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Esters as ILubricating Oils. -
Esters as Lubricant Improvers.
I.G. Leu.na. Report by Dr. H, Zorn

I ehall give you briefly an insight into the significance of the
addltion of esters to lubricating oils. . .

One of the most important pronerties of a lubricant is its viscosity-
temperature behavior. This may be specified by viscosity index, the so-called
VI.value according to the American proposal. The higher the V. value, the
_lover-is the dependence of viscosity on temperature and therefore the flatter
is the viscosity-temperature curve. -Another method of characterization employs
a logarithmic plot of absolute: temperature and wviscosity according to a pro- - .
posal of Walther and Ubbelohde (ef. Figure 1). The viscosity-temperature: curve
"then becomes a straight line. The slope of thle straight line as expressed by
the m~value, 1s. then.an index for the viscosity~tempersture. behavior of the
lubricant. . Walther and Ubbelohde meke the further assumption that the curves -
(i.e.; straight lines) for oils of different viscoslty but- from the same’ sopurce.
intersect at one point, the "viscosity pole". The smaller the distance of = --
this viscogity pole. from ‘the abscissa, i.e., the snaller : the "viscosity pole
height",:‘the lesser. is the dependence of. viscosity on tempera.ture., ‘For: . the
1atter, small T and \CB values are reouired. PR
S The dependence .of -the viecos:.ty—temperatue 'beha.vior of eetere on

: tneir chemicel constitution is shown in: the following figures. EagR Xf e )

: : Table 2 sho £3 estere formed from tri- e.nd tetra—hydro*cy e.‘!.cohols
esterfied wi th various: acide : First‘let usconpare the" esters of- normal-
octylic -acid. " It appears; that there is. no ‘difference’ betueen trimethylolethane,
and - trmethylolpro;pane dn: regard to- magnitude of ‘viscogity and ‘visCosity=~"; s
tempera.ture behavior but there is ‘considerable difference in: low—tempere.ture
behavior (4. e., ‘pour. 'oon.nt) s the .ester :of trimethylolpropa.ne being superior t0"
‘that of trimethylolethane 'by 61°, Glycerol ‘i eqtti‘v*?a‘:l.’ex‘m £0 Hoth" alcohols in
regard to viscosity—temoerature behav:zor' however, the . magnitude of viscos:.ty
‘is smaller ‘and’ the ‘pour point’ .:.ppreciably higher ‘than for trmethylolpropa.ne :
Tk louer than for: trimethylolethane ,','Penta.erythritol givee .anester of - :
.'e:opreciably higher viscosity, SH11Y: higher‘ nour point, and:’ somewhat better: i
em'oeratu.re beha.vmr. : t is verv 1nteresting to compare the, esters
g emely, 2-ethylhexa.noic acids B
‘ There is no: difierence
l"_-"l’he ester of glycerol o

'cositJ 'behem.or, Dut not; so favorable 1n regard ito,. pour point ‘*-The ‘pour noint
of ithe:‘glycerol. esters is remarkable: .Bsters:of this: type ‘can-be:used in the -
) coatings indvetry’ ag:sof teners)'and in/the: electrical industry ‘ag-svitch: o:ﬂls.
CItig very’ interesting, toobserve the: effect of 1ncom'olete eeterification of
these alcohols on’ necositv—temperature 'beha.vior. These relationehipe are
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It is evident that, for trimethylolethene as well as pentaerythritol,
the viscosity becomes higher and the viscosity-temperature relation becomes. —
poorer, the more free hydroxyl groups are present in the esters. This is
altogether understandable, for free hydroxyl groups- cause a strong association
of the ester molecules, A4ll the alcohols are well known to be ‘strongly associ~
ated., It i1s interesting that this association, i.e., formation: of molecular
complexes, proceeds altogether uniformly as shovm in experiments conducted
at Halle_ by Prof. Wolff and co-vorkers at my suggestion, - Equal numbers of
1~ 2~, 3 Y, and. up to lz-fold molecules are preeent in the uhole mass. ’

. .The: 1nvestigation of ‘esters. of dihydro:v glycols is revieved 1n
Table 4. - Ethylene glycol, tetra.me'chylene glycol, hexamethylene glycol,
methylhexamethylene glycol, and dimethylolpropane vere investigested. It
aeppears that, in the case of the ‘esters of stralght—chain ‘glyccls with normal
octanoic ac:.d there'is an increase ‘in viscosity:and a decrease of the m~value
Ai.e4y: improvement in viscosity-temperature 'behav:.or) with increasing mole- -
cular weight. . I¥ is interesting ‘that the pour point is lovered vith methyl-
hexamethylene glycol and dmethylolprapane. The influence of the methyl group -
is again noticea‘ble here as.uus. sgeen in the -case of .the hydrocar'bon, hexaw
decane. . ‘The pou:r point is very favorably affected vhen 1sooctanoic acid or-
Leu.na car'box,,vlic acid is em'oloyed 1nstead of norm‘.l octe.no:.c acid.” Houever, .
the “viscosity—~temperature _behav:.or is somewha.t less ,.avora.‘oleﬁuth ’chese )

'branched-cha:ln : acids .

