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SUMMARY

PART | Previous work indieated the
potentialities of low molecular weight organie acids
as vapour space inhibitors for oils but a possible
incompatibility with oxidation inhibitors was indicated,
These confirmitory tests indicate very much shorter
lives for blends cortaining either 4 methyl 2,6 ditert-
hutyl phenolor phenyl-a-naphthylamine in the presence
of 0,05 percent weight n=-Decanoice acid as measured
by fthe Oxidation Characteristics Test (ASTM D343),

PART 1T - The development of a potentinl
lahoratory glassware corrosion test method for meas-
uring the presence and effeetiveness of vapour space
corrosion inhibitors is described.
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VAPOUR ‘SPACE -INHIBITOR. ST DIES

/INTRODUCTION :

Followinga‘report” on the potentialitiesof low molecular
weight organic acids as vapour space rust inhibitors for steam
turbine -oils, the Fuels and Lubricants Laboratory measured the
effect ¢f ‘the addition of 0.05 to-0. 10 percent weight n-Decanoic acid
‘on theeproperties of finished oils and evaluated the Hot Plate Reflux-
and Cyclic Rust Test Methods?’ It was concluded that the Total Acid
Number, ‘Foaiming Characteristics, and Load-Carrying Capacity-of
the turbine oils were altered hy the VSI addition, but the-changes
weére small and ‘probably tolerable. However, .a significant réduc-
tion i.: the Oxidation Characteristics of one-oil was noted, indicating’
a possible additive incompatibility. Several more blends have been
prepared: from finished oils, base stock anine, anfl _phenol type
antioxidants with n-Decanoicacid as:a VSI additive” studv further
the effect of tnis particular vapour space ‘corrosion inhibitér on
oxidatiori life. The tests and results are ‘described in Part I of
this report. .

Work has continued on the development of a small-scale
glassware laboratory apparatus and a suitable technique for meas-
uring the présence and effectiveness of vapour phase corrosion
inhibitors., ‘Part I describes a proposed apparatus and method.
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z ) THE RFFECT OF N-DECANOIC AGID ON THE OXIDATION CHARACTERISTICS
270

o . OF STEAM TURBINE OILs-

.

- ) Two qualified steam turbine 01ls (CGSB”Speciflcation 3 -GP-357Ta) and one

0, : base stock -were nged for the test blénds. Infrared analysis. of extracts of the two

. finished oils indicatéd the oxidation inhibitor to be of a. phenol type (4 methyl 2,6 ditert-
butyl phenol) present in” concentrations. of approximately 0:2 and 0.4 percent: by weight,

) Thérefore the base stock wasused to prepare samples.containing phenyl-a-naphthylainine.

& From:these ‘hasic blends test.oils. contammgwthe n-Decanoic acid'were:prepared. Test

: procedures were varied' (e.g. By adding netal deactivator or omitting. the copper

‘ -catalyst) to provide additional information. The samples prepared. test procedures,
5 and results are sunitharized in Table I..

] The basic method was ASTM Méthod D943 .and the criterion of failure was
> the commonly employed Total Acid Number of 2.0 mg, KOH ‘per grain of sample,
nitial TAN of acid hlends was of the order of 0.20, Observatlons were made :of
weight of insolubles, water phase acidity, condition of the catalyst coils, and the
appearance of oil and: water phases at the end. of the test. Thé relative amount of
insolubles present s indicated-in Table L

Conclusions

F These data indicate an. incompatibility between the VSI additive, n-Decanoic
acid, and the antioxidants 4 methyl 2, 6 ditert-butyl phenol and phenyl-a-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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’ ’DEVE]’_OPMENT OF A LABORATORY METHOD FOR MEASURING THE PRESENCE

AND EFFECTIVENESS OF VAPOUR SPACE .INHIBITORS IN' OILS

In an earher work 2’, a slightly modified Hot Plate Reflux and a ‘Cyclic Rust
test were employedoto assess-therust preventlve properties of oils and- blends contammg
vapour space corrosion- inhibitors. ‘The HPR' test gave- shghtly more decisive and re-
-peatable results ‘than. the Cychc test and. indicated trends-pretty: well. However it was
felt'desirable-to develop-a. method that would permit better control.of test conditions to
improve repeatabihty and- reproduclbllity Con*rol of test temperatures at various

levels wouldalgo permit any ‘steady state service condition tobe reflected.in-the method.

