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ABSTRACT

Constant speed drive failures associated with the MIL-L-23699 oil
degradation required a feasibility study to determine techniques/procedures
satisfactory for the field evaluation of oil samples. Results of the study
showed that a test procedure based on total acid number was capable of
discriminating between MIL-L~23699 oils with total acid numters above
and below 2.0 mg KOH/gram. A prototype test kit (®go-no go¥ type) is being
assembled for on-site field demonstrations. This maintenance technology
support study was conducted under the Analytical Rework Program sponsored
by the Naval Air Systems Command (AIR-4114C).
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REPORT OF INVESTIGATICN

1. Introduction

The purpose of this investigation has been to develop a procedure
for the field evaluation of the acidity of MIL-L-23699 lubricating oils.
The requirements for the procedures tc be developed (Reference 1) are
that they shall be capable of distinguishing, on a "go-no go" basis,
between 0ils of acidity greater or lesser than 2.0 mg.KOH per gram; that
they shall be field tests which can be performed by non-technically
trained personnel; and that they shall be applicable to MIL-H-23899
lubricant 0ils which contain either additive group A or additive group B.

A field test procedure has been develcoped at this laboratory for
the field evaluation of compressor lubricant acidity. (References 2 and 3).
Tnat procadure, which is applicable to additive-free mineral oils, is
capable of distinguishing between used 0ils which have acidities greater
or less than 0.05 mg.XQH/gram. Tne principle of tnhis field test Tor
compressor lubricant acidity is the extraction of acidic components
formed within the used oil into a solvent wnich is botn immiscible with
the comprassor oil sample and capable of dissolving the acid components
of the sample with a high cegree of efficiency. It was felt, a priori,
that the principle of the compressor lubricant test kit might be appiied
to MIL-L-23699 oils. Therefore, the initial studies in the present
investigation were directed toward that end.

It was found, in fact, that a very satisfactory test could be
developad in the above manner for the evaluation of acidity at the 2.0 mg.
KOH/gram level in MIL-L-23659 oil with additive group A. The same test,
nowever, could not be used for MIL-L-23699 oils containing additive
greup B Decause that additive package developed a strong purple color in
alkaline solutions. That color interfered with the evaluaticn of the test
results Dy the procedure described above. The bulk of the research
sudbsaquently performed in this program was directed toward tne elimination
of additive interference in oils containing the group 3 additive package.
Several different approaches were investigated. These included the evaiuation
of a variety of solvent systems, the development of emulsion tests and of
procaedures with indicating upper phases instead of tne indicating lower
phases as employed in the compressor lubricant test procedure.

In the work to be described in subsequent sections of this report
saveral experimental procedures nave been developed. Tnese wers tested
initially by application to new MIL-L-23699 oils of both types to wnich
known amounts of oleic acid had been added. Final evaluation ¢f the
erficacy of prospective test procedures was made by use of actual used
0ils obtained from field appiications.
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2. Samples

The following sacples have been utilized throughout the course
of tnis investigation.

Total Acid No.,

Laboratory mg.KOK/gram
Number Sample Of Marked (ASTM D 664)
718 3 New MIL-L-23699 0Qil Additive group A 0.17
7184 New MIL-L-23699 011 Additive group 8 0.17
7710 New MIL-L-23699 011 Additive group B, 0.28

. 0.10 TAN
7 7.7 1] Used MIL-L-23699 011 Additive group B, 2.68
2.52 TAN
17712 Used MIL-L-23699 Qi1 Additive group A, 2.86
2.60 TAN
77713 Used MIL-L-23699 0il Additive group B, 5.67
5.23 TAN
77714 Used MIL-L-23699 Qil Additive group 8, 3.47
3.15 TAN
77715 Used MIL-L-23899 Qi1 Additive group A, 3.17
3.25 TAN
17118 Used MIL-L-23859 01l Additive group 3, 6.06
6.12 TAN
17717 Used MIL-L-23699 01l Additive group A 4.4
4,20 TAN
21T Used MIL-L-23539 Qil Additive group 3, niS
1.66 TAN,
Hydrolysis possible
77719 Used MIL-L-23839 Qil Additive group 8, 1.42
0.43 TAN,
Hydrolysis passible
7772 Used MIL-L-23699 0i] Additive group 8, 2.44
1.58 TAN,
Hydrolysis possible
T TE Used MIL-L-23899 Qi1 Additive group 3 1.03

