L BY CHEMIGAL ADDITIVES
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. Gontinuing the "urkbreported at the sesslon Of the Academy(l)
‘“of—Vth.May 1942—~regard1ng the amorphous structure of metallic

. surface layers in ‘the Slld%ﬂ% process, and’ 1nspired“by ‘the" reports
-0f Beeck, Givens and Smlth on: the vear-almlnjshlng action=of
fphosphorus-contalning addltiveS'to oily furtner“1nvest1gatlons were
‘carried-out on the.-change in- the. slldlng surfaces. by the addition
‘of organic phosphorus compounds to.the oil. Preliminery’ eXperl-:;a
ments showed that the chief. technical 51gniflcance of ‘thege addi-
tives consists, not. in the. aforementicned lessing of wear,: but in.

‘an appreciable 1ncrease in the udmissible surface pressure,. .whieh
_is accompanied- by a drop in the coefflclont of fric¢tion. . .By— . .

. forming & working group, it ‘has been possible to study the - present

- problem““not—only as regards its scientific aspect, but also to:
put the conclusmons drewn to some . or%gylcal use for aero-englne R

in sddition to my Institute,

| 'corrstructlon - This working groua
’comprlses.' ~Dr. Ing. Brockstedt of the State Material Testing -
Institute  Stutigart, Jlkl »Caesi. WL - 3i%3ler, of the Orgallc Chemistry~

* Institute. of the Stubtgart mpcrnmcql Ccollege; Prof. Dr. Ing. Wewerka
and Dipl.Ing.- Dolrﬁopf~ui—5n«_neo s=xeh Institute forJThermo-Dynamics:
_ &f the Technical College, Stuttgart; Dr. Wahl of the. I.G. Farben-
—industrseT-LewxsuuuxrHrlb{dﬂ.lngswAnnors_of Daimlagp-Benz, Stuttgart-‘
Untertirkheim; Dr..Wicdmaler of the Research Institute for.the .
Motor Industry, Stuttgart«—isL—Seemann of Lalmler-Bens Gaggenau
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Method of testlng and results.j~

. .\‘,

Englne “tests occupy much tlme and are COS$l¥1 morooxer, fnr
reasons of fuel economy, they can-only be -conducted for: impolt&nt
~%est experlmentsr~—~Pr°-select10n must be. effected by means of, &
speedy laboratory process.: - The~numbez of o0il, %estlng mecHings
‘is large, and for.certain fields. of application, types. of machine
‘such, as the four-ball appsratus of-Boerlage. (Englneerlng 136, 1933, -

' 46) for gear oils, give very practical results. 'For asse351ng o
the behaviour of" a lubrlcatlng oil in the aero-engine, however,. it
has not 8o’ far been possible to establish a clear relationship .
‘between the results of-& mechanical testing apnaratus and the- effect
on the friction processes Ih the englne bearlngs and the cylluder -
rubblng surface’ i ; : R " '

By a heppy chanco the wear—test1ng maohlne of Slebel-ﬁehl

‘whlch was used in- earller investigations: w1th,amorphous_metalric
layers;-was Tirst of all used exporlmentally for_ testlng various’

oils Wlth additives containing phosphorus. . . Tt was not foreseen,

and .could only be showed "by later. oxperlm*nts with: engines, that -

from. th surface pressures &and ooefflclents of friction measured,
qualitit tive: pronouncements as'to the lubricating behaviour of the
0il in-the engine’could be obtained,. the various. additives being - :
‘strongly differentiated in their improving action on the 1ubrication.‘
. The amount of oil requlred for an experlment is small, about &00 ccm.
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e 0nTa ring;potating;é%?l.QQm/s;fwithyQuterﬂand;ian:idiameteg§“- 
of;28;and*zofmm_réspéctivelylgmade30ffleadepponzev@pfthe'p;sgggﬁg;; ¥
,E07124,ﬁSLidewthfééﬁSéctoneshaped’pieCes;reachwWithﬂa‘support;ng;jz :
jsurface;of.aboutﬁloﬁsqtmm.of.ajpartimadeféf;steel;St5;6Q;i(c£; F1g§4
5 on'p. 4 of part 52 of the Schriften. der .deutschen Akademie der = -
“Luftfahrtforschung).fvzThe»temperaturefofhthe oil used for lubricati

‘is kept constent at 120° by o regulating device.  Before each  "—- .7
‘oxperiment; the contaét;surfacesAaregqarefully‘treated with feldspar
*pbwder,fmaximumvgrain:sizeﬁlO}i.v_’The~loadﬁiS»stepped;up;by‘sgagesv i

[every-half_hcurﬁlzog,lBO;_zso,f5563'450;..,...jkg/sqccm,_andﬁthe;sqyfage
jpressurefandlcoefficient;ofmfriction'are“me&suredf_‘v L T e

