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RUBRITATICA AP IHSLLCAL SCBERITUTICE.

FETREBUITIOE -

In the last four or Tive years a great Jdeal of
inttriit Bus hm aronsed in the sudlest of lubricstion.
It has doan & well Xmoun faclt aver ainse mineral ludbricating
olls sawe lnty genoral use, that they were on the whols
infericor to anienl and vegetabls oils. 7he rewson for this
ai f ference vas nevey hmt inks until Jnst resentiy. Se
far, howsvar, there has been ue satisfuctory theory devoloped
is explanniion o this dissinilarity. dor bave we ka&i‘ nnti}
now any method of deteruining the ludrioating preperiies of
aun 913 withent Srying 1t ont 1n prastise. A BESempt .‘bés
besn madn By ssveral investigators to find o relation betwean -
he hhulul sonstitution and the ludriocatiang guaalivy of an
oil, dut uwo fiual results have yet boen obtained. |

PURPGSEZ OF NRIBARIH -

' In this ressarch sn attsnps has boeon m&§ to
determine the affeal ¢f varyinz amounts of a2)loohols, esters,
masstare ted hydrosarbons and fatty aoids 1ln mineral
Iubricating olls, on the woealficlant of sta tc friotion of
the latter when applisd to 4ifferent metal mnrfaces. 1t

a8 also hoped 1o develop a simple means for assortalning

the mnuus'muty sf s o1l without trying it in prsotice.




BARLY IRVE3ZISLTICHS -

(a] ?he Joefficient of Priction of Dry surfecoes.

The first recorded investi; ation of frioction was
in 1699, when amontons (iiem.d. 1'icad. Toy. des Jolenoces,
{1699!, pe 206) found that resistance to relative motion
varied with the normal pressure, but was independent of
the area of the applied surfaces. Ilio expressed this re-
lation as fellows:

? @ ue Pe

whers 7 « foroe necsasary to cause motion

? @« total pressure

B x coeffiolent of friotion

Ia general he found that 7 was equal to one-
third P, His theory was that frictiocn is due to asperities
fa the surfaces. 7?This view was later upheld by Buler
(Berlin i0ad. Kemoirs, {(1748),p.122]),

The next experiment along this line was oon-
duocted by Coulomd (liem.d.l'scad.loy. des 3oiences,(1788),
v0l.10,pel6l), who in 1785 showed that there wus a

dl fferenos between atatio and kinetio fristion, but that

the above law held for both. Then in 1830, iiorin (kem.

G.3cavanes Ltirangers IV.,(1833), pp.l, 59i; VI p.64l)

proved with s more refined apparatus, that the kinetic was
) usually less than the static friction. Finally senkin and |
Ewing (Phil.?rans.i. 167, 509, (1877) discoversd that there ‘

was coatinuity from the state of atatic to that of kimetic

;
;
R

friction.
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(b) The Joefficient of Friotion of Journal Bearings.

A different line of experiments was commenced by
B. ‘ower (Proc. Inst. Lech. Eng.{1€83), p. 632; (1€64),p.29),
who determined the osoefficient of friotion of a standarad
bdbearing and the effect of varictions in pressure, speed,
temperature, methods of ludbrioation and the kind of o0il used.
This marked the advent of the wmodern Journzl frigtion toqtlng
machine. Tower used 2 4 in. Journal in a half bearing with
loads f¥om 100 1lbs. to 500 lbs., and speeds ranging from
100 repems to 450 Tepetsa He found that the friotion was
independent of the lead, dut propertional to the velooi:y;
It was also affected by a change in tenmporatuwe, and by
different methods of ludbriocation.

By using a similar method to Tower, O. Reynolds
(P11, Trans. Vol.177, {1886), p. 157) showed that the
friotion depended on the viscoslty of the lubrlcant. He
inproved the mathemntical theory of ludbricated bearings
by the introduation of hydrodynamics. The mathenmatical end
of the subject has alsc been highly developoed by 3ommerflield
(Zeitsohr. f. Kathet.50,(1904), p.97) and Harrison (Camb.

Traus. vol. XXII, (1913}, p.39).

RESENT DRVELCPHEHZI -
‘{a) Boundary Lubdrioation and Ciliness.

The more important receant investigations have
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been carried out in a different field, namely "Boundary
Lubrication”. Boundary Lubrication occurs when the solid
faces are close enoﬁgh togathdr te influence directly the

properties of the lubricant, and is found in ordinary dry

surfaces. This is quite different from the ordinary condition

in bearings which is known as "Flooded Lubrication". Here

the metal surfaces are separated by an 0il film of appreciable

thickness which prevents metal to metal contast. In such
cases the friction depends entirely uponm the viscosity of
the lubricanty while in the cese of Boundary Lubricatien,
it depends cgﬁgzlinos. of the lubricant and the chemical
nature of the metal surfaces. That in Flooded thrio#tion.
the value of the lubricant depends on viscosity is shown by
the use of molasses as & lubricant on sugar-making machin-
ery, of air on epinning machinery and of water on the pro-
pellor shafts of boats.
~ The vital importance of Boundary Lubrication is
besause of its continual ccourrence in the actusl operation
of all machinerys It is encountered under the following
conditions: _
{1) The startiang and stopping of bearings, which
causes the perfect oil film te be squeeszed
out, thus z2llowing abrasion if an oil with a
high degree of oiliness is not used.
{2) VWhem the 01l supply, due tc negligence or a
break in the lubricating system, has boon

allowed to get lovwe.

(3) Between the piston rinzs and oylinder walls,
and also in the cross head of an engine.
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(¢} In oases where high pressures and slov speeds
are used, such as in gears and in antting and
threading. In the latter asase, laré and fish
oils are used in preferensce to mineral oils.
¢iliness is a mow hypothetical property eof an

0il whioch makes it a better lubricant than anotheyr oil of
the same viscosity. It is the only difference between

good, poor and non~lubricantis.

{b) rirst Bxperiments cn Boundary lubrication.

