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Tranglation
. INTRIDUCTION 23818
In tho inwestigation of lubricents the semples will be small, in
general, according to the work plan. It is desired, therefore, to develop
epecial apperatus in the study of oxidation resistence, corrosion, end spread-
ing over metal surfaces of the products obtaired.

Various possibilities have been considered during this month for
"~ making such apparatus.

OXIDATION RESISTANCE

Waile investigating the oxidation resistance of lube oils by the
usuel method the work is gemerally done at comparatively low temperatures.
1t soems; however, thai the most important chenges in motor .oil’occur at
conparatively high temperatures. It is, thorefore, desirable to investigats
the products to be tested at relatively high temperatures. Furthermore, it
would be useful not, as is the usual case, to work at one definite tempera-
ture, but rather at a series of temperatures, since it is probable that the
clegsification of lubricants according to oxidation resistance may vary with

temperature.



by L8/

- uonejos| I

‘peq jeuytN§
s212318y8b uMai3

— 1

A
L
96 02 - N&1S , -
o 36 L Twniv UIPIIM JOU PIOOBUR VY N3 WIBMIS ” % i
s3burnysep «zo_z&.m.v <——— JUnJqy PUN - NZ YW uueY Puem’ ﬂ...br |

TIPIOAIIWWLING VW WLIYOISPUER |




Report &567--46

Purthermore, it appears desirable to study more closely the
rheological properties of the products which develop with the oxidation
of the lubricant. '

The apparatus to be developed should, therefore, meet the
following conditionss ’ o

1. It shall be possible to test very small samples with the
epparatus (e.g. 5-10 ec).

2. The temperature at which aging takes place shell be variable
over a wide range. A range of 200 G to 300 C was thought
desirable.

3. A viscosity or plasticity measurement of the oxidation
products shall be possible. :

Tn view of the above requirements the following scheme was 2318
considered: (See diagram)

An eluminum or steel ring, into which a snell amount of oil has
been poured, rotates through a nitrate bath which has been brought to a
specified temperature. A bell lies in the ring and shows increased resistence
to the rotation of the ring as the oil thickens due to oxidation. The
motion of the ball can be followed by an indicator or a simple telescope.
After & given time the loss due to evaporation and the determination of
the per ceat of materials insoluble in 60-70 benzine can be determined.

fle shall see whether such an'apparatus can be constructed cheaply
enough and vhether other designs ars possible. - '

CORROSION

The corrosion of bearing metals by lubricants in general appears
only when these metels are in motion and thus strained while the sliding
speed of the axle over the beering is eomparatively great.

Evideatly a static determination of corrosion by placing pleces
of the respective metels in. the test oll is not a correct measure of corrosion
taking place when in actusl use. ,

e have begun the construction of an apparatus which is essentislly
en axle pressed against a plece of bearing metal, and lubrication is poasible
with a emell emount of oil.

SPREADING OVER METAL SURFACES

The factors upon which the spreading of various oils‘bver metsal
gurfaces at higher temperaturss depend have not yet been esteblished.
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Diagram No, 18807-A3

APPARATOS FOR TESTING OXIDATION, WiTH 8 TEST CUPS

1
2.
3.
4.
5,
60
7
84)

917

10.
u‘)
12,
13,
14,
15,

Ball 1/2% dis.

0il brick 140 mm dia,
Electrical heater element
Rocking piate abou% 500 mm dia.
Bsll end socket

Insulation

Poot

Foot plate

Rollers

Bearings

Reduetion gear

Eleetric motor

Leveling screw

Guide plate

Thermal element.

2826



'ey-L088)

RTINS B 1IN IVEVadvIaNaaaNOILYOAS

928200

BLBBOLLIBY |

Jayedsburuyny
‘SNBSS
JojoN 312313
swiabozaay

‘@sy3nq 1aboq

‘udjoaebuniyny
‘wyoidssn o
‘ssNh

‘Buniayos
‘sus@Biabny

. ¢ Wi 00g OB BHDidi3ANDYDG
uduEBzIdY P83
g o oMB |Ba{ag

$.2/ 135n)

- & N g WV YV DD o Q

Lleblelelclol




Report 567.-48

It is gifficult in the present state of knowledge to sketch
& ugable apparatus for inves cigahing the sproading of lube oils over hot
metal surfeces.
-
' We chall therefoxe b"g'vl with the simplest attempt end use a :
'heated cest iron plate to see how well the common lube o1ls can be classified
according to the time it takes for the lubricent to spreed over ths cast iron.

June 1942
INTROLUCTION 2827
In the roport of the previous month the plans were given for
rarious pieces of apparatus sultable for the investigation of small samples
ol Inbricants.

GIDATION RESISTANCE

Fror: e discussion of fhe investigation of iube oil samplas, it
appeared desirable Yo add & fev J'equl“ux‘ea 3 liztef in the previous report
{pp. 2-5), nanely, the woselbility of investigaling mony sample sinulianeously.
This would greatly accelerato the inves tigation, which e of particular import-
enwe with the apparatus for devermining the oxidation resistance since this
property i8 to be determined el various temperatures. The apparatus, which
was pilciured schematically in the May repori, does not include the above
inentioned added requirement. To be sure; it would be possible to place
several rings in a bath; but the whole would then become expensive and
difficull to handle, It wss desirable, therefore, to design a diffsrent apparatus
Jiieh simultacecusly fulfills =12 the above requirements.

Such aa w,)..\r“tl.u iz glven schemaiically In $he accompenying
diagrer (Fig. He, 18.807-A5).

A pumber of cups are placed in a cirele on a table which exscutes
a- raclting motion., Aluminum cups are used for gcod thermel conducivity.
Sines the oxidabtion resistences of olls in contact with iron is considersd of
greater interost then with alvminunm, the aluminum cups were lined with iron
cups vhich ere light enough tc be welghed easily. The radius of curvature
of the cupe is relatively large so that only 2 amsll amount of the test
suostance 18 necessary and the heating, by means of a heating element placed
underneath the cups, is as vaiform 25 is posgsible,

In %he cup lies a bell vhich will describe a ¢i rcle due to the
motica of the table. The vadius of curvature of this cirvcle will be
determined by the fluidity of the iluid in the cup. {With a trial model -
uging a certain engle of tiltingand radius of curvature of the cupe, the
difference in radius of the eirele deseribed by the ball was appreciable,
for example, with oile EE0 = ¢5 and ES0 » 20 they wera approximately €0 mm
and 10 mm respectively.) 2828



Report 587-46

In this mwanner it will be possible to get an estimate of the
vliscosity of the oxidetion products formed.