.. For a'ring consisting of the,aluﬁinium}alloy;Eculzé,;the,curveigf,
‘in Fig. 1 is.obtained; to the Rotring reference 01l 0.1% phosphenyl ...
“chloride was added. - This reduces the coefficient of friction from 0.07
to 0.01. The wear cannot be measured as long as the coefficient of -
_friction is so low. / With a detsrmined load,: the "maximum-admissible -
surface pressure" (in the present case at 750 kg/sq-cm), the coeffi- .
cient of friction-exhibits a sudden rise,: &ssociated-with noticeable
wear.. - Conditions: are similar with lead bronze { Fig.-2). ~The-surface
pressures tolerated are much greater, and the additive brings about a .
gain in the rabio of 1:6. - The application of;the- index factor to the -
_conditions of technical beariungs is not permissible, since the smallness
_of the carrying surfaces favours the formation of a film of lubrieant. - -
“The differences are to -some~extent "exaggerated" by the Siebel maching. -
" In order t0 &ssess the “lubriceting behaviour of oils testad in.like =
menner on. the Siebel machine, the maximum admissible surface pressure .-
- is.an important -indication of practical utilization in the engine. - -
" From the testing point of view, the alloy EC-124 affords

Lcértéin advanteges over lead bronze. . Owing to the heavy loads suppor- .

ted, ‘the latter requires protracted test periods, and.ig not well..

differentiated as regards it “favourable emergency running properties. i

In"the case-of particularly active additives, thé compressive yield

_point is reached, so ‘that it is not possible.to ascertain the maximum’
Tadmissible surface pressure’characterising the additive. —- On the other
~hand, it should be noted that many -additives respond specifically to
certain bearing materials (cf. Table 2). . 'In all decisive experiments,
‘therefore the &ermination: of lead-bronze wes also carried out.

~ . The running-in test, given in Fig. 3, with 0.1% phosphenyl
chloride additive, gives a preliminary idesz as to thie .activity of the
phosphorus compounds. ~  The surfece pressure -was increased-by-stages
. to 550 kg/sq cm end then dropped to 450 kg/sq cm. —After, with the
mechine running, the oil containing addiftive wes replaced by .0il free
from additive, a surface pressure of 450 kg/sq em, i.e. three times as .
. great as with Rotring oil, was maintained during a running-time of 70
~hours, corresponding to a-distance of 280 km. It was possible to .
incréase the surface pressure .still further; seizing.only occurred at -
850 kg/sq ¢m.. - Accoraingly the sliding surfaces undergo a change ..
‘owing -to the-additive;a change-which remains for a.long time after.
running has been continued inpure-oil. . We shall come. back. to .this
_point tater on. Lohee BRI AR A "

-~ = In Table.l & fGfoigures¢are¥collated from the large number-of
experiments with various preparations with Rotring 0il.-(also. with very
thin oils, -e.g. fo:;hydﬁaulic_gears,)the'additiyes:were'acting;‘TQThe;__
‘concentrations are between-0.05 and 1.55, aécording to the.ectivity of
'the-additivet"«Inimost.anes;there'isfanjoptimum,at‘aidefinite concen-
tratio m, and aeh-example ‘of -this is phosphenylous acid. - The maximum .
surface pressure. was attained with the preparationm M. 100 (diparachloro-

- -
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. " Dhe coefficients of Triction are generally ebout 0.01% and show.
thatfmiiédkfriction‘ié'preSenﬁfwi%h~conajderable“aPBIOleatlon.to;~”»
;complete“lubriCaﬁibu;.w,It;is_Wp:thyaOf,note=tha@;ﬁhgﬂ;est.gpparatusp
ﬁofjHeidébroek,and,KIugéidwh01worKeduin;the‘domain#Qfdpure.b0?n§arYx
'1ubrication;]affordedino[clea;;distinction*between“pll.Qontalplng;J,ﬁ
“additive and cil without additive;———Havingﬁregqrd@ug;ﬁ@@;ﬁyg}ne 3QP
‘expefimentSFtOKBé{discussed-1ater;on,'there,gppearse§05?e.somert_,v»
Justification for stating that: the behaviour of ar 01; gg‘tpe;statg;
~of;boundaryﬂ1ubri¢ationgqbvipusly“does,not~pos§¢ss:thggslgnlf}cance
‘hitherto attributed to it for assessing the preservation in the . -
engine. ' o Sl e C ST

e e
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. .In Fig. 4, .the results of the Siabel machine for the I.G.. -

- preparation 891, which contains phosphorus and'waswverymmgch.uged~_g

~in enging tests, are compared ‘with a Rotring oil, sulphurised in . .
~geeordance-with the’' Junkers process.. LAt low pressures, the coeffi- -
cient of friction of the sulphurised oil is greater then that of -

