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I. G..leuna Report of May 14, 1943 by Dr. He Zorn.

Indeed, chemistry resembles H‘oteus who is capable of appearing in
many guises. Sometimes she (chemistry) ‘appears as a gaddess, sometimes as a
fickle woman. 5till we are glad to have her, for underneath her taunt:mg and
decept:.ve pranks she.- conceals eternal truths. - s IR

: These words were. spol'en by the great expera.menter Iudw:.g Claissen
to h:.s i‘rlend Anwers on New: Year's 1927. In the .same year "I-was introduced —
to thetRield of lubricants and vary soon learned the ftaunting and decepbive
pranksé which these materials. played upon ‘chemists ab that time. In the
following tables and graphs I will demonstrate the rules. which. are concealed_
in these ‘taunting pranks. and expla:.n how we succeeded in developmg a genume
commerc1a1 synthes:.s. o :

The earl:l.est ‘experiments on. the synthet:.c preparat:.on of 1ubr1catn.ng
01ls date back. to the time of the first World War. At that time,. Dr. Schneider
attempted to prepare lubr:LcatJ.ng oils-by. polymera.zmg unsaturated components
from the Brown Coal (gas) generators. .We- engaged in this work again din 1926
by the method of passing gaseous olefms Ainto tar ‘oils and "Hydrier¥ oils in
.the' presence. ‘of aluminum chlorides’’ -This-process was carried out durlng 1950——-
1931 din-a" 1arge-p1ant—-sca1e ‘trial here_in Isunas .’ chever,~ no motor o::.ls of"
great value were. thus. obtalned but only mach:.n oilss - Nevertheless . these .
exper:unents were ;the beg:.nm.ng of “an xhaustlve study of means for polymer—
1z:mg chemn.cally pure oleflns of well—-known const:.tutlon. LT R

: ‘---~Some_#€esuIts of thls mvest:.gatlon are shown in Table l., Iﬂt'is"'
clear +that. only- stra:.ght—cha}.n ‘olefins. with a- tenn:mal double. bond produce

~polymers-in .good" yield which are, character:.zed by-'good v1scosn.ty—tempersture;
behav1or. - Yields and V. I.., are both poor when the double bond  is located ‘in
“-the middle. of.the- molecule or. when a hydrogen atom: 0f “the terminal double . -.
‘bond sis'’ ub t:.tuted by an’ alkyl group, - It.is. oteworthy that dmethyloctylene
produces 1. polymer of very high vlscosi, 200d. 3 - The’ results of thlsH
--fundamental: :mvestlgat:.on Wer 'de' lope ; ic '11 ",,1nto the nrocess ‘for the

_ polymer::.zatlon\ of cracked,;wajcf

; : Stra:L ht—-chain, olefir armg a terminal double bond are formed in
the gas—phase q.racklng ‘of wax. . The polymerizat:.on of: these ‘olefins.'is shown
‘in ‘Figure 2. In order to determlnev.z rhe th 5" chan:Lsm is correct
have’ attempted t s “hydrocarbor :

octaldehyde ‘which was co
~eondensation); and’ this
m.ckel—k:n.eselgur catalyst)
2—hexyl—1-—1ododecane (by” ‘means’ of 1od1ne and red phosphorus) :wh:.ch was: reated
wlth the, sod:Lum salt: oi‘ the'ethyl ester of hexy]malom.c acid<-:The* ester Ahus
i cerboxylated “and-the resultingiacid’ ‘again reduced-
obtalned was agam comrerted to the 1oda,de .




(with phosphorus and iodine) which was either reduced to the hydrocarbon.or. . _
again treated with ‘the sodium salt of the ethyl ester of ‘hexylmalonic acid .so
as to give the next higher homolog. - In this way, which was troublesome tut
very exact the hydrocarbons shown 1n Table 4 (illegible) were preoared.

It is evident in the homologous series 1 to 5 that. the viscosity
increases and- the vlscos:.ty—-t.emperature behavior continually improves with
increasing molecular weight. The Same holds true for ‘the homologs 6, 7, and 8.
These hydrocarbons were obtained from the 1od1des“by“means of the*ﬂurtz -
synthesls. In this way, we succeeded in greparing a hydrocarbon 0641‘1150 with
a molecular weight of 899, .This is a molecular weight which lies in the middle

of the steam-cylinder oil range. ( i.e., high-molecular mineral oils). Thus
the exsct.-synthesis of a h:.gh—molecular 1ubr1cat1ng—o:.1 hyd.rocarbon was "’
accompllshed for the first time. The:low melting po:Lnts of all these mater—-
ials-are noteworthy, spec:.i‘lcally, the last mentloned hydrocarbon has a melt—

.:mg po:mt of —30 Cal L 5 R . : A T e

.In Table 5 (111eg1b1e) is- shown how the v:.scosn,ty—temperature ]
behav:.or varies with intramolecular’ carbon—chaln branch:l.ng for .molecules of
the.same ‘weight.. It is. evident, that the v:.scosmy—temperature behav1or
mproves with decrease in the, number of s:.de chams. LR T

,,u.«g .

S : Tahle 6: (m:.ssmg) llkew:.se shcws the J.nfluence of. the type oi‘ cha:Ln
; branchmg on the vn.scos:.t.y—-temperature ‘behavior for molecules’ ‘of the same :size.
The - greater  the degree -of branching, . ‘the poorer. is: the v:.scosity—-temperature
~behavior and. the- hn.gher the viscosity. The closer. that ‘the. form of -‘the ‘mole~ .
‘cules:’ anproaches a sphere; (1.e. 3 Acompact i‘orm) the “moY’ unfavorable is the
V“;'—J.nfl ence .of temperatur‘ on’ v:.scos:.ty. sl T e S

.Table 7ehGWS s:unllar phenomena for ClG en»d- C24'hydrocerbons'. ""Sh'ort
- side cha:.ns or:. branched side. .chains are. very unfavorable as .shown by hydro—-

; carbons 9 and 10, - The :mfluence ‘of, short side chams on melt:.ng po:.nt is.. -
“very. :Lnterest:mg (cf. hydrocarbons 1—5) Introductlon of ‘a: methyl group: :mto
the hexedecane molecule here: lowers. the melt:.ng po:.nt by 5'_7° -and “arsecond :
‘methyl group lowers 1’0 another 40‘° Allpha"tl ‘:and aromatl ,hydr arbons

~‘behave. dlfferently, as.. shown,‘ in:. 'lanle &, which : conpar '.benzene;, Foluene; ‘and .
' peratu Dehav:x.or ds’ ery unfavorabl when the

is vldent here,tha 'mcreasnxg eyclization ‘is “accompanied. by'a
\ An: :Lscosn.ty and ‘smrultaneous impairment -of. v1scos:|.ty—tempera'bure
; behav10r. LH, No«i7 45" mterestlng. e next: turned our atténtion: 'bo
the ‘manner:in: which:the results.iof. thls_tnoublesome ‘and: 'bed:.ous synthetlc work '
"could be' apnlled commerclally ; The :cracked wax: polymer:.zat:.on Frocess: always
yl 1ds:a. m.xture' f*‘;olef:ms the compos1t10n of whlch cannot be mfluenced.