It is the plan to provide a separate hiating coil for every cup
and comnect these in series., Vhen the measurument of the cups and the
thermoecouple are made as nearly as possible at the seme time, one esn
expect that the. temperature variations between the varioub ind5 vidual Cmpﬂ
will be small, -

_c:_onaosmn

The zccompanying diagran showa the apparatus tb be mads with which
¢ samplas can oe run ab the same time (Fig. No. 18.806-A3).

SPREADING QUER HOT iM&TAl, SURFACES |
-~ I

In order to attain an overall view of how oil spreads over a hot
surface a simple apoaratus was corstructed (See accompaning sche*natlc
diagram 18766- A4)

A cast iron plate was heated electrically in the center. The
tenperature was measured by means of a thernocopple placed 2 1/2 mn below
the surface. The plate mes polished respectively with abrasive paper 1 1‘,
5/0 end 5/0 end then cleened with fine muslin ang aleohol/benzene.

It gppeared that when a drop of oil wag allowed to fall on one
part of the plate where there wes a temperature gradieat (eomevhat to one
side) the oil moved reletively more rapidly towzed the coclest place,
There may be some point to studying this phenomenon further.

However, when a drop cf oll was dropped in the middle of the hestud
plate, it spre:zd slowly and conceatricelly up to a definite maximum. As
goon as the cpreading hes ceased cne con measure the spot,

The size of the drop bad comparatively minor influence as is showmn

by the followng figures: .
i Tompeyature of the plake 200 €

Diemeter of oil spot due to

~1 drop 2}:d"rogs
0il E50 = 8 1/2 4.8 em 5.1 e
Bright Stock 3.8 em 4.2

The weight of the érops of verioue oils as delivered by the same
burette was tut slightly different, e.g. spindel oil 32, 20 mg; CY2, 12 my;
Bright Stock, 18 mg,

Thus to drop the oil on the plate 1s sufficiently accurate when a
drop is allowed to fall from one and the same burette.
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Diegram No. 18806-A3

BEARING CORROSION APPARATUS FOR 4 SAMPLE OOI‘ITAINERS

OF SuALL OIL G CONTENT

Axle 20 mm dia.

Bearing for axle

Dirt catcher

Test ring 50 mm dia.

Test plate 20 x 20 x 6 mm '
Holder for test plate and test oil
Table leg

Cover

Guide for 8.

‘Table top about 120 x 70 x l cm

Spiral spring
Complete test units
Pulley

Electric motor

- V-belt

Lever

Rod for hanging welghts
Weight

Memns for raising weights
Thermometer -

Thermel element

Diagram No. 18766-A4

HOT PLATE FOR TESTING THE SPREADING OF OIL OVIR

HOT METAL SURFACES

2829

2830
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"To determine vhether there was a difference in sprescin;
various oils, some oils were chosen, for purposes of ovientaticr
approxinately the smme chemicel composition but different yucce:
goma wirich had .aporoximately the seme wiscosity ut M fferont chierio
compogition. These oils are to be tested at various temperaivres with sha
above apparatus. It will probably become evidens at the some time in thal
mays the above: apnaratus can be improved.

July 1942 * .
SPREADING OVER HOT MET:L SURFACTS

&
&

Several oils were investigated with the apporatvs devecbzi 10
tae Ju. e regoris (3. 4) in order to find if thers were eny coi-
di.fferences In ths spreading of olls of varlous compositiorn..

of the spot made by & cron of oll fron o stendand bucetis {abort 14570 g
was the criterion. -

This investigation was cecried out in the follovimp mar-

The cast iron plate is polisied with 5/0 sandpaper ~ni iy
eleaned with aleohol--benzene, Then it ic leveled precisel: sl o
tha desived temperature. Then 2 dron o7 oil is placed in ¢
the plute end the oil spot aliowsd o abtiain its mawimm sioe. i

gonc e:g28 talie a rather long time., The wete o apreading i
reloted to the tewperature and the &kird of oild.

1% presamt the rate of spreeding (shicl is parhieps of
than the {inal size giizn

interact iz of the spot) as weill as ta~
Luapers ture gradient is wet considerac,

After the finel szize of the oil spat hes buen moled
cgain clzaned vwith alconol-benzene anc polished 1 nacescary. o
in gencral thet one could make 5 observetions before polisbinm; .
Eowevyw, before a differen’t oil is %ested tha plsie sa0uld be

For purposes of orientation a number of oils I enp:
similas chemical compogition and of incrsasing viscosity wers o
ot & plate temporcture of 200 € and 300 C,

The results of these invesiipgations ars suEmarizzd ‘n Sho
foll:ping table.



Plate temperature 200 C
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2885

Plato_temperature 300 C

Dianeter of Dismeter of
oll spot in Average oil spot in Average
Kind of oil em in 2 direc- value Kind of oil em in 2 direc- value
* tions at right inom " tions at right In cm
angles to each angles to each
other other
Jo Bpn - 7 4,1 - 4,0 Jo Bon - 7 3.0 - 2.9
"2 4,4 - 4,1 20 2.9 - 2,9
4.3 - 4.3 4,2 2.8 - 2.9 2.9
4,3 - 4,5 2.9 - 5.0
403 - 4'2 209 et 208
BD, Ezy ~ 53 4.5 ~ 4.2 BD 8.5 - 3.4
Dl 50 404 el 401 l 3.7 - 596
405 hd 4.2 405 qu - 505 596
4,3 - 4.3 3.6 ~ 3.6
4,4 - 4.5 3.7 ~ 3.6
Bg Bey - 7 5.9 -~ 4.7 Bo Bzq ~ 7 5.8 - 3.7
»50 5.7 - 5.1 2 50 o5~ 8.5
6.0 -~ 5.6 5.7 8.6 - 3.6 3.6
605 - 504 . 595 d 504
8.5 ~ 5.8 3.4 - 3.5
Be Ben ~ 11 5.0 - 4.5 Bz Beg ~ 11 3.6 - 3.5
S %0 a7 - 41 ® 750 5.3 - 3.8
503 had 4.6 407 5.5 - 5.5 395
4.9 - 4.3 8.4 - 3.5
5.0 - 4.2 3.5 -~ 3.4
B Fg Egg ~ 143 6,7 = 5.7 B F3 Bgp - 14% 3.8 - 8.7
6.2 - 5.3 o7 = 5.6
6.1 - 5.2 5.8 4,0 - 3.9 5.8
6.1 - 5.3 3,9 - 3.8
605 hnd 5.5 5n9 had 508
Castor 01l 4,3 -~ 3.0 Castor 01l 3.1« 5.0
. 500 - 2.7 s‘l -~ 2’9
5.2 ~ 2.8 2.9 3.1 - 2.9 5.0
3n1 b 200 s"l ~ 2‘9
Sal hat 2p9