‘pure oil, but the surface pressure toleratedas far as the steep .rise -~

in the coefficient of friction, and the appreciable increese in wear, .
s, however,1essentiallylhighery.v.Increaéiﬁgvyhe‘sulphur‘oogcentration.
up to about 10 times the amount only mekes things worse. - With 891,
- the coefficients of friction are far lower; the maxinum-admi-ssible -
- surface pressure, even at 0 .4 , is greater then with sulphurised
. oil, and attains &t the normal concentrations of.0.6 to 0.8% some
1000 kg/sa em. Judging by the course of the curves; the actions = -
‘of the admixture of elementary- sulpbur and of .organic compoundg
containing phosphorus aré-scmewhat different. - e

Direct inferences .as to the action of the p hosphorus-con-

- taining additives .on the bearing ocapacity ofbearings are afforded by
experiments on a large bearing té&sting macéhine, Wewerka type, with
‘an 0il circulation of 30 litres. A nitrided steel shaft, 45 mm in -
diameter, runs-—at a sliding speed of 7 m/s in bearings 20 mm wide,
with 0.0 9 mm play. The gain in carrying capacity by the oil. .
additive is occasionally quite considerable, e.g. with lead bronze,

50 to 218% (Table 2). ' The influence of the bearing materiel is ..
‘unmistakable; the preparations 891 and M.l behave in the reverse .
" menner. as-regards their activity, dccording to whether lead bronze or
~silver are used for purposes of comparison.  The slight improvements
in piston alloy EC 124 are .probebly to be attributed to the fact that:
- the-hard silicen rich structural components,: remain when the. surface
"is worn and may penetrate.the film of lubricant. ' For bearins with
~& high ‘tin content; phosphorus-containing additives aremot usable:

owing to decomposition; for lead-antimony interchangable bearings— -
with about 10% tinm, Fhey»ﬂay,;howaver,‘be'used,Without hesitation. -

++ - In order to test the after-effect observed.on the Siebel .
machine, the steel shaft and lead-bronze bearingswere first of all .
caused to run in oil with 0.6% 891 forHtwO hours-at’lzoakg/sq‘pm;:;]
Then, after the oil had been changed for oil free of'ﬁdditive? the™
“load was stepped up 40 kg/sq cm every 20 minutes, until 'seizing-
occurred at 680 kg/sq em; this limiting load is 2% times greater
-than when-running in pure oil. ~ Improvements im the carrying = ..
capacity was also observed if the shaft only or the. bearing only had =~
run-in oil containing additive. In practical engine operation it
is thus sufficient to use the additive for the running-in period- .
“only, if by edequate oil filtering care is taken that the running
_film formed is not later destroyed by extraneous substances.:
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Diameter of shaft 45 0 mm, perl heral speed oi the Journals 7 m/s,
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P 01nus of v1ew for chemlcal development

R Organlc chemlcal materlals whlch ‘are to be usea as audrtives"fo -
'lubricatlng oils for aero- englnes must. satisly a number of- conditions,
—whi¢h dre @ifficult to comply with in their entirety. - To the fore- - -

_front of these is a high temperature stability, as much’ as possible.
“over 300°C,. and resistance to decompositionmn in the presence-of ‘water
" yapour. - Great activity is usually associated with ease of decom-
‘position and low temperature. ‘stability (ef. Table 1). On this ascount.
“the hlghly actlve phosphenyl+chloride,-for-example, is unsuitable for
use in engines.  ‘Furthermore, the preparations must not react P
" chemically with- lead- tetraethyl and accelerate the, agelng and resin~.¥
ification of: the o0il, because otherwise the piston rings-will. stick...
‘This difficulty has caused the failure of a number of” additives suggest-
ed in technical literature, e.g. tricresyl phosphate + oleic acid.-
On top, « of—thls_eomesathe~pract1calnreouirement of good . oil.solubility,v
-so- that the addition mey be made if possible without warming the oil.
The most favoursble substances in this respect: are: those in-liquid
form, such as- dlcresyl ostér. of.phenylphosphlnlc ‘aeidy o Solid .
prreparations may be used with the-help of solvents, e.g lauryl aloohol'
~for diphenyl. phosphate.. The I.G. preparation 891, which is widely user
for engine tests, requires the 611 to be heated to- ’160°¢. By the -
. addition of a solution acid, preparatlon 1586/80, the result is
_achieved that the preparation can be supplied in the liquid form in
. a mixture of.benzene and ethyl alcohol (Des1gnatlon 1586/80"'BS) . '
__This solutlon 1s tolbe mlxed cold w1th 50 tmmes the cuantity of Rotring‘:
Ol . S i P L

U .

