Attachment VIII

The Scientific Principles of Lubricant Syntheses.

~{report by Dr. H. Zorn, I. G. Leuna)

"Truly,j Chemistry resembles the everchanging Proteus, who appears now as a

Goddess and now as a capricious “wonlan.’ But yet we tolerate her because behind

her decepti've moods and play?ﬁl ways she conceals immutable and eternal-lew.”

These words were spoken by the ‘great experimental chemist I.udwig Claissen on
New Years of. 1927 to his friend Anwers. In the same year. I was transferred to .

“the lubricants field and . learned very_ soon of the "deceptive moods"‘of these sub-
_stences which at that tf;é"ream aid "play games" ‘w.i—th the chemist;_ In the fo'now-'
,‘ :Lng tables and charts I shaIl—‘shoW‘you ‘the laws behind the playful ways and how we
ilsucceeded in converting play into the serlous bus1ness of synthes:.s. : R

The first attempt to produce lubricants synthetically dates back to the days

'of the. first ﬂorld War.i At that time Dr. Schneider had attempted to produce lub-
icatmg 01ls by polymerizing the unsaturated constituents‘derived ﬁ'om brown coal

generatorsf.» We resumed this type of work in 1926 by passmg gaseous olefins 1nto

-tar 01ls and hydrogenated oils Ane the presence ‘of almninum chloride. This process

LR -

was actually carried out on a 1arge exoerimental:"scale here in Leuna in the years

1950/51, Only ordinary machine oils were obtained, however, and o high quality

N

engine o:.ls. "'hese experiments were nevertheless the starting point for extensive

N

researches -on:- the polymerization of: chemically pure olef:ns of which the constitution

'—was well known. s 5 s

Fig. 1 (No. 42037)

In this. chart you will see part of the resnlts 01" these investigatione. It

,-polymer izates in good yields, having 2 good viscosity-temperature-relation. The
ST



'yield is low and the V.I. poor when the double bond is located at the center of

the molecule or when a hydrogen atom of the terminal double bond is substituted

by an alkyl group. Dimethyl oct'ylene is remarkable in that it yields a very vis-

cous polymerizate in good yield. The results of this scientific investigation ‘

found industrial application in' the polymerization of cracked pararfin. -
In the vapor-phaee tn'acking of paraffin, straight-chain olefins with a;

terminal double bond are formed. The polymerization of these olefins may be rep-

resented by the i‘ollowing scheme.-

e, Fifs"."r? (Nb'. 45106)' o . ST

In order to ascertain whether or not this scheme is correct we attempted to prepare

eynthetically hydrocarbons or the type represented on the above chart. The gyn-

_thesis developed by Dr. Metzger and Dr. Nienburg is shown in

R

F:I.g. 3 (No. 45115) RS S

We started with' octyl aldehyde which we converted bz aldol condensation into hexyl—
,:heptyl»‘acrolein. The latter was reduced with a nickel-kieselgur catalyst to the
‘*corresponding alcohol ~this’ alcohol ‘was. then converted with iodine and red- phos-

: phorus “into" the corresponding 2—hex-yl-l iododecane which was ‘now reacted with ‘the-:

) _um salt of_hexyl-malonic acid ethyl ester. ] The resulting ester was. saponified,

decarboxylated and the resultant»:' c1d again reduced to the alcohol. The alcohol g

v

j was again converted 1nto the iodide__with phosphorous and iodine‘;‘ This compound was '_

: '» then either reduced t ‘hydrocarbon or a Vain treated with the sodium salt of hexyl-

‘malonic acid ethyl ester in order to build up the next higher homolog. In this

'_somewhat cumbersomelp‘ut neverthele 88 exact menner the hydrocarbons shown on Fig. \

were_prepared:. ST T T L

e e Fig. Py (No. 57088)
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It will be seen from the homologous series 1-5 that the viscosity increases

g with increasing molecular weight and that the viscosity-temperattn'e relation improves -

e 2 -



ste8dily, The same applies to the homolo@' 6o 7 and 8 These hydrooarbon_s are
obtained from the 1odides by the Wurtz synthesis, In this manner we Were able to
prepare a hydrocarbon 0643150 ’with a mol. wt. of 899, This molecular weight car-
responds to that of high mol. wte mincral and steem cylinder ‘oils. he_ exact eyn-
thesis or a high-molecular hydrocarbon lubricating oil was\ thus accompliahed for the
first time. A remarkable feature of all these pmducts is their low melting point

particularly that of the last mentioned hydrocarbon Ihich xmlts at -39«,

p . - . Rp——

T e F’i’g'. 5 '(ﬁé‘. 5?7080);' =

ghows how the viscosity-temperature relation changes (for the same molecular weight)

with variations in intramoleeular branching of the’ carbon chain. It will be seen

that the vincosity-temperature relation is improved as the number of 51de chains
decreases; ok ' ‘ o , ' '

e Fig. 6 (No. 5'7086)

aleo shows the influence oi‘ branching on the viecoeity-temperature reletion for " :

a. constant molecular weight. The viscosity-temperature -relation deteriorates as,.
the branching end the viscosij;y increase. The more the shape of :the- molecules

\

approechef that of a sphe“re the less favorable*:.s the action of temperature on

. Flge 7.(No. 57084) . .. .

effect of short side chains on the melting point is very. striking. We may compare .

- " :‘ N ) . ) ‘-,
lowers the melting point some 57° A eecond methyl group lowers it another 40°




'.l‘nis I.Jrings.on‘t" thev difference bstﬁecn eliphatio and irometio hyd'rocari:one, as

is shown in A oo

. ) Fig. 8 (No. 51105) . -,
S N

Let us compare benie'né,—toluene"an'd the xylenes. The viscosity-temperature Te~
lation is very, poor when the straight carbon chain is entirely or partially closed

—_— -

to form a ring, ‘as cen be seen from the next chert.