2.8 - 2,5
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2836

From the first set of figures it can e concluded that there
is no correlation between viscosity end the exbent of spreading. However,
for higher plats temperatures the eveporation of a volatile oil, as for example
Jo, i3 50 rapid that the final oil spot is small, It is noteworthy that .
Bg used by us ezows lower values at 200 C than ths other oills in this series.

Strdkingly low eve the velues for castor oil, particularly at
230 C. ;
Au inspection of th? ¢il spot on the zast iron reveals browa spots
vhich ars vory derk along the eége. Bvidently fairly streng oxidation takes
plage during the test, and it would therefore be desireble to repsat these
Lovestigations &t soms convenient time in the absence of air (oxygen).

We shell, however, fivst investigete a aumber of’ oils of diffsbent
chenical comnosition, — :

03DATION RESISTAICE

The epparatus previonsly deseribed hes been worked out in detail
and subnitted to the dvafiing department “o be drawm wp. The construction of
the spparatus will be started soon.
CGORBOSIGOH
Tae spparatus previously described has been worked out in detail end
submitied to the drafting depaciment to be drawn up. The congtiuction of the
apparatue will be staried zooa. \
fugust 1942

SPEEACING OVER HOT KETAL SURFAGES 2837

Ta continuing the investigations mentioned in the July report
a number of ¢ils of various chemicel compositions were subjected to similar
tests.

T - Dlaneter of oil spot in
Kind of il ) at 200 © at 300 C
bco e 407 509 - 598
5.4 - 5,1 5.8 - 3.7
Penne Neutyel 5.6 - 5.2 Ave. 5.2 8.7 - 3.7 Ave., 3.8
5.5 ~ 5.1 3.8 «« 3.7
5.4 -« 5.0 5.7 - 3.7 .

(Continued)
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{Con tinued) |
Diemetsr of oll spot in cm
Kind of 01l _...at 200 C at 300 C
7.0 - 5.9 . 4.2 - 4,0
'607 - 8.0 C 444 - 4,2
Single Shell (Penna) 6,56 - 5.9 Ave. 6.5 4,3 - 4.2 Ave. 4.2
' 6.5 - 5.9 4,3 - 40
60? - 5.9 4.2 - 509
599 -~ 6.0 4.4 b 402
8.2 - 8.7 4.4 - 4.3
Double Shell (Penna) 805 - 5.8 AVB. 600 4.4 hnd 403 AVG. 405
8.4 ~ 5.8 4.4 - 4.3
604 o 505 405 - 401
402 - 505 ' 506 - 398
4.6 - 4.0 5.7 = 3.7
Penna Bright Stock 4.1 -~ 3.8 Ave. 5.9 5.8 - 3.9 A4ve. 3.8
. 598 - 5.8 308 - 5-9 x v
400 - 504 308 nd 508
B. Papan 0il 4.5 -~ 4,1 8.5 - 8.3
E 50 - lo’ 4-2 - 402 505 - 8.2
TMC, 6996 4.4 ~ 4.2 Ave. 4.3 Bed - 3,2 Ave. 5.3
4,7 - 4.1 5.5 = 3.2 -
404 - 404 5.5 i 5.;_1
’ 5-8 - 5.4 4.4 - 4.4
Rectiflow Heavy 5.9 - 5.4 v 4.5 - 4.4
mc 222 6.1 - 505 Aveo 509 4.5 - 404 AVB. 494
S 8.3 - 5.8 4.4 - 4.4
6.6 -~ 5.9 4.5 - 4.5
‘ 4.5 - 4.5 5.6 ~ 5.2
Synthetic oil 4.5 - 402 5.7 - 5.1
mc 8255 4;5 - 4-5 AV’B. 4.5 506 hnd 5.1 AVe. 304
4.9 - 4.3 3.5 - 8.0
408 - 407 307 - 3u1

These figures together with those given in the report of 2838
the previous month permit no positive conclusions. In general, it seems
that the Penna oils spread more than the more aromatic olls, egpeclally ai
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200 C. In the latter oils there are exceptions, howevef,’ for example By
and B Pg. Rectiflow Heavy is more or less like Pemna Oils, It should
be noted that Penna Bright Stock spreads epprecially less at 200 C.

3 The differences in the oils are more pronounced at 200 C than
at 300 C, ,

PLANS FOR FURTHER INVESTIGATION

We shell now repeat these tests after most careful exclusion of air
to prevent oxidetion. The present apparatus will have to be revised for
this purpose.

October - November 1942 . 2847

SPREADING OVER HOT METAL SURFACES

It seemed, from the rzports of July and August, 1942, that the
film chich spreed over the metal surfece underwent oxidation to a cofividerable

extent.

Since the possibility was presemnt thet oxidation appreciably
influenced the spreading, the apparatus used for these tests has been re-
vised so as to hinder possible oxidation.

: For this purpose the hot plate has been placed under a glass bell
jar (a) (See Fig. 19038-A4 end also the description in the June report) which
1s made tight by a rubber ring., Through the base plate (c) a tube (d) is
brought, through which nitrogen is hlown into the top of the bell jar. The
nitrogen exits through a hole (e) in the base plate, which hole is also used
to admit the electric wires. L oo

The oil is brought to the heated plate by means of a buretts (£)
with & cepillary attachment (g) which 1s admittted through the top of the
bell jar. The capillary attachment is so made that the drops falling from
1t are approximately the seme size as were produced by the burette used in
the provious measurements (about 18 ng).

Weo showed that if one passed 100 1. nitrogen through the bell jar in -
$ hours the oxygen content was less than could be detected with the Orsat -
apparatus ( €0.2 per cent). We have assuned that this concentration of
oxygen 1s low enough that oxidation of lube oil films should be largely
eliminated end its effect on the spreading of lube oil films over metal

surfaces ghould be er_vident;

The plate is also cooled by passing nitrogen, while after every
triel the plate is clemed with bensene and repolished with sendpaper 00000.