0.75 TAN,
Hydrolysis possible




The acidities (TAN) supplied as part of the markings of the

samples as received from the Department of the Navy, Naval Air
Propulsion Test Caenter, Trenton, NJ 08623, were found to differ
somewhat from the values determined in this laboratory as indicated
above. This result was expected since experience nhad shown that
the samples were unstable with respect to their acidity (Reference &).
The measured acidities did not, however, change during the time the
samples were at this laboratory and the values recorded above were
used for all test purposes.

3.1

3.2

3. Experimental

The following data were obtained during the course of this
investigation. The reagents used in each phase are described
in the appropriate sections. All reagz:t and sample volumes
were measured with standard volumetric glassware into mixing
bottles. The mixing bottles were one oz. clear glass, French
Square bottles with scraw caps.

New 0il of different acidities was prepared by adding oleic
acid to Lab. No. 7 7 18 3 (acditive group A). The following
acidities were prepared: 1.72, 1.81, 1.91, 2.01, 2.12 and 2.22
mg.KOH/gram. Then 5 ml of each oil sample were introduced into
a shaking bottle; 5 drops of phenoliphthalein indicator were
added; and in the first case 10 ml of a solvent consisting of
50% v of toluene and 50% v iscoropyl alcohol. Finally 10 mi
of aqueous 0.0099 N sodium hydrcxide were added and tae mixture
shaken. An additional 5 ml of 0.0099 N sodium hydroxide were
tnen added and the mixture shaken again. In the second case
the titration solvent consisted of pure toluene. The foliowing
observations were then made of the aqueous layer tnat separated
on standing:

Total Acid No. Case I Case I
of Sample
mg.X0r/gram 10 m1 NaCH 15 m1 NaOH 1C ml NaCH
(Lab. No. 7718 3 added added added
1.72 Colorless Light pink Red
1.81 Colorless Light pink Red
201 Colorless Light pink Red
2eid Colorless Light pink Light pink
Zvla Colorless Light pink Light pink

4.




3.3

3.4

These data show that the efficiency of extraction of acidic
components by the aqueous caustic is dependent on the nature of
the solvent used and the relative amounts of aqueous and non-
aqueous phases. Further examination snowed that the solvents
were not neutral, Tnis indicated that all solvent adced should
be adjusted to the pH of the change point of the indicator. The
separation of layers was slow but seemed to be faster for th
tests run with smaller amounts of the aqueous phase.

Titration solvent consisting of 50% v toluene, 49.5% v isopropyl
alcohol and 0.5% v distilled water was adjusted to pH 10.3 with
dilute aqueous sodium nydroxide. Then 5 ml of the solvent, 5 ml
of Lab. No. 7 7 18 3 oil adjusted to a TAN of 2.01 mg.KOH/gram
and 5 drops of -phenolpnthalein indicator were transferred to
shaking bottles containing different amounts of 0.0297 N aquecus
sodium hydroxide, The mixtures were then shaken and allowed to
stand until they separated into an aqueous lower layer and an
upper organic layer. The following observations were then made:

Lab. No. 7 7 18 3 Adjusted to TAMN 2.01 mg.KXQH/gram

Volume of 0.0297 N Color of aqueous
NaOH Added, ml. Lower layer
6.2 Colorless
6.3 Colorless
6.4 Very faint pink
6.5 Faint pink
6.6 Light pink