A studv
1n Ta‘ble 5
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an outlet in the preparation of motor oils suitable for ‘low-tempera.ture oper-
ation and exle oils; some were alsoc found suiteble as softeners for Igelite’

(resin or plastic?).

i

The ez’fect of increase in molecular size on viscoaity-tomperature
behavior is shown in Table 7. . The polyhydroxy alcohols were esterified hoth
with normal octanoic acid and with long-chaln semi-~eésters of adipic acid and-
Leuna alcohol fraction boiling from 140° to 180° (i.e., largely C6' and C7
alcohols). . It appears that the latter esters are appreciably more viscous
'a:od‘somewhat more favorsble in regerd- to viscosity-temperature behavior than
are the esters of normel. octanolc acid. It is gquite understandable that the
‘Low~temmerature behavior of this ester as shown by pour point should be out~
standing, -since the branched-chain Leuna alcohol 'is incorporated in the semi-
ester.. Furthermore, the lubricating gualities of esters of this type are.
very good. ' They have found-a practical application as cutting oils, It is
also posgssible to lengthen the straight chain of the molecule "by ethoxy'le,ting

an alcohol.

. Results of the inveetigation of ‘this subaect are given in Table 8.
First, the ieo-c -alcohol mixture. obtained by the "Oxo" process on diiso~ ' -
butylene vas ‘emp; oved as ‘the a.lcohol. It ie evident from Table & that .
the viscosity rises 'and . the 'viscosity-temperature behavior improves with .-
‘ineressing ethylene oxide content, - On. the other hand,.the low-_tempere.ture o
behavior becomes poorer the more ethylene oxide is taken up, It is Very
interesting ‘to'compare the products from Leuna alcokiol -which have ‘been trea.ted
‘with o moles of ‘ethylene oxide. and ‘esterified with: edipic, methyladipic,
-and.: sebacic ‘aclds,  The: low—tempera,ture ‘bekavior of ithese three esters is |
‘exactly simila::,_the viscosity rises andthe vmcoaity-temperature ‘behavior.
improves inthe order- adipic,: methyladipic, -and”sébacic ‘acid. ,/Here, too,’ the
sebacic ‘acid ester “ig:ithe most: favorable.- Unfortunately, these ‘esters. have .
the disadvantage that' they—are poorly miscible Twith hydrocarbon oils -or: even
completely imisci‘ble Yhén they contain mich ethy&ene oxide. ‘More ‘than: one
molecule of eth;ylene oxide st ‘not "be . “talten up; ‘with two- moles of oxide ;.. s
mieci'bility with hydroca.rbon oilgiig: already lost at room:temperature, How- .
-ever, this ester is'complétely. miscible at higher temperatures(e.g., :80°)5:
‘With etill hibher molar proportione of oxide, even the miscibility at h.igher

temperaturee is:1 et..

After we had studied‘th‘e‘relat;wn*’be’tween the constitution of esters
and. their visc0sitv ‘charscteristice 10 'some- extent, we proceeded ‘to investi=. . -
‘gate the: relation betveen “their: conetitutibn .and.: dubricating properties. ;
The reeulte ‘of this inveeti ation are shown 1n Figu.re 9-' g

cta.nol, iy odecanol.» It s evident the.t ‘the ‘coefficient’ of :
d " the ‘dependence: of .coefficient of friction on- tenroerature L
etea.dily 1mproves with: increasing molecula.r weight. CIf the edipic acid: in ;
“these ‘esters is re-ola,ced bv methyladipic a.cid (so ‘as o’ give Esters ’-& and 5), .