Lord Rayleigh in 191€ (Phil. YHage Se6. Volo38,
{1918), p. 167) studied the action of a glass bottle
sliding on an inclined glass plane, He noticed that.fog

a dry, clean plate the bottle sliid gulie sasily; but

when he breathed on the piuto or flooded it with water,
the angle sausiag slip was much groater. On evaporation
of the moisture ho obtained his original values. Then he

‘tried the same experiment using paraffin oil and & brass

plate in which he obtained similar results to those with
water. The conclusions drawn from these dstermuinations
was that the friction was greatsr, thelarger the amount of

lubricant present, and that in the dry state the plate

| had a thin film of adbout 10 ~ 4 wEie in thicknoss ad-

sorbed onto ite surface. This film lowsered the friastion
a large amounte.
sust before he porformed the adbove work Lord

Rayleigh went into an iavelved wathematioal discoussion of
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the sudbject which is given in detail In the Fhilesophical
Hagasine, 3.5. Y0l.35, (1918{, pel. For two plates the
sonclusion drawn wae that

P/P = 4.091 h/e
where P = frioctien
= pressure
= distance between plates
= length ©f upper and shorter plate.

QW

(e} ihe Viagesity Theory.

Profe O, Pauat at Gottiagen (4. physik.chem.E6,
(1914}, pps 479-94) found that the viscosity of ether,
carbon bisulphide tak ethyl alcohol inoreased enormously
for pressures of 3,000 atmospheres. 48 shown by H,i,
Hartin (Pros. Pays.300.V0l.32, (1919«20) p. 11s), it was
belioved, that in a case otltngortact lubrication, wear
was due to a gconsentration of the load in a few spots of
lirnited area, thus giving a very high pressure on the oil
film. This oaused a rise in the viscosity of the oil, whish
would then prevent metal to metal contact.

This led to the theory that animal and vegetable
0ils were better lubricants than mineral oils in cuses of
imperfect lnbricasion, because it was bhelieved that the
viscoslity of the latter did not incresase as much as the
former under pressure. 1his view was cverthrown in 1919,
by T, B, Stanton, L. irchbutt and J, C., Southoombe
(Engineering 108, (1919} pp. 759-60) in measuroments of

the transmission eof power through a worm gear. They found
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that, sontrary to the above theory, an increase in pressure
to 900 atmospheres raised thc viscosity of animal and
vegetadble cils four fold, and that of mineral oils sixteen
folde This showed that viscosity conld not be the only
fastor in lubrieation.

They noticed that there was very little éhahge in
the afficiencies of animal and vegetable oils w;ti a rise
&n.t.-poraturc, but that It was accompanied by a rapid .
fall for mineral oils, It was found that this fall in the
latter gould be prevented by tho_u&dition of small amounts
of fatty asids. From these results ciliness was believed
to be due to chemioal affinity between the metal surlaces

and the lubricant.

(@) she Deeley Maghine-

R« H. Deeley (Proc. Phyc. 3cc. Yole. 52, (1919=-20),
pe 1 8.) concluded frow the above imvestigation, that the
property of oiliness would show up best, by measuring the
statio coefficlient of friotion for oils between differeat
metal surfaces. For this purpose he comstructed what is

now known as the Deesley Hachine.




This machine consisted of a smooth, flat,'
gironlar plate, 4, of any‘aasired metal, whish conld be
rotated at wvarious Spéaé:. {m it rests another plate, B,
of adjustable weight. This plate is supporied by three
small hemispherical pegs of any metal. +“hen 4 is rotated,
B is dragged along at the same speed by the friction be-
tween the twe metal surfases, until the torque sel up in
the calibrated spring, O, overcomes the resisiance te
slip. P00 0 is atiuchod a pointer, D, which indicates on
2 spedial scale the oétfflcianc of friction. <Just at the
point uﬁera slip occurs the indicator gives the coefficient
of static friction, and from then on the coefficient of
kinetic frictiom. 7o get auny gonaistent results with this

machine, it has been found necessary to rewove the last




traces of water.

Daeley noticed, that w#ith this maochine for slean
surfaces withouyt any lubricant, the coeffiocient of statio
friotlon gets greater and greatsr as the surfaces ara
rubbad en sach oather. For mild stesl on sast iron, his
coeffiolent at fivst was 0,164, while after running for
ten mimntes he got & valus 0.417. He found very little
difference bdatweon statio and kxinetios fristion, but obd-
served a merked difference in the friagticon ef the sanme
oil when ussd na»ditforani motalae Thia dissimilarity is
showns in the following tadble. : .

—
kN
Eind of 013 g 17114 Sseel }iild Steel on
H.B.2look o1} 41 0,271 1 0.275
Bayonne o4l B 0,213 0.284
ter oil 1 0211 0.294
lic&ory Rod o1l B 0196 0.246
PP Feoylinder oil o D+193 0,238
Eanchester spindle o1l 4] 0.183 0.262
Castor oil ¥ 0.188 1 0.1R9
v;ltolino cylindor-etl B 0143
?rottcr oil A 0.122% 0.152
Olive oil v 0.119 0.196
Rape o1l v 0.119 0.136

= mineral oil; ¥ a vegetable 0il; 4 = animal oild
B = nlended oil '

This tabls drings out the fact that Rape and

Ulive oils ars ths best lubricants, with mineral oils the

worst, an€ sastor cil about half way in beotween. Rape

- e g —
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and Clive oils seen Lo reduce the friotiocom the sane
amount for mild steel on cast iron, bdut the former is
beotter with mild steol on lead bdronse.

From these results, Neeley conoluded that the
ccsefficient of static frictioan varies not only with the
lubricant, dut alse with the metals in contacst. Therefore,
oiliness would appear to be an eoffech of the oil upen
the metal surfaces, rather than any physical property of
the ludbricant itself. ?ilo. he bdelieved,wns due to the
unsaturated molecules of the ludricant entering into a
firm physiso~chemisal union with the metal surfaces,
thus foruning a friction reducing medium composed of oil
and metal, whisch would appear to be more than a meleocule
in thiskness.

