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_"-mm PREPARATION OF PHOSPHORUS compomms ______
 ANDT ma""m‘“—é“‘i""“‘"'"“”a USE IN LUBRICANTS. - o~

- This paner-deals with the synthesis of organio urepara-
tions conteining phosphorus, their testing as regards sult-
2bility as additives tO\}ubricants in oil testlng ‘apparatus’
and their testing in practical engine tests. The preparation -
and ‘selection of the products was ecarried out in the Organic’
“Chemistry Institute of the Technicel College of Stuttgart,
under the direction of Prof., Dr. B. Ott. ~ Iam most indebted‘,

%o him for the furtherance he has given to my work and for ‘
his constant support ”,‘ T T e

o Inspiration~fer~this paper was’ furnlshed by- Prof, Glocker
‘of the Inst. fuer detallphysik at the K.W.I. fuer Retall-

© forschung, Stuttgart. He elso directed the tests-and trials.
Thanks to the fact that he merged chemistry, physics and -
machinery construction at the Technical ‘College, the chemical
and engine building industries; and the relevant departments - - -
of the Army into one-working group, it was possible to ‘continue
the paper. = + 'thenk him for suggestions and advice which he
..always reedily placed at my disposal. I must alsoc thenk Dr.
" Brockstedt, who showed great interest in the chemical side of
the matter, snd was ever most helpful to me both in conver-
sations and by his own experiments. He also placed & large -
number of dlagrams at my disposal.' The requisite meterial
wag made available within the framework of instructlons from
the Researoh Directorate of the RdL _&nd Ode S

~ In collaboratlon with the Instltut fuer Hetallphvsik—at
the XKWI fuer Metallforschung, Stuttgart (Prof. Glocker) Co
the State Material Testing Institute of. the Technical college
Stuttgart (Dr. Brockstedt)2, the Research-Institute for Heating _
- Power machines of the Technical College,. Stuttgarts(Profa,-u
Wewerke, Dipl. Ing. Dollhopf, Dipl. Ing. Hagmayer)”, end the -
Da1meer~benz A.G., Stuttgart-Untertuerkheim (Dipl Izg. Anders
extensive trials were carried out. I have included part of
the results in the paper for the sake of better comprehension

The following also took nart in the investigations,tj
Prof. W. Kamm, Research Institute for Automobiles of the
‘Cochnical college Stuttgert:Tests with 31ngle cylinder
engines. - Mr. Oberlngb Glaubitz, State Material Testing - ,
Institute of the Technlcel Colleve -Stuttgart’ Tests wzth the
four-ball apparatus. Dr- Wldmeler Research Institute for
Automobiles of the Technical College Stuttgart: Lubricent
tests.  I. G. Farbenindustrie A. G.: Lubricent tests, Testing
~Station Oppaut Dr ‘Penzig, work on allied preparations
{Parbwerke IIT Leverjusen, Dr. Wahi}. During work in the
-laboratory,. expecielly in making the preparatlons some of whie
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were reuuired in large quantltles Hrs.-G. Loeckle and Miss R. .
Strobel have lent me active sunoort and I should also like to,»
thanﬁ them hereks.ﬂ,', _ , o L .

l)—R Glocker~vlmnrovemenb-to propertles of bear1ngs by -
“additives to lubricents. Reports of the Lilienthalgesell—,
‘'schaft fuer Luftfdhr*forschung, 170/54 : PR

-2} K. Wellinger end-h.C. Brockstedt, ‘Stability of the action
" - of chemieal edditives in aero-engine trial runs, single -
.cyllnder end’ fnllhscale engvnes. Test Report of 5.1.44.