We were 1ed‘ to cons:n.der ethylene. Dr. Otto had formerly shown that
) ethylene can be' polymerlzed “to normal: butylene wdn; the presence ofsmall- quant:.—
“ties df boron ﬂuor:.de. - Werbelieved’ that, by, using:a more! poweri‘ul catalyst
we. could succeed in® polymer:.z:mg ethylene st:.ll further to longer carbon :
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skeletons with long side chains. By using chemically pure ethylene with alum—
inum chloride as catalyst, we succeeded in obtaining a polymer which. combined
good viscosity-temperature behavior with good low-temperature characteristics
(viz., low pour point). Thus, the Ethylene Inbricating Oil Synthesis was
originated. ‘ . R : ‘ - .

. In the field testing of Ethylene Iubricating Oil it appeared that
lubricating quality was not always satisfactory under extreme conditions. It
" is well known in the petroleum industry that the lubrieating qualities of
mineral hydrocarbon lubricating oils can be improved by the addition. of fatty
oils. However, fatty oils, which are _esters of glycerol with high-molecular.
fatty acids,have, the disadvantage of being ‘extraordinarily sensitive to heat. .
It was supposed that this thermal instability resulted from the sensitivity of -
‘the secondary hydroxyl group of the glycerol, Trimethylolethanewas supplied
to me by the director, Dr. Giesen. The esteérs prepared from-this together with
Ieuna carboxylic acids showed. very-good-thermal. stability. , It was ‘also. possible
to prepare esters which would meet. the severe.thermal demands of aircraft »
‘éngines.  Consequently, I traveled to leuna and the relationship between the
chemical constitution and properties of esters was. investiggted on a broad
basis in cooperation with Dr. LSwenberg, Dr. ‘Hetzger, Dr.’ Ganicke, Dr. Heid— -
_inger;, and Fruléin Dr. ROssig... = e TR e

- e Tables 10 ‘shows . esters formed from ‘tri- and tetra-hydroxy alcohols:
esterified with various acids, First, let us ‘cotipare the esters of normal -
octanoic acid. - It appears that there is no difference between trimethylol- .
.ethane and trimethylolpropane in regard to: magnitude of viscosity and viscos= -
. ity-temperature behavior, but there is considerable .difference in low~tempera~
Yuré behavior (i.e., pour point),’the ester ‘of trinethylolpropane being ... ..

= superior’ to that of ﬁrimefbhylolé’thaﬁe;b . 5 @Q

/ 61°.. . Glycerol is- equivalent to both
alcohols in‘regard’ to_viscosity-temperature behavior; however, the magnitude

' of viscosity is smaller’and the pour point considerably higher-than for Tri-:
methylolpropane but lower than for trimethylolethane. . Pentaerythritol gives -

-an ‘ester of appreciably, higher viscosity, still higher pour point, and somewhat
better viscosity-temperature behavior.' It is very interesting to compare the L

5 e four 1 2 branche "acid; namsly, 2-ethylhexanoic
low. There-is.no. .

L TN Theds vident that, for trimethylolethane as inéii; s pentae ol
" the viscosity becomes higher”and "the 'vi‘sc,b’sityatémperétﬁfé- ‘behavior becomes |
_poorer, the more free hvdroxyl:groups. are present in the ‘ester. . This is -
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altogether understandable, for free hydroxyl groups cause a strong assoclation
of the ester molecules. All the alcohols are well known to be strongly:
associated. It is:interesting that this association, i.e., formation of molec-
ular complexes, proceeds altogether uniformly as shown .in experiments conducted
-at Halle by Prof. Wolff and coworkers at my suggestion. Equal numbers of l1-,
2—, 3—; 4—,-and up to 12-fold molecules. are present in the whole mass.. The
investigation of esters-of dihydroxyglycols is reviewed in Table 12. Ethylene
glycol, tetramethiylene glycol, hexamethylene glycol—,—meththexamethylene glycol,
and dimejbhylolpxtopene'Were.invea‘bigated.- Tt appears that, in the case of the
ssters of the.straight-chain glycols with nérmal dctanoic acid, there is an
increase in viscosity and a decrease of the m~-value (iee0ey improvement in vis-
cosity~temperature behavior) with increasing molecular weighte. It is interest-
ing that the pour point.is lowered'with»methyMexamethylene glycol and dimeth- -
_ylolpropane. :The influence of the methyl group is again noticeable here, as '
was already seen in the case of the hydrocarbon, -hexadecane. . The .pour point is
very favorably affected when isooctanoic acid or lLeuna carboxylic acid.is_. .
employed instead of normal octanoic acid. «;However,’_the_.viscosi‘qy_—temperature _
- behavior:is somewhat less favorable with  these branched-chain acids.. . -

e Astﬁdy ofthe \esters 'Qi"laﬁipic’ahd methylad:\.p:.c ,aéi& is prééé};i;edv_ ‘
~.in.Table 13.. It is ‘interesting to compare the esters.of norinal’ octanol and
.isodctanol. The.latter -has. outstanding. low-temperature behavior ( pour-point) .