(e) Rardx's Nethed and Besulia-

Hardy determined the statio friotion by
measuring the force necessary to sturt a hemisphere
sliding over a smooth plate. In his article, "4 {rodblem
fn Ludrication”, (Jourm. of 300e. Chem. Ind. Vol. 38,(1919),
Pe 77) he states that, "with a true lubricant the faoility
for slipping is -‘xx-ni wvhen a layer of such excessive
tenuity separautes the solid faces that nothing is gnined
by inoreasing the thickmess of the layer”. This film he

found to be adout I x 10 = 7 om. in thiokmess. He verified




this statement by showing that some liquids were better
lubricants in thin than in thick layers, as shown by

the following results for glass on glass.

Pull in grams

Liquid Film Flooded
Acetio Acid 40 47
Sulphuris Acid ' 37 47

Aleie Aciad 10 13

He belleved this imdicated that lubrication
depends wholly on the chemical constitution of the l;quid,
and that films being better lubrigcants, pointed to the
fact that lubrication 1l‘aocompliahad by a fluid adsorbed
onto the solid face.

In a paper published by the same investigator
in 1919, (Phil, Mag. Vol. 38, (1919), p. 32) 1t was
pointed out that there is a variation in the surface
energy at an ;nterfaoe between two liquids and a com=
posite surface, which is closely related to the chemisal
constitution of these substances., If this interface 1is
formed by chemical forces, we would expect that they
could be laturate& or neutralized. This seems to be the
action of a lubricant in reducing the cohesion and re-

sistance to slip between two surfaces.
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Hardy also found evidence of orientation of
the molecules of & ludbriocant, becanse at an interface the
compounds, such as, aclds, bases ind estors, which produce
the greatest surface energy vhanges are re:dily polariszable.

This orieantation of molecules at surfuses was nlso pointed

out by Langmuir. (Journe. ane hem. Joc. Vol. 38, (1916),
Pe 22213 vol.39, (1917), p.1648)

agoording to Hardy, the theory of statioc
frioction whioh best suits these facts is that friction
is due to ocohesion between the metal surfaces.

Je Be Hardy and Ida Doubleduy (Pros. loyal
300e Yole 170 A, Karsh 1922, pe 5560} carried out numer-
ous experiments in the field or Boundary .ubrication,
from whish they came to the fcllowing conslusions:

(1) that varintion in the weight of the sliding
henisphere d4id not affoot their results.

(2) that variation in the radius of gurvature of
the hemisphere had no effect

(3! that for steel, bisuuth and rubbed gquarts a
change in temperature had no appreciadle
effecte {Prcoce. Hfoyal Joce Y0l. 10la, Septe.
1922, pe 467) However, it was nctisoc thnt
for glassand oloan quarts, & riso in temporature
lowers the coerfficient of friotion. The low
value obtalned was retained omn coolinz to the
original tenmperature. 7hey also found that for
& ludricant, which is solid over purt of the
range of tomperature, there 13 « rapid drop to
a very low value just below and at the melting
point, while Jjust above the melting point thore
is a sudden rise to a constant valuee.
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{#) that the thiokness of the film 414 not effsct
the fristion providing there was encugh of the
labricant present tu cover the whols surface.
The frictlicn, however, graduslly diminished
as the consentration of the lubrisant insreased,
until a winimum was reached, vwhen furthsr con-
centration produced no change.

{8) thay an equation, such =zs,
= b= 2E
fitted sach chemionl sseries investigated.

soesfflolent of gtatic friction
molecular weight of lubricant

s seastant dependent om the chemisal
type of the serles.

= & gonstant dependent on the choniasl
nature of the solid surfaces.

v OBmns
"N

1%t was noticed that the friction for the
same lubrlizant varled whon applied to diffarent solid
substanses, for steel gave = higher coefficient than
bismuth, but lower than glass. In the oasoe of metals,
the friction wios found toc vary directly azs the hurdness,
while two differont metais on each other gave valuca
intermodiate % those fecP each metal on itselfl.

In the Journzl of the Jhenisal Sosiety for
December 1922 {pe 2875}, Liss Ida Doubleday gives an
asgoount of sohe nessurenents which she made of the go-~
efficient of statla'frlatien for a series cof aptically
active narbinoia {02 Hs CHOM Op Hzp + 1l}. She found
thelr lubricating power to be independent of the sign of
rotation, or of any spirzl arrzagenment of tha carhen

atoms.

T R e e . e S i
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The Fourth Zeport on Colloid Chemistry {British

issooiation for Advangement of iclence (1922}, p. 185)

sontains an article by 7. B, Hardy, in whioh he indiocates
the affect of chemisal gpustitution on the val ue of the
soefficient of friction for pure liguids, when measured ;
with Bismuth on Bismuth. In some cheniczl series, énch '
as, the paraffins and bensenes, the static friotioi was
shown to be 2 linear fuonation of the molecular welght.
in other series the erffect of molecular wolght was over-
shadowed by that of chemiocal oconstitutiom. However, if : :
he went high enough in any simple series of ohaln con- |

! pounds, e.g8. alcoohols and fatty ncids, he found a good

lnbricant, except In the ocase of the aliphatic esters,

1t alsoc became eovident, that similar changes in the
molecular stracture o ring and chain compounds produced
opposite effests on the two series. Ho ring compound

was enaountered which prove@ to e & really good lubrigant.
Hardy found that ntoms placed symmetriocally about 2

sentral carbon atom produced very bad lubricants, am
example being carbon tetra chloride.

?he only generzlisation which he cculd draw in
the case of blsmuth on bismuth, was thut the addition of
8 linglo CH group to a molecule ingroases its lubricating
power. However, & second or thirﬂ group diminishes the

effect of the firste Single -UH groups on & riang or
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slosed chain compound appesred to be more effective than
on an open chain. slso vhen he replaged C1l by H, or

B by CHz a botter lubriocant was obtained.