- 3) A. Vewerka, Fundamentuls and Results of slide bearing tests. .
: Reports o he Lilienthalgesellschaft fusr Luftfahrtforschung‘

170 /38. .
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1. Intrcduction

, - On the basis of a series of experiments (149) kublished by,
English authors, and with reference to investigations which Dr.
. H.C. Brockstedt carried out at the State HMaterial Testing '
Institute-of “the Technical College, Stuttgert w1th_preparations
made by ourselvass, it was first izagined that the addition of _
triphenyl phosnhlne vould impart particularly valuable properties
to mineral oils. It was sald to decrease considerably the
coefficient of friction and at the same time t0 add to the com-
-pressive resistance of the 0il film. Sy dipldma thesis then
afforded proof that these properties are mot to be attributed to
the-admixture of triphenyl phosphine itself, but to the presence -
of mixtures, mainly of monophenyl phosph1ne, - Since monophenyl
- phosphire is easily oxidised in the eir; it cennot be used for
‘technical purposes. ~“Phosphenyl chloride, which is similarly
built up,' and has been found very active even in~ quite small
concentrations, is likewise unsuitable owing t0 other character-
~ istics, such as. low boiling plint, readiness to be denomposed by-
- water, and the separation of HC1. - S

The- obgect of the present pager was to assess the knowledge"
thus gained and evolve- ureparations which through their other
behaviour were suited for imprOV1ng lubrlcants with a mineral cil
_‘basis. - .

, W1th this in view further and more detailed research was
conducted with phosphenyllc acid, which had al1so been produced -
Cduring-my diplomea vpaper, im Sthe of its poor solubility. As
& direet derivative of phosphenyl chloride,. it also gave promise
“of possessing .the ability to comblne'improvements to the : o
‘coefficient of friction and of the compressive resistance. . Tts
actlvity also corresponded to uhe eonflguratlon end a few other
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properties were 1likewise feibﬂrable,_but the\d9c5mpdsifioﬁ=

into monophenyl phosphine, venzene and metaphosnhoric acid

when strongly heated, 1
where 1t was mainly reouired..

-~ A number of properties are givéngﬁéiOWLwhiéﬁ;Shoﬁiarﬁ93°

’pbsse§§qd by an additive for oils of highly str
engines {aero engines) in addition to its aetiy
1. High temperature stability, if possivle

prevented its use-in the I.C. engine,

essed 1.C."
ity proper:

over W0%.

2/ Solubility in oil, maxing it possible to add suitable

amounts to oil, if possible without heating. ‘The- _
additive must not be precipitated at winter tempera- -

:._tures;”"An improvement in solubility by suitable . -

solvents is of course possible.

3. Corrosionwof-fhelm5£érials to be'lubric
__kept within very narrow limits. i

4, InéenSitivéness to watér ahd-petr6l?con

ated must be

téining,léad.jll

- ég.Ho"ﬂeggtive chéngé in the physieal prﬁbeftieé;offthe'
- oil (viscosity, pour point, flesh point, foaming ete) .

‘--end in the chemical lubricant tests (co

neutraliegtion”number ete) .

6. Pfactigéfif hon~§OisonousJa
7. Storage stapility = |
8. No'iﬁéreasé in ring sticking R

king, ageing,

o : - e i N
- 9..Practical synthesis and uccesible raw materials. -

28 will be seen fTOﬁ.the‘VérylarFe punber of patents on
*is

“this subject (expeecislly in the U.S.A the se
material is no ‘easy one. ‘Some help is afforde
Tor.a univerasl additive is modified and the pu
maverial is somewhat limited. _The absence of
the points given above can thus be tolerated.

arch for Buch a’
d if the search
rpose . of the
one or other of
Uyr interest has

~thus been directed mainly towards the running-in process, where .
some remedy was required for the seizing of bearings, a more
frequent phenomenon. Since the engines are again dismentled

after running in, some of the demands under 1-9
- be 'so rigo rously applied. =~ Furthermore. we co
- gear_oils; where the 0il bath temperatures ure

'should nevertheless be mentioned thatthe addaiti

“ebove need not
ncentrated on
not so high. "It
ves ' respond

differently to changes in the combination of materials and in-
the oil, and this makew the selection’ ggain complicated. -

—— | ———,

" In seeking materials, which configuretively resemble -

s

phosphenylic acid, but are very miich more resistant fo temper-
ature, I hit upon diphenyl ester’ phanyl phospinate, which may
- be q;stilled.at a BPpgo 0f 370-38C°C practically without .