"because’of the influence of the ethyl side chain. The effect of the methyl ™
“group_is seen to be quite analogous on comparing cyclohexanol with methyl-' -

* gyclohexanol. - Both these esters. show higher viscosity and less favorable.
G costty-temperature behavior than do the octenol esters. This is guite in
- ‘agreement with the research ‘on_ hydrocarbons.  The cyclization of the carbon . .
. chain of the Cgg hydrocarbon” (cf. Table.9) may be recalled.. The ‘esters-of..
. pethyladipic acid are-only insignificantly different from the Correspond] g7 -
~“ones of adipic-acid in regard o viscosity-temperature behavior, but are.. .
. 'partially more:favorable. to an appreciable ‘extent in.regard.to low-temperature :
- behavior.  Especially-interesting from a: prectical viewpoint is: the. cyclo-
whexanol ester. of: methiyladipic:acids “This finds application; as a watch or:
ielock ‘oil,. for it-does. not spread: on. metal:surfaces. but stays: together in' .
- dropS.e Furthermore;,: it has an outlet _{_a"s:anf,Vadditive_;__;‘n.ri;pur_;_-jaii'cpaft},-h draulic -

ol u

oildas hga :influence Jof,-;;the.} mé,thjrl_'group-~in‘._dicarboxyliqvv,acids._}.j.__,s\exhaustively
-treated in Table 14. . let us ‘compare the: normal joctanol and normal dodecanol ' -

- esters of.a- and: 8-methyladipic:acid: with those of adiplc acid.. It is strik-

- “ing here. ‘that ‘the-esters.of a-me thyladipic’acid arercons istently.somewhat: less:
favorable :in;regard o viscosity-temperatur behavior than those of f-methyl-
striking example of the importance of the pesition of.™

+ . If.the-acids ar




The effect of increase in molecular size on viscosity-temperature
behavior is shown in Table 15. -The polyhydroxy alcohols wWeére esterified both
with normal octanoic acid and with long-chain semi-esters of adipic acid and
Isuna alcohol fraction boiling from 140° to 180° (i.e., largely Cg and C7
alcohols). It appears that the latter esters are appreciably more viscous
and somewhat more favorable in regard to viscosity-temperature behavior than
are the esters of normal~octanoic ,acid. It is quite understandable -that .the -
low-tenperature behavior of this ester. (as shown by pour point) should be.. -
outstanding, since the branched-chain Leuna alcohol is incorporated in the
semi~ester. Furthermore, the lubricating qualities of esters of this type are
very good. They have found a practical application as cutting oils. It is
also possible to lengthen the straight chain of the molecule by ethoxylating

_an aleohol.

R ~ Results—of the investigation of this subject are given in Table 16.
First, the iso—C9—alcohol mixture obtained by the #0xo" process on diisobutyl-
ene was employed as:the alcohol. :The ‘ethoxylation was carried out by intro-
ducihg ethylene oxide into the anhydrous :alcohol. It is important -here that
all-the alcohol molecules take up ethylene oxide uniformly. .This. uniform
distritution of ethylene oxide is possible only through the agency of ‘boron
“fluoride as catalyst:- It is evident from Table-16 that the viscosity rises .
-and that the viscosity-temperature behavior improves with increasing ethylene -
oxide content. '~ On the .other hand, low—temperature:behavier becomes poorer ‘the =
‘mére-ethylene oxide" is taken up. It is very interesting. to compare the products
from Ieuma alcohol treated with two moles of ethylene oxide and esterified S
_with ‘adipic; methyladipic, and sebacic acids’s~ The - low-temperature behavior of *
these "three: esters is exactly similar; ‘the viseosity rises and the viscosity-
‘temperature behévior improves. in ‘the ‘orders: -adipic, metiyladipic, and sebacic
‘acid.’ -Hére, ‘too, the' sebacic dcid ester-is the most. favorable. . Unfortunately,
“these esters have :the" disadvantagethat ‘they are poorly miscible. with hydro=
carbon-oils or even completely immiscible when ‘they contain much ethylene = . "°
oxide. More than one mole of ethylene  oxide must not bertaken up; with two .
‘moles "of oxide miscibility ‘with hydrocarbon foils;is .already lost at room- ;
“temperature. - However, this ‘ester dis completely ‘miscible -at higher: temperature,

(e.g.; BO°). With'still higher molar proportions of ‘oxide; even the misc¢ibil— "~
ity ath peratures -is lost. e i ;

he relation between the ‘Gonstitution of esters”
‘their vi ty ceristics ‘to- some extenty we. froceeded. to investigate
rolation between their constitution and ‘lubiricating properties.i For this
“developed at the ‘technical: testing station
5i'shovm “in' Figure 17 ;- this:consists’. -
ing pressed against the:lower half -

‘made ‘use of ‘an ‘appar :
’ Apparatu
he'chain ‘being ,
Chain’ and roller are-immersed”in the test =
‘chain is ‘pulled in the“direction
‘on‘the’ lubrication’
v links ‘and’ the ‘roller-and: '
He apparatus operates in the
vpresented some results i

Foeva A

*of the. circunfer
, o

‘since ‘the circunferential’velocity is kept 1o
“region of boundary Jubrication. “In Figure 18




Curves 1, 2, and 3 are values for adipio acld
butanol, octanol, and dodecanol. It
falls and. the dependence of _ -
1y improves with increasing mol-

obtained on this apparatus.
esters of the straight—chain alcohols s
is evident that the coefficient of friction

coefficient of friction on tempera:bure steadi
ecular weight. If the adipic acid in these esters is replaced by methyladipic
acid (so as to give Esters 4 and 5), it is evident that the coefficient of
friction for the mothyladipic 4cid -ester is always higher than for the corres-
ponding adipic acid ester. This influence of the methyl group is again con-
“firmed on comparing Esters 2 and 6, as well as 6 and 7 (cf. Figure 19). The
r:.ght—hand plot is interesting, wh:.ch glves wear values measured by a hard -
metal disc pressed against a’ steel plate, It is evident here that the ester
which gives the hlghest coefflclent of ﬁ'ictlon also glves “the 1owest- wear

value .

Flgure 20 shows the sam.e result. Here the esters of dlhydroxy—
glycols are compared with each other. --The ester with the longest carbon -
.chain has 'bhe lowes‘b coefi‘lclent of fr:.c‘blon and aga:Ln, the h:.ghest wear

value.v o

. F:.gure 21 aga:Ln shows a sharp decrease in coeff:.clent of frlct:.on
wn.th mcreasmg fiolecular, we:.ght of the ester: (compare No. 25 with 11, 12, 13,
‘and '18)+—The. ‘temperature dependence becomes ‘steadily- more favorable. In the
case of Ester 16,-a small decrease in coefficient of friction with increasing
temperature was observed. “—Furthermore,: it is interesting to compare 1l and.
~12.." The branched—cha:l.n acld again- shows ‘the higher: coefficient -of frlc'bn.on
and, ~l:he stronger. dependence of coefflc:.ent. .of friction on: temperature. - Tt is ,’
¥ also intéresting that the coefflclent of’ frlctlon is.only 'slightly increased.
;oy mcomplete ester:.flcat:.on and the temperature -dependence: i not: affected:
“atiall; (cf.: 17: and 15) In: the wear experiments;: the. order oi‘ rating of i
. the esters ‘is again Just’ e-reverse ds: for coeff:.c:Lent of friction. Also-in
“the case of the still higher molecular esters, it is confirmed that the ‘coef-
ficient of. friction decreasesjand the, ]l—otemoerature curve: becomes fla'bter
W:L'bh :anreas:.n molecular,we:.gh‘b as shown 1n F:.gure RV L