o “tie, .
“and 6 as- well'es 6. ond’ 7 (ei‘. Eigu:re 10) TThe right-hand. plot g interesting,
which ehowe wear values measured by’ & hard. metal disc pressed ‘against a eteel
'olate. It 18 evident here that the ester which gives: the higheet coef“icient

of friction also, givee the 1oweet wear value. L
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Figure 11 sgain shows a sharp decrease in coefficient of friction
with increasing molecular weight of the. ester (compare No. 25 with 11, 12,
13 and 16),. The temperature dependence becomes steadily more favorable, In-
the case of Ester 16 & snell decrease in coefficlent of friction with _
increasing temperature was observed. Furthermore, it is interesting to com-
pare 11 and 12: the branched-chein acid again shows the higher coefficient ~
of friction and the stronger dependence of coefficient of friction on temperatur:
"It 1s also interesting that the ocoefficient of friction is only slightly’ ;
" Increased by incomplete esterification and the temperature dependence is not
affected at all (cf. 17 and 13). In the wear experiments, the order of rating —
of the esters is again just the reverse as for coefficient of friction. .Also
in- the case of the still higher molecular esters, it is confirmed that the
coefficient of friction decreases and the- p~temperature curve becomes flatter
with increasing molecular weight as showm in Figure 12. This interesting revers:
inbehavior between lubricating quality, as characterized by coefficient of . :
friction. and vear arises from the force with vhich molecules are held:-on the.
surface. - The vork which mst- ‘be- expended. in tearing 1ooee a l-sq. ‘cm. cross-

_section of the liquid from the interface is defined. as .endrgy of aghesion,

It can be determined:by measuring the: interfacial tension Y and eurface tensiol

O of both phases. The Duprde rule-holds-heres H =0 + o5 = Yips Prof. Wolff

‘ at-Halle investigated numerous materials with reference to their energies of

- adhesion at my suggestion. Some results of this investigation are shown in -

""Table 13. s T T T Fe n B
\ - L B .‘

ERE With reference eto hydrocarbons, it 1s 1ntereet1ng to note the
‘behavior of benzene, which is ‘held apprecia'bly more firmly on ‘mercury ‘than -
ia.its’ hydregedation product, cyclohexane. “In"'the series of alcohols, .an’
‘increase in energy of’ adhesion is observed with' mcreasing length of the ;
carbon’ ‘chain. It ig noteuorthy that! branching of the’carbon chain' ‘canges &
,diminution in energy of ‘adhesion. ‘In.the case 0f: acids, the “energy-of- aﬂ.hesion#
-is altogether. independent of: molecuiar size. :This results. from the fact that |
‘the ‘dimeric’ molecular_ -associatiy occurs with all’ acide.,, Greater than fwo-
. fold‘"molecular comple’ ;formation occurs only in the.case- of formic acid. L
‘With. eetere, Just as in the. case, of. alcohols, We: o‘bserved. an increa,ee in “the .
energy of adhesion m.th increas:.ng'molecular veight of.itheualcohol constituent.

: entall a.n 1nerea.ee in “the’ energy of,._adheelon. The' reason for ‘this’ different
'behavior as compared x.rith the straight alcohole proba'bly lies in the ma.nner in .

‘with:it.. The differences betveen: energie -of ' adhasion:for: va.rioue materials _,'..'_f
. iagainet an:agueous: and against. metallicisurfaceiare: collected: in:Table l’+
It:is. evident that: there 1s a2 larges differ%qge between water: and mercury:- i
The: severa.l materials adhere Yo mercury on: the:average: two' t0" three tinés a8,
etrongly as to: water-‘ .‘Y'The adheeive reeistance cen: be: ca.lculated from the

energ:? of adhesion. .
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‘ " Table '15 glves the corresponding values for hydrocarbons, alcohols,:
and acids., It 1s again evident that the adhesive resistance increases with
increase in degree of unsaturation for hydrocarbons, with increase in carbon
chain length for alcohols, and‘is independent of the molecular size for acids.
These adhesive resistances, vhich are a measure of the force required to tear
avay a surface of 1 sq. cm. cross section, correspond to the internal resis-
tance to rupture within the liquid or the metal. The latter is calculated
from the interfacial tension; it denotes the resistance to rupture, The
megnitude of these values for ligquids is remarkable. The rupture of a liquid
organic acid repuires.the same force or perhaps even greater force than
does the rupture of a metal such as brass or iron. Without further ado, this
" fact explaing the reversal of behavior between coefficient of friction and
wear. The greater the adhesive resistance of a lubricant, the stronger is -
the lubricating film and therefore the smaller is the coefficient of friction
but, on the other hand, the larger is the force with vhich a 1iquid molecule. -
can tear o metal atom_out of its surfaces Oonsequently, when we wish to -
obtaln low wear, we shounld not develop lubricants which show extraordinarily .
high adhesive resistance, but rather we should only approach- an optimums In
order to arrive at this goal, ve must direct our attention not so. mich at the
‘dipole forces of .the molecule, but rather at the dispersion forces of . the
molecule vhich arige .from the specific quentum. binding of the- 'ca.r'bqn chain,