These data show that a reasonable change paint can be obtained
for TAN of 2.0 mg.XKCH when about 6.4 ml of 0.0297 N Nalid is used
with neutralized titraticn solvent of the above indicated type.
This Tinding suggests an approximate 76% efficiency in the
extraction of acidic components into the aqueous phase and led
to the following experiment:

A measured quantity (5 ml) of the standard oil Lad. No. 7 7 133
adjusted to different acidities was added to each of several shaking
bottles; 10 ml of neutralized titration solvent (see par. 3.3);

6.4 ml of 0.0297 N aguecus sodium hydroxide; and 5 drops of
phenolphtnalein indicator were added to 2ach and the mixtures shakan
and allowed to stand until separation occurred.

5.




The following observations were then made:

Total Acid No.

3.5

of Sample

mg. XOH/gram Color of

(Lab. No. 7 7 18 3) Lower Layer
172 Pink
1.81 Pink
1.91 Light pink
2.01 ) Faint pink
2.12 Colorless
2:22 Colorless

The separation time of the layers was less than two minutes in
each case. On tne basis of tne data obtained it was concluded
that the described procedure was capable of testing the acidity
of MIL-L-23699 oil with the group A additive package on a “go-
no go" basis with a change point at 2.0 mg.XCH/gram. The next
step was to try the same procedure on oil containing additive
group 8 (Lab. No. 7 7 18 4).

Standards of different acidity were prepared by the addition
of oleic¢ acid to Lab. No. 7 7 18 4 which was a MiL-L-23899 oil
containing additive group 8. These were then tested in accordance
with the procedure described in par. 3.4, The following resuits
were obtained,

Total Acid No.

of Sample
mg.XCH/gram Color of
(Lab. No. 7 7 18 &) Lower Layer
1.59 Pink
1.81 Pink
1.89 Pink
1.98 Pink
2.06 Light pink
2.22 Light pink

e T —~— -




3.6

No clear cut color difference was observed, as expected,
between samplaes with acidities greater or less than 2.0
mg.X0H/gram. Moreover, the quality of the color was
different from that observed in the previous test. This
suggestad that an interference might be present. This was
evaluated in the following manner:

Standard oil (Lab. No. 7 7 18 4) adjusted to a TAN oF 1.58
mg.KOH/gram was prepared and 5 ml were added to each of 12
shaking bottles. Then 10 ml of neutralized titration solvent
(see par. 3.3) and various amounts of 0.0297 N aqueous sodium
nydroxide were added. No indicator was added. The mixtures
were shaken, allowed to stand until separation occurred and
the following observaticns were made:

Lab. No. 7 7 18 & Adjust to TAN 1.98 mg.KOH/gram

Volume o7 0.0297 N. Color of
NaOH adaad, ml. Lower Layer
6.4 Pink
8.1 Pink
5.9 Pink
547 Pink
8.5 Pink
83 Pink
5.1 Light pink
4.9 Light pink
4.7 Light pink |
4.5 Light pink 5
4.3 Light pink '
4.1 Lignt pink

[t was further observed that, if the above mixtures were shaken

a second time, they did not separate upcn standing. However,

a separated layer could be obtained by the centrifuging of the

samples. In that case the lower layer was reproduced without
sudostantial change in color. The same series of experiments were
repeated without substantial change in result for a sample of

standard o1l (Lab. No. 7 7 18 4) acjusted to a TAN of 2.22 mg.XQ4/granm.