Robert R, Vilson and Peniel P. Barnard {(Journe.
Ind. and Eng. Chem. Vol. 14, Ho.8 4dugs. 1922, p.682)
showed fron experiments on a friction jJfournal testing mach!ine,
that for any bearing there are three regions of lubriaation,
- mamelys
{al 4 reglon of fluid film lubrication where the
wetal surfaces are held apart by =2 perfeoct
- film of liguid. Here viscosity is of prime
importance, the oiliness of the lubricant
and the nsture of the metal having no erfect.
(b} 4 reglom of partizl lubrication whare the
metal surfaces are in olose contaoct with
each cther, Here, we are unot soencerned
with the visscsity of the lubricant, but w &tk
its oiliness and the nature of the Vearing
motal.
{s) 4 oritical point just between these two
reglons which is lowered by an increase in
the oiliness of a lubricant, and is affected
by the nature of the bezring metal.
Prom these resultis i{ nppears that the ordinary
Journal frietion testing machine operates in roglom 4
thus being nothing more than a rough viscometer. Ihis
was definitely proven by Winslow H, Herschel (Jhem. &

Hete Engs Vol, 28, Ho. 13, Harch 1923, p. 594).

o T




¥ilson and Barnard £3oira. ind. and Eng. Chemn.

Yol. 14, Ho.8, iug. 1922, p. 683) give an account of

severa]l different methods vhich they used in an attempt

tc messure ciliness.

Deeley’s method was enmployed first, becsuse

with it both the static and x;natio frioctions counld be

- measured.

(1}
{2}
{3}

(4]

{s)

(s}

Their concliusions were that: _

&

the kinetic friction is lower than the static
friction

for metals zh¢x§(13 & sontinucus change from
static to kinetic frictien ) '
pressure o8 the bearing had very little
effent

Animal =nd vegetadble oils have a lower
coefficient of friction than 1refined
mineral oils

the addition of a small amount of fatty
acid, or a gounsiderably larger ampount of
& neutrsl vegetable oil teo & mineral eil,
prodooces = marked lowering of the
coefficient of friction.

the maximun d4i{ference on metal surfages
between the fricticn of different olls is
at zero velocoity. This would suggest

the ovefficient of static friction te de
the best single measurement of ciliness.

They consideored oilliness to be due te =

tenatiously adsorbed film of the ludricant to the metal

surfaces, the pitnaaﬁo of which diminisghes or prevents

‘metal to metal contact. The ability of this film to
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withstand the high and prolonged pressures to which it
is exposed without being squeessd out would indicate that
it was nmore than mone-molecular and more of the nature
of a plastic solid than of a ligquid.

| They next uwsed lLangmuir®s Inelined Flene.
Hethod with similar resulis to those obtzined above.
However, p-ores-al, whigh is known to lower the suffaae
tension of water, did not give & low goefficient of
frietion. 7his shows tha: an adsorbed film gan net be

the only necessity of a lubricant and that its chemical ) J

structure wust have some offect. This is brought out

in the following table.

Static Fricticn Heasurements
Inclined Flune iethod Spherical Jegment Slider

e )

o1L
o Steel] oun Ipeo—~
Rl Steel

61,°0m1 De20 020 sama"
Velocite “B™ pil g.a82 0. 2173 | 0.152
Veloaite "B" « 2} 3tearie

acid 0.125 0,121 0.123
Velosite "B" ¢ #3% Iron

Stearate D120 0120 semesn
Heutral lard oil 0125 0.126 D098
Velocite "B" +» 25 p - oroso# D.186 | 0©.178 cesee
Velocite “BY treated twice ;o .

with Fe by b id 01390 0.180 - soevs
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Heasurements of the lowering of the surfage
tension betweon lubricants and meroury were also made.
Hercury was used beosuse 1t {8 the only pure metal in
the liguid stzte under nrﬁigary conditions., From this
they only found that the lovering of the surfrce tension
iﬁdicaiod 8 tendenocy for sonme subsiange to aonnentf&to

on a metal surfoce, and that the film formed was a solid

pathar than a fluid, and of onlleidal rather than moleoular

dinensions.

& nﬁthoﬁ w2& thon devised to measure ihe
Qloétriaal resistance of an adsorbed film. <Jhey took
two hardensd, polished steel surfaces and held then
firmly together hy a definite preesure, while thelr re~
sistance was measured by means of a2 whetistone bridge.
then the surfages were exposed io some oll znd thelr
resiatance agaln measured. It was notioed, that the
longer the faocés were kept in contaet with the ¢il, up
to & pericd of adout twenty-four hours, the higher vas
tho rosligtance obtained. This indioatea that it takes

some tinme for en adacrbed film t¢ bulild up. It took

. longer for the film of mineral oil %o fowm than for an

smina} or vegetable oll, dne, it was belleved, to the

swall amount of film forming comstituents present in

~_ the former amd the time 1t takxes for them to diffuse to

tho metal surfaaes.

A
Moo i i 5
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he ra;e of slogging of nmotal and glass 0apllle

aries was also studled, yieldingy the fact, that om steel
and glass mineral cils gave a thicker £ilm than lard-oil.
Thersfore the thiokness ef an adsorbed fiim is no indic-
ction of the olliness of & lubricant. The [films in the
saplllary Subes proved t6 be of the order of 0.1 mm. in
thigknesse. The . film ferming tendency of oils whioch had
been niz-m through Fuller's Zarth was the sawe sg before
the treatnont. | _ |

. FMnzlly am sttempt was made to separste the
“"ellingsa™ of a ludrligant dy treating it with very finely
4Aivided iren fermed d»y the redustion with hydrogen of a

..ferric hydroxide gel at 450° G, This 100 seenad $0 ade

serb to itselif sll sthe film @ rming constituwents of the
'.etl leaving behind an faferior lubricant as shown Ly the
tadle on page 17 and by the followinge

Griginal ocncentration of stesaric acild
in oil, percent 0.50

3teario acid left arter traétiag 50 gms.
of soln. with 10 gma, of reduced iron Q.28

3toartie sold removed per gum. §f iron,
S8« 0.016

In the dibliography are listed culte & number
of other rocent artlieles on the subject whioh come to

about the same conolusions as thes adbove.




animal and vegetable oils are knownm to consist
of esters of the glyoceril gzgroup -3 Hsy, This gives
sompounds of the form 23 Hy Rz, whore R is the fatty
acid radicle. In solid fnts, 3tearin and Palmitin pre-~
dominate, while &n liguids, we usnally find « l.rge amount
of Clein. The csomposition of these common esters is:

Triglyoeryl Stearate - 3 Hs ( O 18 H3zp Olg

friglyceryl Palmitate - g Hg ( 0 ’yg Hyy ol,

friglyseryl Cleate =~ 33 Hs ( 0 g Hag Olg
Sperm oil contains osters of mono~- and tri-valont aloochols
instead of glyoceril.