 Gecompositin. - It no lemger carries a free CH

group and its

activity 1s alsc sotewbal chaunged in a corresponding menner.
These facts will, however, be referved to below. "7 v
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COwing to the considerable difficulty in manufacturing large
.quantities of ester, recourse was had to the similarly con- .
structed substances of the more readily eccessible phosphoric
-ester series.  First. of all diphenyl phosphate erdlater on - -
“dihalogenphenyl phosphates were»examineq;‘where:tgejactig;ty .
-ﬁue‘towthe«intrqductipnfof;thg;galogeq“;g*the:para'pOSitipn--'»
:WEshc@nsiderably;increased;i"Suibhurvderivativesiwere‘also‘
mincluded-%ﬁwthe%scogg;of'thezéxperimgn§§T?if3§g§e;}hQWeyer;"Q~
.With,thqu;acid estégg'gge_temggragufé;stability’was_not"_ﬁ.
quite sufficlient, the OH group was reacted with an aslcohol.
The first figures obtained with the methyl ester were sur-
prisiagiygood and couldAbg»attributed;_after.the,preparation,;
of the more easily soluble propyl and lauryl esters. to an
‘admixture of monochloride.  -Ths di-p-chlorophenyl phosphoric .
monochloride will not, however,. withstand temperatures above
280°. - We next prepared the more temperature resisting phenyl-
~hosphinic monophenyl ester monochloride, which on being = — .
saponified, -is changed into the equally active monophenyl ester.
As a further improvemernt, the phenol nucleus was further -
~chlorinated_in- the p-position. The preparation then produced
4utiliséb1e;figuresr-but-involved,undesirable_;gainiricationi‘_'”
which precluded its use. ' As the sulpho-chlorides are on the’
'whole very much more stable against water than the oxy-chlorides,
~ experiments were also carried out with di-p-chlorophenylphos- oo
phoric ‘sulphochloride.  This resulted in medium load capacities. -
fn attemp t to explain the conneetion vetween the various pre- . -
. parations will be made below. For the sake ofcompleteness,
however, it should be-stated here thatthe IG, on the basis of
- our work, developed a preparation 891, which according to their
data, represents-a technical‘pfchlero-phenylsphenylphosgﬁinic;'-
acld. ' This prepaeration has been found good. and cen apparently
~-bé made on a techniceal scele. . It nevertheless contains a free
acid hydroxyl groups . - SRR o B

- The justificiation for using,phosphomg-com‘_pounds in. .
perticular as the basis’ for work in connection with high pressure
. ‘lubricants has'been clearly proved in the course of our o
experiments.  Additives of other types of material, whether - -
Tatty @ids, sulphur or chlorine compounds, frequently stated to be

- .good in toechnical litereture, have -been testéd by us on.a
~comparative basis and yielded altogether inadeguate results.
Nevertheless heither these date nor those on the application.

“of phosphorus compounds cen be compared dipset with our own,

~as they have been obtained on different test machines. All
' the same, after completing our work, we-studied technical -

" literature for additives containing phosphorus {v. rt 5) ..

The phosphines which chiefly occupied us during the iploma - .
-period, only took up & small portion.of the number of references.-
The ssme applies to the phosphatides and inorganic compounds _
~such as P4Sg and PNClz. Very much nore space was devoted to - .

_itheresters~offthe“phoSphorﬁws;aﬁd*ﬁhGSphbric acids.. -Hereagain - .

the data do' not agree with our check experiments. Thus, R

- neutral. phosphates, with or without sulphur in the molecule,

. produced neither increased figures for thle pressiure load ncr

reductions-in the coefficient of friection. The substances.

‘will be found collated below. - T

e e o -
A “As to the cause of the activity of such. additives, various
- explenations have already: been furnished. Wheress Kern {150}
.leys stress on the formation of mwetal phosphate layers, Beeck,
Givens and Smith {149) assume that the phosphorus of the.
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-oorrespond1ng compound 1s reduced ‘end then forms low-melting
phosphides with the sliding surfaces. These phosphides
‘therefore prefer combinations with trivalent phosphorus A
order to facilitate the redvetion beforehand. ' On the other
hand, we have always found in our: 1nvestigatioﬁs that com- - -
,pounds of ‘pentavalent phosphoris possess excellent activity o
Other writers; such as Wolfl, Klug e, ¥rewing, onandt5 SRR
Trillat (151-155) devote- ‘their attention prinarily to- -the -~