- e ,; ‘-1-,3481{9-(N64 sr081). N

) Here ‘We see how a marked increase in viscosity and a pronou.nced decrease in
: viscosity-temperature relation is produced with increasing cyclization. Hydro— .

carbon No. 7 is particularly to be noted. These find:u}gs, beeed on laborious e.nd

: peinsteking synthetic work prompted us to investigate technical epplication of these

' discoveries. 3'The cracked paraffin polymerization process always gives u e mixture

oi‘ olefins whose conmosition we cannot control. u

1ze ethylene"-ﬁ;rt er, building up longer chains with long side ch ins. ‘ By uslng

mineral hyarocarbon 1ubricat1ng oils cen be improved in lubricating power by the

eddition of fatty oils. Fatty oils, tlﬁat is, esters o:t‘ glycerine and high molecular ;

fatty acids, however, have the disadvantag__of be ing extremely thermo—sensitive. ‘

- "- 4 -



It was assumed that this tnerngi instability was caused by the sensitivity of the
secondary hydroxyl groups ofvglvcerine.” Through the courtesy of the Direotor,A
Dr. Giesen, trimethylol ethane was placed at onr disposal. The esters pade 'there'-
from with Leuna carboxylic acid hed very good thermal stability. It thus seemed

possible to prepare ‘esters which would satisfy the. high thermal requirements of T

aircraft engines. This successful development was ‘one of the reasons for my

'transfer to Ieuna where I could work on a broader basis with Dr. Lowenberg, Dr.

Metzger, Dr. Ganicke Dr Neidinger “and: Dr. (Miss) Rossig on the correletion of

chemical constitution with the properties of- esters. L

) F‘ig“.f -lO_-.(NpV.; 57080) o —

j-shOWs esters oi‘ trivalent and tetravalent alcohols, esterified with different

‘acids.: Let us first compare the esters of normal octylic acid. No differences

excep” 'in cold test are— found between trimethanol ethane and trimethanol propane
o ~the: solidffication point. of-
‘j In this case/the ester_ of

'in viscosity and in viscosity-temperature relation

trimethanol propane is 61 lower than that of trimethanol ehhane.. Glycerine is ‘

~'equivalent in the viscosity—temperature relation to the two alcohols,‘although the i

: Ll v
gviscosity is lOWer, and the solidification pomt is much higher than that of tri- _

'_methanol propane but lower than that of trimethenol ethane. Pentaerythritol gives ‘

an ester of considerably higher viscosity, still higher solidification point and

La somewhat better »Viscosity-temperature 1‘61&1’;1011.\ A comparison—of +the esters of

: the four achIEl_ with Tbranched chain acid 2-ethylhexylic acid, is very inter-

""4._.....‘......44 b

v"‘esting. In this instance the solidification point’s of all four esters are very ’

‘.Vlow. . There is no difference between "trimethylol ethane and trimethylol propane.

J'The glycelrine ester has the 10wast viscosity, the pentaerythritol, on the other ‘

V-l—\"




If instead of 2;ethylherylic acid, the"cervt‘:o'x"ylic acid mixturs is used which 1is

obtained from the elcohols:hoiling at 200 to 250°, contained in the 'isoc_utyl oml,
- esters are obtained which are equivalent in their viscosity relations to the pre~

vious estere but which -are not- so good with reepect to solidification point. ‘The '

'solidificetion point of the glycerine ester ‘is worth notinge. Such esters might be

used in the lacquer. industry as softeners, end in the electrical industry as switch

oils. The effect of incomplete esterificetion of theee polyalcohols on the vis-

cosity-temperature relation is very Interesting.- These correlat ions are --shown in’

F_ig. 11‘ (Nd.» 57_0'82)*- R

fIt will be seen, both for trimethylol ethane and pentaerythritol, that the

B

viscosity ;ncreases and the viscosity-temperature relation decreases in proportion

to the number of: free hydroxyl groups in the ester.- “Phis: 18 u_nderstandable because

free hydroxyl groups induce a strong assoclation ‘in the ester molecule. - All- val- '

<

cohols are -agwe; lcnow highly associate&.~ It i?interesting thet this association,

as confirmed by experiments of Prof. Dr. _Wolff 'n-Helle and his co-workers mde at

nw suggestion’, indicates that this formation oi‘ super-molecules proceeds in an ab-

7

_'solutely un1form manner; In the entire mass there ‘are equal numbers of single, o

"double, triple, quadruple, up to 12-rold molecules. _T‘

N

. ‘\ : B P ; Lo . L . o

covers the investigation of ester -of ‘bivalent glycols. Of these bivalent glycols,

' col 1 G-methyl-hexylene glycol

The 1owering

improvement of the m-value occurs with ncreasing molecular(weight.:




propane is intcre“ating; Hcrc again the inrluencc of the methvl group - -is apparent,

oy
~a

as we had already round i’or the hvdrocarbon hexadecane. The solidiﬁcation point
is very good if iso-octylic acid or Leuna oarboxylic acid is uaed instead of n-

octylic acid.’ However, with these ramified acids the viscosity-temperature relation

is somewhat poorer. . . . S ' L

Fig. ‘13 (No. 57098)

Wcovers an investigation oi‘ esters of adipic and methyl adipic acids. A comparison

of the n-octanol and i—octanol esters is oi‘ intereat. . The latter has an excel'llent
cold test due to the influence of the ethyl side chain. Th_e effec‘t of the methyl :
group is quite similar as shown ’by & comparison of cyclohexanol and methylcyclo-
-hexanol. These two esters, compared with the octanol ester, have a higher viscosity

and a poorer viscosity-temperature relation. This is in good agreement with the _

investigations on hydrocarbons, as you may recall frOm the tables on the cycli- )

zation oi‘ the carbon chain of 023 hydrocarbons (Fig. 9).‘ The corresponding esters

o

'of_ methyl adipic acid differ insignificantly in their v1scosity-tenmerature relation

_,from those oi‘ adipic acid although their cold tests are somewhat better. . The f i

cyclohexanol ester oi‘ methyl ad.ipic acid—is oi’ pa‘ ticular technical interestl It

is uqed ‘as’ a watch lubricant because oi‘ 1ts property of nct running on a metallic .

vsurface but forming coherent drops.v It also finds application as & dditiv_e."ii ]

our aircraft hyd aulic oil. ,

pom—te

vHere the influence of the methyl group of dicarboxylic acid is. illustrated more in A

detail. We may compare n—octanol and n-dodecanol esters oT o(-and ﬁ-methy]sdipic
acid with those of adipic acid. It is striking that t]:e esters ‘of. ob-methyladipic~

acid are always somewhat poofer in their viscosity-temperature relation than those




of (S-mqthyladipic acid, This is a good opportunity‘ to 'show‘ how important the
position of a side cbain in the molecule really is. If‘ we' osteriﬁr the acid with
branched alcohols, such as our Leuna alcohols or the Oxo alcohols which are obtained
by oxidizing di-isobutylene, esters are obtained with a very excellent cold test.