Eineral olils, on the other hand, are hydro-
sarbons, the ultimite structure of which very little is
known. Dumstan and "hole (Journal of the Institutionm of
Petroleum Technologists, Vol. IV, (1918),pp. 191-228)
say that all mineral oils which are good lubricants con-
tain unsaturated molecules. ~hey also state that: "lIn
no oase has the chemiocnl constitution of a compound of a
ludbricating oil been estabdlished, but the chaemlioal be-
haviour of those oils indionte that among the couponents
are unsaturated hydrocarbons (possidly open chala, but
more probadbly naphthenic and polyuusclear, or perhaps

both types), saturated hydrocarboms (mapthenic and
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probadly to some extent polynuslear, but not te any
apprecliable extent paraffinold), and zromatic hydrocsarbons
{to an unknown and nossidly =a limilted extent}. The un-
saturated conpounds sonstlinte b@twean' 20 znd 40 per
scnt. of most ludriaating cils. It appears thea, that the
trus lubriocant 1s an unsziurated compound, peossessing ail
the attridbutes of suoh a aoﬁpound, is 0ot ~

{1)] Zlapacity to absorb iodine, bromins, oxygen
and 80 ORe

(2) Solubility in stroag Sulphuric soide
{3} Higher 3/% ratic than the saturated derivative.

“ipparently the same fnots holu zoed ia regard

to fatty ludricants. Hape o1l, castor oil and clive oll

aontain in thelr molesuleos doudle bonds, snd are superior
to snoh & satursted product as, for example, tellowe
“In repant years the progress of orsganio

shemistry hss largely beon due $6 the realisation that
unsaturation, or the nossossicn of residual affinity,
plays an all imporitsnt part 1n the resctivity and the

very perscnnlity of 2 gompound. Iolour, odour, tasto,
physiclogical activity, and, in a word, nll the chaructor-
istio properties of bodles are influenced by this ocn-

dition. It appears now that me may add ludbrlocating

attlity to thé'alraaég long 1ist of sffects proceedinyg

'from this ons prise causne.
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ancther view held by soms as to the cause of

oilliness of lubricants 1s thelr colloidal natures 7.
Ostwald (Introduction to Theoretical and ..pplled lolloild
Jhemistry, 1917) says that a collold tenda to concentrate
on the surfzoes, the phenonena boing called adsorbtion.
In thelr artiole mentioned abovs Dunstan and Thole say
thats “Recent work on ocolloid chemiastry points %o fﬁo
faot that heavy oils must be inoluded in the oategory of .
iso~gollolds, i.0., polyphase systems in which the dis- |
poerse compoasent is of the same chemical nature 2a the
dispsrsion medlium. Just as waier must be regarded as

a systen in whioh moleoules,such as, (H,; 0)lz co~exists
with simple N, 0 moleoulss, so in a ludrliocating oil

the dispoerse phase ls a molesular agsregate suapended in

a dispersion wmedinm of simpler and sinilar structure.”

From consideration of the previcus work done
one this subleot it was decided in thls research to use
the method employed dy . B. Hzrdye ‘he usppasratus used
is shown in Plate I,

It oongists of & glass case sét on & three
legeed lovolling stand, whioh in turan rests on a solid
yablo. ﬂhg gZlass onse ia oovered by a tightly fissing,

ground glass, top. The metal trlate used in neasuring
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the soeffisient of static friction is placed inside the
gase by meaans of 2 pair of tongs, after which, the

apparatus is carefully levelled. Cn the plate is set o

spherical segment of any desired metzl. This is connested,

by means of a fine threxzd over & well balanced pulley
ronning on ball bearings, to 2 beaker into which mercury

is run in 2 very fine astrean from & bureite. “hen ths

woight'of the beaker becomes great encugh the hemisphers

is pulleé along the plate. it the instant movement is
first noticed the stream of mercury is 1mme§1ntely shut
off. Then the beaker is detached and weighed, to the
second deocimal place, with that part of the string whieh
is below the pulley.

During all th& experinents a stream of sare-
fully dried and filtered air was passed through the
apparatus by means of 2 water pressure putip. -his
precaution was taken to prevent the gleaned plate fron
a@sorting a filn of zrease from the actmospharo, he
drying and filtering of tha air was accomplished by
passing it through six wash bottles of concenirated
snlphurio acid, an absorption tower sontaining solid
sodium hydroxide, two tubes of phosaphorsus pentoxide

and finally a tube of glass wool. The sulphuris ascid,

.as well as noting as a drying agent, took up a con~

giderable amount of dust from the alr and was renewed

E= R 6 5 b b e i i ooy o
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whenever it became dark in asolor. ZThe purpose of the
30diun Hydrexide wus to prevent any sulphuric acid zpray

froum bdeing carried through.

A soale pan on which weights wore placed was
firestl used t¢ determine the foroe neceasary to cauié
uovemant, but proved unsatisfactory. 7This was due te
the inevitable jor csused by addingy and removing the
welghits, 'hlos started the hemisphore moving too soocne
This diffienlty was overcome by replacing themsoalo pan
with & beaker into whioch a fine strsam of meroury was
raaAuztil the mecessary whight was obtained. Thae
weight of the Peaker and meroury was then found by
wolghing on a balance.