"~ adsorption { ceused by polar groups)} of the molecules c¢on-
cerned at the surface of the metal.: Various methods have
‘been ovelved of meking the adsorption measurable.  Thus

. Bachmann . end Brieger (156) have measured theé heat of

. adsorption of oils on metal dust; in Americz there has been

. developed/gdheroscope in order £0 study the quantities of

- adsorbed oil. gr&xime%xaosllya__dKddmer«%lé?}%seveztneless
 states in his new work that he has not been able to establish
- any connection betWeen the q1pole moment and the 1ubrioating .
~capacity. ' _ : . o '

According t0 the. results now avallable to us with
p hosphorus compounds we recuire of the molecule of the
~additive that, in addition to the P- atom, it should contain
‘.a. further particularly active group, by means of which it
~attaches itself to the sliding surfaces. Otherwise the
_action of such trifling quantities as O, lﬁ would be impossible
“to explain. I do not, however, consider- that this adsorption
is the decisive factor in the vhole process. This is rather
the reaction with the surface. =~ Hence the ooc551onally _
entirely different behaviour when the materials are altered,
-and therefore alsc the highly polished surfiaces after running
{see Figs. 21 snd 22j, as have also been ascertained in-

- experiments by Messrs. Daimler-Benz. With very aggressive

_materiasls {phosphenyl chloride), the attack on the surface of -

~ the metal, probably through the hydrochloric acid produced,
was nevertheless so viclent, although it is remarkable thet
this eomoound has no improving action with silver bearings
\‘ngCl Other meterials nevertheless have the power of
smoothlng or removing those points and ‘jags which are still .

, exhibited even by finely treuted surfaces. - This prevents’
tearing the film of lubricant and therefore the seizing of |
.the metal parts. It is interesting in this respect that,

. according to experiments by P rof. Glocker on the eleotrolzpic'

" etehing of polished steel sections with phosphorie acid - .
acetlc anhydrides traoes of“thetrea tment completely disappear

- In phosphenyl chloride toﬁlactlve group- consists of the
)bwo chlorine atoms—. < ™ - in phosphenylous acld -
Mol

/' > ~P - OH and 1n dlohenyl phosphate ({ >-0)2§ X -' 
OH

these_are_the ggla—eg—grouos._ The phenyl ohosphlnic diohenyl ~
— ester( 7 22 0+<___ >  alsc conbeins the configuration

-

/ :
\\ . but herethe (0)58 group is etherlfied with phenol
‘ OH .
.Itshould be noted in this connectlon that the esterlfioation
_ of the OH group in diphenyl phosphate strongly prejudices the
~activity. Aocordln% to our prev1ous experience, :t0 these
P

two moleoular parts and’ the actlve group) must be added at
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‘least cgevaryl:or'hlkyl‘gfoupfﬂasAOtﬁefWise the phosphéric aeid’

: c e ‘BO. .0 T =
~would’have to display greet activity - ::E\\ which -is not-in

fact the case. - The activity is enhanced by the adaition of
halogen to the nucleus. _The_P?positionJWésﬂtig§t_o£,all;se;ected,
because p-hzlogen phenols are easy to manufacturs. “Furthermore,
Lincoln; Byrkit and Steiner (158), with the aid of the Timken = - -
machine, have ascertained in the cuse of simple aromatics, that
as-a rule those compounds with the hslogen in the p-position, 7.
exert a greater influence on the strength of the film. ‘More

recent preparations, having the helogen in. the o-oposition, would
afford a possibility of comparison. To what. cause the imsrovement
in aetivity through the insctive muelear halogen can be attributed,
cannot be’ stated with certainty. = It is quite possible that in the
-extreme conditions in which it paves the way for & further '
improvement, the halogen also takes part in the reaction with the

- 8liding surfaces. . Fluorine, chlorine and. bromine were Tound to¢

be of equeal value in these experiments. It was first of all |,
ccnsidered that the acidity played a decisive part in the oceurr-
ences on the surface and that the halogen helped the diphenyl
phosphate tc acquirc an-optimun value. ' It ie' well knovn that -
chlorophenol is more strongly ecid than phenol.  Exaet measurements
of the p i value do.not, however, support this view. The results
of the measurements will ‘be briefly.mentionggc~‘ *hey were carried .