In this instance the esters of sebacic acid are quite remarkable since they have a
good cold test in addition to an. excellent viscosity-temperature relation and are,
therefore better than those of adipic acid.‘ The ester of ﬂ-methyladipic acid with
Leuna alcohol finds a‘_Iication_in the manufacture of cold resistant motor oils and
journal oils and some have been found suitable ror softening Igellt.

" Figs 15 (Nos: 5’7056),9 e

™ .

shows the effect of an increase in the size of the molecule on the viseasity-temper—

ature relation. In—th‘i-s instance multivalent alcohols ware esterified in the first
place with normal ectylic acid and then with the 1ong-c'hain sem:.-ester of adipic o

acid and the Leuna 140-1800 alcohol fraction, comprismg essentially Cs_and C7 .

alcohols. v It will be seen.- that the 1atter esters are much more viscous and are

acid. Since the branched Leuna alcohol is conta:.ned in the semi-ester, the ol .

test as 1ndicated by the solidification point of thi ester is excellent.‘

" lubricating power of such esters is also very good. They have found practical

_‘again shows the result of the investigation/this subject An i—Cg alcohol mixture;
obtained by oxidizing di—isobutylene was first used as the alcohol. ’I’he —ethoxyla-

_tion was\ performed by introducihg ethylene oxide into the snhydrous alcohol\s. : It



‘18 fmportent for all alcohol molecules to absorb ethylene oxide uniformly. This
nniform distribution of the ethylene oxide is only poeeible nhen boron fluoride
is 'used as catalyst. In Fig. 16 it can be seen that the viscosity increases and
-the viscosity-temperatm'e relation is improved by increasizig the ethylens oxide
content.» On the-other hand "the ‘cold test deteriorates as the- ethylene oxide is
increased. A comparison of Leuna alcohol esters of adipic, methyladipic and
Bebacic ecid treated with 2 mol. ethylene oxide is very interesting. The cold
the. viecosity--temperature relation mproves in. the order* adip_i_.c,~methyladipic~
and sebacic acid, - ‘Here—again the sehacic acid ester..is the best. ‘Unfortunately

- —_ —
these esters have the disadvantage of being. rather immiscible with certain hydro-~

carbon oils,especially when the esters contain much ethylene oxide.' More then

" one ‘mole of ethylene oxide should not be added, with 2 moles of ethylene oxide the
miscibility with hydrocarbon oils at room temperature 1s‘1ost.‘__ At higher temper-
e.tures, e. g. 80 s this ester is conrpletely miscible. When still more moles oi'.-_‘

oxide are added the miscibility et elevated temperature is elso 1ost. -

—Arter havmg—learned the correlation of the constitution of the esters and

stitution and lubricating pOWeI'. In this case we made use of equipment developed
by the ‘I'echnical Testing Division in Oppau, the so—called Chain Machine. The

apparatus is shown in ' AT e T %

‘% 17 (No. 1105)

and consists of a weighted chain wh:l.ch is preaaed—from below around half the

circumi’erence of a roll. The chain and roll are immersed in the oil to be tested

which may be heated electrically. By tuming the roll the chain is more or less

carried—along in the direction of t}ie rotation according to the 1ubricating effect'

of the \oil ‘which: is correspondingly recorded on a scale. :";Since only_a pomt-to- i
. r

point contact prevails between the links of the chain and the roll,and 'lhe speed 91’ rev-




olution is kept very low, the apparatus operates within the range of boundary

-lubrication. ’

In Fig.. 18 (No. 57 134)

‘a few results are 81‘701/1 of determinations made with this epparatus. Curves 3 1,

2 and 3 give date on esters of adipic acid with the straight-chain alcohols butanol,
v octanol and dodecanol. It will be seen ‘that with increasing molecular weight the :
coefficient of friction decreases and the friction—temperature ratio constently '

vimproves. If the adipic acid in these esters is replaced with methyladipic acid, :

r_—_—)_

Esters 4 and 5, ‘'we see that the coefficient of friction of the methyladipic acid

ester is always higher thsn that of the correspondmg adipic acid ester.‘ ’I'his in- -

fluence of the methyl group is confirmed in

e e 19 (No., ) ...
. from a comperison of‘ nsters 2 and 6, and . 6 and 7. The right slde of tne chart is

interesting as it shows the wear caused by the ester of a hard metal disc pressed

e.gainst a steel plate._ Here - We', see that the- esterj. hich has the highest coefficient

of friotion value producea the 1owest wear. L

The same- resu]:b is shown in P e ke e
Fig. 20(No. 57151)

Here the esters of bivalent glycols e.re compared.; The ester with the longest

carbon-ehain has the 1owest coefficient of friction, and again produces the highest _

wear.