The sterl plates and hemiapheres,first nsed,
wors nild ateelhzgiaed.a zreat ceal ef troudble by nos

glving eny consistont regsults se shown by the follow~

ing figures in tadtle 1.

Pyull in 3rams, {Dry Surfaces)

Hild Stesl Hald 7Toel 3teel
54.23 : 78.89
48,12 o 77.20

- 82.72 77,00

§7.78 ‘ : 76.47




In this 3280 5 sisel houisphoro of 214 ARBe
in volght wap used On a dry steel plmie. ?he trouble
was olinlnoted by getting a pluate of hard $col atael
which %was of the scene oomposlition s the hemisphers.
This nev plate gevo vary 1ittle trouble frem rusting
after 1t was olacned whore as the sthers rusted vory
readily. The rosunlis or the mow plate are also givnn
in %able I.

Jleanling the plates snd hemlsphares turaod

a

ozt to bDe, diffioult tasks The plutes were grousd by

radbing two of then togothey with wory flue anery and

vwater. The ozery was then revoved and the plate polished

by rudbing vith & fresh 2ork 1n claan flowlag wateor,
after vhioch the plate was rudbbed vigorously by the
fingera with a little pure scap in the running water
until a eliaging Tecling was prodused. hon the plate
was olenn water would oover its antire surface. The
renl test <or a elenn surface ts 2 sonstant wvalne for
the oaeffisisnt of friction whish suan be reproduced.
Lfter sleuning the plate wns pladed In the glcoss caso
and éried by a rapid atroan of dry zir. Vhe honlephore
vas 3leancd end dried in o sinllar manmer.

“hen solutions of Stearis acid ia lLiguid
Fetrolatun were used the foruer sclidified cut and

aould not be Xept in soiution. 7This dirfioulty was

it




surnounted by plaoing a2n elestric radiaticm hester next
the 7lass case, 80 the temnerature could de xept hi:zh
enough t¢ melt the Stearic acid. However, for sciutions
over thirty per cent. stenrio acid the temperature was

not high enough so reccurse was hnd to dilute ether

solutions. 7he steario acid znd liguid petrolatum wore i
heated in a flame and thorouchly mixed. . small portion
of this solution was dissolved in some ether which was
poured onto the plate and allowed to evaporate. This
lott;:oty thin film on the plate om which measurements

gould be nmade.
Jerregtions -

The force necesssary to cause the atring to
move Over the pulley when it was loaded wvas found to be
0¢85 gms. This amount has been subtracted from all the

values given in thig artiole.
A 8

c

A source of error arises in the angle .33 over
the pulley not being a right angle thus causing a very
slight lifting motion on the hemisphore. The angle
BlA was measured by taking two points ten inches apart

directly beneath the thread oan the Sable and measuring
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the difference in helght of the string at points above the
ends of the line. This difference was found to averagze 0.29
fn. whioh gives for the tangent of the angle Bil & value
0.029. This the angle B.J is 1° 43', S0 the value of the

desired forse Al equals .B. o008 BAC =

-

4B x 0.9996, which

gives a nezligible commection and therefore has heen onitted.

Experimentsl Dats -
(a] Steel on iteel-
(1) Heasurements were first made toc determine
the force necessary to ocause steel to move on dry steel.
The ccefficlient of fricotion was calculated by means of

Amontons®’ equation. The results are given in Table II.

T4BLE  IX.

For Jteel on Steel (Dry)

Pull in Orans coefficient of Static “rigtion
75.69 04,5537
76432 0.3567
77 « 20 0.3608
77.00 0.3598
76.4%7 0.3573
AV e 03576

The weight of the ateel hemisphere used

throughout all the determinatiohs was 214 gms.
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{(a) 3tesl on jtesl - {cont]
(11) Qlelc 4cid -

2he ocvefficient of stutic friction for ateel
on steel, using liguid petrclatun with varicue parcent-
ages 0f oleio acvid as a lubricant, was next meazsured.
The liquid was applied to tho plate by means of a clean
glass tube in sush amounts that the hemisphere atoﬁd in
e visidle film. The results obtained are given in Table

I11 and their averages plotted in GJraph Il.

TABLE 11X.

' Steel on Steel. ‘
Oleie Acid 03 Clelc isid 0.65}
Liquid Petrolatum 1003 | Liquid Petrolatum 99.35}

w u u
55.36 D.2587 4093 De2183
55.80 0.2607 47.18 D.2208
55 .67 0.2601 47456 De22823
55.48 0.2592 45 .97 De.214¢€
38.76 0.2606 4740 0.2216

’ Ave0.2197

Ave0.2399

Oleio 4Acid 1.733

0Olels ioid 0.97} : ; .
Liquid Petrolatum 9€.275

Liguid Petrolatum 99.033 |

] n i u
43.14 0.2016 41.69 01948
$2.84 0.2002 40.51 D.1893
42 .5€ 0.20356 41.586 0.1942
44.15 D.2063 40,14 0.18%75
43.86 0.2049 40.29 0.l1882
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24BLE I1Xl.{ocomt,’

3teel on 3teel.

Oleisc 4old 3.33) Clelc .3id 32479
Ligquid Petrolatum 96,673 Liquid Fotrolatum 67.21
a u
41,30 01931 47.26 0.1741
42.21 0.1968 38.22 0.1786
41.01 0.1916 36480 0.1720
41.75 019581 30 .49 0.,1799
".o.l'“ i\'cOol’G?
Olelc Acia 60.99) Cleis 4+ald 100
Liguid Petrelatum 39.017% Liquid Paetrolatum 03
e ‘ b n
8’.” 0017?5 36,77 Nell12
37.06 00,1732 39.72 0.18566
36.80 0.1720 38466 0.1806
37.89 0.1786 37.2) 0.1749
37 .34 0.1745 39.04 0.1824
AVe0.1746 ; +Ve0 1809
i = pull ian grans 1 @ coefficient of astatie
friotion

{s) Jtearis igid
A similar experiment was made,using varying
amounts of stearioc acid in liquid petrclatum, to "eter-
nine the effect of the unsaturated bonce The results are

given in Table IV and the avorages rlotted in Graph 1.