A
Altogether about 50 organlc substances mostlm»containlng :
phosphorus ‘were made;. of these 18. phenyl derivatives were prepared _
Wfor Qg; flrst time" by»Dlpl Chem. -G. M#ller. . In this- connection,rthe o
following points of view have been formulated: ‘In addition:te .
phosphorus, the- molecules must .contain a further ‘aetive 'gTOUD,, . e 8.
Cl or’0H, also an arylior alkyl group. ' The phosphoric aecid" itselt: is
.not active. . In phosphenyl ‘chloride the benzene nucleus has attached



‘tojit*én*atom;0£gph“éphorus~to;WhichitwO{chlo;iné~atom$ﬁarexlinked;;
fIn*n“V1ph6Sphenylousdacid;vthe;phbsphdrus;atmeisTassociatediwithi;g
_two”0 H' groups and an oXygen atom. ' In diphenyl ester of phenyl- -
sphosphinicwacid,_the,OHQgrqupéis3atherified»,withﬂphenolu(iFig;_5)4~
rBy,the“intrdductiOniof,nalOgen[intO*thc{nucleusgof;aryl.esterS’of‘»Iz
Athé*ﬁﬁﬁéphoric)acid,'its‘activityﬁis,appreciab}ymennanced;Ie;g;[_j‘f
"diparachlorophenylphbsphatel'_:ThefintroduCtiOn”of“alkylhresidues[ o
iyinto“thewnucleuseimproves;sqluhility;in:oilg © The acidity. of the - ...
ApreparatiOns‘doeSjnbtgglay;a;decisive;part,asugggards:their activity.
“For lerge-scale work,; regard must Dbe paid to the basis of raw material.
>Inithis,reS§eét;*’t?‘s[reGOEmeﬂded;in‘p;acticalrQQSGSQto,prqvide -
“geveral preparations with the most varied possible basis of raw - =

By o - LA St . - -

: ;m“<Special“carerhasqbeen‘bestcwed;uponzthefrgactidnuofathe_additiVe“_
-on -the oil;f;_The Techniéal'Experimenta;‘Stationzof_Oppau of the I.G. "
_Farbenindustrie‘carried:outgring-seizing'egpg;iments which  showed, ‘
- for the fluid I.G. preparation 1586/80 BS with 2 concentration, -

-- no shortening at all of the._running time _compared with Rotring oil

“without additive (the low wear on the piston rings was quité remarks-

“-able), while for 1;2%’of'the"preparabigg;Ml,ﬂthe'running:time;amounted

, tojonly'ao%;ofjthe‘figure‘foffpure~dil,'f It is worthy of note that .
“the laboratorysekperimEHts*with-the-various_test methods for the . - -

. affect of ageing of both preparations have just the opposite effect;
,theiadditivevM‘l«behavesﬁbetterithan31586/80-BS?ff”TETSbesépvationﬁ;i‘
forms;g‘newichayper_in;tﬁe.poneagréement'betWeén_1abqratory'dnd e

“engine ring stickihg wests.” ot o T C L

ﬁEXpériments.dnfgpe;agt;on*of.oil’additives. g

. The.iﬁCféaSév,scertainedvinﬂth%}1553f6€§56it&fwhén”using,ofl*-
‘with additives containing phosphorus$ may be -based Tundamentally-on—
~two different causes;’on,an,increaSefin*the pressure stability of -
‘the 0il film by improving the adsorption, or else on the Yevelling -
- off of the points of the sliding surfaces by mechenical and chemical
processes.. - The second viewpoint is adopted by Beeck, Givens and .
Smithi the unevennesses are first removed at the points of greatest -

f maximum heating and speed of redction; the’

~ load and therefore of t1
“detion consists Qf,"chemicaljpolishing",

. Experiments ;directed towards a direct determination of the ,

- adhesive ability of the.oil film with the aid of a rotating metal

'disc end weighing of the o0il coating did not 'lead to ‘satisfactory
results. - On the other hand, a chemical process (after Kadmer,
Schmierstoffe 1940, p. 286) for ascertaining ‘the wetting capacity -

—furnished clear &istinctions. . Iron powder.is mixed with oll and -
‘benzene the amount of ‘iron dissolved by & given dction with ‘sulphuric:-
acid enables the wetting capacity (2) to be measured. . For. Rotring- -
alone, z=2,vforwl%,M;Iﬁz=26 and for 1% 891, 2z=29.  According to. ...~

this, the wetting capacity is conslderably enhanced by the additives+

o “ODServaﬁiéns”on thé}siebel and'Wéwerka maéhiﬁés fegarafng_thé-. o
“stability of the changes brought gbout by the additive in the sliding
‘surfaces, when further running takes place in 0il without additive,’

favour the view that the unevenesses in the.surfaces are smoothed e
out. . This can readily be proved by optical methods. - . On-the Siebel