'Th:Ls mterestlng reversal of beha,vlor lvoetween" lubrlcatlng quallty,

rlzed by coefi‘lclent of, i‘rlctlon, and weararises-from the -force =" "
: The work whrch must; be. expended }

'measnring' the -ifiter— :
‘I_'he Dupree rile. holds

“its 'natlon -produc ‘eye
“of: energ v of ‘adhesion is observed’mth.‘.lncreasmg length of “the’ carbon chaine
Tt is’ noteworthy that branch:.ng of: the: carbon ‘ch&in causes. a“diminution in - -
energy of adhesn.on. In \bhe case’ of acids, 'bhe energy of adhes:.on :1.s" altoge‘i:herl

1
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independent of molecular size. This results from the fact that dimeric mole-
cular association occurs.with all acids. Greater then two-fold inolecular
complex formation occurs only in the case of formic acid. With esters, Just
as in the case of alcohols, we observed an increase in the energy of adhesion
with increasing molecular weight of the alcohol constituent. It is noteworthy
here that branching of the alcoholic ‘carbon chain does not entail an increase
in the energy of adhesion. - The reason for-this difference in behavior as
compared with the straight alcohols probably lies in the manner in which the
molecules are oriented at the interface. - There are two- possibilities heres
either they.stand upright with their carben chains perpendicular to the inter-—
face, or they lie down tangentially. The question as to which owientation =
is favored for a given type of material depends both on the steric location
of the .dipole group in the molecule and on the position and magnitude of the.
permanent dipole within the group. _ DU : L S :

o _'The energies of adhesion are naturally dependent not only on the
lubricant but also on the .other phase in contact with it. . The differences
between energy of adhesion for various meterials against an aqueous’ and
against ‘a metallic surface are. collected in Table 24.. 1t is evident that .
there is"a large difference between water ‘and.mercury.. ‘The several materials

adhere 'to mercury on the' average two, to three tines ‘as strongly as_to water.
lele"agihgsi;qe. resistance can be calculated “from! tl}g_eneifgywo‘f ‘adhesions -

. v 7 Table R5 gives the corresponding values for hydrocarbonsy alcohols,
‘and’ acids. It is’again ‘evident . that the-adhesive resistance inc¥eases 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 ;adlig'Sive{ré‘sirs‘tanc'es-;f{whi‘ch".{a.re‘j_é“n}ea/sgrfeﬂ,bf the force required to tear . -
-away a surface-of 1 sq. ci. cross-section, “gorrespond’ to. the internal resistance..

_to Tupture within the liguid or. the metale”

7 e latter is caloulat
resistance’ to rupture. . The gr
‘remarkable.. ‘ €

_but rather. 2
&itic guantum
ricant bt also the other
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: I‘:.gure 2c shows the d:.fferent behav:.or of var:.ous metals against the.
same lubricant. & material (e.g., polyether alcohol 1K~2200) can have -extra-
ordinarily strong antiwear properties against red brass, but. cause wear of
soft metal to such an extent that one can almost say that the netal is dissolved
by the liquid. Llso, 2 straight m:n.neral o:.l (e.g. 0il _I"?) .behaves very d;.ffere
ently against var:\.ous metals. ) _ , : R : .

This d:.fference in behavior of oils aga:.nst var:.ous me'bals is natur-— .
_ally also reflected in. actual . lubrication. . If cons:.derat:.on is ‘given to the -
various states of lubrication of the journal bearing in Figure -27, the chemical
constitution of the lubricant becomes important in the region where the speed
.of rotation is-léw-and the loading correspondingly high. This-is the range of
. per‘bial lubrlca'b::.on (quas:.—hydrodynam:.c) and boundary l;ubrlcatlon. ,
Con The dn.fference in: behavn.or of var:.ous boarlng metals agamst 'bhe
same 011 in a‘:state of boundary lubrication is:shown in. Figures 28, R9. and 30"
These” exper:.ments were -cerried.out:by. Prof.:Heidebroeck at Dresden. It is. .
_evident thet the trcns:.tn.on point from hydrodyne.mlo t6  boundary- -lubrication a'b
- the same degree of:loading veries with:the: nature.of the bearing: metal and oi‘
the oils ~It is a questn.on here of. the agkion-of the. boundary ‘surface: i‘orces -
“in’thick. £ilms. of: hou:.d. That orientation must: extend: from the boundary Gt
suri‘ace.,into:.fairly:adeep layers of the- Tiquid appears: still more. orobaole on
comparing the action of “two different bea’ringwith'the'same oil (cf. Tigure 51)
: It As evident:that, wrbh 2 given bearing clearance, different. 011 regsures.
~must be employed for pass:.sge ‘of- a dei‘:l.nrte cuant:.‘cy of 6il' per un:.’c “pime
denendlng ‘on’ the’ nature of ‘the" bear L rials Thside from: these’ i‘orces’wm.ch ’
or 1nate atithe’ boundary surfzce), 'bhe stateiof’ 1Lbr1cstlon ‘is influenced’ by T
m:‘ocesses deter*n:med by the: structure of. the llquldf.” ‘ . S

In Flgure ‘B2 (1lleg1bl'=) are’der onstrated so.ne results whlch frofessor
eldebroeck obtamed onia- gear—test apparatus., This consists of two 'rears o
carefully 'noun'bed on. bear:mgs in which is incor dorated a- quartz gauge sens:.tlve :
o pressure. S UTHiS: makes A% p0551ole 10’ de‘bermlne ‘on“an oscillograph. the slight="

