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'THE EFFECT OF N-DECANoIC ACID ON THE OXIDATION CHARACTERISTICS

OF STEAM TURBINE OItS-

'TWo qualified, steam, turbine -oils (CGSB Specification-3-GP-357Ta) and one
base stock were used' for the test blends. Infrared analysis of extracts ,of the two
finished oils indicated the oxidation inhibitor to be of a phenol tYpe (4 methyl 2, 6 ditert-
butyl phenol) present 'in" concentrations, of approximatel 0.2 and0.4*percentby weight.
Therefore the base stock was used to prepare sample sc6ntainingphenyl-a-naphthylaih ine.
From_-these basic blends testils cohtainingithe n-Decanoic acidwere-prepared. Test
procedures were varied' (e.g. by adding iietal -deactivator or omitting, the copper
catalyst) to provide additional information. The samples prepared. test procedures,
and results are summarized- in Table I.-

The-basic method was ASTM Method D943 and the critrion of failure was
the commonly employed Total Acid Number of 2.0 mg, KOH -per gram of- sample.
Initial TAN of acid blends was Of the order of 0. 20. Observations Were made ,Of
weight of insolubles, water phase acidity, conditioh of the catalyst coils, and the
appearance of oil and- water phases at the end of the test. The relative amount of
insolubles present :is indicated-in Table I.

Conclusions

These data indicate an incompatibility between the VSI additive, ,n-Decanoic
acid, and the antioxidants 4 methyl 2, 6 ditert-)utyl phenol and phenyl-o-naphthylamine
with respect to Oxidation Characteristics. A metal deactivator was ineffective in
preventing oil deterioration. In the absence of copper, the-blends were quite stable.
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PART 11

DEVE LPMENT 6F A, LABOrTORY METHOD FOR MEASURING THE PRESENCE

AND EFFECTIVENESS OF VAPOUR SPACE !NHIBITORS -IN OILS

I 'ian earlier work 2, a slightly modified Hot Plate, Reflux and a Cyclic Rusttest were employedto assess -theirust preventive properties of oil s andablends containing

vapour space corroson inhibitors. The HPR test gave slightly more decisive and ie-
peatable results thanGthe Cyclic test and, indicated tfends prettywell. However it was
felt desirable, t develop -a, method that would permit better control of test conditions to
improve repeatibility and, reproducibility. Coib~rol' of test temperatures at various
-levels w6uldalsbpermitany'steady state service condition tobe reflected in-the method.
Finally, 'such a technique- would be useful for laboratory assessment of potential VSI
addtives .under a variety of temperature conditions.

After considerable experimentation the apparatus sketched in Figure 1 and
illustrated in) Figure 2 evolved, and a test method~was devised. The method consisted
of exposing a, dlean,1020 steel specimen to a,2-ml sample'of oil in the PTFE cup for a
16-hour induction period, after which 2 ml of distilled water were introduced into the
flask and the test continued for another 3"hours. During the test, the flask was sup-
ported In-a bath'maintained at 50C, and cooling water 'at 30 0C was circulated through
the specimen holder. The, test temperature of 50°C ambient and 30°C specimen were
based on -an extensive investigation by'the Royal Canadian Navy into conditions causing
corrosion (Note 1) in-main propulsion gearing and lubricating oil systems-of certain of
their ships).

Blends of turbine oil base stock and n-Decanoic acid were assessed. A few
runs were also made with base stock inhibited With an amine salt4 ) supplied by the
United States Navy. The test results were promising and the method distinguished
clearly between the various levels of additives, as shown in Figure 3. Repeatability in
the laboratory was good.

As a matter of interest, the "life" of the two~inhibitors was compared at 210°F,
using the apparatusand procedures of ASTM D972 (Note 2) in which oil blends containing
0.1 percent weight inhibitor were maintained-in a sample cupat 210F while 2 liters of
air per minute were passed over the' oil surface for 2, 4 or 6 hours. The residues were
then -subjected to the glassware corrosion test. The results, shown in Figure 4, indicate
that the n-Decanoic acid had the longer "life" under these conditions. The acid, as
shown in Figure 3, was required in greater concentrations to provide adequate protec-
tion under the usual test conditions.

In response to a request for laboratory test methods for assessing VSI oils,
the procedure was submittedto'the Task Group of Section II (Rusting and Corrosion) of
ASTM Technical Committee C on Turbine Oils. To date, four rounds of co-operative
testing have been completed by this group, resulting in some modifications to the original
methods.