apparatus there were running three rings of EC 124 and three opposite
numbers of steel St 6Q, totel distance 8 km &t 120 kg/sq cm, the first
‘pair in Rotring .oil free from additives, the second-in Rotring oil:
with 1% of the I.G. preperation 891 and the-third in a Rotring oil B
sulphurised in accordance -with the.Jumkers process. (sulphur content -
about 0.008%).  The photographs 'of sections made by the Schmaltz .
method will be found in Fig. 6 for the rings eand Fig. 7 for the steel’
parts. The differences in action are surprisingly large. - The ‘
surfaces operated with-sulphuriged oil are less rough than the
corresponding ~surfaces where pure pil-was used. Smoothing by “the
additive 891 is extraordinarily intense, . With oil free from additive,

rus



ﬂ:theJUnevenheséesvin‘light“metal_and,stealfamﬁunt;to*léfa,;withf*g
-;Sulphurised;oil»lgALin411ghtﬁﬁ§fal,and'qﬂgin;stael,ggnq~w1bh;391;
jonly{zjfforsbothxmetals;qgglnﬁthe'treqteduinitialﬁstate;~theggf___
"~ yalues were about 4 and . 6u. - Thése findings are in'perfect agree-.
,;ment“With{previous;meaéu¥¢ments.bf{thegCoefficientgofffrictioq;ag;

Q[ggggln;orderftdyfollowjgpticallyche runningsinfprcessjqf~jj :
’béarings,'the;intérferénbe;methOdihasaproyed.ofgbét;e:;servicefg;
‘then microscopic orfelectr0nimiCroscopic‘photograghs;;whichjdof;'
'nottindiééteASO~cléarly’anyhdiffgrencesﬁthat~may&bg:grggenp;gfjiiv
Two‘photographs;WithftheiZeiss»interferometerbof’the;surfacejqf*i;‘
‘a hardenea steel shaft in the treated condition and after running-
in pure Rotring oil (surface pressure increased~evary twenty. -
‘minutes. by 40 kg/sqlcm;~up:tbﬁlzoﬁkg/sa;cm) are shown in Fig. 8.

'Atfthe~bearing,points~of‘the—shaft,uthe_fntgrferenCefcupVés;begin'

“to flatten.. -Photographs of two shafts loadedﬂupthTBOO‘kg/sqj;u
_gm;uwhoSefinterfercngbﬁ&§peqtSTweréjtheﬁsam@fin*the“lappedjstape,
“are com 'Ted;ibkF%gT:va¥:$h§*ih%ekié;éﬁéé‘éurvesg%f.thewspafﬁ};T
toperated with 0.€% 891 are very much flatter. Thed/rumning-in- .
"prbcesS}ié?thusyaccelerdféa;by;the*additive,,andfevepjigggoved;g
" probably owing to the fact that-ths “surface points, which are
the points of maximum press&Te @id temperature, are revelled-by-
““chemlcal reaction with the phosphorus. ~This~Is also borne ‘out -
by the oficurrence of a strongly adhesive, insoluble, brownish .

surface coating on the bearing run with the gdditive. - This

“coating mekes.the interférometric investigation of the sliding .
‘surfaces of the Dearing impossible. . PR S D S
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Additives for gear 0ils.-. . o+ - L e

. e sy Ll

o ' , rials has made
,it necessary to abandon-the use of fats for gear oils, investi-
__gations were™ capr:e&fou%éio;s$a&yfthefefﬁectvofcadd.itir§S-con-,m
vtaxnlngfphcsphorus under the conmditions occurring in” the gears. :
According to the previous experience, the behdviour in Boerlage's .
four-ball apparatus could be:taken without hesitation as a stendard-
- for vesting. = The Load:;s'measured,at'which:the'steel ballsfére?‘?f
welded together.: A few results from a large series of experiments
are given in Teble 3. ~Army engine oil (Summer grade) with the
‘various additives does not attsin, with normal, hardened steel .
balls, the figures obtained with geer oil. On the other hand,.
gear oil'is surpassed if, in accordasnce with Bokemliller's suggestion,
bonderised balls are used. ’ In this case, the compressive strength
’1siapprox1matelymas_greatua3u$hat of the best hypoid oil with - = -
normal balls. TS T

" Since the Sitdatioﬁ'withiregérdv%o‘faijaﬁé

cTableqs,"Welding-poiﬁt-load‘of various oils on the four-ball -
;“agparatus.“(W. Seemangl, T T ke

_AEOS = Army Engine 0il Summer Grade RN - T
Type-ofoil ~ Typé end congentration of - -+ Steel balls.
R e ~additive % .. . . - Normal = Bonded
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) VNA5particu1ar1y;activekgdditive;fgpgstrggs»iqzyheiggarsg
is M. 4014~even700nqentrationstffO,OU%;sufllce:t93ngaln-a.
iweldingprihtEOfgaoo’kgrwithvbonQed;balLs,igjumeggs;rgbng
propertyFoffﬁhé“present uncompoundedffatless.geargolls_ls;a_;

%hefdropwin«theirfpreSSuréfres2stange}atihighPtampp aﬁurgs; ,
“When heated for one. hour to 20 Q0 with+a constanb stragm of

:air,m$he;compressive,Strength,drops»tOiabout;§[§,qf‘tn§1§maunt,
*While'iﬁ?éﬁéineﬂcil,wfthfﬁne:pposphe;ugL;Qntaln;gggg§§£l£y¢§: «;
given in Table 3,.it;is;mainta1nedg';~ﬁh §_superiority is.-"' -
“particui&rly%WéIl;marked'in~peasurement55owaear;wlyh;Egothgd,g
‘gear, which were extended'at.lﬁoQG;up~tog112 nours.  (Glaubitz, .