Finally, ‘guch a technique would be uséful for laboratory assessment of potential VSI

“additives’ 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 dévised. The method consisted
of exposing a ¢lean, 1020 steel specimen: to-a.2-m1 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 50°C, and cooling water at 30°C 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 conditioris causmg

corrosion (Note 1) in‘main propulsion gearing and lubricating oil systemsof 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 -salt*’ supplied by the
United States Navy. The test resilts weré 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 apparatus.and procedures of ASTM D872 (Note 2) in whichoil blends containing
0.1 percent weight inhibitor were maintained-in a sample cup.at 210°F 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 submitted-to-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.
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o T Degree of Corrosion
: Sample :| Description 4 R BN —_—— s |
1. ' . 1 2 3 4 - 5 6 :
' A "Commercial | Severe " Slight | Severe | Moderate | Stain | Severe
:0il - ‘ ‘ : ¢
sUninhibited 1 ‘
(150:8U8)
B ‘|l A-inhibited | None “ Nune Light | None "None | None
C | Commercial |. Scvere Severe ‘S,evere Moderate | Staia .| Severe '
011 - ’
Umnhlblted
. | (400 SUS) \ }
D | C-inhibited | Moderate | None Light | None None .| Ncne

-8 -

In the dnitial round six sets-.of the laboratory apparatus were fabricated-bya
United: States laboratory from NRC drawmgs, and six xaboratomes evaluated four

=commerc1al 01ls. The results are shown in Table II.

TABLE IT

“RESUILTS OF FIRST ROUND OF CG~OPERATIVE TESTS

These results were considered very encouraging. As a . '0-3-check on the
sensitivity of the specimens, the tests on samples A and C were repeated by Laboratory 4
using NRC 1020 stcel specimens, and the NRC ratings of "severe" were reproduced in
hoth-tests. Further, Laboratory 6 reported good correlation between the results of the
proposed method and the Hot Plate Reflux method.

A secend set of tests was arranged in which twelve laboratories participated.
A source for the complete Vapour Space Corrosion Test apparatus was found and
samples were ‘prepared and distributed by NRC. The test oils.contained 0.15, 0,075
and 0 percent n-Decanoic.acid in a basc stock. The selection was based on the results
shown in Figure 3 and it was intended that pass, borderline, and fail samples he
represented, All laboratories color-photographed the specimens after test and the
35-mm slides were returned to NRC for asscssment by one experienced operator.

The results were generally in good agreement for the fully inhibited and
uninhibited samples, although therc was a spread of ratings from none 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 commercially available apparatus, and
some of the spread of results was attributed to the use of specimens from different
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sources. n ¢onfirmation, the laboratory rated the intermediate sample using the

»orlgmal 1020: steel specimeng and those: supphecl withi. the -commercially available
apparatus. The results are illustrated in Figuve 5. It appears that the common grade
-of.- stcel now supphed is more rust resistant.thanithe 1020 -specified.. The commercial

specimens were-presunied to be 1018 stegl hawng a higher-manganese content..

A third:co-operative ckchangé was; completed-by thé. Task Group. Tests:were
run on- a ‘)01dcrlme (0.075 percent n-Decanow) and’ pass {0. 15 percent n-Decanoic)
samplé-w ith: specimene supplied:by NRC. All the specimens were prepared from the

-same 1020 rod. &;,.tm goeod repeatability and replodumblhty were obtained fcr the

fully inhibited uil but the vatings for the intermediate sainple ranged from no rusting.
and’moderate rusting:

Sinc¢e there -appeared to be other factors entering into. the test -results; the
laboratory underteok to ir -estigate some of the parameters. A very significant-factor
apperred to.be the huu.:tllty of the air to which:the specimen-was-exposed just prior to
the ‘induction period:(Note 3). It was also considered an cxpedient time to explore the
feasabllxty of reducing the total test time so that an evaluation could be completed in
onc-day.