21( 57152>



increasing temperature is noted. A oomparison of 1l and 12 is also warth noting:

The branched chain acid has the higher frictional coefficient and the greater friction-
'tem‘perature coefficient. It is also interesting to note that the frictional coefficient,
is only slightly decreased by incomplete esterii‘ication while -the temperature coefficient
is not influenced at all; this is illustrated by comparing 17 with 13. In the wear
tests the'orde‘r’of the esters is 'oppo'site‘-to that of the friction values. In esters of

st11l higher molecular weight, shown. in
’ \_‘ . . . Ia - .. . ’ ‘ ) T
s o Fig. 22 (No. 57130) .
3 3 . . \, A B -~~ -
. L b
the decrease in the frictional coefficient and the flattening of the viscosity-temper-
ature curve with increasing mo].. wt. are “again confirmed. K f o “._g

'l'his interesting mutual behavior between 1ubricating power, ds characterized

" by the frictional coefficient and wear, 1s due to the force with which the molecules'

are retained on the surface. The WOrk which 1s exerted in- order to tear- off~ liquid

from l cm2 of the interface area is called the work of adhes:.on. It may be determ-

1ned by measuring the 1nterfacial tension and_the—eurface tens:.on of the two inter-

facial\ couples. The equation of Dupres holds dn, this case- ‘H= 0’ +o’ le

At my suggestion a number of substances ‘were 1nvestigated by Prof. Dr. Wolfi‘

m.th respect 0 theJ.r work of adhesren.——A few_rasults of these 1nvestigations are

'ehown 1n ’

CmemGe sy T

P T X ! 8 SNm———y
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: Of the hydrocarbons, benzene which adheres much more strongly to nercury then
‘1ts hydrogenation product cyclohexane, is of interest.' In the a.chohol series, :
increase in the work of adheeion is, noted with increasmg length of the carbon chain.

'-It is remarkable that branching of the, carbon., cha:.n causes a debrease in the work




of-adhesion. In ‘acirds 'the work oi' adhesion'is entirely vvindependent of molecular . ’
size. ‘This may be due to the factmthat molecular association prevails in all
acids. Fommation- of super-molecules of more than two units occurs only in formic
acid. In esters we £ind, exactly ‘as in alcohols an increase in ‘the work of
adhesion with incremsing mol. wt. of ths alcohol. ' Mis;[n’stance it is worth
noting that’ branching of the carbon chain in the alcohol produces an evident in-

‘crease in the work of’ adhesion.. The reason for this difference 1n behavior 1n

comparison to pure alcohols is probably due o the manner in which the molecules '
,are arranged at the :I.nterface. ] Bere we have two possibilities. t_h: mIEucles are
either placed vertically with their carbon chains perpendicular to the interface,_ ,.
or they are arranged tangentia].ly. ‘I'he preferred arrangement of individual compounds

depends in “the first place on the steric position of the dipole groups in “the mol-

: ecule and in the second place on the position and s:.ze of the permanent dipolesw ithin

“the group. el , L

—

The wclrk of adhesion~is evidently not” only dependent on the lub ricant but ‘

"also on the other member of the bmmdary surface. N

A :'Eié: ?%;\(N“"-s"c"s"’ L \-. e
k ‘ » ’ : T : R . \

\

shows the differences betWeen the work of adhesion at an aqueous and a metallic
boundary surface. We note the great differenees between water and mercury fl’he

“'cOmpounds adhere to mercury, on the averege, 2-5 times better than to water. The

- . ; —_
: i

:t,shows the corresponding values for hydrocarbons, alcohols and acids. . An increase )
in adhesiveness can again be seen in hydrocarhons as their unsaturated character

’ increases, in* alcohols as the length oflthe” carbon chain increases, :

, _'13 -



while in acids adhesiveness is independent of molecular size. ~ These adhesiveness
values V(hich measure the force requ:lred to tear off an _interfaoe'"of 1 cmz Cross~
eection»represent the tensile strength within the liquid or metal. The Latter is
calculated from the' 1nterfecial tension. ".'L‘he rupturing~ ‘force is HLZ‘F*'ZO.‘The
magnitude of this force for liquids 1s striking. To rupture a 1iquid organic acid.
the same or even a ‘greater farce is required than %o rupture 8 metal, such as brass or

iron. This fact obvio'usly expla‘ins ‘the 1nverse relation between the coefficient_ of ’

friction a.nd wear., ’l‘he load carryinb power of a- layer of lubricant increases with

the force required by eech liquid nnlecule to tear off one metal atom from the

: surface must increase. ’ In developi-ng lubrlcants which &e to give low ‘Wear we must
consequentlsr not select suhstances which have ex‘tremely high adhesiveness but must

strive to approach an optimum. . In order to reach this goal we must not direct our B

attention entirely to the dipole forces of the molecule but must ratler consider

the dispersion forces w1thin\ the molecule, the causes’ of which lie in the- specific
quantum bond of the: carbon chain.. A e ~-—_- S ‘_

The lubrlcant alone is’ not responsible for Wem-, but :bhe other inte‘rfacial

member, the metal, participates as. welz'[“ ) " e g, el

shows the difference in. wear of various metals for the same compound. A substance .

" such as the polyether alcohol IK 2200 may be extremely wear-resistant to red brass,

while the wear of soft metals may be. so hish that it can almost he said the,t the ;

-

/
metal dissolves. pure—mineral oil such as K 'i differs considerably with respect
. to various metals.

sy

"'in.‘practical lubrlcation. -If we consider :l.n the next



et

the different lubrioating conditione existing in a Journal bearing, vie eha].l find
that the ‘chemical constitution of the luhricant is- important chiefly within the
ra_nge in which the speed.of"revolution is low and the 1oad, crrespondingly high.

This is the range of partial or boundary lubrication. -

.o

In the following S -
Eigs.-,,.zs ,(Ng.,, 57156), zg(No, 57157) , .and ;0 (No.'ls'zl_se)

is illustrated the behavior of different bearing metals with the seme oil during

boundary 1ubrication. The experiments were made by Prof. Dr. Heidebroeck in
Dresden. It will be seen how for the seme load the p01nt of transition frOm coms
plete 1ubrication to boundary 1ubrication changes- ‘in’ aér crdance with “the- nature of

the bearing material. ¥ In'this instance “the boundary forces penetrate thicker_ layers

’ of the liquid. a It ie probable that any orientetion in the deeper liquid layers

muet start from the boundary surface as is shown in

o Fis,;- .;.,.3;."(1‘?- ose)

from a comparison of the effect of“two different bearings, using the same o:.l. It

Wlll be seen that different 011" pressures must be applied 1n’ order to force ‘& def— :
= )

‘ inite amount of oil to flow through a given bearing cle arance per unit of tme,

jepending upon the nature of the bearing material.