}MPA';'Stuttgart);f,rWith:6ngine;oiIS»containing_O;ﬁ“

,M.?ﬁoo;jthe‘wear'remainsfwiygig,quéraﬁgilipits, by th-gear
0il- it  exhibits a rapid-rise; evenjafter‘aboupfsq-hour ’ S
. For uSé‘inﬁiéar1axlésgéars,5thé;importént,q;v £ B

wheﬁﬁér'thexaaditives‘attack'théiﬁsua}4§e¢k§ng~maﬁ HI
- According to]original'axperimenbs oy-Messrs.aCarl~Fregdenbarg;w

_at"Weinheim, théindrmalrpaﬁkingfmatarial’ﬁ@y;be uséﬁ:Wi?th@@%i
M. 100 -or-M. 401, = Higher congentrations _call-fc_jr;;fS};p:;'_l:b-p_ack-_
ing. TheTe aggzﬁhqggforggpa_ﬁifficulpiéSJin thlﬁ‘fe?P?Ctvﬁr

[ 1
\?:.. o T " . .

o L . T
‘ R Nt '

Exaeriments=With;automo ile ‘emgines. = ‘-J‘;g.w '

. In.order to obtain information{asntogthé'Stabilitylpf'thei»
:gil-con;ainingiadditive in en gine oPerationgggriaL~trips'were_

carried out with-& 21 BMW-car of the Institute. . After certain :
jdi§f5n0337?Samplesfof*oiigwere:xaken«andstested on ‘Fheé -Sigbel~
;machine,;;“ThQSGillsupply'in';he“q;ankrcase,was not topped upi. ¢

‘.Tﬁéi‘@"rpjgai‘gt_;ions#beha*ve"cf in very different Wways,- By .way of -
~comperison, & few figures are given for distances of €00 kilo= . K
meters; the original detivity had-dropped—to 407 with-phosphenyl-
.ous acidg, 60% with diphenyl phosphate, o

. s7es%h _with prepagatdon
‘M.1 end 80%'With'prepa:ation‘M;"507:*39EVénﬁafthpaJdistance o
ofulsooﬁkilometres,kslight activity was noticed. Lo

- Quelitative observations with fuel comsumption and engine -
pertormance Ted to,the”question'as,to-what extent a peduction
“in the internal frictional-resistances of“phe,engineghag.aslu_ ;
.practical effect.” Such a roduction may cerbednly be -expecbed -
"to ‘teke place owing to the action of the¥gﬁditives,uiﬁ.aéﬁbrdance-A
_witguthewresults of the Siebel engine. Forﬂsuch_experimenté,‘gf»‘
englnes thah hgyggnpt;yetfbéen"run—in“arehparticularlyv%uitablei*
A'new engins, eX;Wprks5‘Was'built'intouampaSSenger*cEr,of«FKFSS”
With tﬁe%throﬁtle*valve,keptjin the seme position, a-distance. .
-of _ahout 5_km%in/bothwdirections'was;traverSed on the arterial:.;
road, end the meen speed was measured @s a distances time ratio;
thg'fuelﬁcoﬁSUmption;wag;also]measured["ﬁBy everaging. thé’
Tigures for the outward-end return journeys, interference by -
wind could be eliminated to a large extent. - First of all the
rgnvwaglcarrfedféﬁtxwith Essolube 40, ‘then warmed Issolube 40 -
- with 0.6% 891'was"substituted;f. The accuracy-attainedwwill_be
~.seen from the curves, in Figure 10 . Apart from the first - R
=‘outward andfrgturn,journey,;the,speéd.isfhighermand the specific
fuel consumption (. consumption per unit of distance, divided-by -
speed.-_.ansumption~riSeslwithépead) is lower than- with oil’ free
‘fqu’a@a;tlve;. ;The;excéptipnalﬁcasemprOyided by- the first trip
wztyvoll,contalningfaQQiinQ;sths that a certain time—is recuired”
‘until the effect. reaches its full extent., - SRR

R A

- hltogether three series of-meaSurements,%erefcﬁ??féd out. it
with phe;passenger-Car. At the first filling with oil containing
addlplve;aftgr_a-distance;bfgﬁeoAkm‘since leaving the works, an
aﬁ_rlse_ln §peed and & l4%,drop~in”the-specific fuel consumption
were established. Between 600 and 1800 kilometres, thezcar-was’
.rTun on pure. Essolube 40..  Unused Essolube 40. with 0.8% 891 was
then inserted end en improvement of 4%finvb6th%speed»and;specific'*
. fuel consumption was gttained (Fig.-18). ~ With renewed use of the



