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ANALYSIS OF USED 
HYDRAULIC OIL 

The condition of a hydraulic fluid is normally monitored by periodical 
determination of viscosity, total acidity, water content and visual 
inspection with respect to mechanical impurities. On the basis of 
these results, it can be decided whether the oil is suitable for further 
use. A more complete assessment of the oil condition may be obtained 
by supplementing the above-mentioned results with one or more of the 
following tests: 

0 spectral analysis (AA or ICP), for identification of wear metals 
0 particle counts, for evaluation of mechanical impurities, numeri- 

cally and by size distribution 
0 ferrography, to determine the origin and morphology of the metallic 

particles 
0 infrared absorption analysis (IR), to examine the chemical composi- 

tion of the oil and degradation products 
0 oxidation tests, for estimating the remaining useful life of the oil 

The application of these test methods yields a significantly more 
reliable assessment of the oil condition, but are relatively expensive 
to perform and hence are utilized with discrimination. Oxidation tests 
can be particularly time-consuming and are therefore rarely applied 
during routine condition monitoring. 

Table 19.1 lists the test results of samples drawn from a mobile 
hydraulic system after 250, 1500 and 3000 h of operation. The oil 
type is an IS0 HV/VG32, the unused oil having a viscosity index of 
approximately 180, and meeting the performance requirements of DIN 
52 524 (H-LP). 
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Table 19.1 Analytical results for a hydraulic oil (IS0 type HV, VG32) after 
250, 1500 and 3000 h of use 

Analysis New oil Used 250 h Used 1500 h Used 3000 h 

Kinematic viscosity cSt at 
100°C 
40°C 

Flash point (“C) 
Water content (ppm) 

TAN (mg KOH/g) 

Additive metals 
Zn (%m) 
P (%m) 

Appearance/colour 

Wear metals, ppm 
Iron (Fe) 
Copper (Cu) 
Chromium (Cr) 
Lead (Pb) 
Aluminium (Al) 
Tin (Sn) 
Silicon (Si) 

7.0 
32 

165 

40 

0.75 

0.04 
0.04 

Clear, 
pale 
yellow 

1 
0 
0 
0 
0 
0 

< 1  

6.65 6.3 5.9 
30.8 29.8 27.9 

170 168 163 

180 1100 1800 
0.52 0.65 0.87 

0.04 0.03 0.02 
0.04 0.03 0.03 

Clear, pale Slightly Cloudy, 
yellow cloudy, amber 

dark yellow 

6 29 53 
1 5 11 

< 1  1 2 
< 1  1 3 
< 1  1 2 
< 1  2 3 

1 4 8 

19.1 Interpretation of the test results 
From the analyses in Table 19.1 we may conclude that the zinc 
dithiophosphate-based hydraulic oil shows only minor changes after 
250 h, is still in reasonably good condition after 1500 h, and nears the 
end of its serviceable life at 3000 h of operation on account of oxida- 
tion, viscosity change and increasing contamination. 

Viscosity has decreased progressively due to mechanical shearing of 
the polymeric viscosity index improving additive, this phenomenon 
overshadowing any possible viscosity increase due to oxidation. 

Flash point increases slightly during the initial period of operation. 
This is ascribed to gradual evaporation of the most volatile hydro- 
carbon components. Subsequent minor changes reflect the combined 
effect of evaporation and formation of volatile oxidation products. 

Water content rose immediately on filling the system due to resi- 
dues of the previously (used) oil. The water content increased to 1100 
ppm (0.11%) after 1500 h, and further to 1800 ppm (0.18%) after 3000 h 
of operation. These increases are principally due to condensation 
moisture, as the oil’s oxidative deterioration is not yet far enough 
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advanced to make any significant contribution to the measured water 
content. 

Total acidity (TAN) for the unused oil originates from the ampho- 
teric nature of the dithiophosphate additive, and the initial value is 
still falling after 250 h as the dithiophosphate is activated. The acidity 
probably falls to a value of 0.15-0.20 during further operation, then 
rises again with the onset of hydrocarbon oxidation reactions. The 
total acidity is still at a satisfactorily moderate level after 1500 h, but 
later exceeds the original value of the new oil. After 3000 h the acidity 
has risen to 0.87, indicating that the oxidation rate is increasing. 
There may now be a risk of forming sticky, resinous deposits of 
polymeric oxidation products, causing malfunctioning of critical 
servo-valves, etc. 

Additive content is monitored by measuring the concentrations of 
zinc (Zn) and phosphorus (P) remaining in the oil phase. The concen- 
trations of these elements are gradually reduced as the dithiopho- 
sphate additive undergoes chemical reaction and is progressively 
depleted, mainly by film-forming reactions at metal surfaces. This 
eventually results in reduced anti-wear properties of the oil in circu- 
lation. 

Appearance and colour still resemble those of new oil after 250 h, 
but the oil becomes progressively darker and cloudier due to chemical 
deterioration and increased content of dispersed water. 

Wear metals contaminate the oil to varying degrees, depending 
upon the metallurgy of the components subject to wear or corro- 
sion. In the present case, silicon (Si), copper (Cu), lead (Pb) and tin 
(Sn) are the elements of principal interest. 

The rising values of Pb, Sn and Cu derive from the combined 
influence of acidic oxidation products, the active dithiophosphate 
additive, and general abrasive wear. 

The silicon content of the unused oil is due essentially to the anti- 
foam additive, a silicone oil. The subsequent increase during service 
is mainly the result af contamination (silicaceous dust), this promot- 
ing abrasive wear throughout the system. 

Ferrous metals predominate in components and the system in gen- 
eral. Not surprisingly, iron (Fe) is present at a relatively high concen- 
tration in the used oil; the measured concentration is, however, 
considered reasonably normal for the actual hours of operation. 

Determination of the wear metals present in a used oil sample may 
therefore yield vaIuable information with respect to the wear pattern 
of a particular system under the actual conditions of operation. 
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19.2 Condition monitoring and oil change 

It is hardly remunerative to perform regular laboratory analyses on 
small systems (5 250 litres), and oil change intervals are usually 
decided on the basis of experience. Large hydraulic systems, how- 
ever, often contain several tons of hydraulic fluid, and the condition 
of the oil charge is normally checked by regular analyses (e.g every 
sixth month) (see Table 19.2). 

Table 19.2 Oil change intervals 

Small systems (5 250 litres) Large systems 

According to experience, e.g.: 
A) At operating temperatures 40-50"C: 

B) At operating temperatures 60°C: 

Determined by: 
A) Laboratory analyses 

B) Regular visual examination 

1.5-3 years every 6-12 months 

1 year 

As a safety measure against accidental contamination and unex- 
pectedly rapid deterioration, it is prudent to make weekly visual 
examinations of hydraulic fluids in service as shown in Table 19.3. 

Table 19.3 Condition monitoring by visual inspection 

Appearance Cause Action 
Immediate After 1 h 

Clear, normal odour - 
Cloudy Clear 
Cloudy Clear, free 

water 
Cloudy Clear 

Dirty, normal odour Sediment 

Very dark, sharp Unchanged 
odour 

Normal None 
Air entrainment Check system 
Unstable emulsion Drain off water 

regularly 
Stable emulsion Analyse oil, 

consider oil 
change 

Contaminated Analyse oil, 
check filters 

Oxidized Sample to 
laboratory 