Aside from these forces which emanate from the boundar;:_surfaee 1ubrication'

Cis also 1nf1uenced by other factors induced by the structure of the 1iquid. E

showe a few determinations made by Prof. Dr. Heidebroeck on a gear testing machine.

This machine coneists of two cerefully fitted gears in: the bearingsrof which a.
R v




quertz pressure crystal has been installed, which pemits the ‘'oscillographic
determination of the. slightest vibrations emanating from the irregularities of

the geer teeth. In this machine the tooth surfaces are lubricated W th an accur-
ately weighed quantity of lubricant (measured"to 1 ce) an_d the time elepsiné.until
the lubricating layer fails is determined from the appearance of rust spots on the
gear teeth, due to so-called i‘rictionsl‘ oxidetion. : ~Simulteneously the vibration of
the gears recorded oscillographically and the. amplitude of these oscillations are

) measured. In this figure seven oils varying with respect to their viscosity and
chemical structsre were investigated. It wi:ll he~seen »that the 1ife, th_at'his the -
time until frictional oxidetion sets in, differs widely and hss no connection with

' viscosity. The same spplies to the oscillation amplitude for Oils 13 14 snd 15.
_l'l'hese three oils are esters' - No. 13, is & polybutylene glycol' No. 14 is a polyester

_' of 2 molesof trimethylol ethane and l mole adipic acid esterified w:.th Leuna cer-

boxylic acid No. 15 is the same polyester, except that—Soap fattyﬁecids from the '

vy s ~-—~, P — .

_'Oppau perai’fin oxidation haw been used 1nstead of Leune carboxylic acid., We see

_that l cc of Ester No. 14 has an extremely long lubricating life while Ester No. 15

is chsrecterized by a’ very small amplitude in its vibration oscillogram This g

J

' ester consequently ceuses the gearmchine toJun very quiétly.

"‘Oils 5, ‘6 end 7 .

S

are high-molecular ethylene polymerizetes with considerehly higher viscosities

' »than ‘Ester No. 15 but‘ nevertheless, the oscillation amplitudes of these~h1gh1y

viscous oils are twice as: high as: those of the much less viscous Ester No.: 154 The

....... e oo
-

m\olecular size, is consequently a: matter of :NQ: significsnce

) viscosity, and hence the

for quiet operetion of the mschine. The molecular structure elone is significant. :

:Oil No. 15 is: a voltolized fatty oil whose lubricsting pmperties for plain bearing

‘are much«praised.‘_ For geer lubrication it has no adventage. Tl

.shows oseillograms of the a’oove oils. The steady, quiet run produced hy"Evster, No. 15

- 15
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is in distinct contrast to the 1rregular run of the seven times more viecous

o [

yoltolized fatty oil No. 12.
VWie have succeeded in so controliin_g vthe‘ethylene po]ymerization that poiy-

meri"zates are now obtainable which behave as Ester No. 15, damp.ing”oscﬂlations and

deadening sound. o - -

© Fig. 34 (No. 57161)

shows the results of sound measurements made by Krupp with a similar oil.
A matter of great interest is the effect of damping oils of this type on the
fr:.ction in a journal bearing. " The same oil which was’ investigated by Krupp was

also studied by Dr. Heidebroeck in a journal beering.

Fig,. 35 (No.' 57154) -

N
‘ﬁ..'

shows the results of this investigation. Five different oils were tested. . Our

damping oil is Oil K I. Oil K II is also an ethylene polymerizate of 1ow vis- v

. cosity. The entirely different behavior of Oil K I which maintains the complete

‘1ubr:.cation even at very low speeds is apparent. 'I'he lower portion of the chart

o }
"'creasing temperature the fr%ction decreeses because the viscosity is 1oweréd. It

_' is notemrthy (shown in the chart) that‘ Oil X I does not produce boundary friction :

S

. even: at” Low' speeds. R s vif:_;‘u 3"{' W

The effect of temperature ‘on’ friction and on 1ubrication has brought up ‘a
. number of technical problems in the 1ast two yeare of the ‘war, : The first of these

: 'problems we.s the lubrication of armament at the very 1ow temperetures encountered



by the "Luftwaffe" (Air Forces) at high altitudes.

Fig. 37 {(No. 51026)
shows the influence of viscosity on the operation of an aircraft machine-gun at
very low temperatures, The problem in this case was to produce thin oils which at

-60° allowed perfect starting of the machine gun ar and a full pumber of shots, 4s

will be seen from this chart we: succeeded -in doing this with 0ils 494 and 495,  Fer

this purpose we had to 1ook for compounds of very low viscosity which _wWere capable,

of withst_anding the high pPressures at the different ,bearing poin_ts. .

: Fixg, 38 (Ndﬁ 51027)’

‘showa the~relation between chemical constitution of vartous compounds and their

4.

iscosity as well as their lubricating properties in machine guns. ‘l‘he lstter is
‘vcharacterized in the first place by the time required to fire 50 shots and in the
second place by the number of shots that can be fir ed with a s:.ngle lubrication of =

the gun It is obvious that ra\te of firing and total number of shots differ markedly, '

depending on the structure of the particular compounds.‘ '.[’he 1ast compound No.,442, )

. solved the problem. ‘ This- cogxpound wa _,__.btained by converting the xanthate oi‘ snwl

elcohol with sulfur monochloride. The product is 8 golden-yellow oil containmg*'“

: about 50% of sulfur and may actuelly be: said to be liquefied sulfur. ﬁas not

y only rendered valuable service in the_‘ field of: lubric ’tlon -but has also found

V.

application in lacquers. With respect \to ruhbe ﬁ"lacquers,--»-the so—called "Pervinan"

lacquers, the problem was to produce 1iquid, vulcanizable, brushing lacquers. ‘I‘hie

compound, caned "Mesulfol" ‘ is soluble in all lacquer solvents and is decomposed T

"on baking the lacquer, With seperation of very T active silfur which is then readily

: ‘capable of vulcanizing the Pernnan.‘ In this connection it should be mentioned -

- that Dr. Giesen had a very fortunate idea in combining a Lacquer Iaboratory with the

=3



Lubricant Iaboretorj; Both fields include applied ‘surface researoh and ‘the in-
vestigation of tho structure and behavior oi’ liquids. ‘ _

The errect or "Mesulfol"” on the lubrication of machine guns is shown in
4 Fig. 39 (No. 51025).