From these findings it is clear that the 0il sample containing
the group 3 additive package transmits a color to the separated
aqueous layer. This color is only sligntly dependent on the
amount or excess base and for this reascn constitutes a serious
interference to the test procedure for the MIL-L-23599 oil with
the type 8 additive package. Further tast development was,
-therefore, continued as follows:

3l [t was determined (Reference 5) that the component of additive
group 8 that was most likely to produce this anomalous color
change was 1,4-dinydroxyanthraquinone. To test this hypothesis
the following tests were made: Qi1 containing the type A additive
package (Lab. No. 7 7 18 3) was adjusted to various total acidities
with oleic acid. Then 5 ml each of various oils, 10 ml oF neutralized
titration solvent (see par. 3.3), 6.8 ml of 2.0297 N agueous sodium
hydroxide, 3 ml of 0.5% w 1,4-dihydroxyanthraquinone in titration
solvent, and 5 drops of phenolphthalein solution were placed in
shaking bottles, mixed and allowed to stand. The following
observations weremade:

Total Acid No

of Sample

mg. KCH/gram Color of Emulsion Color of Separated
(Lab. No. 7 7 18 3) Before Separation Lower Layer

1.7 Rust Dark Pink
1.81 Lignt Rust Pink
1.91 Cark Yellow Pink
2.01 Dark Yellow Pink
Z2otd Dark Yellow Pink
2.22 Qark Yellow Pink

These findings confirm that 1,4-dihydroxyanthraguincne is the scurce

of the interference first observed in the testing of oils containing
tn

he group 3 additive package by the method of par. 3.4, A Turther,
and significant, finding is that the colcer of the emuision formed

before separation can be used as an indication of sample acidity.

3.2 Standard samples of oil (5 ml) with the type B adcitive group
(Lab. No. 7 7 18 4) with acidities adjusted by the addition oF
oleic acid were added to 10 ml of neutralized titraticn soivent
(see par 3.3), 5 drops phenolphthalein solution, and 6.4 ml of
aqueous 0.0297 N sodium hydroxide. The mixtures were shaken until
and emulsion formed and tne following observations were mace:

8'




Total Acid No?

of Sample Color of Emulsion

mg. KOH/gram Before Separation

(Lab. No. 77 18 4 (6.4 ml aqueous MaOH solution)

1.59 Purple-Red
1.81 Red-Brown
1.89 Rust

1.98 Light Rust
2.06 Yellow
2.22 _ Yellow

[t was found that, although the color change observed for the

01l containing the type 8 additive group was similar to that

abserved for the material containing the type A additive

(see par. 3.7), the change point was differant when identical

amounts of reagent were used and the quality (hue) of the developed
colors was different under otherwise identical circumstances. The
effect was quantified as follows: to 5 ml of Lab. No. 7 7 18 3 adjusted
to a TAN of 1.80 mg.KCH/gram were added 10 ml of neutralizaed titration
solvent (see par. 3.3), 1.0 ml 0.5% w 1,5-dinydroxyanthraquinone
solution, 5 drops of phenolpnthalein indicator and varying amounts of
agueous 0.0297 N aqueous sodium aydroxide solution. [t was found that
7.2 ml of the aqueous sodium hydroxide solution were required to develop
an  enulsion color identical to that obtained above under the indicated
conditions for the Lab. No. 7 7 18 4 mixtures (par. 3.8). This finding
led to the following experiments:

To 5 ml samples of Lad, No 7 7 18 3 (additive group A) adjusted to
differant acidities were added 10 ml of neutralized titration solvent
(see par. 3.3), 1.0 ml of 0.5% w 1,4-dihydroxyanthraguinone solution,
5 drops of phenolipnthalein indicator solution and 7.2 ml of 0.02%7 N
aqueous sodium hydroxice solution. The mixtures were shaken until
emuisions formed and the 7ollowing coservations were made:

Total Acid No.

of Sample Color of Emulsicn
mg.K0H/gram Sefore Separation

(Lab, No. 7 7 18 3) (7.2 m1 NaOY Solution added)

T /e Violet
1.81 Rust

1.91 Light Rust
2.01 Yellow
AR Yellcw
2.22 Yellow




A further adjustment was made as follows to improve the
correlation of change point colors with those abtained
for Lab. No. 7 7 18 4 mixtures (par. 3.8).