out with a quinhydrone electroce,

T R R
. L "a"""‘\\,_ o ',,‘-‘, N . A o , . .- ] o ) i
Substemce - Concentration oh Value Measured with ph Value
e ik ‘ e . ®he Guinhydrone Electrode Meésured
- » AT With the
_ Lelorimeter-
'bipﬁénylyhos« . '_v, IR o K ‘
‘phate- .. T10%¢Mol/1 2.0 B
Di-p-chlor= I T
phenylphosphate 10™% Mol/1 JD  1.9 2
phenylphosphate 107% Mol/1 = 2.0 2
Dipheaylphos- R ~ o
phate - 0.1 wt.% - o 2.7 2.7
S , e / IR .
Di-p-chlorphe~- - ' g _—
nylphosphate Q.1 wit b, 2.4 2.5
Di-p-nitro- S g
phosohate C .1 w5 2.4 2.5

pheny

C
\
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... Some- suppert for the view that the halogen oaly acts under
extreme conditions is afforded by the behaviour of the phenyl s
‘phosphinic acid p-chlorphenyl ester.— The halogen free ester. attains
of .itself, such-extremelywhigh'values~(o?er1900'kg/5q em} thet the -
halegenuted ester_does not. therefore show any improvement. .- . . o

—— e

§ Since no. progress Was—achievedmbyfascertaining:the”agiditY.u;_;_
otheF experiments were initiated, in order to shed further 1ight -
-on the processes-on the surface of thé metal. I should like to
preface my remerks by saying that in sccordance with modern opianion,

. with a coefficient of friction of 0.01-0.1, &s was normally the
u#ase on the Siebel-Xehl apparatus, we were in the zone of partiaml
lubrication (mixed: friction).  Although this-lubriceting -condition -
'ig probably to be found in meny techaical bearings {running in),

- 1t has been avoided by writers who ‘have recently occupied themselves
with oll tests. The latter mainly devote themselves to boundary -
lubrication; as in machines where partisl lubrication prevails,
the lubricating avility cannot be-eveluated. = Boundetry lubricetion
18 more eelly determined and possibilities of explaining the action

"'of given additives -are present to a—grester extent. - It is however -
certain that-the ‘evaluation of lubricating ability, as demonstrated
by the Siebel-Kehl-machine; can be applied guelitstively to technical
‘bearings (see part 4), end this feet was of decisive importance in
these experiments. Experiments using our vreperations were also =
made on the four-ball apparatus of Boerlage, and were likewige found - -
to be active, especially where surface-treated balls were used. ./ .
The friction conditions on the four-ball apparatus to a large extent
correspond vc boundaery friction conditions. ' The . sequence of ectivity
-@1d not, however, altogether tally with thosefrom the Siebel-Kerl @
machine. Experiments with boundary friction apparatus with ministure
friction surfaces have yielded no results.  Since. an alloy of the R
~phosphorus with the surface of the metal (see Beeck 149 ) and FP861597 .
(159}), unde® the -initially mila experimental coaditions at the -
commencement of operatlon cam no doubt be disregarded, while the
coerficient of friction is at once reduced, thzre remains the
possibility of adsorption end reaction of the addaitive. We have
endeavoured to bring about a Treduction in the concentration of the
-addigives, ;which were dissolved in benzol, by shaking with iron
powder. ﬁt,én“experimental-temperature,of»20°C, it wascnot in this
way possible to obtain informative results, and a~comparison .of the
~speeds of travel of-drops of-oil on_a glass plate, as recommended by .