The following readings were obtained with a plate temperature
of 200 C: S
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- - 2849
Diamgter of 011 Spot
Measured in 2 directions Average
.__each othor Value in_cm
Spindel 011 J2 4.4-4.3 4.3
4,3-4,1
BD 1 5e2-405 4.9
° 505‘405
B 2 509"4.9 5.5
8.1-501
B3 5.53-4.8 5.0
5.5-4.1
BF 3 o 6.8-5.0 4.9
. 8.6-8,1
Single Shell (Penne) 6.8~5.0 6.1
A i ?.2"’5.6
Double Shell (Penna) : 7.7-5.7 7.0
3.1‘-6.5

After the test was complete the oil spot could always be removed
readily with benzine or benszene. The spot wes of a bright color. This
would indicate that the oxidation which occurred by the previous method
hed been largely eliminated, Further conclusions will be drawn as soon
as all the oils which were tested in air heve been investigeted.

RAPID SPREADING OF THIN OILFILMS ON METAL SURFACES

From the tests on spreading which have been carried out to dote
it seems that the epreading of & visible o1l f£ilm over a hot metal surfsce
takes place slowly. The observed spreading is in fact so slow that it is
questioneble whether, in view of the speed with which the lube oil film is
gpreed mechanicelly, as for exsmple in a motor cylinder, it is not entirely
i\ltile. . .

The rate at which sn oil film spresds on water, where a layer of 2
few molecules thick is produced, is much greater then the retes we observed.
The question arose, thersfore, vhether & layer of several molecules thick
is produced on metal with great speed, which-we, to be sure, could not
recognize as a lubricating film with the naked eye, but which, nevertheless,
had e certain lubricating effect. .
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It seemed interesting to see whether such an extremely thin
lubricating £ilm cen also spread repidly on metal, .

Weo proceeded on the well kmown fact ‘from the investigations 2850
of Lengnuir and Anderson, that a perfectly clean metel surface (except
for the adsorbed gas film which can only be removed with di£ficul ty)
is entirely wetted by weter. If, however, an extremely thin film of
oil (for example, one or several molecules thick) is on the metal, water
no longer wets it.

We, therefore, used & cylinder of polished steel of 32 mm
diemeter and 75 mm long. This cylinder was cleaned according to the
nethod used by Hardy® (extracting with benzene and then rubbed under
flowing water with carefully cleaned hends) until it wes completely
wotted by water. The water was then removed with aleohol and the aleohol
with ether. In this way the cylinder was dried. After drying it was
possible to wet the cylinder completely for a short period. After a
time, however, so much dust and oily stuff from the air covers the surface
that it no longer is possible to wet it with water. It is necessery
therefore after cleaning to perform the test quickly.

Only a smell drop of fresh lube oil (Double Shell Penna) was
placed on the one side of the cylinder, and immediately afterwards the
cylinder was immersed in water up to the drop. There was still complete
wetting; nevertheless, the waterfiln was crowded back from the drop of
lube oil at a comparatively slow speed (less than 1 cm/sec.). This dis-
placement is caused by an oil film which spreads out from the oil drop.
This oil film, which cannot be observed with the naked eye, clings with
greater temacity to the metal than does the water film end consequently
displaces it. ’

This test was repeated several times and ghowed that the spresd-
ing speed varied considersbly, but always remained gmall.

Tnen we tried lard oil with an acid number of about 10, since
there was the possibility that an eil with an appreciable number of
polar constituents would give different results.

Nevertheless, the same phenomenon appeared as when Double Shell
oil was used, although the rate of spreading on the whole, was somewhet
greater then with Double Shell. The reproducibility of the rate of spread-
ing was &leo satisfactory in this case.

CONCLUSIONS

We have concluded from these investigations that a very thin

% See "The Analysis of Commercial Lubricating 0ils by Physical Methods"
Lubrication Research, Tecimicel Paper No. 1. Publication of "Department
of Scientific andvIndustrial Research”.
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film is formed on metal which f£ilm is not visible to the naked eye.

The speed with which this film is formed is grester at room temperature
for the visible film in our tests on a hot plate at 200 C or 300 C.

The rate at which this very thin f£ilm spreads on metel is much less

then on water.

PLANS FOR FURTHER WORK

We shell repeat these investigations at a somewhat higher
temperature. However, this temperature, beceuse of the criterion chosen
(nemely, wetting by water) cemnot be greater then 100 C.

Pscember 1942 2859
SPREADING OVER HOT METAL SURFACES

INTROBUCTION

: As mentioned in the October-November report the spreading tests
with oils of various viscosities and chemical composition was repeated in en
atmosphers of nitrogen to determine the effect of oxidation. For the apparatus
used one is referred to the above mentioned report. :

SUMMARY OF THE INVESTIGATION

The data on the spreasding tests in a nitrogen atmosphere follow
later. (See pp. 14-15)

It 15 evident from these data that oxidation affects spreading
appreciebly. - , .

The acids formed by oxidation show a tendency to promote spreading
(See the tests with Double Shell and Double Shell £ stesric acid). The
resinous oxidation products have, on the contrary, a tendency to hinder
spreading. This influence can be noticed distinctly, for example, with
Penna Bright Stock. This shows that irregularities occur in the tests in
air for which resson B Fyg snd B, appeer to spreed better them B Dy or Bs.