' of the addltive
addltlve after a dlstance~of,l5aoo km, the actlon w
could not. well ‘be detected.; EXpP”lmean w1th a2l BMW car
‘which had done 70,000 xu conflrmed the flndlng that practlcally
‘with a ‘vehicle englne that has been well rum in, the additive::
in the oil does not: furnish. any- dppve01able galn in: performance.'f
On thogother ‘hand, an - improvement was noticed in: accelerating o
from low speeds wxfh normal gear. . This égrees with the: obser-«
-vahlon macde in conneection With~ trlal trips, that with:a. thlnner
0il = Essolube .20 ihstegd of 40, with a ‘viscosity ratio of - iTTT
1. 2 ‘=, the improvement: emounts to 5% in accelerating frOm a S
v speed ot 20 km/h over a measured course of 100 m, w1th 2/ g”adlent.

The ada1t1Ves make it pos51b1e to use thlnner 011s, wathout S
fear of Seizing. Besides starting more easily &t ldw temper-
“atures, these possesswthe advantage that the lubrin ant reaches -
the. varlous lubrlcatlng p01nts more ‘easily; furthermore;the -
temperatures of” the_bearlngs, iwhich beheve proporuLPﬁately £0- ‘
the viscosity, rémain lower, - .For ‘these reasons, LJTP~011F are s

recommended abroad for“automoblle englnes (C.G.- WL lieams, Hesearch
- Inst. of Brltlsh Autom Eng. 1941) S R T T
: et . = S :
Teste 1n the aero ennlne.fj‘ ‘; T u“*tfhnih.; :

- *‘One of the main p01nte of 1nterest 18 whether, atathe hlgh
cyllnder temperaturGS3 the stabllﬁty of" the gdditives ‘will be
adequate. Durimg: g 10~ hour run of a single-cylinhder rlng of ¢
‘engine type DB 605, 011 semples were constantly taken.. The -
result of the test on the blbb°l apparatus is shown-in Flg wo-
11 for the preparation. 821, - -There first of &zll occurs_an: L
appre01able consumptlon of the aacltlve, uhtil, in-the course Sy
_0f normdl toppings up, & constent figure prevails, which corres~
‘ponds on the Siebel apparatus to a surface pressure of 500 kg/
-8g-cm.. * The second danger point is.the Tormation of residue and
the selzlng of the. piston rings. On this account diphenyl..
~.phosphate must be GlSCardeQ (Accordlng to & verbal statement
by -Dr. Zorn {I.G. Farbenlndustrne Leunawerk ), the U.S. Air Force
‘ apparently used dlphenyl phosphatelln 1958 but abandoned 1t .
after ~sone tlme) ST

......

From the 1arge volume of tests of" the Da 1mler—Benz A. G
partlcularly ‘worthy of ‘mention”is a 100 hours' run of-a new =
~“engine DB 60 5 with &6 admixture of 1586/80- { llquld prepardtlon)
~After-30-hours the concentration had been ‘halved.. . The main -
‘bearings exhibited a good - ‘bearing surface, which. was slightly -
matt, but under the mlcroscope very fine and even. ro 5hnesses‘
could be detected. The bearlng surfaces were pink in colour,.
and this gradually turned dark brown in the.air. . The non-— . -
bearing parts were derk brown to black: The coating could not-
be removed by wiping. Flndlngs in the dark co1oured blg end
bearlngs were 11kew1se good o : ‘ o

On the gudgear plnS the runnlng_ln colours otherw1se observed

were lacking. - The piston rings exhibited & goog bearing
appearance. - There were .uo corrosaon phenomena in eny part of
“the englne. ~The  sludge forma tion was normal. Stlcklng was

observed in -some of the piston rings, but this did not give rise
to any trouble in, running. By the"use of the preparation in - -
the normsl concentrdtlon ‘ﬁny undesirable” secondary phenomena .
are accoralnly prccluded durlng runnlnv 1n L Ly S