. " ;  However, not only the lubricant but also the other phase (namely .
the metal) is responsible for wear. Figure 16 shows the different wear . .
-behavior of various metals against the same’ lubricant, A material (e.g:,:
-polyether alcohol LK-/ZZO,O)H._'c'an,havel.f_extraqrdﬁhaﬂyﬁétféig antivear properties -
egainst red brass but’ conges wear of soft metals to such ‘an extént that one ..
can almogt say that the metal-is disselved by ‘the liquid, : Also a:straight -
mineral oil (e.g., 01l K7): behaves very differontly ageinet various metals, .
.= ' Thig.difference in behavior ofioils ‘against various metals is nat-
urally reflécted. in actual lubrication. If consideration is given to the - -
various states of lubrication of -the’journal ‘bearing in Figure 17 ».the "chem~
ical constifution of the lubricant ‘becomes -important.in the range yhere the
speed, of rotation is low and the loading. correspondingly high, . This is- the .
‘reglon of partlal lubrication (quasi-hydrodynamic) and boundary. lubrication.

'I.‘he difféf‘éﬂc:e., n behavior of, .vai'iéiis'}'bé‘fé.:in‘gi'mé#éj_.é’_"aééinéfj the ¢

ndary dubrication is, shown’in Figures 18, 19, and
‘carried out by Prof. Heidebroeck =t Dresden. It

same 0il in a state of
~:20," ‘These experiments, were carrie en. o
~1s evident that the transition point “from: hydrodyenamic-to boundary lubrication

at the sdme ‘degree of ‘loading varies with the ‘nature of the bearing metal =1’
‘ 8 & question here of ‘the action’of the boundary surface - . -
".forces in ‘thick film £ liguid, . That orientation muet extend frem the
“boundary surface into fairly deep layers: of. the.liguid appesrs s5411 more .. .
.probable on comparing the ‘action of two’ different bearings with the same = - . |
-oil (cf. Pigure 21). It ‘1s ‘evident that, with a given bearing clesarance, ' = .

end the oil. It is a

-different 0il pressures must be employed for passage ‘of a definite quantity =~
-of -oil per . unit -time, idejpezidin_g"pgj..‘the";‘na,pgr‘e'.J_qu"the}_;»beazf_:_l._ngj materiel¢ -

sbs-masd.
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‘Figure 12,

‘EXPERIME‘.NTS ON.THE CHAIN ‘MACHINE .

tOf(OGHz CHZ),, . Methyladmncﬁcld
3I%X20 - ‘ -4gs rchlcohol + 0 Mol ch,;O«f- AdlpicAcld
34X |- v 43" 40 .
38:X= 2 . BT 44 ) +2 " PR KU
e 4 - 48 ‘" Cpd e e T e
S 3MxXx6 o 4 ».',.‘-;,‘4-_6 R T T
icoafﬁclem o! F’ncﬂonp Lo : Cuﬂtclent of Frlcnon ,u.w L
.,os R os' o

owmmmww7
Oil Temperafure in °




Table 18 Inergies of .dhesion for Various .S
at 20°C) according to Measuremnts of

K, L, lolff and Qoworkers, Halle

against Mo rcur

- .1;'1 -
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Substance

‘Surface
Tension

Interfacial
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(ymes Jom. )

" Energy of
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B K
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‘n-Amy1 N AT
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: n-Heptyl : S
n-Decyl
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Table 14 Differences in Energy og fAdhesion. against Aqueocus and liotallic

Surfaces acdording to Neasuremnta of K, L. Wolff, Halle

Substanide

(dymes/cm.

. Interfacial Tension

against

Energy of Adhesion H
(ergs/om.2) against

Water

Mercury

Water

Mexrcury

Hexane
ggnzene

‘ : _%Hscl |

‘ .-Me%éé.biiz(g

Octanol:

' Heptanoic icid

: E.St,e’r i L

81.25

55.05 " !
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550, e

zal

385

|2 ca 550

40.0

%6.6
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:":.‘ 140‘ —-—.—L
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'i‘abla-.fl.s ' Rupture desistence and Adhesive Resistance
according to Calculations of 2rof., Wolff ot Halls

' ‘ ‘Rupture - Adhesive
Substance - . " - Resjstance ' Resistance

, (kg./emR) - (kg /om.?)

. Cyclohexane = | 3 4900 ' 12500
Benzene - E 5600 , - 14300 - ' .i
ccly o ss00 I 15000
Ethenol . ST 1 aso0 | ';zbob o \

‘ ' 0 12500

g

(Propamel

Bﬁteino;!. . o 1280(':)‘_ |
e S

propionic Acid iy
©Hexamodc fieid " o] {00,

. Heptanoic Aeid’ - 17400 -

|1 vater . 26700

Brass - -
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