The tests in a nitrogen atmosphere. show that the spreading we
measured 18 not critically dependent on the viscosity. The paraffin oils,
however, - show e definitely greater gpreeding then the more aromatic oils,

PLANS FOR_FURTHER WORK

PLAND IO YDRIILE 22

We shell now leave the method of investigation that has been
pursued and measure the rate of spreading on metel when a temperature
gradient exists.
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Kind of Oil

Jp (E20 =7)
B D (E 50 =351/2)
By (E 50 = 1)

Bg (E 60 = 11)

B Fg (E 50 = 14 1/2)

Penna Neutral
(E 50 = 3)

Single Shell Pemna
(E 50 = 6)

Double Shell Penna
(E 50 = 9)

Penna Bright Stock
(E &0 = 32)

. Synth, Bright Stock
(E 50 = 45)

Rectiflow Heavy
(e 50~ 18)

2860
- SPREADING TESTS ON_CAST TRON IN AN ATMOSPHERE
~ OF NITROGEN o
‘ Plate Temperature 200 C
In No atmogphere In air

diameter in 2 average (for
directions _diemeter comparison)
434 - 4'8 4.5 cm 402 mn
4.3 - 4.1
502 - 4|5 409 - 4.5
5.5 had 4-5 )
5.9 - 4.9 6.5 5.7
6:1 bt 5-1 R
5.3 - 4,8 5.0 4,7
505 - 495 ' )
808 had 5.0 499 508
6.6 - 501
601 "__'5.5 508 502
6.0 - 5.4
608 hand Suo 601 6.5
7.2 -~ 5.6
7:7 - 5.7 7\10 600
8.1 = 6.5 -
8,1 ~ 4.8 6.9 - 3.9
9.0 - 600
4,0 - 3.2 3.8 4.5

(discontinued after

4 1/2 nrs; spreading

gtill continued)
990 ind 605 7.7 599
8‘7 had 6.?
3.8 - 8.5 3,7 2.9

Castor 01l
(E 50 = 17 1/2)

(d4scontinued after

4 1/2 hrs; spreading

still continued)

{Continued)
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SPREADING TESTS ON_CAST IRON IN AN ATMOSPHERE OF NiTBDGEN (CONTINUED)
Plate Temperaturs 200 C

In atmogphere In alr
Kind of 04l diameter in 2 average (for .
directions diameter comparison)
'Useﬁ Double Shell 8.4 ~ 6-5 705 i} -
(Penna), acid number 8.4 - 8.0 ‘ ‘
0.4, sponification
number 2.0
Double Shell £ 1/2 8,0 ~ 6.6 7.3 -
wt. % Stearic acid
B. Papen 011 | 5,9 ~ 5.8 4.0 4.5 o
(E 50 = 8 1/2) ‘ 4,4 - 4.1 .
Januery 1945 2872

SPREADING OVER HOT METAL SURFACES

In the report of June 1942 it was mentioned that when a temperature
gradient existed, lube oil would move toward the region of lower temperature.
We have now begun to exemine this phenomenon more closely and built a simple
apparatus for that purpose, which is illustrated schematically in Fig.(19162-A4).

A groove is made in a cast iron rod of sbout 30 x 30 mnm cross section
and about 500 mm in length.’ The rod is heated on one side by means of a gas
flame and due to the cooling effect of air a temperature gradient is set up.

In the road immediately underneath the groove holes (a) are bored about

15 mn apsrt to measure the temperature. Marks (b) are placed on both sides:
near the groove; the time required for an oil to crawl from one of these
"marks to the next one is measured.

In some oriemtation tests the temperature at the bottom of the
groove at the first merk was mednteined at 200 C. The temperature on the
unheated end was 80 C.

Then we carried out some tests with J 2 and Double Shell. This
ghoved th.t one drop of oil for such a volatile 0il as J 2 was not sufficient
gince the oil evaporates too repidly end does not reach the other end. In
further tests, therefore, we allowed two drops of oil to fall in the groove
in rapid succession.

Nevertheless, the reproducibility of the tests was not good due
in part to the fact that the oil spreads very slowly in the coldest:
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part of the groove. This was verified by temperature measurements along

the whole length of the groove from which the following diagram (5708-284)

was made. It is evident from this that the temperature gradient is much
smaller for the last pert of the groove thén for the first part. We,
therefore, changed the second mark to the place where the groove temperature
wee 100 C and egain mede some measurements. These were much more reproducible,
elthough differences of about 26 per cent occurred.

CONCLUSION . 2873

A simple apparatus for measuring the spreading of oil over metal
gurfeces when & temperature gradient existed has been made. The tempersture
gpread and its effect on the experiment were ‘investigated.

PLARS FOR FURTHER WORK
An attempt will be made to increase ths reproducibility of the

measurements when the region of most nearly constent temperature gredient is
usede Then a number of oils will be investigoted. :

Pobruary 1945 ' 2876

SPREADING OVER HOT METAL SURFACES

" It was showmn in the Jamuary report thet the reproducibility of the
above mentioned measurements improved appreciably when the readings were
confined to the temperature range 200 C to 120 C.

The length of rod along which the temperature drops by this amount
is about 95 mm.

We now have the following experimentel procedure:

Two drops of oil (about 40 mg) are placed in répid succession in

the accurately horizontel groove at the point where the temperature is
200 . The time taken for the oil to reach the point at which the temperature
jg 120 C is measured. After every test the rod is cleaned with bengine and

then with slcohol-benzene.

Wo have undertaken to. cdympare‘ geveral oils under the sbove conditions
end obtained the. following results:
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Fig. 19162-A4 2874

APPARATUS FOR MEASURING THE
~ SPHEADING OF OILS
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Fig. 6708-2-B4

2875

TESTS WITH H mn ROD
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SQObnds necessary to .
epread from 200 C to

120 C points
Spindel 011 J 2 16, 16, 16, 17, 1§  average 16 sec.
BD 1 21, 22, 24, 22, 26 LA - I
B2 32, 54, %0, 34, 32 0 mo
Double Shell 40, 44, 48, 45, 42 " 44w

PLANS FOR FURTHER INVESTIGATION

We will now compare with this apparatus all the other oils, on
which work has been done.

March 1943 - - : 2904
SPREADING OVER HOT METAL SURFACES

SUMMARY OF THE INVESTIGATION

A series of oils, which have been tested previously with other
apparatus (See reports June-December, 1942) has now heen tested with respsct
to the rate of spreading between points at temperatures 200 C and 120 C as
described in the report of February (pp. 16-17).

The results of these experjmenfs sre as follows:

Seconde necessary to

0il spread from 200 C to
120 € points

Spindel 041 F 2 (E20=17) 16, 16, 16, 17, 15 average 16
8D 1 (E 60 = 3 1/2) 21, 22, 24, 22, 26 n 23
B2(E50=17) ' 82, 54, 30, 34, 32 " 52
BS (‘s 5 = 11) 37, 37, 35, 36, 39 " 37
BF 5 (B 50 = 14 1/2) 0, 44, 92, 46,48 " 43
Balik Pepan Oil _ ‘.