In the initia round, six sets of the iaboratory apparatus were fabricated-bya
United-,States laboratbry from NRC drawings, and six laboratories evaluated four
'commercial oils. The results are shown, in Table IL

TABLE Ir'

RESULTS OF FIRST'ROUND OF CG-OPERATIVE TESTS

: -Degree of Corrosion
Sample Description

1 2 3 4 5 6

A Commercial Severe Slight Severe Moderate Stain Severe
Oil -
Uninhibited
(150SUS)

B A-inhibited None Nune Light None None None

C Commercial . Severe Severe Severe Moderate Staia Seve re
0il -

Uninhibited
(400 SUS)

D C-inhibited Moderate None Light None None None

These results were considered very encouraging. As a o '-c-,:heck on, the
sensitivity of the specimens, the tests on samples A and C were repeated by Laboratory 4
using NRC 1020 steel. specimens, and the NRC ratings of "severe" were reproduced in
both tests. Further, Laboratory 6 reported good correlation between the results of the
proposed method and the Hot Plate Reflux method.

A second set of tests was arraiged in which twelve laboratories participated.
A source for the complete Vapour Space Corrosion Test apparatus was found and
samples were -prepared and distributedby NRC. The test oilscontained 0.15, 0.075
and 0 percent n-Decanoic.acid in a base stock. The selection w\'as based on the results
shown in Figure 3 and it was intended that pass, borderline, and fail samples be
represented. All laboratories color-photographed the specimens after test and the
35-mam slides were returned to NRC for assessment by one experienced operator.

The results were generally in good agreement for the fully inhibited and
uiinhibited samples, although there was h spread of ratings from noie to trace for the
"pass" sample, and light to severe for the "fail" sample. The ratings for the inter-
mediate sample ranged from no rusting to severe rusting (5 none, 3 trace, 3 light and
2 severe). Not all of the participants utilized the commarcially available apparatus, and
some of the spread of results was attributed to the use of specimens from different



sour-es. In- eonfirhmtion, the laboratory rated& the intermediate sample using the
orignl -1~-sel'seie and those, supplied with th6 'COM 6rcidlly available

appairaius. 'The result's are llutstrated in Figure 5.. It, appears, that the common grade
-oItelnowv supplied is more, r~ust resistAntthan~he 1020 specified., Tbe, comihercial

-specimens were .presUffed to be 1018 steel-having a higher--manganese content.,

A third -eo-*opcrative exchanigd was; completed-by khd. Task Group. Tests-were
- 7run on a bordlerlinle-(0. 0,75 percent n-De~anoic) and, pass (0-.,15 percent n-Decahoic)'

sahipl.6withspecivvpnc qUppliec~by NRC. All the specimens were prepared from -the
sanib,1020 itod. A -ii p~d irepcitability aid reproducibility wverc obtained fcr The-
fully inhibited vilft ~ii tfi - ratings for the intermcdiftte sample ranged-ftoml no r~us ting,
and~nioderatb ,wqting

Sine 6phqrc -appeared -to be other factors entering -into- the test rciMt j,. -the
laboratory undei~troh to bv 'estigate soffe-of -the parameters. A very significant--factor
appe'-,rdd to,-be the h~~iyof 'the air to wvhich~the specimen- vas- exposed just prior to

- -- the Induction. periodf(Note 3). It was also considered an expedient time to explbre the
feasability of reducfhg the total, test 'time- so that an evaluation cou-ld be completed -in,
one-day.

A base stock -cofitaining 0.10 per~cent n-Decanoid acid ancV, 1020- steel
specimens were used, for -this investigation and tests were-performled by

(a) regular test method - uincontfdlled-humidity, 16-hour indtliction period-
anid 3-hour test time;

(b) heating the specimen during cleaning and mounting it -in the specimen
holdeor; blowing dry-air through flask before inseiktion of -the specimen;,
reduLcing the induction period- to 4 hours and the test timie to 2. hours.

'Thle results, illustrated by~the graph in Figulre 6, indicate a much-better repeatability
'for procedure (b). _ A slight modification to the appdratua. was required- for flushing
with dry air. A side arm was added to the flask, as illustrated in FigurO -7.

Subsequently, a fourth round of co-operative tests was initiated in the
C-l1 Task Group. All, specimens were obtained, from one commercial source, and were
1018 steel. It was decided to increase the severity of the test slightlyby reducing the
induction period 'to 3 hours, increising'the exposure time to.3 ,hours, and enlarging
the holes in the PTFE cups to 0. 063 inch. The method finally adopted is attached' as
Appendix A.