A base stock -containing 0.10 percent n-Decanoic¢ acid and: 1020- steél
specimens. were used for-this investigation and tests wereperformed by

(2) regular test method - uncontrolled.humidity, 16-hour induction period
and ‘3-hour test time;

() heating the specimen during cleaning and mounting it -in the specimen
holder; blowing dry-air through flask hefore inseftion of ‘the specimen;.
reducing the induction period to 4 hours and the test time to 2 holirs.

‘The results, illustrated by the graph in Figure 6, indicate a much better repeatability
for proccdure (b). A slight modification to the apparatus. was required.for flushing

with dry air. A side arm was added to the flask, as illustrated in Figuré 7.

Subscquently, a fourth round of co-operative tests was initiated in the
C-1I Task Group. All specimens were obtained from one commercial source and were
1018 steel. It was decided to increase the severity of the test slightly by 1educmg the
induction period to 3 hours, increasing the cxposure 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 TII, The repeatability

and reproducibility for 1! three samples was reasonably good, The performance of
sample C was unexpectedly good but, sinée it ‘is a purely arbitrary standard, it is
considered that the il fonm of- the method is slightly less stringent than that using
1020 sicels., Conscepuently, .sample C is a little on the U"pass!' side of the rating. Most
co-operators also ran tae Hot Plate Reflux method, and the results obtained by the two

mcthods were comparabia,
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Comments

A rélatively -simple- laboratory glassware Vapour Spacé Corrosion Inhibitor-
test. method is presented that offérs a versatile.control of temperatures of- enwronment
and specimen and that: demonstrates. good’ repeatdbility and reproduclblhty, at least for

uninhibited .and’ adequately- inhibited oils. Its value for evaluating oils inservice has
not yet been demonstrated by service trials.

Notes:
Note 1.  Since largely eliminated by adequate venting.
Note 2.  Test for the Evaporation Loss:of Lubricating Grease-and Oil.

Note 3. Humidity was not recognized as a-factor during.the development of the test
because -the laboratory has a controlled humidity during the winter months
to reduce the hazards associated with static electrlcity discharges and
explosive vapour-air mixtures.
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APPENDIX A
PROPOSED TEST METHOD

CORROSION PREVENTIVE CHARACTERISTICS OF OILS CONTAINING
VAPOUR PHASE CORROSION INHIBITORS

A-1. SCOPE

This method 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°C.

Specimen temperature régulating circulating system capable of maintaining
a water temperature of 30 + 1°C at both inlet and outlet of specimen holder.

Filtered dry air supply.
Test assembly as shown in Figures 1 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, rinsé with tap water, then with distilled
water, dry in an oven and cool to room temperature.

2. Wash teflon sleeve, seal, and cup in 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.
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Finish abrading the specimen with a fresh.strip of 400 grit.paper 1-1/4 inches
wide, by drawing the strip-firmly 4 timés.across the face of the specimen.
The flat bottom is fxmshea by moving the strip to and fro against it witha
short stroke for 10- seconds Finally wipe the rotating specimen with a clean
lintless material suchas surgical gauge to remove surface debris and immerse
the specimen immediately in iso-octane, being careful not fo touch the
specimen-with the fingets.

A-4 PROCEDURE

Stopper the flask and place it in the-bath, which is at the test temperature of

50 + 1°C, approximately 30 minites‘before.starting the test.

When -the flask has-been in the bath 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 stepper 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.

sleeve
gasket

‘Shake the sample vigorously aid transfer 2 ml to the sample cup.

Remove-thié metal specimen from the warm iso-octane. Install the insulating
on the specimien holder, which is at the test temperature 30 + 1°C.. Insert the
and mount the specimen.in its holder.

Mount the sample cup on the tetlon sleeve and place the assembly in-the flask,

as shown in Figure 7 of the main report (Note 2).

flask t

not to

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

Continue the test for 3 hours. Remove the metal specimen, being careful
wipe off any rust, and describe its appearance.

A-5 REPORT

Report the degree of rusting - trace, slight, moderate, or severe, and the

approximate percent of area covered.

Notes

Note 1.,

Note 2.

Severely corroded specimens should be discarded but moderate pitting may
be removed with coarser paper. The marks produced by this coarse paper
must be removed-with 400 grit paper before the final finish.

If more than vne apparatus is being used it is more convenient to assemble
the specimen holder, slecve, 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 rcasonable length
of time until the sample cups are added and they are then placed in the test
flask.
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