
Remaining Useful Life of lubricants
 

Fully automated determination of remaining antioxidant content
using voltammetry

Application Note AN-V-220

Testing of in-service lubricating oils for their remaining
antioxidant content is critical for capital equipment
uptime as well as reducing running costs and repair
expenses.  Test  methodologies  such  as  RPVOT
(rotating  pressure  vessel  oxidation  test)  are  time
consuming  and  expensive  to  perform.  Remaining
Useful  Life  is  a  proven  voltammetric  method  for
testing the remaining active antioxidant content in
minutes.  Depending  on  the  electrolyte,  aromatic
amine and phenolic antioxidants or hindered phenolic
antioxidants can be determined.
For  the  first  time,  a  fully  automated  system  is

demonstrated,  showing  dramatically  improved
repeatability  of  data  for  confidence  in  reporting.
Operator time is saved during sample preparation and
irreproducible manual interpretation is eliminated via
completely  autonomous  software  processing.  The
user  adds  the  sample  into  the  vials,  then  the
determination process of the sample series (including
sample preparation and result calculations) is carried
out automatically.
The system is based on methods ASTM D6810, ASTM
D6971, ASTM D7527, and ASTM D7590.
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SAMPLES

ANALYSIS

Lubricating oils, hydraulic oils, turbine oils, and motor oils.

The oil samples are added into the sample vials on the
rack  of  the  sample  processor .  Dur ing  the
determination procedure,  supporting electrolyte is
automatically added to the sample and mixed. Either
a neutral  or  alkaline supporting electrolyte  is  used
depending on the type of antioxidants in the sample.
The sample solution is transferred into the measuring
vessel of the 884 Professional VA and the antioxidant

determination  carried  out  using  the  voltammetric
parameters listed in either Table 1 or 2.
The resulting peaks are automatically evaluated, and
the  concentration  is  calculated  using  a  1-point
calibration,  reporting  the  result  as  %  remaining
antioxidant compared to an unused fresh oil.
The complete system is then rinsed before the next
sample is started.

Figure 1. 884 Professional VA fully automated: 884 Professional VA with 858 Professional Sample Processor, three Dosinos, and 843 Pump
Station
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RESULTS

Table 1. Parameters for determination of aromatic amine and phenolic antioxidants in neutral supporting electrolyte

Parameter Setting

Mode DP – Differential Pulse

Start potential 0 V

End potential +1.3 V

Peak potential amine +0.5 V

Peak potential phenol +1.0 V

Table 2. Parameters for determination of hindered phenolic antioxidants in alkaline supporting electrolyte

Parameter Setting

Mode DP – Differential Pulse

Start potential -0.1 V

End potential +1.0 V

Peak potential phenol +0.2 V

ELECTRODES
Working electrode: Glassy carbon electrode tip
with driving axle for RDE

- Reference electrode: Platinum rod electrode-

Auxiliary electrode: Platinum rod electrode-

The described method can be used to determine the
remaining  antioxidant  content  in  various  types  of
lubricating oils such as hydraulic oils, turbine oils, or
motor oils.
The fully automated system setup allows unattended
automatic runs of sample series.
The automated determination process includes the

sample  preparation  steps  that  are  carried  out
automatically. In addition, curve evaluation and result
calculation are carried out automatically in the viva
software. These unique features significantly reduce
the workload for the operators in the lab and increase
reproducibility of the obtained results.

www.metrohm.com 3



 

Figure 2. Aromatic amine and phenolic antioxidants compressor oil with neutral supporting electrolyte

Table 3. Results compressor oil in neutral electrolyte

Antioxidant Remaining content

Aromatic amine antioxidants 15.8%

Phenolic antioxidants 83.5%
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Figure 3. Hindered phenolic antioxidants in turbine oil with alkaline supporting electrolyte

Table 4. Result for turbine oil in alkaline electrolyte

Antioxidant Remaining content

Hindered phenolic antioxidants 83.6%
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CONTACT

Metrohm Deutschland
In den Birken 3
70794 Filderstadt info@metrohm.de

CONFIGURATION

884 Professional VA
884 Professional VA ist das universelle Einstiegsgerät
in die Professional-VA/CVS-Gerätereihe. Zusammen
mit dem passenden Messkopf und dem passenden
E l e k t r o d e n s a t z  k ö n n e n  s p u r e n a n a l y t i s c h e
Bestimmungen mit Voltammetrie und Polarographie
unter  Verwendung der  Multi-Mode-Elektrode pro,
der scTRACE Gold, der Bismut-Tropfenelektrode oder
Bestimmungen  von  organischen  Additiven  in
galvanischen  Bädern  mit  «Cyclic  Voltammetric
Stripping»  (CVS),  «Cyclic  Pulse  Voltammetric
Stripping»  (CPVS)  und Chronopotentiometrie  (CP)
durchgeführt  werden.  Die  bewährte  Metrohm-
Elektrodentechnik  in  Kombination  mit  einem
leistungsfähigen Potentiostaten/Galvanostaten und
der  extrem  flexiblen  viva-Software  eröffnet  neue
Perspektiven.  Der  Potentiostat  mit  zertifiziertem
Kalibrator justiert sich vor jeder Messung automatisch
neu und garantiert  höchstmögliche  Präzision.  Der
austauschbare Messkopf ermöglicht den schnellen
Wechsel zwischen den verschiedenen Applikationen
mit unterschiedlichen Elektroden.

Zur  Steuerung,  Datenerfassung  und  -auswertung
wird die Software viva benötigt.

Das  884  Professional  VA  wird  mit  reduziertem
Zubehör,  ohne Messkopf und Elektroden geliefert.
Elektrodensatz  und  viva-Lizenz  sind  separat  zu
bestellen.
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RDE-Messkopf für Professional-VA/CVS-Geräte mit
hoher chemischer Beständigkeit
Messkopf  für  den  Betr ieb  mit  rot ierenden
Scheibenelektroden.  Lösungsmittelresistente
Variante  für  Anwendungen  in  nichtwässrigen
Medien.

Platin-Elektrodentip 2 mm für CVS
Metallelektrodentip  aus  Platin  (Pt),  Durchmesser
Elektrodenscheibe  2  mm  ±0.05  mm,  polierte
Oberfläche, Schaft aus Glas, Gewindeanschluss M3.
Rundlauffehler: <0.3 mm. Temperaturbereich: 0 ... 50
°C.
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