- est vibrations which® re.causéd by unevenness of: 'bhe gear—tooth ‘gurfacess:In i
thisiapparatus “the’ tooth surfaces: are’ Jubricated with, an’ accurately determlned_ i
“quantity of- 1ubr1cat::.ng 01l (ineasured” to Lces) and” then -the’ bime" ‘meastred’ which
“elapses: unt:n.l ‘th lubr:Lcant fllm‘fa:l.ls, ss'characterized” by the: appearance o
‘rust spots on ‘e tooth surfaces (‘so—called “nfrictional: ox:.datlon")‘."- Chbethes b
' ame't:n.me © th ibrfa’c;ibn.‘o'i‘r-f,the-' ge 8™ plcked Aup; ‘or(: the' osc:t.llbgraph 2
he' ampl:.tude "of these:vibrations is: meéasured.  In:ithis: manner;’ seven: o:Lls
uof d:.fferent v:.scocn.ty—and .di.fierent’ compos::.t:.on were: mvestlgated. It is .
f ev1dent ‘that the life ‘time, i.e., the timé until the onseb ‘of frictional: ox:.da—‘
is very dlfferent; and ‘bedrs rela‘b:.on o the magnltude of v1sc051ty. G
1 he 'nplltud T v:.orat:n.on, i cose’0f 0ils 15, R VN
~and- ~#'Thre are involved” here., ‘Nos-13"is ‘a polybutylene glycol e
‘To 4 “"'polyoster from two moles: of trin thylole'bhane ‘and ‘1.mole ‘of ‘adipic
agid” esterif:.ed m.th I‘euna carboxyl:.c aon.d No. 15 1s the Same* polyester except'
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that higher fatty acid obtained from the oxidation of wax at Oppau was used
instead of leuna carboxylic acid.' It is. evident that 1 cc. of Ester No. 14 .
shows an extraordinarily high film life while Ester No. 15 is characterized
by a very small -amplitude of. vibration on the oscillograph. _This ester thus
gave very quiet operation of the gears. 0ils 5, 6, and 7 are high—molecular
ethylene polymers with significantly greater viscosity than Ester Ho. 15, but
nevertheless the vibration amplitudes for these highly wviscous oils are twice
as high as for the appreciably more. fluid Ester No. :15. . The magnitude of
viscosity, i.e., the size of the ‘molecules, is thus without-significance for
the. quiet. operation of a gear ‘machine, - Holecu]ar structure-is the determining
factor here. 0il No, 15 is a voltalized fatty oil of considerable repute “for.
lubricating 30urnal bear:.ngs. It has no advantage for roller bear:.ng

lubrication.

-~ The oscﬂ‘.l.ogra.m for the oils mentloned above is shown in Flgure 33
(missing).. The very quiet operation with Bster No. 15-is very noticeable 'in
_contrast to the rough operat:.on w:n.th voltol:.zed i‘atty 0il No. 12, which is 7.
tines.as viscous. We succeeded in: so, d:.rect:.ng the. course of ethylene poly-
mern.zatn.on “that a polymer was obtained. whlch behaves ]:Lke F‘ster No.. 15 :Ln
damp:.ng v:Lbrat:.ons and consequently suppressmg no:.se.,h e e

e

- ; In Figure 34 (illeg:n.ble) are’ shown sound measurements wh:.ch F. Krupp :
;made on. 011 of:this type.“"'It is: also very mteresting ‘4o note the action of -
.such damping" oils on the course of i‘rlctional phenomena “in :a journal bearinge
‘This same-oil: (mvestlgated by F. Krupp) Was: also studied: by Prof. He:.debroeck .
: fg.n a Journal bear:mg. e el o
rh T e Figure 35 (1lleg1ble) presents the results' oi' th:Ls ;mrest:.gat:.on.

7 ;Five -dlfi‘erent ‘oils were’ tested’ here. Our: damp:.ng o1l is 0il K-T. “Oil-K~IT .
“is. also ' ethylene polymer ‘of “Low v:Lscos:Lty. ‘The completely: dlfferent-—type T
- of behavi r ‘of: 01 Iy, whlch ma:mta:l.ns “the’ hydrodynanuc state of lubrication ..

: Ieveh at the’ lowest; spe'eds 5 s very ‘evident. 'fIt"is ‘shown- in ‘the: lower part of ..

the flgure ‘that mixtures of- ‘01l K-T' with K~II: can: also be prepered whn.ch av01d
‘boundary lubrlcatlon condltlons even at 1ow speeds. : o ) i

fluen e of temperature ‘on 'the course of E
; Frlctlon decreases mth mcreas:mg
' ;" that- 0:1_1 k=T

" problems was the .
\ by the mftwaffe :

shown the,effect of magn:l.'bude of v1scos:|.ty
gun ‘at very low’ temperatures. -The. task L
i ould ‘make: possible’ satlsfact.ory
even 2 -'=-~f-As shown dn. .
To thls end we
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found it necessary to search for materials which, even théugh of very low
viscosity, could absorb the high pressures at different bearing points.

. In Table 38 (illegible ) is shown tho rclation betwean the chem~
ical constitution of various materials and their viscosity, as well as their
efficiency of lubrication in machine guns. The latter is characterized first
by the time required for S50 shots and second by, the number of shots which can
be made with one lubrication of the gun, It is evident that ‘speed of firing
and . total number of shots are very different, according to the structure of
the various materials. The last material, No. 442, achieved a solution to the
problem. Here we arrived 'at a material which is obtained on treating the
xanthate of.amyl alcohol with sulfur monochloride. . This 'material gives a
golden yellow oil which contains about ,50% _of sulfur; it is, so to speak, a
liquid -form of sulfur.” This has given valuable service not only in the field.
of lubrication but has also found application in the field of coatings. = For
rubber coatings (the so=called Pervinan coatings), ‘the. problem was to prepare:
a.liquid coating material which could be-vulcanized and spread. Since this )
‘material.(called Nesulfol) is soluble in all paint. solyents and, on firing the
coating, decomposes with the separation' of very rezctive sulfur;-it.is now .
“Very ‘easy. to vulcanize: Pervinan. - A+ fortunate decision of“the: director, Dr. -
Giegen, may be-noted here, namely;-to-add-a coatings laboratory to- the lubri-
cants- laboratory. -Both’ fields pertain to'the application of Tresearch'on: ™~ =
surface phenomena and"on ‘the:structure and ‘behavior of liquids.' ™ -

il The performance of Nesulfol in ‘the Tubrication of machine. gums is- .
shown’ in Table 39. " It is noteworthy that Nesulfol functions-differently in-~
esters and in hydrucarbonioils (ef. 463 "and’ 459) .+ Hydrocarbon 6ils demand -
‘a greater addition of sulfur.in order.to: obtain good ‘firing-efficiency, as -
~ shown,'on; comparing 489 with 495,  For practical purposes-we therefore found-it. -

necessary ‘to standardize on a-50:50 mixture of ester and. hydrocarbon, This-
product was employed: by: the  Inftwaffe in increasing'quantity: since” January 41\941’. 2