(B 50 = 8 1/2) 86, %8, 34, 38, 35S " 35

(Continued)
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(Continued)

Seconds necessary to
0il ) ) ' spread from 200 C to

_ 120 C pointg
Pemna Neutral (E 50 = 3) 19, 20, 25, 22, 21  average 21
Stngle Shell (Penna) . |

(E 5 = g) - 34, 53, 36, 33, 30 n 33
Double Shell (Penna) '
(E 50 = 9) 40, 44, 48, 45, 42 " 44

Penna Bright Stéok -
(E 50 = 32) 94, 92, 85, 85, 87 LI
Rectiflow Heavy

(E 80 = 18) 47, 52, 64, 53, 51 " a

Synthetic Bright Stock
(E 50 = 45) 153, 118, 143, 141, 121 ©® 135

Castor O11 (E 60 = 17 1/2) 107, 288, 134, 374, 143 " { 200

Used Double Shell
(E 50 = 10) .
acid number 0.4
sponification number 2.0 &2, b4, 49, &9, 56 " 54

CONCLUSIONS

It is seen from the data that the viscosity has an appreciable
influence on the speed with which an oil moves from a warmer. to & cooler
reglon. '

PLANS FOR FURTHER INVESTIGATION

We shall test some more oils end obtain the vigcosity at the
average temperature (about 160 C) to determine whether viscosity is the
only factor which plays a part in this manner of spreading, or if other
properties of the oils exert an influence. '

April 193 2016

SPREADING OVER HOT METAL SURFACES
SUMMARY OF THE INVESTIGATION

The viscosities of the oils mentioned in the March report have
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Fig. 5759-B4 2017

READING OF OIL IN A HO VE
BETHERN 200 AND 1
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been determined at 160 C. These were &8 follows for the various oils.
Y ; .
Viscosity in c8

‘ at 160 C
Spindel 01l J2 (E20=7) 1.6
BD 1 $s 50=31/2) = 1.9
B 2 E50=9) 2.7
B8 (B 50 & 11) 3.2
BF 3 , E 50 = 14 yz) 8.6
Balik Papen 011 E 50 = 8 1/2) 2.5
Penna Neutril E&=3 2,2
Single Shell Penna ESO =8 3.8
Double Shell Penna ESO=9 5.9
Penne Bright Stock (E 50 = 32) 7.8
Rectiflow Heavy : (B 50 = 18) 4.7
Synthetic Bright Stock (E 50 = 45) 11.8
Castor 011 (e 50 = 17 1/2) 8.4
Aged Double Shell (E 50 = 10) 4.6

' In the accompanying diagram, No. 5759-B4 the time required for
_the oil to spread from the point at'200 C to that at 120 C to thet at 120 C
is given as a function of the viscosity at 160 C. This shows that of the
* mineral oils Pennsylvanian oils end Synthetic Bright Stock cpread somewhat
more rapidly then the Venezuelan oils; that the Balik Papan oil spreads
most slowly. However, the differences are very amsll, Castor oil spreads
‘much more slowly then would be expected from its viscosity.

CONCLUSION

It is shom that for mineral oils the spreading over a metal
surface with a temperature gradient is, almost without exception, a function
of the visgosityo .

PLANS FOR FURTHER WOFK

We shall investigate together with castor oil several other fatty
oils and at the same time extend the investigation to glycerin, oleic and
stearic acids.

SPREADING OVER HOT METAL SURFACES 2921
SUMMARY OF THE INVESTIGATION -

Ihe rate of sproeding of several other lubricents were tested in
the established msnner. Some results follow: ‘
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Seconds necessary for
(1,43 : " spreuding from 200 C
: to 120 C.

‘Double Shell £ 1/2 wt. per cent b1, 4%, 45, 45, 39  average 45
pure stearic acld -

Double Shell £ § wt. per cent 47, 43, 42, 41, 0 L 43
pure stearie acid '
oleic acid (tecinical) 24, 31, 24, 34 U 28
paraffinun liquicun 16, 18, 15, 20 » 17
_rapeseed oil 188, 100, 91, 153, 101, 102 * 110
lard oil 42, 41, 44, 69, 51, 43 " 48
glycerin " Does not spread at aell.
CORCLUSIONS

Although the wiscosity of all these substanceos at 160 C is not
yet known, one can see even now that their behavior is markedly different
fron that of normel mineral oile.

A highly refined oil such as paraffinum liquidum, which sccording
to literature references does not spread on water behaves as a normal mineral
oil under our experimental procedure. =~ -

There also seem to be great differences in the spreading properties
of the fatty oile, : - _

PLANS FOR FURTHER INVESTIGATION

We shell investigate severel more fatty oils end determine the |
vigeosity at 160 C. Furthermore, we are now secking an explanation for
the esteblished facts. T

June 1943 ,
2947
OXIDATION RESTSTANGE

The apparatus for determining oxidation resistence of lubricants
as dram achematically in the report of June 1942 has been completed. From
a few orlentation tests it was shown that the rotational apeed of the
instrument (80 r.p.m.) wes too high, since the oil cannot follow the motion
of the cups quickly emough, particularly after the oil is thickemed slightly
by oxidation, and the ball runs dry, more or less, and leads to irregularities.
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Wo ehsll therefore reduce the speed of the driving shaft 5:l.

SPREADING OVER HOT METAL SURFACES

We tested several other fatty oils for spreading speed with the
usual apparatus while the viscosity of these as well ag those mentioned in the
Hay report were detemined at 160 C. The complete results were as follows:

Seconds negessary
‘Viscosity at 160 C to spreed from

) - : 200 C to 120 C
Oleic acid (Tech.) 2.2 28
Paraffinun liquidum 1.8 17
Gly;erin 2.5 oe
Rapeseed oil , 4.8 1se, 100, 91, 153, 101
102, averags 110
Lard oil 8.7 42, 41, 44, 69, 51,
: 43, average 48
Neat's foot o1l 8.88 48, 41, 42, 40, 33
average 42
Linseed o0il 8.3 87, 70, 68, €60, 62
, averags 63
Sperm oil 2.86 5, 5, 51, 51, 51
average 31
Sesame oil | . 8.6 88, 87, 47, %6, 36
. average 59
Sunflower oil . 8.9 €9, 61, 59, 55, 56
. average 60
CONCLUSIONS ‘ 2948

Anong those tested there are several oils (for example, sperm
oil, sesame oil, neat's foot oil) that have e rate of sprsading which is
etirely comparable to mineral oils of the same viscosity (See. Fig. 5753-B4

in Mey report).