“i Flg. 12 shows-the results o) i serles experlments w1th 126
aerowengines-DB‘GUS“”of which half were run in with pureA: ~~~~~~~~~~~~~~~~~~~~~~~~~~
‘Rotring oil and helf with-the edditive 891 or 1586/80 BS. - ~Tho—
findings in thé“bearlngs were assessed by a p01nt system, the )
best surface appearance belng indicated by II



foed 10 :,

Baarlngs w1th 6 901nts' ra vass a by tho In°\°ctlon. ThP-imp£0V€~v
-ment -in the running-in process by-the. aagltlv “is unmlstakable._, o
-The quimum oceurr:nce is- alsolaq%u in ths dirzction-of the hlgh
~oint figurps,' and “ths num*rouo vaurings- on thﬁ,bwrder11n¢ of-’ b
accestance ars-dliminatsd. . Furthsrmors, - in: overatlng with 011 con-
‘taining. add1t1Vc, -thare: was ‘not-a smngla boaring. r>Jnct~d owing 0
‘geizing, while in the com;arat1Vb sefies with mure oil, ‘14 baarlngs
hed to ba rOJecteu for this reason. In assessing thz nractical-
signiflcance, cars must be taken that this flgura is: s,read over .
~approximetely the sﬁmo numbar of ~ng1n s as gﬂnﬁrally only one. i
bearlng uﬁr englne 1% ragﬁct Gl R .

AT largp 857188 3f 462 ac ro-ﬁng1n=s DB 605/D run in mith the .
additive 1538/30, givas quite a clser hicture: the numbar of.
reanctad bsarings has dscre se.sad to one: fifth of the normal amount,

in bsarings affacted by "carbon" rtlcles th: grgoy;ng,l conqianrs
ably lﬁss than 1n 011 vdthout audltlv ' ERENE Avj R

e To summarlsa, it may bn salo that 1t 1s )03310Ld to ma&e :
Achemlcal adaltlvas for luorlcdtlng oil, which &atfford cvns1d°rable
improvement in the running-in’ NTCCRiES” for aoro—nnglnas,-w1thout =
the ocecurrance. of undisirable g2 conqdrv,yhﬂnomanp . Whether those.
_contalnlng phosgphorus &rs Punuumﬂnt“lly sunarior Aol thoso’containing
sulphur and chlorine, must remain « %uO]mct for further research.
In ths. rnresent ﬂaterlal cesitustion, it is imoortant. fer .ractical
"use in agro-sagines, that ;pvr»tloq ghou]a e augubtna it N sovural
rovar?tlone with thp moqt varlﬁu Tew “atarLals 81016.- o

Inst*tut fur Netall;hy T FI
Stuttgart, 20.1.45
am KWI fur V>tallforschung R
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1 =" Surface pressure and coe ficients of friction for $the- light metal»
EC 124 w1th the addltlon of pnosphenyl chlorlde (Brockstedt)

2lﬁf “;face pressure and coe*Ilﬂlents oP r1c*101 for 1‘eaa--bronze“; e
PRt t uhe eidltlon of p"oszmeny~ chlurLde (BrochtedtL

tes *“ﬁn tae_51ebel~KehIPmauh1ne thh_t 'ddluion cf
"cnloride (Evocgstedt) L - :
”?fif+'buLfeue prescu*e ‘afid COfolClenoS of 1vlct¢on £or salphurise& oil-

g aud, fox the addltlve ¢,u.‘8°l w1tn Ti ngs of Eu ]24 (Brocﬁstedt)

N “;,

st‘uouaultu+ionelf;ormulae of certn*n o¢ ihives \G“MﬁlLen

éf—fPhocogvaphs of sections of light metel surféces;(ﬁc 194; _
i g} Sulphurised Botrlng oil according o Junker!'s 3roce°e -
" b) Rotring oil with 0.6% I.G. 891 preparation.‘ SR :

"7e_'_[’  e} Rotring oil w1tnout admiyture.,l;,x.

Fig.

‘Fig.

Fig:

Fig, 8 :»."in

7;-1Photographs of*sectlons of steel surfaces St. 60' - Lo
SR elnoulnhu*ised Rotr1ng 0il according to Junker s Drocecsm:*
b} Rotring oil with 0.€% I.G. 891 prepara‘bion.‘ e
c) Qourlng oil without admlxture. S PR
e B : s
fer’n"e photogrcuhs 0* a ha*aened ﬂteel snaft.;‘

a) inu the. Japoed’ state.»,i‘. R L

b} afser ruaning-in w1t4 nOb;lﬂ” oil Wi*hout admlxture |t

y_;lz kg/sq cm. SR : ; o

'TQ‘f Ihyetm_r ce pnotogragh of ww 1n' ha:deseassieel~she£fs
ST e soxefegem) oo T

g) th-iugIOIl wi houb addlulve . R MY
) Rotv;ng Qll w;th O 6% I G. 88l preparatlon. L Ce T
E“’ecr of 011 auaitlve I. G. 891 on performance of a passenge“ carﬁy

and fuel consumptlon. (Test runs: tonether Wluh Wledmaler) L

»}l - LeSulng the stablllty of the oil Ponxalnlng addltlve (0 67 I. G. 891)

in aero—eng¢ne operatlon (Brocksteut) .*i;

'12 - QLatistical comparlson of~aﬁ%i6ﬁ—bn—bearings‘i*‘ﬁe;o—engines

. DB €05 after running-in with Rotrlng 0il with and without
addltlve (Anders and Halvor).