The variable effect of ."Mesulfol” in estersand in hydrocarbon oils should be-
.noted. Let us' comp'are;' 463"with‘- 469. "In order to accomplish the -sane effect on’
"firing, theahydrocarbon oil requires a, higher percentage of.. sulfur, as will be seen

i’rom a comparison of 469 with 495. In practice we therefore had to make a 50/50

'blend of ester and hydrocarbon oil. This product has been used more and more by the

_Air Force eince J’anuery 1941. We started with a monthly supply of 5 tons and have

nowl reached 50 tons per month (50 moto).

wi

‘ Another field of application of our esters is the Railroads

. iIn this case

' cold-resistant jou.rnal oils had to'be “Qroduced for the East e. g. journal oils
which at -40° will easily saturate the Journal boxes of freight cars s:.nce the
. satisfacto;p lubrication of journals snd the rapid disposal of cars in rreight
yards depends on the good absclrptive powar of the lubricatlng pads which are made

' of artificial silk. : _When freicht cars do not run the standard mileage in witrterl

the bverhauling of the cars requires a- 1arge fleet of 1ocomot1ves which is not L

available for that purpose. ‘The - journal box oils which were previously used by
A

the Railroads consisted of waste products from oil refineries.":.‘.z

. ,’,5676‘4’)

shows the composition—of mineral journal box oils. £ ‘It will be seen that they only

contain 50-60% of the proper hydrocarbon lubricants, the remainder being undesirable

foreign matter of variable chemical composition. -

?ig‘;'.- 4:L..-.'(No._50765) B

=g s



shows the viscosity-temperature relation of these oils. - The great dirrerenoes in

viscodities at =28 and -30° can be seen. On comparing blends or these oils, such
as 6 and ?7, or 8, 9 and ‘10 we see that the oils mutually influence one‘-;another to
'a considerable extent. We first attempi;ed to dilute the oils by adding an ester -
and thus 1mprove their cold-resistance. In tnis manner we succeeded in lowering
greatly the viscosities at low temperatures, but" the abeorptive p(ower in the Journel

‘box could not be improved to the deslred ex'tent as may be seen from )

ST M. - Fige 42 (ms. ‘54694)» o
In this case the addition of~ gas oil is better, particularly ‘at -10 . 'fl'fie"~e‘ffect

.of the gas oil is due to the fact 'l;hat this oil is capable of dissolving paraffin

E ﬁ—-—j [ SR

and other extraneous matter, such as res:.ns and asphalt while the ester is in- ,

capable of doing so. Within th}e temperature range in which the eeter is miscible

with hydrocarbons and other materials its capillary aetion is apparent‘ as is

ind:.eated »by inereased absorptive power et + 50 o We solved the problem by making _

a blend of 40 parts Qf adipic aoid ester with about 60 perts of eg' ynthetrc hy- B '

:drocarbon oi. o __:This blend is perferctly homogeneous ‘even -at low temperatnree as

e

may be seen from the streight line viscos:.ty-temperature curve of our Y-J'ournal

:',Oi'l‘-. i

f-ﬂaEig'.' 45 (No s7i00)

1n comparison to ordinary’ journa oil. The necessary hy rocarbon component is

'drocarbons obtained b;‘ deco "osing the aluminum

obtained by polymerization of )

chloride sludge from SS 906 oil product:.on. | On the basis of a Aecision of

this o1l ia to be nsed,until‘

1945 by the entire fleet of freight car of the German Railroads. This change




about' 50,000 J’atol"(tona per yr.) which can be applied to other uses.

‘ In conclusion I come to the most importent field of application of the
synthetic work, engine lubrication, which has been the starting point for all our -
work. ' ' o ‘
g rig._44 (No. 46841)

‘shows the effect of a 25% addition of ester to a hydrocarbon aviation oil. .In the
first place an increase is seen in the overhaul time tb_rough the addition of the

~

ester ag.well as a great reduction in the wear of' piston rings. As shown in

1 Eig;g45’(Np, 45115)'~7

an *addition oi‘ ester elso improves the engine overhaul time of synthetic oil No.
SS 904. It is important however, that an inhibitor be inc—}zdded even when the ‘

ester has been added as illustrated by a comparison of Experiments 475 and 580._-

shows the action of oxygen on’ our{ synthetic oil SS 906. These exper:unents started

by Dr. Fiedler and at’ present continued by Dr. Maichle show that SS 906 oil absorbsf

With increasing peroxide content the iodine number

o

oxygen and forms peroxides"

‘an increase in viscosabty takes place in use (by oxidation) ”the cold-resistance is r

also lost.\ We' therefore have to look for compounds that reduce (o(r prevent thicken—

'i_ng,_i. eg.;_ the’ forx__nati_on ;o_f peroxides. .We have’ found such a" substa.nce in ‘silver,

= 20



which,as 18 shown.in. .

Fig. 47 (o, 57093),

reducee the absorption of oxygen very markedly and coneequently the fomation of
perox1des, although this may not be entirely avoided. We use silver in the form

of a salt di-isobutylene phenol suli'ide.' 'I’heee investigations have ehown that all

——

organic eilver compounde do not have the same activity. , - o

e ri’g;_ 48 (No. 57091) v

Aillnetrates the rele.tion hetween'increase in- viscoeity by oxidation and ﬁhibiton;»;_
conf)ent. It will be seen the.t an- addition of 0.2% reducee the increase in viscosity )

'about one half. In engine tests of these 1nhib1tors the running t:l.me was increaeed

100% and the formation of varnish on the piston surfaees, considerably reduced at

rSmultaneously, the inerease in viscoeity of the oil :Ln use was. '
: e

ts is the re-

the same time

c{
result of these engine

large]y reduced» 4 particularly importai"

duced varnish formation-” e varnishes are known to be highly oxidized products. ]

on the whole, do not form deposits on anymoi’ the engine parts and consequently, make‘

the lubricant one of the actual elements of conatruction of the engine iteelf. :

, domain of organic catal'.stsv il].“undoubtedly yield

shows the present state 'of"the develonment of a 1ow cold-teet aviation engine oil.