On the contrary others, particularly rapeseed oil (p. 20) and"
caetor otl (p. 19) spread much more slowly than would be expected from their
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“iscosity, The reproducibility of the deteiminatiome is eleo mch
worse with these them with the other oils. ,

{5 FOR FURTHER TN on
We chall investigats whether the deviations of several fatty
olls can be attrituted to oxidation. .

CORROSYON

As is well knowm, meny lubricents cause serious corrosion
vhen bearing metals of leed-bronge or cadmuim-nickel are uaed in the
motor. Although the type of lubriceats used is in genersl not harmful,
1£ the bearings do not contain elemenis that are eagily attacked, it
ssened degiradle in the development of new lubricents to teke into con-

elderation their behavior toward Cd end Pb.

Ko lnew from experience that tests in which a plece of bearing
metel ‘was placed for a definite time in the test lubricant could lead to
erroneous conclusions. For these reasons en ‘apperatus was designed which
18 given schematicelly in ‘the report of June 1842. This epparatus has been
completad in a somewhat modified form (See Fig, No. 19588 2-8).

1t consiste essentially of a rotating steel ring against which
a plece of Cd-Ni bearing metal is presged. The whole is placed in &
closed housing into which the oil gemple cen be introduced.

, Sinoe in the preparation of materials which shall serve as
gpecial oils, only a gmall emount is available for reseerch, the apparetus
is designed so that a sample of 5-10 ec is sufficient to test for corrosion

of ma.

Several orientation tests were mede with thig spparatus in
which a minerel oil with and without the eddition of 1 per cent by welght
of oledc acid wes uaed.

It wes chown that & felt ring wes not sufficient to meke the
test chember tight, end thet too much of the originelly small sample leslkted
out. This resulted in rather bad. agreement between the corrosion nunbers
 of the four series of experiments. . After testing a number of weys for

meking the chember ¥ight, the simplest solution proved to bos to remove
the ring end to make a groove in the room provided for the felt ring which
caused the oil to flow back.
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Fig. 1956343 *

BEARING CORROSION APPARATUS FOR 4 TEST
VESSELS OF SMALL OIL CAPACITY

Axle 90 mm die.
Bearing for axle

 Test ring, 50 mm dia.

Test plate 20 x 20 x 5 mm. :
Test plate holder — oil container
Table leg.

Pressure rod

Guide for 7

Table top

- Lever

Rod for supporting weights
Lifting arrangement for welghts
Heater

. Thermometer.

2949



€y —-gocel

Q
.*_.

i
i
/
|

W
/
/
/
s

E AR SN S CR
R N AN

40— o e amvman—
SRR WRRRY AN

e ———————]
Nuanmasaw s AN ﬂ !//’/’///
! i

. \ )\\§ \\\A
//////// w?ﬂ
JOJOXOGI0

Snppuousseyy

Bunzioy

‘8jyamen 4n  Bunyydrasoasqey
‘ajydimeg unj sBuwsebuny ny
| o 18qoy
‘syyuidyosy |

L 40 ssyangsbunaynyg
asyoexnonJ(Q

RILTE T
I}RYeq|oq - 43} Ieyudlieidng
ww g 0z -0z *nwding

$ wwog Bungnyy
yawesyoy

$ ww gz esyoy

e

-NMeTnwer~r0on2 oy

ns)\

114 - TLIVHNIT30 MINITTH 16N 355V4394Nkd ¢ ¥NJ LVUVAdYSNOISOUUON IOV




Report S6Y7-.46

With this modification we fourd the corvosion tue %o a
Pepasylvenian oil 0.0-0.2 mg and due to the same oii / 1 per cent
oleic acid 10.0 mg waen e load of 5 1/2 kg (1.4 Xg/ew?) was used.
Roproducibllity was good in this cese, Ths work was done a% 2 tenpera-
ture of 100 C which was the highesi attainablaz. Since thlc tempere-
ture is rather low compered to that of a modsrn motor bearing we
shall chenge the heating elements, which ab present eve imo waita
of two elaveats in sevies, to a parallel arvengement.

PLANS FOR FURTHER INVESIIGATION

We shall still meke a number of tests at various itempera-
tures end loads to get & better idea of the usefulness of the new
corrosicn apperatus. :

/

Tuly 1947
OXZIDATION RESTSTANCE 2963

The chaages suggssied In tha wvepor’ of the wravious mewth hove
been completed. The speed of rotation is now 2L r.p.m, No tosts heve been
made to date,

-

FPPEADING OYER HOT MBTAL SURFLIES

We carricd out somne experiments to determine vhether Lue cxideition
uvpon warming the oil in air haden appreciabls effect on Ghe ratz of gpreading.
The usual epparatus (Seo the Famuery 1943 renort, Fi:g. 19162.34) vas covered
with glass for this purposc and nitrogen blowa in tamouch & suppliy cpening
during the warm-up end tesh pericd.

e undertook an experiment with castor oil. Eltrougn the oil was
oxidized but little (as detemnined from its coler), it hardly spresd at all.
This suggested to us that ihe aitrogen contained sufliciant <il or fas to
cause g film to form on the metel surface walch hindered the spreeding. This
might glso have beea the cuse in the previous vuperinents in sir vhen castor
0il did not spread well end gave poor reproduc:.tility.

The experiments on the effect of oxidation were tem:cvoarily suspended
for this reason and some experiments carried oubt vwitd: a suxfzer ne cleen as
possible, Therefore, after cleaning with aleohol-barzens, the gicove in the
apparatus was scoured with sillkk and a paste of chromiun triosice end Ghen
rubbed with silk wder flowing water until the mevel was thoroughly wetted by
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Fig. 5809-B4 2065

SPREADING OF OIL IN A HOT GROOVE
B 200_C c.
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. CORROSTON

i e

: Ve carried out a number of experiments with various temperatures
end loads with Double Shell and Double Shell £ 1 per cent olelc acid
to determine the optimum conditions for observing nomal corcosion.

Tests are being cdntinued,

~ Corrosion in mg after a
tosting time of 3 hours
(ave. of 4 triala)

Double Shell _ D.S. £ 1% oleic acid

Temperature 110 C load 5.5 kg 0.1 8
m . J10C " 175" 0. 12
n 130C " 5.5 0,8 10
" 130C " 17.5% 0.6 11,15
August 1943
.OXIDATION RESISTANCE 2972

_ After meking the changes suggested in the regort of the previous
month we carried out some experiments with the oxidatlon epparatus. In one
test, we filled all 8 cups with Penna Bright Stock. At & teuperature of 250 C
?measured immediately below the surface of the cup) a considerable time
> 20 hours) was required before the oil was thickened sufficiently to be
measurable by means of a slight displacement of the rotating ball, After
90 hours the experiment was ptopped. It was shovn that theloss due to
evaporation was 20-40 per ceat. The cold oil was very thick; still, it
contained no components insoluble in 60/70 henzine.