PR ANEOS g ting
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» TABLE 1IV.

3teel on Steel

Stearic isld 0.4210
Liguid Petrolatum 99.587

Stearis Acid 0.975

Liguid Petrolatunm 99,03}

7 a 24 n
49.95 Q,2334 48 .86 DeBZ283
49.51 022304 46 .68 D.2284
Bl.11 0.2388 48 403 D.2246
49.99 0.2336 48.61 042272

Ave. 00,2341 AVe 042271

. stearie ioid 2.73%
 Liguid Petrolatum 97.27%

Stearic Acid 5.763
Liguid Petrolatum 94.24}

¥

n e '
45,63 00,2188 42.58 0.1990
4 .16 V3064 43«00 0.2010
44,81 - 022095 4232 01977
44.02 - De2057 43 .87 D 42060
44,90 02098 42,15 0.1970
AV 02000

AV e

0,2090

dtearic icld 54.99%

Liguid Petrolatum 45.01%

Y n

43,76 042045 43.57 0.2038
44,61 0.,2084 - 42,78 0.1999.
44.34 0.2072 43.46 042031
44.01 0.2056 42,38 0.1979
43.50 0.2033 43.18 02018
Ave D,2058 ethey AVa DL2012

solution '

3
!
|
5
|
A |
' i
' }
|
| Stearic ieid 24,33
CLigquid Petrolstum 75.73
) i ' u
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PABLE IV, {(Cont,)

Steanrig scid 100 2
Liguid Petrolatum 03
W u
$2.01 041495
32.77 0.1531
33,38 0.1858
33.32 021557
ether ‘ Ave 021538
| solution 4

(4] 4my) Butyrate

The effect of the addition of an ester Lo 2
0il :
.xacraxﬂnsa studied by using various awounts of amyl

Butyrate ia Liguid FPetrolatum with the results givea in

 Zable V and plotted im Graph Il.

T
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TABLE V.
Steel on Steel.

Amyl Butyrate 1.063
Liguid Petrolatum 98.947

amyl Butyrate 2.191
Liguid Petrelatum 97. 6817

u . u
5458 0.2550 52.23 02440
54.11 0.2529 52453 09,2454
§3.92 0.2520 51.61 0.2412
54.19 0.2532 52.66 0.2461
53.96 0.2533 51.12 0 .2389

AV 002533 1},7. 002431

imyl Butyrate 8.83
Ligquid Fetrolatum 91.25

smyl Butyrate 20.333 i
Liguid Fetrolatum 79,672

% ¢} 11 n
50,01 0.2337 49.16 0.2292
49.29 04,2504 49,34 0.2306
49,08 0.23294 50,08 0.2340
49,76 0.2326 50463 0.2366
49.99 0.2856 49.99 0.2336

AVe 0.2319 aVe D.2328

W

imyl Butyraie 50.497
Liquid Petrolatum 49,51}

amyl Butyrate 86.997%
Liquid Petrolatum 13,017

Fi u i u
50.77 D.2373 53,57 042504
50,03 0.2538 53.61 0.2506
51.01 « 2384 52.89 O«2471
51.15 0.2390 53.11 D.2483
50,27 , D.2349 533.72 0.2810

AVe 00,2367 AVe 0.2495

]




TABLE V. {Cont.)

Amyl Butyrate 95.97
Liguid Potrolatum 4.1 5

Amyl Batyrate 97.357
Liquid Petrolatum 2.853

¥ (] w u
54.77 0.2560 564,32 6.2632
55.26 0.2583 55.72 0.2604
55.11 0.2576 56,60 0.2643
54.36 0.254) 58.96 D.2615

A AV.0.2565 AVe0 22625

imyl Butyrate 1003

. Liguid Fetrolatum 073

") u
59.49 02780
59.02 0.2758
58.60 0.2738
59.09 0.2762
58.21 0.2720

' Ava0.2752

(e} Zhe Bffect of Unsaturation

The ccefficlent of stautic friction of mineral o0il

with di fferent iodine numbars to find theAetraot of unsat=

urated hydrocoarbons.

and Oraph IlI.

“he results are found in Table VI

ST bt i 5 . i et
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TABLE V1.

0tl #73
Ivdine No.l7

=4

01l #73
Iodine Yo. 20

v u i n
58,38 0.2728 58.24 0.2721
58.66 0.2740 58.20 Del2719
58.15 0.2718 58.30 02724

- 5797 0.2709 58,08 0.2712
58,18 0.2719 58.19 . 0,28719
AVe 00,2723 AVe 02719
T —— e
011 #73 Polarine # 2.
Iodine Ho. 40 Iodine noe 5

4 u N u
57 .65 0.2693 BY7 .32 00,2679
56.61 0.2646 58.46 0.2731
5742 0.26€3 57 .54 0.2693
56,37 02634 57.96 0.2709
56.26 0.2628 57 .24 0.2675

Av, 0.2657 AV.D.2697

Polarine #2
Iodine Ho. 23

¥4 k1
56.22 De262%7
55 .31 D« 2585
58,00 0.2570
55.17 0.2577
564,13 0.2623

AVe 02396 i
e e et — e
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& test was alsc attempted with Butyric ioid bdbut
had to be abandoned as it attacked the steel even in very

dilute sclutionse.

(v) zabbity on Steel -
(¢} 2rx ~
The coeffisient of babbitt on steel with nﬁ#
any lubricant was measured with difficulty. The Sﬁf;

babbitt was abtrsded so tadly by the hard steel that.

i% was had to got consistent results with the dry surfscoes.

Zhe weight of the babdistt hemisphere was 135.7 gus. The

_results for dry surfaces are given in Table VII.

TABLE VII.

Babbitt on Steel. (Dry)

Pull in Graous Coefficlent of Jtatic Priction
T7.52 00,5043
78,80 0.5126
78,00 0.5075

AV e 0.5081

(11} Qlelo agid -
in order to sscertain the affeot of different
motals on the goefficlient of statie friction of a lubrie-
sznt the same solutions of clelc aocld used on the steel
were tired with the babbitt. The results obtained are

given in ?able VIII and plotted imn Sraph 1IV.
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TeBLE VIIL.