! ‘t be to produce an 011 which at -40° doee not have_'

The oal of this develo ment‘




a viscosity of more than 2000 P,

Fig. 50 (No. 57162)

illustrates the present state of development of sutomobile oils. An"SS Diviaion
in the Zast was able to operate without difficulty in cold weather by using oils
prepared here last. winter. The problem which the automobile industry places before

us and the "solution of which we are striving to obtain is an oil with a maximum

viscosity of ‘about 1000 E° at -40 . i

Fig. ‘51 (No. 426'14)7 S I

. shows the- relation between the viscosity-temperature “eurve and: adhesiveness. Ad-,‘
_hes:.veness is a measure of the force: which must he exerted to set in motion a shaft
submerged in cold oil.' Adhesive‘ness is measured in an apparatus developed by the
3 Technical Divisi?n‘bf Oppau and generally adopted bs\f the "Lurtwaffe" "The : chart

,shows how adhesiveness grestly increases with increasing viecosity.\ If the low ad--

: hesiveness of the 1owerviscosity oils~ is to- be attained by highly viscous o:.ls, the.'

viscosity-temperature relation, characterized by the bearing factor

""t{n " must be '

greatly improved. ‘ "m“-Values of less than 5 0o must be reached. At present ; values

)

;'Fisq'52 (NOQ 57160.) i S R

of 3 2 have been attainedm

shows the adhesiveness of our present low cold-test auto oil. ‘.It .'will’ be"vsé_en that‘_

i.this oil has the same a‘dhesweness as the best .A:nny winter mineralr oil at -350, Ve

" have. thus- nearly reached the goal—we have ‘set. e L D g :

i L During the war all these development problems &ave been reﬁered very dii‘ficult‘

E because of the raw materials which are needed for solving than have become increasingly'.
_"searce. » We must therei’ore direct our synthetic research mrk towerd solving tl:e raw ‘

. material ,problem. Qpi‘be recently this has been done by resuming the copolymerization



studies which were started in 1930. At that time we were able to show that a

petroleum lubricating oil fraction, from which paratf_in, asphalt, and reeine had

been removed, could ‘be improved by mixing it with AlCls-containing crude cracked

paraffin’ polymerizatee. The reactive Eydrocarbons present in the mineral oil react

with the cracked paraffin polymerizatee causing them to0 be alkylated, polymerized

and isomerized "and-a mixed polymerizate is obtained which, as shown in

“

T T e Fig. ss (o 45174y“~ S

is euperior in automotive properties to a purely physical mixture of synthetic

products and mineral oil raffinate. During the last year these experiments have .

culminated in polymerization of ethylene w1th the same good reeults, and~plans are

being made for the construction of a refinery in Moosbierbaum which will 1ntegrate

the refining oLnatural products and the production ‘of- synthetic oils. » In ‘this —-

way the process developed and patented in 1930 w:L'Ll finally find a practical app-

lication. ] We hope that in building this refinery on the D

anube beside a union of

natural & d synthetio products in the lubricant field, motor .ﬁzels will also be ‘

complete manner. R

included in order to utilize natural products in a more

Fig. (No. 57173),_' ' f’vﬂ’ ) ‘.,7»-_*“ *

research Vhas had o production- in‘our Organic Division. In thie chart it will be

becauee it is only on the basis

and development work will be continued,

research

of suoh work that we shall be able to solve msny war. pmblems. :
**:s******:s**

,-.25 -
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Vaftarboiten I vercchiodoner Stoffe an Suecksilbor (bei 22° €)

nach Mewnungen v n ¥.L. %olf und Dunkon, Halla

- . Cbaerfllichen=- Grenzfléchon= ;
- ptoff spunnung oparnung 2’:?7::3;' )
(dyn/em) . (dyn/cm &/ on’ .
ighlenwnaseratoffe .
Hexan ) 19,5 3e0 120
Cyclohexan —2457 317 128
Ronzol 28,6 566 14‘3
* Alkohnle T S . 1
Mothuno! \ . . 22,5 - 384 119
Ae’.)n.nM e o 22,4.. 382 120
= n=}ropanol .. 23,7 379 12%
t=Troparcl | 223, e 304 117
n=-Ratrnol 24,8 377 128
{=Rutanol . 20 . 384 116
n-Fexanol - 26,4 372 134
n-Cgtrnol e = 27 367 ‘140
L Sturen . . ‘
. Ameisen- a : 37,4 7 393 - - 124 -
Fanip— - 27,4 331 176
" Fropion= T 26,5 333 174
n=Rutter— ! _2§‘_.6_1 339 172
n-VYnlerinn- . ' _ 27,4 . 333 - 174
r=iloyyl- . N T 2,1 : 334 174
c n=Yeptyl- 1 28,3 . 335 ST173
n-Cetyl- —— 28,7 - : L334 o 175 ..
. n-ltionyl- P99 oo 3320 .'178--
- 24,9 . S117 0
R - 23,8 - - 120-
n=Yropyl- 24,3 38Q o124
{-Iropyl- 23,1 . . ER &, 7 A
“n=Butyl . i 24,5 - C 13
cErk=Rutyl g 23,5 1150
{ZRutyl. § 2,8 ‘148
n=hmyl - 25,5 141
L oi-Amyl 24,8 - 160,
- n-texyl 26,3 5. 141 e
r=tentyl . 27,1 =357, 150 " -
_n=Decyl. - - S ) TByT *343. 166,
“n=Dndveil, 29,1 341 L 168
)
PR B K
] Yy
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. Konstitution und _Schmelzpunkt.