We: began with 5 metric “bons per month and have ‘today ‘reached. 50,

S .- ki second .outlet for.our esters was: found -in’ the Réichsbahn-(railroads).
‘Here it was: a matier of: ‘preparingaxle oils-capable’ ofoperation:at. the dow
;. temperatures "encountered: in:the. East;: viz.;-to: develop‘,a_;glei~oils‘which'-exhibitf" B
‘T good eapillary flowzin’ the . lubricating 'pads’of :freight . cars at'~40°; the sabis—
“factory: lubrication: of:the-axle béarings and: consequently :the-coasting speeds -
“of :the: freight cars in the!freight yards “depends’ on the capillary properties. in:
_the lubricating packing which is made of artificial silk: fiber . If, in winter
timey the freight, cars:do:not-coast as. far as neces sary,:then uncoupling-and. . -
‘coupling ‘them:requires-a: large number:of- 16comotives which:are: ‘notavailable.
for: this purpose. . Axle:oils which’ have’ thus far. been;used on'the German:rail- :
“roads-consist’of by-products: from petroleum refineries e e

, .compositionof. the'mineral axle oils.: e
_evident that they. contain:only’50 £0-60 per tent-of true:lubricating-oil hydro-

‘carbons;: the: remaindér«being undesirable extrancous material: ofwarious . ¢
. chemical compositions Tablei4l-shows:the viscos ity-temperature’ behaviar -of <
~ the'se oilss; It ‘apoears -‘:that-"zthgre:=is~.v‘a"}‘large“:'di»fferencef.;‘_pi&na”gnitiide of

e Tébl‘e ~40:shows theic
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viscosity at -20° and -30°C. It is further evident on compering the mixtures
of oils with each other (cf. 6 and 7, or '8, 9, and 10) that the oils have a
very strong mutual effect on each other. We first attempted to thin the oils
by addition of an ester and thus improve their behavior at low temperature.
In this way, we were: able greatly to diminish the viscosity at low temperature;
however, the capillary behavior in the lubricating packing’ could not be improved
to the desired extent by this means, as shown in Table 42. Addition of gas oil
was better here, as shown especially by the capillary behavior at -10°.- The
functioning of the gas oil is related to the fact that it is well able to
“dissolve wax and other foreign bodies such as resins and asphalt whereas the
~ester is not able to do this. However, in the -temperature range in which the
ester ‘is miscible with hydrocarbons and these materials, its higher capillary ™
forces became noticeable” as shown by the increase in capillary flow at 50°C.
We have thus solved the problem by the method of preparing a mixture of abeut
~40 parts of -an-adipic-acid.ester with 60-parts of a synthetic hydrocarbon:oil.
This mixture was completely homogenecus even at low temperatures, .as shown-in
. Table 43 (illegible) by thelinear curve for viscosity against. temperature of
“our.y —hxle 0il in ‘comparison with natural axle oil. . The neces sary -hydrocarbon
components: are -obtained by polymerizing those hydrocarbons which: are formed.on
- the ‘decomposition of the aluminum chloride sludge from the production of S5 906.
kecording b0 a decree “Qf’Reichsminis‘te‘r_--.Dox‘_pmiil_ler , all cars on the Geyman .-
railroads shall be chariged over to this oil from March-of last:year -until the .
year 1945, : -This: change will have the result that, in the: Germen. petroleum.

.....

industry; about 50,000 metric tons per. year ‘of petroleum: products:will be made .
~available for' other* plirposess i e \ i ~_'_I LT

. Tinally, we come %o the most important outlet for the synthesis i
- the field of moto ‘Iubrication, which was the original incentive for all- our, i

Eg e T Figure 44 (illegible) are “shown, --the"*eﬁect,s,.of—z‘adding‘;z's*%z;"ofg_ester:'.
“to }a"’h'ydrdcarbbn__airctjaf'b.'Oil}“’-namely',’ both an “increase’ in useful lifetime of the'
6iland'a sharp reduction’in ring wear. A significant improvement’ in running.’
: ,t‘iﬂmefWas“fbbtafined.’,by%,.the“’addition_"-¢f ‘ester also in the case of 'synthetic oil - *°
 No. 5904, as shown inTable 45 (illegible). ‘It is ‘{mportant that, on the .
- addition of ester, an-inhibitor is also ‘present; as demonstrated “by.comparing
- Bxperiments475 and 560. ,e'?had'%_detei'r‘diﬁed“?'thev‘s_"i'gn:ijfic.‘ahcfe .6f the: addition. "
of. itor '8 years before entirely in engine tests. Only recently’ did we
lccéed “in understanding’th 1 of > mate: ' ‘

ction of ‘these materi als somewhat more. thorcughlys

“These experiments;: which:were ‘begun by:Dr. Fledler and. contifued: by "

: ";D'r'.3'5‘?‘}La’i?:hlé;jdembps‘tfételjt_hat 011557906 absorbs: oxygeh: with.«the formation of - .

| ‘peroxide.’’’ Simultaneously,: with increasing’ ‘peroxide:content, the itodine  number -

stiown the - action- of-oxygen on’ our: synthetic

" In"Figur -'4‘.'

851906~

falls off," the acid number: increases, and: the viscosity: ‘increases’ very ‘sharply-
: \ The latter-expecially i§ @ very undesirable’ phenomenon when “the.2im is to dev—
‘elop ‘an ‘0il:which'has rgood: '1ow—‘3tempezia;t,u;-e_z.be_haviqr ;3 for, in this case, it is
“'required that the viscosity: does not change ‘in.service.: If - there is Such a -
“wiscosity dncrease on-use: (ive.y by the action: of oxygen); then the desirable
" low-temperature preperties are lost. We must. ‘therefore: seek materials which



avoid or diminish the cause of the thickening, that is, the formation of
peroxides. e found such a material in silver which, as shown in Figure 47,
very strongly diminishes oxygen absorption and the accompanying formation of
peroxides or stops it completely. e use this silver in the form of a salt™
of diisobutylene~phenolsulfide. It was shown in this investigation that not.
every organic silver compound has the same effectiveness. S