Total Acid No.

of Sample, Color of Emulsion
mg . KQR/gram Before Separation
(Lab. No. 7 7 18 3) (7.5 m1 NaOH Solution added)
1.72 Violet
1.81 Violet
1.9 : Rust
2. Vary light rust
2.12 Yellow
2.22 Yellow

The following experiment was then run with 0ils containing
additive group B (Lab. No. 7 7 18 4): & ml of oil adjusted

to the indicated TAN, 10 ml of neutralized titration solvent,

5 drops of phenolphthalain indicator and 6.5 ml of agueous
0.02387 N sodium hydroxide solution were shaken until an
emulsion formed. Note: No !,4-dihydroxyanthraguinone solution
was added. The following ocbservations were then made:

Total Acid No.

of Sample, Color of Emulsion
mg. \OR/granm Batore Separation
(Lab. No. 7 718 4) (6.5 ml of NaOK solution added)
1.59 violet
1.81 Light Violet
1.89 Rust
1.98 Light Rust
2.06 Yallow
.22 Yellow
0.
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[t was Tlear that the data obtained from the experiments
described in par. 3.9 could form the basis of an acid number
test. Several experiments were therefore, conducted with
used o1l samples of known acid number., While the procedure
was found to work satisfactorily for light colored used oils,
dark colored samples interfared with the clear observation of
the color of the emulsion formed upon shaking the samples with
the indicated reagents. It was, therefore, tound to be nacessary
to continue the test development with emphasis directed towards
a procedure which resulted in the separation of an indicator-
costaining 1iquid phase. The following experiment was pertormed:
5 ml samples of Lab. No. 7 7 18 4 oi) adjusted to different
acidities were added to 100 ml of neutralized titration solvent,
20 drops of 0.5%.w 1,4 dihydroxyanthraquinone, 20 drops of
phenolphthalein solution and 6.4 ml of aqueous 0.0297 N sodium
hydroxide solution and shaken. A clear solution resulted. Then
20 m1 of distilled water were added and the mixture shaken again,
Upon standing an aqueous lower layer separated. The follewing
observations were made:

Total Acid No.

of Sample,

mg. KOK/gram Color of Color of Separated
(Lab. No. 77 18 4 Clear Solution Lower Layer

1.59 Purple-red Pink

1.81 Reddisn Brown 2ink

1.89 Rust g Light Pink

1.98 Crange Very Lignt pink
2.06 Orarge Colorless

2.82 Orange Colorless

While the above procedure appearad to show promise as a test Jor
the field evaluation of the acidity of MIL-L-238%9 oils, 1¢ was
falt that the solvent volumes involved were too larga to te
practical and that further developust was required. Tais led
to the following test proceaure:

For MIL-L-23699 o0ils containing the type A additive package
(Lab. No. 7 7 18 3) add 5 ml of ofl to 20 ml of acetone, 1.0 ™
of 0.5% w 1,4-dihydroxvanthraquinone solution, 10 dreps phenol-
pnthalein indicator solution, and 7.3 ml of aqueous 00,0297 N
sodium hydroxide., Shake well and observe the color of the
separated upper solvent layer., Thus:




Total Acid No. {

of Sample, Color of Separated
mg.KOH/gram Upper Layer
(Lab. No. 7 7 13 3) (7.3 ml of NaOH solution added)
1.72 Dark Violet
1.81 Dark Violet
1.91 Raddish Brown
2.01 Dark Straw
2.12 Yellow
2.22 . Yellow

For MIL-L-23699 oils containing the type B additive package
(Lab. No. 7 7 18 4) add 5 ml of oil to 20 ml of acetone, 10
drops os phenclpnthalein indicator sc ution and 6.3 ml of
aqueous 0.0297 N sodium hydroxide solution. Shake well and
ooserve the color of the separated upper solvent layer., Thus:

Total Acid No.

of Sample, Color of Separated
mg.x0H/gram Upper Layer
(Lab. No. 7 7 18 4) (6.3 ml of NaOH solution added)
1.39 Dark Violet
1.81 Dark Yiolet
1.89 Reddish 8rown
1.98 Dark Straw
2.06 Yellow
2,22 Yellow