The results of-the-fourth round- are summarized, in Table -IJI. Thle repeatability
and reproducibility for 11 three samples was iPeasontibly good. The perfo-rmance of
sample C was Ohexpectedlj good but, -since it -is a purely arb~itrary standaird, it is
considered that the fi-tal torn, of the method is slightly less stringent than that using
1020 steels. Conscquvntly, sample C is a little on the "pass" side of the rating. Most
co-opei~ators also rvx mne I-lot Plate Reflux miethod, and the results obtdined by -the two
methods were comiparabla.
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" Comments

A relatively simplb laboratoiy glassware Vapour Space Corrosion Inhibitor
test method is preseited that offers a versatile, control of temPeratures of environment
and specimen and that-demonstrates good repeatAbility and reproducibility, at least for
un.1rhibited and, adequately inhibited ols. Its value for evaluating oils in service has
not yet been demonstrated by service trials.

Notes:

Note 1. Since largely eliminatedby adequate venting.

Note 2. Test for the Evaporation Loss-of Lubricating Greaseand Oil.

Note 3. Humidity was not recognized -s a faetoi duringthe development of the test
because the laboratory has a controlled hv'midity during the winter months
to reduce the hazards associated with static -electricity discharges and
explosive vapour-air mixtures.
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APPENDIX A

APROPOSED TEST METHOD

CORROSION PREVENTIVE CHARACTERISTICS OF OILS CONTAINING

VAPOUR PHASE CORROSION INHIBITORS

.A-J, SCOPE

This ihethod is intended for the determination of the vapour phasecorrosion
preventive characteristics of oils.

A-2 APPARATUS, REAGENTS, AND MATERIALS

Water bath, capable of maintaining a temperature of 50 1 1°C.

'Specimen temperature regulating circulating system capable of maintaining
a' water temperature of 30 L I°C at both inlet and outlet of specimen holder.

Filtered dry air supply.

Test assembly as shown in Figures I to 5.

Adaptor threaded 3/8 x 24 UNF for holding corrosion specimen in a drill
press chuck.

Abrasive paper, non-wdterproof, Silicon Carbide, 400 -grit.

Iso-octane.

A-3 PREPARATION OF APPARATUS

1. Wash glassware in hot water-detergent solution and rinse with tap water.
Clean with chromic acid cleaning solution, rinse with tap water, then with distilled
water, dry in an oven and cool to room temperature.

2. Wash teflon sleeve, seal, and cup ih hot water-detergent solution, rinse with
tap water, then with distilled water and allow to dry. Place in a dessicator until ready
to use (at least 30 minutes).

3. Heat the metal specimen (Note 1) in an oven (approx. 220°F) to ensure that
its temperature remains well above room temperature during the following cleaning
procedure.

Mount the warm metal corrosion specimen in a suitable holder on a drill
press or electric motor and rotate at approximately 1725 rpm. Prepare a
fresh metal surface by applying silicon carbide paper to the rotating specimen.

- .



-17

Finish abrading the specimen with' a fresh, strip of 400 gritpaper 1-1/4 inches
wide, by drawing the strip firnily 4 times across the, face of the specimen.
The flat bottom is finished by moving the strip to and fro against it witha
short stroke for 10- seconds. Fihally Wipe the rotating specimen with a clean
lintless material such as surgical' gauge to remove surface debris nd immerse
the specimen immediately in iso:-octafie, being earefulnot to touch the
specimen with the fingers.

A-4 PROCEDURE

Stopper the flask andplace it in the-bath, which- is at the test temperature of
50 -i 1 C, approximately 30 minutes'beforestarting thetest.

When thd flask hasbeen in thebath at least 15 minutes, blow dry air 'into it
via. the side arm for a minimum, of 2 minutes., The flow rate should be 'approximately
3000 ml/min. Then, stopper the, side arm.

Warm the iso-octane containing the specimen (in the 50°C bath) in order to

maintain the, temperature of the specimen above ambient.

Shake the sample vigorously and transfer 2 ml to the sample cup.

Remov, e'thd metal specimen from the warm iso-octane. Install the insulating
sleeve on the specimen holder, which is at the- test temperature 30 + 1C.. Insert the
gasket and mouht the specimenin its holder.

Mount the sample cup on the teflon sleeve and placethe assembly inthe flask,
as shown in Figure 7 of the main report (Note 2).

At the-end of the induction period (3 hours) add 2 ml of distilled water to the
flask through the side arm.

Continue the test for 3 hours. Remove the metal specimen, being careful
not to wipe off any rust, and describe its appearance.

A-5 REPORT

Report the degree of rusting - trace, siight, moderate, or severc, and the
approximate percent of area covered.

Notes

Note 1. Severely corroded, specimefis should be discarded but moderate pitting may
be removed with coarser paper. The marks produced by this coarse paper
must be removedwith 400 grit paper before the final finish.

Note 2. If more than 'ne apparatus is being used' it is more convenient to assemble
the specimen holder, sleeve, gasket, and specimen and place them in a
flask, similar to the test flask but without the side arm, that contains a
small quantity of drierite. They can remain there for a reasonable length
of time until the sample cups are added and they are then placed in the test
flask.


