In the aerobic process, microbial attack is a form of oxidation, 
resulting in smaller molecules of water-soluble substances capable 
of being utilized in the metabolism of the microorganisms. When 
aerobic microbiological degradation of hydrocarbons is complete, a 
process requiring liberal supplies of oxygen, the final products are 
carbon dioxide and water: 

(water) 
C,H, + O2 A x[C02] + y/2[H20] + biomass + energy 

(microorganisms) 

In the alternative anaerobic process, which predominates deep down 
in the soil where oxygen availability is limited, other organic decom- 
position products are formed in place of carbon dioxide, e.g. methane. 
Both processes form part of the so-called ‘carbon cycle’ returning 
carbon compounds to the atmosphere. 

The actual kinetics of the microbial processes depends upon a 
number of parameters, including light intensity, temperature, pre- 
sence of nutrient salts, oxygen availability and type of microorganism. 

However, the environmental aspect is complicated by the fact that 
hydraulic fluids usually contain other components, namely additives, 
which are often only slowly biodegraded. There would therefore 
appear to be grounds to query the advantages of an easily biodegrad- 
able base oil, if the additives remain as a concentrated residue in the 
environment. An additive concentrate would seem to represent quite a 
different order of environmental hazard to its original diluted form. 

24.2 Determination of biodegradability 
A variety of test methods have been developed, measuring for example: 

0 residual quantity of the original substance, 
0 increase in biomass (number of organisms), 
0 consumption of oxygen, 
0 formation of COz. 



158 Hydraulic fluids and the environment 

The most familiar method is CEC-L-33T-82 (issued by the Coordinat- 
ing European Council), which was originally developed to investigate 
the biodegradability of lubricating oil for two-stroke outboard engines 
in water. The oil sample and microorganisms are mixed in a test flask, 
then stored in darkness at 25°C. The amounts of test oil remaining 
after 7 and 21 days are measured. The oil is considered sufficiently 
biodegradable if 280% of the organic test material is broken down 
within 21 days. 

Another favoured method, registering the quantity of carbon diox- 
ide formed during the test period, is the ‘Modified Stiirm Test’. Here 
the CO2 formation is recorded as a percentage of the theoretical value 
for complete degradation, thus expressing the fractional decomposi- 
tion, assuming microbial attack goes to completion. 

A completely reliable assessment of microbial degradation and its 
effect on the environment can only be achieved by supplementing 
tests of the above nature with a detailed examination of all intermedi- 
ate decomposition products, a daunting (and expensive!) task. 

24.3 Biodegradable hydraulic media 
Three main types of biodegradable fluids are available at present, 
based on: 

0 vegetable oils, 
0 polyalkylene glycols, 
0 organic esters. 

Products formulated with rapeseed oil base fluid are currently most 
widespread, largely on account of their relatively modest cost com- 
pared to the synthetic alternatives. 

Rapeseeds contain 3(1-40% vegetable oil. The rapeseed oil is pro- 
duced by pressing followed by solvent extraction with naphtha. Rape- 
seed oil is principally composed of triglycerides of Cle to Cz2 mono- 
unsaturated fatty acids. The composition varies somewhat in accor- 
dance with the area of origin, and the physical and chemical proper- 
ties of the products may be modified by various refining processes, e.g. 
hydrogenization. 

The refined rapeseed oil offers a number of inherent advantages, in 
particular an extremely high viscosity index (>200), excellent lubrica- 
tion properties, and good biodegradability. Relatively poor oxidation 
stability and a tendency to hydrolyse when contaminated by water are 
the principal factors limiting more widespread application of rape- 
seed oil-based fluids. 

The maximum recommended temperature of operation for rapeseed 
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Table 24.1 Comparison of various biodegradable hydraulic fluids and IS0 HV 
mineral oil 

Mineral oil Rapeseed oil Polyglycol Ester 
~ 

IS0 VG 
Viscosity index 
Density at 15°C 
Pour point (“C) 
Lubrication properties 
FZG value 
Oxidation stability 
Hydrolytic stability 
Shear stability 
Corrosion protection 
Water solubility 
Miscibility with 
mineral oil 
Elastomer compatibility 
Temperature range (“C) 
Biodegradability 

Wassergefahrungsklasse 
Cost, relative to 
mineral oil 

(CEC-L-33-T-82) (%) 

68 
145 
0.88 
- 30 
+ 
11 
++ 
++ 
+ 

++ 
No 

Yes ++ 
- 10/+90 

=20 
2 

1 

32 
210 
0.92 
- 35 
++ 
12 + 
++ 
+ 

No 

Yes + 
-25/+ 70 

=98 
0 

2-3 

- 

32 46 
200 180 
1.03 0.92 
- 39 -48 
+ + 
12 10 
++ ++ 
+ + 

++ ++ 
+ + 

Yes No 

No Yes 
+I- +I- 

-25/+ 100 -30/+ 100 

=go 285 
0 0 

3 4  6 

oil products is 70°C, and this is too low for many of the more critical 
forestry machines today. At moderate temperatures, however, this type 
of hydraulic medium has displayed extremely satisfactory properties, 
and its unlimited miscibility with mineral oils ensures problem-free 
application in systems previously operated on conventional mineral 
hydraulic oils. 

Polyalkylene glycols also possess good lubrication properties, a high 
viscosity index and - in contrast to vegetable oil products - excellent 
oxidation and hydrolytic stability. Water-soluble polyglycols (e.g. poly- 
ethylene glycols) are also rapidly biodegraded by microorganisms, and 
consequently this type of polyglycol is utilized in biodegradable fluids. 

A significant disadvantage of polyalkylene glycols is their very 
limited solubility in mineral oils or rapeseed oil, this necessitating a 
more complicated conversion procedure for systems previously oper- 
ating on these fluids. Furthermore, the inherent hygroscopy of poly- 
alkylene glycols somewhat inhibits their ability to yield a high degree 
of protection against corrosion. 

Synthetic esters of various types are eminently satisfactory biode- 
gradable base Auids for hydraulic media. Some esters possess high 
viscosity indices, excellent thermal and oxidation stability, attractive 
low temperature fluidity together with a number of other desirable 
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features. By suitable choice of a specific ester, an optimal combination 
of physical and chemical properties may be obtained, e.g. satisfactory 
hydrolytic stability and compatibility with elastomers (a weakness 
with certain esters). The relatively high cost of esters tend, however, 
to limit wider application of these fluids. 

Table 24.1 compares the properties of various typical biodegradable 
fluids with those of a conventional mineral hydraulic oil, IS0 type HV. 
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