In both cases the time required for tne required separation
of layers to occur was less tnan three minutes. It was taus
considered that the tests should be appiied to the several
samples of used oils. The following results were obtained:




3.12
Tatal Acid No., Color of

Laboratory Additive mg.KCH/gram Separated Test
Number Type (AST™M D 664) Upper Layer Indication
77710 8 0.28 Dark Violet Pass
72721 8 2.68 Yellow Fail
71712 A 2.86 Dark Yellow Fail
T7#718 B 5.67 Yellow Fail
77714 8 3.47 Yellow Fail
717715 A Sl Dark Yellow Fail
77716 8 6.06 Yellow Fail
7 A 4.14 Yellow Fail
vy B 2.25 Dark Yellow Fail
77719 B8 1.42 Dark Violet Pass
7772 8 2.44 Yellow Fail
7772 8 1.33 Dark Violet Pass

A further observation was made: namely, that the color of the
Jower layer of the sample reagent mixture before shaking was,
except in the case of extremely oxidized or nydrolyzed samples
(cf Lab. Nos. 77 7 16 and 7 7 7 18) violet for oils containing
the type 3 additive package and colorless for those containing
the type A additive package.

4. Conclusions

On the basis of the data which nhave been eotained it is pessivle
to reach the following conclusions:

4.1 The test procedures described in par. 3.11 are capable of
diseriminating between MIL-L-23699 o0ils with total acid numters
above and below 2.0 mg.KOH/gram with an accuracy of about 0.C5
mg.XCH/gram. They have been applied successfully to several
used oil samples. See par. 3.12.

4,2 The test procedures are applicable to MIL-H-23699 oils containing
either type A or type 8 additive packages as described in par 3.11.




4.3 If the additive type in the o0il to be tested is not known

with certainty, the following method would be followed:

To 5 ml of the oil to be tested add 20 ml of aceatone,
10 drops of pnenolpnthalein indicator solution and 6.3 ml of
0.0297 N aqueous sodium hydroxide solution. If any vioiet
color is observed in the lower layer, the mixture is shaken
without any further additions of reagents. If no violet color
is observed, an additional 1.0 ml of 0.0297 N aqueous sodium
hydroxide solution and 1.0 ml of 0.3% w 1,4-dihydroxyanthraquinone
solution are added and the mixturzshaken.,

4.4 The test procedure lends itself to ready packaging as follows:

Acetone - 20 ml vials
Sodium nydroxice solution (0.0297 N agueous)
- 6.3 and 1.0 vials
Pnenolphthalein Indicator - dropper bottie.
0.5% w 1,4-dinydroxyanthraquinone solution
- 1.0 ml vial

Sample - small plastic measuring cup with Tine at 5 ml mark.

Alternatively, the shaking bottle may be marked with lines at
5 ml for the sample 25 ml for sample + acetone, 31.3 ml for sampie

+.acetone + 6.3 ql.sqdium hydroxide salution, and 32,3 @l and 33.3
m135er add1t?ona? O qu§n€1t1es 38" d5atm nydrox1§e and 1,3%-

dinydroxyanthraquinone solution.

4.5 The method described in par. 4.3 for the determination of additive
type appears to ba raliable except in the case of extremely oxidized
or hydrolyzed samples in which the 1,4-dihydroxyanthraquinone has
teen lost from the sample through oxidation or hydrolysis. The
additional sodium hydroxide and additive added to such samples
would not be likely to bias the test results for the following
reascns: Althougn the sample would be treated as a type A additive
material even though it was really a highly oxidized type 8 material,
the nign stata of sample oxidation would be sufficient to prevent a
“pass” reading from being obtained even though an appareatly tco
large amount of base was added. Similar considerations apply to
highly hydrolyzed samples, although in that case the situaticn is
not as clear cut. In that case the most reliable results will be
obtained when the additive type in the oil sample is known beforehand.
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