- The dependence of viscosityincrease through oxidation on the .
inhibitor concentration is shomm in Figure 48. It is evident that addition
of.0.2% reduces the viscosity increase oy about half. In engine tests on this .
inhibitor, the length of the rin was increased by about 100% and simultaneously
lacquer deposition on the piston shirts considerably reduced. At-the same ~
time, the viscosity.increase of the oil while in use was likewise very much
‘reduced. - The decrease in lacquer formation in’ these ‘engine tests is<especially
Amportant; we know. that lacquers:are materials of high oxygen content. . e may
now surmise that the primary cause .of their formation is the action of peroxides.
From a -practical point of view, the decrease-in lacquer formation results in
increased overhaul time ‘for the engines ,thus.accomplishing a saving: in “ground
personnel. ooh e o e e L T e S
s e “One. goal-of. ‘lubricating 'oil.research is ‘especially to deveélop oils
-which do not-cause contamination of .any part .of the, machinery-and consequently
permit the. lubricant-to be regarded as a ‘structural element of ‘the. engines "
Here, research on:inhibitors in the field of organic catalysis’ can provide = .
decisive: contributions: to ‘the: war 'elfi‘ort.'»"'[f 2 e S Y S T

Figure 49.(illegible) ‘shows the present status of development of

ils for low temperatures. ' Thé goal here is to produce ‘an. oil-which .
osity no greater than 2000.°% (Engler) at —40°. :Figure 50 (illegible)
‘present;:status. of ‘development.in regard: to. ‘motor oils. With the oils.
d here:an: S5 Division was.able to travelin:the Bast during the past - =
inter. w; any. difficulties due to:low’ temperaturesy " The problem presented
“to-us; by -the tomobile indudtry, which we should attempt to solve, ‘is to pro—.’

- duce-an o0il with a meximum viscosity of about.1000°Z ab -40°C.

lation::betwe
The: latter is a measure-of
“motion a’shaft mounted on
i1 at-low temperatures ::This:was measured onan apparatus’ - .:
N station and:-universally introduced by
* the Iuftwaffe. "It is eyident from ‘the figure that the adhesive resistance ' -
.. increases ‘sharply with increase in:viscosity. If it is'desired to obtain-with
. " highly viscous o0ils -the flo\W ‘adhesive resistance which is characteristic of
- low-viscosity “oils,  then '.the"‘visc'csjityrﬂeﬁpéréturé’.b‘ehaviOr’,fchar_'act'ei-.ized.by".{ ‘

.In.Figure.51: (illegible),  is.'shown.the re
_ havior-and-the adhiesive resistance.
e which must:be:employed: in:order. to set:
—bearings.in the oil at:low
"developed at the Oppau technical ‘test::

"“the slope factor ‘m mus‘\\t,fbe ~very greatly improved.:Values 'df_S'.O"_‘éx'i‘djfle_s‘svff iy

- must be Yeached; at present we hgvé'v‘obtained values' of B3eRu
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. . In Figure 52 (illegible) are presented the pertinent adhesive
resistance values for our present low-temperature motor oil. It is evident
that this has the same adhesive rosistance at -35° as the best mineral .
Wehrmacht (ground force) winter oil up to now. We have thus come very close

to the goal which was set. .

These development problems are now mede difficult during the war
because the raw materials which are required steadily become scarcer and
scarcer. Therefore we found it necessary to start synthetic work for-
solving the problems. of raw materials. This was recently accomplished by
resumption - of ‘the work on copolymerization which was ‘begun in the ‘year 1930.
Te.had then been able to show that it is possible to refine a-dewaxed, 7.
deasphalted, and deresined’ petroleum lybricating oil fraction by treating
it with the crude cracked~wax polymer which stilk contains aluminum chloride.
The reactive hydrocarbons present in the mineral oil react with the cracked—
wax polymer in such:-a manner -that they are .alkylated, polymerized, and ’
isomerized; thus a4 copolymer is obtained which is superior to.a simple .
physical mixture of synthetic product and mineral oil raffinate in regard to
engine performance,; as -shown in Table 53. -During the last year we have
extended this process to ethylene polymerization with the same results, and:
now plan to construct a refinery at Moosbiérbaum in which the. processing of

‘natural products will-be combined with -that of ‘synthetic’ products on a plant
scale. .Thus the process: discoveréd in the year 1930 and patented is finally"
patb inté practice.. Forthermore, in constructing this. refinery at Donau'we.

_desire, that not only shall nature and synthesis be ‘combined -in the -field,
but. also that natural. products shall always be utilized more completely. in-—

“regard to fuel production.

.. Tn'the following and final Tigure is briefly summarized the influ-
~ence which “the  Jubricants research ‘of our organic section has thus far .. .
‘achieved on develoment in production. - It is evident from Figure 54 that,

. except for two materials, all the products of our section:could.be usefully ™
“applied in the field of lubricants. Sl RN B o

S .Tﬁef.ﬁtéuntingl_.a.ndde‘c‘efpfiv"e. pranks® "of '_‘c_v:‘l'xémi‘svtli'y‘hé.ve' 'beeﬁ; ‘turned to

" good - advantage in research .work -consc¢iouns. of a'definite goal in the: field of "
Jubricants. - For the future, we- hope “that the research andi development work'
“‘thus far accomplished in the welfare “of our- fatherland can be continued, for .
 the only recompense of the ‘

ork ‘was:to. succeed in solving ‘many war.-problems..
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Figure 2 Polymerization Diagram for
CH5-CH2~CH2-CH2—CH2—,CI{2-CH:-*CH2
Cgijz-CH=Cp.  CHeCH,  CHeCHp
‘ 3s |

CH=CHp.
S
CeHy3 l CoH13 CeHy3

061{15—01{2—01{2-021—01{2—0}1—0112—r':—CHz

“15 6H15



Figire 3
Table.: 4

Table 5.

Table 6

 Missing

Tllegible

~Tllegible

Illegible.
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xgure 22 -
EXPERIMENTS ON THE CHAIN MACH\NE ,
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Table 23 ISnergies of ..dhesion for Various Substances

against Mercur

K. L.

-

at 20°0) according to Meagurements of
VWiolff and Coworkers, Halle T

Substance .

Hydrocarbans

"Hexane
Cyclohexane
Benzene -

Alcohols

L i

‘ Meﬁhanol_,

- Ethanol
n—-Provanol
i=Propanol
- n-Butanol

© i-Butanol -
‘n-Hexanol

n-0Octanol— —-=_.