5

Benzol
Toluol -
Ethylbenzol
m=-Xyloldl . —~—
o=Xylol~—._
p =X ylo1l -
Ce ‘t‘"a n e's -
SR c35 _—- (032)145_- CE}' .
-H -H-v - CH,
(CHp)y = G = (CH)g-cdy
‘_cn}v sl i
CH, - cn - CH - CH -
5 - ( 2) v C\H (cn ) . ,.HB
| - an ‘cnj_ .
. -, (cH -cn-a-c - CH - -
( )53 cv H2 cn (cn ) an .
: *‘6”21.15._-&' I ca}z5 ‘
‘-f(cnz')_ - cn - cn in - 8, x - éH
. oG5 °2ns

- 51195
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Versuche in der kettenmaschine.

1= Adipinsdure +n- Batano! 123
2= « . " +n-0ctanol 7,57
3= o . "+ n-Dodecanol 206 Eso
 dp=B- Metfyladlpmsdure +n-0ctanol 7,55
5=8- +n-Dodecano! £07
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nach Messungen von K.l, Wolf und Dunken, Haslle
| - &
’ D e LSO Akl
Stoff 2;:,\":“"“'"' g;:"n:n“"‘“' Haftarbgtt
- Gonrons | Cmjoms | o/
Kohlenwaseerstoffe - e — .
Hoxan . . 19,5 380 120
Cyclohexan 24,7 377 ) 1287
Benzol ] 28,6 366 143
Alkchole . ..
Methanol - 22,5 384 -119
Aethanol ) 22,4 382 120
n-Propanol: - ' 23,7 319 125
i-Fropanol 23,7 384 117
n-Butenol . . 24,8 377 -128
" 4-Butanol T 120 384 116
n-Yexanol e 26,4 372 134
n=Ootanol =TT - 27 367 140
. SHuren .
AmeiBen=’ . , 3744 393 124
. Eseig- .’ 27,4, 331. 176
Propion- 26,5 333 174
n-Butter- 26,6 335 172
" n=Valerian-: 27,4 - 333 174
n-Hexyl- : 28,1 334 ~174
n-Heptyl- ° 28,3 - 335 173
n=Ogtyl- " ;28,7 334 175
' n=Fonyl- - =, 2999 332 178
I Ester - : - :
Wethylacetat . - 24,9 -117
Aethyl- - 23,8 120
— - n-Rropyl- T .24,3 124-
i-Propyl- - 23,1 134
n-Butyl 22,5 131
sek=Butyl . 23,5 150
{=Putyl 22,8 148
ConeAmyl T 25,5 141
1=Amyl . . 24,8 ‘160
5 n=-Hexyl . 26,3 ¢ 141
A-Heptyl T 27,1 150
. n&:ylt,“ . 28,7 '1166.
naliodecyl . ' 168

29,1 -




° L}
Unterochiede der Haftarbeiten an wiisserigen und’

metallischen Grensflichen nach Messungen von
K.L. Wolf, Halle

Grenzfliichenspannung . Haftarbeit H

. . . 2
svore L el G

wWnsser ggeckniliaor Wanser Quecksilbex

'B\éuzol e R i 55.05—  566’
c(_ngcx»" 3 ‘ _V )7.41 ;50: _ ', 68.5{ _.-' _163' L

s, el a3l Tosar | 558 | a70
26,12 | 340 65| 160
. . e N - V.

Zoktanol’ L Lo-o o o e,52 |t 367 il 90,87 ) 140

" Nerkartan.

Reptylsture . - . 6,561 3350 ey | 173 -
- Egter s ’ ’ : ‘.: .:‘_, . etwa 25 o ..t'n N 350 ) -etwa 75 . ) rptwa "150’ h

S|




z.rro.alfo:tigkcit und lhl‘tteu.irkcit nach B.ﬁh_ﬂg‘_l
yon K.L. Yolf, Halle

e

_ Zerrelssfestig- | Haftfestigkelt
Storft kel .. - Zohagt
: (ka/on®) (kg/ca®)
| |
— : - —
Cyclohexan 4 900‘ .12 500
Benzol o . ._5 600, 1;)00.
6_014 5 600__ - 15 .000 )
Aethanol 4500 0] 127000
: proﬁnn¥1 ~ 4700 Sl a2 s00
Butanol 5.000 ++ 12 86O
Hexanol ,\~: ‘ 5 36¢° 713400
Propionsiiure ) . . 5 300 .-17.4C0 7
. Battersfure®- °__ - S . 5300 . 177200
. F’exvl-\hura e l_— L 5 60@ ) N ]:7“4(.‘0.
Heptylasure B ER 5700 - 17 400
“.Nasser \ - - 14 -4co 16 700
- uecks{1ber E 96 000 .96 000

—Nessing __

TElsen . -

SCOO.

4 coc-7 00C"
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-?f" EE e T .»"2f2 "i'm/fe,_/f;ﬂ’o.;
o w0 W _Ump 100
g 57158, .35T2¢ .

Le .enmg Wemeetall 74 Pb. 149 Sb 6.9 Sn. 20 Cd. 1,0 cu.’
_ 13 Ni. Spiel 0,25 mm. Oldruck 3,5 at. Oltemperatur 300C.'01 BC 8
- Reibungswerte ‘7. — — — — Temperdturen im Olfilm = -
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400 - 1;67 5;/57 aoo 1\'///,7//} 1200

R Le ierung . Weanetall 81,63 Pb, 14 Sb, 0 Sn, 307 A
v,01 Nl plcl 0.25 mm. Oldruck 3. 5 at. Oltemperatr:l'l' 30° C sblolg%gu
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: Verglexch der Oldurchlassl kext Zweier Lagerscbalen aus WM. 80

. L Kunstharz-Pre8stoff A
Kurve A: WM 80. Oldruck 3.5 at. Oltemperatur 30° C. v .
Kurve B:. Kunstharz-PreBstoff Olsdzruck at Oltemperatur 3000, e

Kurve C: WM 80 Oldruck red auf 1 at.’ -

SR Olmenge gemessen ben 8 Olen vetschxedenen Zihidkeit