It was seen in these tests that the temperature of the various cups
differed considerebly (up to 15 C). These differences become even greeter
when a cup temperature of 300 C was used. At this temperature the oil
thickened to the point where the ball was hardly displaced after 10 hours.

The thickening differed in the various cups, however, probably due to tempera-
ture differences. In the shove tests the oil crept over the edge of the cups.

PLANS FOR FURTHER TOFK

We shell attempt to gliminate the temperature diffsrences betieen
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the various cups. The deviations of the rotating ball will be standeriged
against oils of knom viscosity. The cups will be provided with a higher
rim, -

SPREADING OVER HOT METAL SURFACES

" The experiments on spreading reported last month ghowed thet
glycerin did not spread, even on & clem metal surface. Also mo spreading
wes evident with water (at temperatures between 20 end 80 C). It is pecullar
that these two liquids do not wet metsl sufficiently regardless of how 2073
carefully the metal is cleaned. In both cases one czn establish a large engle of
contact. Also from the literature it is known that it is very M fficult to attein
e small engle of contact. ' ‘

: For the other oils we investignted ths contact angle is very
nearly zero with the cast iron. We attempted, therefore, to improve the
wetting properties of glycerine and water by adding 0.1 per cent by weight of
an ester salt. We thue obtained a decidedly smeller augle of contact botween
-glycerin and water respectively with cast iron then without the. addition.
The drops placed in the groove spread slightly more now also; however, spreading
from higher to lower temperature did not occur.

Therefore we cannot say whether the lack of spreading of glycerin
and water when a temperature gradient exists ls due to insufficient wetting
of the metal or whether other factors play & part.

One might suppose that the spreading would be influenced by a
d fference in the specific gravity of a fluid in the drops as a result of
the temperature gradient. This point could be shown by taking a fluld whose
specific gravity increased with increasing temperature, For this purpose water
at a temperature below 4 C was considered. However, because ve did not
succeed in wetting the metal sufficiently we could not carry out this exosriment.

PLANS FOR FURTHER INVESTIGATION

Sinee a further investigation to detormine the driving force which
censes spreading of oils over hot metal surfaces involves much work and would,
on the other hand, be of little practical importence, we ghall cease work on it
for the present.

CORROSTON 2974

The experiments with the bearing corrosion apparatus were continued,
end resulted in the following deta: : :
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Corrosion in mg after
S hours in test
Double . Some £ 1%

Shell oleic scid

Temp, 110 C load 5.5 kg. 0.1 8
" 110" ® 17,67 0.0 12
" 110" = $7.5°" 0.7 1
m 180" = 55" 0.8 10
m 130% % 175" 0.6 11,15
m 150" " §7.5" 0.4 10,16
m 1500 0 55" 0.0 19
8§ 1600 m 175" 0.1 13
" 150" " 7.6 0.6 27,34

From these experiments it is seen that chenges in temperature between
110 and 150 C and loads up to 17.5 have little influence on corrosion.

We proposé therefore to gtendarize corrosion experiments with a load
of 17,5 kg (about 4.4 kg/cn®) end a temperature of 130 C. :

Under these conditions the effsct of the test time wes also in-
vestigated, It was shomn that almost no corrosion differences ocourred when
oil containing 1 per cent oleic acid wes run for 1 to 6 hours, even with a
synthetic oil. There was also no difference with this oil for test times of
8 and 6 hours so we stenderized the time at ¥ hours. -

PLANS FOR_FURTHER INVESTIGATION

Some minersl and fatty oils will be investigated by this method,
| September 1943 2981

OXIDATION RESISTANCE

In the past month new aluminum cups with high rims were finished at
the seme time a number of cast iron cups of the geme shape were obteined.
It was found thet the higher rim hindered sufficiently the creeping of oil
over the edge.

We tried further to correlate the viscosity of the oil with the
diemeter of the track made by the ball, This diemeter as_would bs expected
depended on how full the cups were. By using over 10 em"” this effect was
gmall. For several oils the following diameters at 25 ¢ were obtained:
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viscosity, The reproducibility of the determinations is 2lso much
worse with these then with the other oils.

PLANS FOR FURTHER INVESTIGATION

We shall investigate whether the deviations of gseverel fatty
oils can be attributed to oxidation.

Aot it il

As is well knowm, many lubricants cause serious corrosion
vhen bearing metels of lesed-bronze or cadmiim-nicksl ars used in the
motor. Although the type of lubricaats used is in general not hamful,
if the bearings do not eontain clemants thet ave easlliy abttacked, 1%
ceened desivable in the. development of new lubricents to take into con-
sideration their Lehavior louard Cd a»d Pb. ‘

We lmev from ewperience that tests in which a piece cf bearing
metal was placed for a delinite time in the test lubricent could l=ad to
orroneous conclusions. For these rezsons an apparatus wes desigied wilch
is given schematicslly in the report of June 1342, This apparstus has bean
completed in & somewnst modified form (See Fig. No. 10563 4--3).

Tt consists essentially of 2 rvoieiing steel ring against which
a plece of Cd-Ni besring metal is vressed. The vhole is placed in =
closed housing into which the oil semple cen be introduced.

Since in the preperation of materials which shall serve as
gpecial rils, only a small amount 1 available for vosserch, the apraratus
15 designed so thet a samle of 510 cc is sufficient te test for corrosion

of Cd-Ni.

Several orieatation tests were made with this apparaius in
whien a mineral oil: with aad witlicul the 2ddition of 1 nar sent by welght

of olelc acid wes gsedq

: ‘Tt wes chown that a felt ring vas not suffizleat to meke the
test chamber tight, =ad that we much of the originslly snall sanple lealked
out. This resulted in rather bad egreement batween the corrosion numbers
of the four serles of experimentis. After testing a mumber of veys for
making the chambear tight, the simplest sclution proved to e Lo remove
the ring and to meke & gronve in the room provided for the [elt ring which
caused the oil to flow back.