Babbitt on Stesol

tlelsc icid 03 ) Olnio acid 0.65%
Liguld Petrolatam 1003 Liquid Fetrolatum 99.353
n 'l; n
57.72 03756 Hiell 0.3455
55 .25 0.3594 52,77 004538
56.88 Ge3699 33 .04 045451
57«97 0.3772 DG o4 0.35475
56.95 0.3705 863.27 0 .34686

AV.0,3705

Cleis acid 1.753

Cleic acid 0.973
Liquid Petroiatum 98.273

Liguid Petrolatum 99.033

'3 n
47410 0.3064 41.59 00,2705
46,38 03017 40 .51 0e2656
45.33 0.3014 40.78 0.2753
46.84 0.3047 41586 0.2703
416.58 0-.3031 R
AVe 043035 AVe Da2674

Gleis 1cid 32.797%

Oleic <old 3.33/} ,
Ligquid Petrolatunm 67.213

Liguid Petrolatum 98.67)

! u i u
42,73 0.2780 40463 0.2643
43.28 0.2816 40.22 02617
43,37 02822

AVe 02812 ave0e2626
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PABLE VIII. {Sonte]

Cleie icid 60.99}% : Cleic ssia 1003
Liquid Petrolatum 39.01: Liguid Petrolatum 05
" n \j,f u

40,12 0.2610 40041 0.2629
39.25 0.2554 39,76 0.2587
39.08 32542 39,28 0.2856
40.43 0.2630 49,42 0.2629
40.29 0e262) 38.89 0.2530
AV e 0.2591 Ave 022588

Oleic i0id was observed to attack the babbits

when ever 3.33 per ceant, was used in the liguid patruiatum.

The abeve results show that the soefficient of
static friotion:of mineral lubriceting olls i=s matar!glly
lowered by the addition of fatty aglds. From the curves
for cleic and stearis scid it appears that the chemioanl
constitution materially affects the degrees of lowering.
Both these asidés are of practiocelly the same molesular
welght the only difference being that stearic czold son~
tains two more hydrogen atoms than clelc moid. However,
the latter is unsaturated and contains one double bond
which scems to be the cause of its greater effect. This

‘would indicate that the doudble bond contains some residual




affinity, which is attracted by forces on the srufaces of
the solid, thus forming & very tenacious film.

Yrom the difrference in the lowering of the
friotion due to the addition cf the oleic and stearic aoids
and that of the amyl butyrate it is seen that the mole-~
cular weight of the conmpound added is of prime importance.
Anyl butyrate has a moleocular weight of 158, vhilot:;olo
and stearic aocids 1t is 282.36 and 284,36, respectively,
thus showing that the greator the moleculay welight of ‘
the substance added tc the mineral cil, the more the
coefficient of friction is lowered.

Also, from the ourves for the acids, it is seen
that the coeffigient of frictioam varies inversely as the
anunt of acid present, until a conscentration of about
five per cent of acid is obtained in the oil. For greater
sonaentrations of acid there is no appreciable lowering
of the coef!iol;nt of friation. The =-00H group of the
aoid is practiocally insoluble in the ©il while the
hydroosarbon end is very soluble. <his causes the acld to
concentrate at the surface of the oil so the ~J)"H group
is free to be adsorbed onto the metal surface. - hen the
conoentraetion of acid is such that the surface ¢f the
oli scontains 2ll the molecules it can, the effect 1s the

same as if pure acid were being used.
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fhe curve for amyl bdbulyrate is an exaeption to
this ftheory and nene has so far been suggested to account
for it. However, when tested with different wmekals its
bekaviocur nay suggest an expianation. |

Graph IV shows that the metal surfases with
whish the lubricant is in gocntact have a very descided
influence on the coefficient of friction, which must de
due to the chemioal nature of the metals themselves.

It is seen guite distinstly that for the sane lnbricant.
steel on steel gives a much lover value than dces babbitt
on steel.

The lutter part of the stearic scid surve ls ais-
continuous due to the stearic acid becoming solid on the
plate.

?he experiments with mineral onile of ai fferent
jodine numdbers shown that there is a slight decrease in
the fristion for an inorease in lodine numboer. This is
undoudbtedly due to an inarease in unsaturatione. It is
thought that this inorease in unsataration hmes a siumilar
effect to the additien of n fatty acid. If the oll to
begin with had no iodine number anéd the unsaturation
was gradually inoreazsod a ourve similar to that for cleie

aeld would likely be obiamlned.




?he above inform=tica could be used in compound-
ing of lubricating oila., If it is desired to obtain a
cheap o0il with the same lubricating properties of some
expensive animal or vegetable oil, it is only necessary
$0 take o mineral o1l asnd add to it not more than five
poi gent, of an animal or vegetabdle aoi&f%roduoe a lubri-
cant 0f the reaulired cquelity. In some cnses where o
fatty aoclé In the pure state attacks the bearing, its
full effect ocan de obtained without injury to the bearing,
by using a dilute solution of the acld in a mineral ol}],

as shown above in the case of babbitt and ovleic acid.

SUMELRY .

The above results may be summarized as follows:

(1) Phe coefficient of static fristion of a mineral
lubricating o1l 1s lowered by the addition of
asters and fatty acids.

{2) he addition of an unsaturated compound lowers
the coefficlent of friotion more than does the
sorresponding saturated compound.

{3) The coeffliolent of a lubriocant is affected by
tho moetal's surfaces with whioch it is in
gsontacte.

(4) Pive per cent of an soid added to a mineral
oil givea as low n coefficient as the pure
aclide.




{8) Inoresse in lodine aumber of an 0il lowers its
coefficlent of friciion.

In conolusion, the writer wishes to express his
thanks and appreciastion o Ur. 7. #. Seyer for his assist-

anoe and advioce in directing this work.
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