'fi-Acids'u

» Formic.. -
“Acetic
“Propionic
‘n-Butyric
| n-Valeric_ .~

* n~Hexanoic ‘
s'n=Hepbanoie . o i
R n‘05tanoic.' ME
~n-Hexanoic .~ T !

limethyiacetate

1 Ethyl-

i jn—”rooyl—

| i-Propyl .
“-n-Bubyl

v;sec*Butyl -
‘1fButyl__f L
751<Amyl a

"Zn—Dodecylf%_ilv‘q

~ “Surface

Tension

Interfacial
Tension

-~ Energy of

Acdhesion
(ergs/em.~)

i Esters : el

(dynes /cm. )

19.5
T 24,7
,38;6_

0NN
vmﬂ%hmﬂ

i,‘w

4

R SESE
R

26.5

6.6

27.4

7.4

- R8.1 S

"&”28é5 ,

(dynes /em. ) -

377

877
B84
- .B7R.

67 e

._395-.

oBBBL
;BB5 "

CLBBAT T

335

?}i354_.;.;‘
S BBRY

120
“ 120

119

125 .

o117

L0136
1547




Table 24 Differences in Emer
Surfaces according to Measurements of K. L.

-3 -~

of Adhesion against Aquecus and lMetallic

Wolff, Halle

Substance

Interfacial Tension
(dymes/cm. ) against

‘

Ensrgy of Adhesion H
(ergs/cm.?) against

Water Mercury

- " Hexane

Benzene

ccl,
(GgHSOL

‘Mercaptan .

P—

: 'VOCta_-i'lOlf‘::;. v S

51.25 380

35.05 | 366
43.26
57.41 350

8% . 41

358

. 40.0

558

Watex Mercury
1
.14'5.

e

165 .

4160 .  -

26,12 | 30

16T

8.52

90,‘:8' '
Coem6 L

Cemts

241150 -




Table 25- Rupture Resistanée ‘and

- 33 -

sdhesive Resistance - .

Rupture Resistance and Adhesive Resistance

according to Calculations of Prof.

olff at Halle

 Substance

_ Rupture
Resistance
(kg. /om.?)

Adhesive
Resistance

" (kg./em.?)

= Hexanoic.hcid

Cyclohexans

. Benzene
CCl,
E_*tfhap;plv,

_* Propanol
Hewmol
7f§£¢§§6n;§ Aeid

3

i putyric feid

_ Heptanoic Acid:

4900
- /5600

5600 -

S 45000 .

4700

/12500

- 14300
15000

-12000

112500 .

12800

13400,

117400 -
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_FIGURE 31
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Figﬁre
Figure

R
Figure

Figure

32
33

34

35
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Missing: -
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_ FIGURE 36.
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Table 37  Tllegible
‘Talrale 38 Tllegible
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Table: 40 German Axle 0ils

’ Wint.',er 0il
2/191 X

Winter 011
2/1 %

Winter 0il
Rf/— XXX

Win‘ber 0il
2/194 XX

Winter 011
2/61 XXX

Asphélt
Resins  CHClg

Carbon - Pyridine -

v HZSOLi - Soluble - - :

.6 x 2°%6 3 cce

A'céton% - In_sslubl? ==

R0

CWex

meol

0.08.
8.7

5.4

10.2 .

0.7

"11.8

' >58.6: ,

1.0
11,5

1.8

0.02
15.5

1.6

10.4
RS9

51.4°

. 18.0 -

.05
15,5

1.6

] 137

XN

58.7 ..
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Table 43 ~ Illegible
Table 44  Tllegible
Table 45  -Illegible



B2 KOH/ 9 Milii&)olsi/kg}" g./todine / per 1004.

46 order No. 52925

g_ggre 46 - DETERIORA‘I‘ION ON OXIDATION
_OF 55~ OlL. 906 '

-eil, 0 Te-il todine No.

.
.........

*. ..f... N
1t

PR RN Tt Rkt Gl |"L_~”."*oa IR B AT gl




Millimol Operkg. Ot .

O;a-‘:_lib»ébirpgfvidh ihﬂ‘cc.'p_e}‘,'ao_qv oit

47 Order No, 32936

Flgure 47- DETERIORATION ON OXiDATION OF '

SS- OIL 906.

Test : 209 Oilare |rrudioted with UV, hgm in Oz‘
'Mmosphere with vuolent ogitohon

" Peroxide Formation




48 Order No. 32935

, Figure 48
DETERIORATION ON OXIDATION OF SS-OIL 906

Depéndénce of Viscosity. lncfeq\se on Inhibitor Content.

| Test: 2004. Oil are heated to 150° with Oe | 4070
flowing through for 7 hours.

- '.'35'56'

2670

y lﬂcr’édse; in %

 Centistokes !

== % Inhibiter.
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Figufe'49 -

* Figure 50

I%legible

Tilegible

. Pigire 51° . Illegible

| Figure 52 Tllegible



'Propane then Copolymer:xzed wrth Cracked Wax: “roduct

11

Table 53
|- . . Iength of Run
Nos Type of 0il ‘|- Improvement
- s |over Stanave
1 ‘Inbr:.catmg 0il- Dlst:.llate from. N:.enhagen Oll 23%
rei‘lned w1th A1C1z +.55 1100 1:1- :
2 Conolymer of the ahove Nlenh;. n‘en 0il and Craclced 48% -
Hax Product 1:1 - o
3 ‘\I:Lenhagen = Lubr:.cat:mg 0il Dls'b:.llate Treated w11:h N 25% P B
1 Propane then. Reflned with ‘A1CL, and Mixed w:.th Sl T
. SS 2100 1:1 - 3 SO
4. | Nienhagen - Lubricating 0il Distillate. Treated wrbh 100%
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Figure 54

Product ~ Applicetion in Field
: - ) L. . of Lubrication

. I’Iethanol — — — = » Deconqpos::.t:.on of AlCl.
. - : _ . . Sludgefrom the 58-011°
o ’ ’ Synthesis
Isobutylalcohol—ﬁ Dl:r.sobutylene—-> 1-69 Alcohol— Ester O:Ll )

Highér Isobutylolalthéls'—-?,'Garb.oxylic Acids—'————> Ister Oi}s_

| Prinethylolethans —————— . Ester 0ils

Ethylene — ; — . - S SS-QOO_ L\ﬁpricating Oils ~

Acetic. feid © LTI

R

Phemol v ., Inhibiters rys,u

., Watch Oils

—> Zster Oils

S T P /,Corros:l.on Preventlve
g "Mersol" --'-'-ﬂ'Hesulfan"———-—»l’lethylsulfamd:acetic Acld Ester‘: o
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