. Codlingridge {155), was useless. " “We, thereuson decided to ecohcentrete
the active materiels in the surface of a fluid by measuriag the =~ =
‘surface tension-with negative result. As Prof. Glocker informed me,
an adsorption test with the aid of metal discs, whose weight was

~ascertuined and compared after part of the oil had be thrown off by
rotation, yielded no figures that could he reproduced. We finally - -

- made use.of a method, which Shell N.V. de Petrol Matschaasij han - :

. developed (180). 5 gr iron powder are mixed with 3 gr oil and 2.
cem benzene, and 200 cem of 10% sulpiuric acid ere poured into a glass

" filter funnel, placed orn a suction flask. Through the bottle flows
& stream of carbonic acid, so that no sulphuric acid penetrates the
filter. The iron powder mixture is added to the sulphuric dcid and
left to react for 10 minutes, when the stream of carbonic acid is’ 5
turned off and the fluid is drawn into the bottle. - 8y titrating with
n/10 X the quantity of dissolved iron is determined end some -
indication is obtined as to the moistening dbility.  If a denotes the’
~quantity of iron that has passed into solution in the blank experiment,



b the ouantity dissolved in 10 ccm filtrate in the »il. experiment
g the grammss -oF 011 we1ghed out and 2 the wstting ab;lity, we -
‘nave' i e L L : ey LT

A_E_ . ) (a ,_,zeb}__loo e
- i . " ‘7<Ad g . : . N

In our measurements e obtalned the followung values for @

-

Rotring pure - ”*'fmev~w»a«2,eﬁia0,2
Rotring + 1 % Triphenylphosgngpg S e T
Rotring ¢« 1.2 % 5 Phenylphosphinic acid . :

. ~ diphenylester - : 8.2 7
-Rotring + 1 0 % Phenylphosyhinous ac1a~ﬁ—~““*———~ Cos
= - diphenylester - . 15.8

Rotrlng + 1% D1~n~chloroheny1uhosphate 26.1

Rotring ¢+ 1 % 391 lG 29 0

.. Tris shows, /therefOre thav the nartlcularly active di—p-
_chlorophenyl phosphate ‘wiich from the outset gives & low coeffi-
cientof friction, zdheres very well to -the surface. The -relatively
' slight wetting ability of the ohenyl phosphinic-seid diphenylester
- indicates, that the adsorption is not the deciding factor in the
~effect on-lubricetion. Thus on the basis of the above results,

- we come to the conclusion which hes slready been mentioned: adsorptiom
of the active substances-takes place relatively quickly on the
surface of the metal. The arrangenent in such "epilamial® 1ay§rs
‘may no doubt be observed in’ various ways with the aid of X-rays
and electrohs. -With increasing loac, the reaction with the surface
comes to. the fore - _The unevennesse§ are. the Pirst, to be removed -
as being the points of heaviest load, and therefore of greatest -
heating and -reaction speed, and they likewige. represent,@he greatest
density of additive. Aduitlve reaction products and. mdlecules

of lubricating oil then form a very stable film on the highly
-polished surface. The formation of a _coating on the surfade -

could’ be observed.- w~th the naked eye, :cvan with the highly agres-
sive p hosphenyl chloride, but the formaticn of definite compounds
_ could not yet be debected. That obosphorus—cggxaining.reactlon '
products would haeve a favourable effect on friction might have
~ been foreseen from the retults of the meny experiments with the .
phosphating of metals. In part ¢ Flrures will be found showing
~ that when phosphatised balls are used in the four-bell apparatus
the situation as rngards ‘the selzinw and weldlng points is
improved. {s. Fig. Sa,:~~_ B . ﬂ,;ﬁ::;,__

' The substances emp]oyed by us will be compared with each other
below as regards their composition and activity. With this in :
viewD their formulae. of constitution were collated. A + signifies
" good, the letter O medium, and the si - a nontincreased load -
capacityg With the additives seleotéd Dy us, the coefficients of
- friction are on similar lines {but not in the cace of sulphuru ’
fov example) Exuet results aES collatea in Part 4.

It is striking that the entirely. symmotrlcul ' substances
such-as 28 and 33 do not exert any influence on the lubricatlng
properties, although they contain trivalent phosphorus. ..
also belongs to this group; besides &n aryl group, it has twn :
glky1 groups, They obviously laek the possibvility of coming in



(M oser contacf with the surface and concentrat;zg Tucce.‘ If,
with increased pressure, -a very thin film of oil. fonms. ‘the ver Y
mslli portion-cf She additivg is not sufficlen% to becore active..
Ene noutrai uhoopuorfc esters 44, 49, 48 =nd~50. alse 16.17,18,
behave simll&rly “Neither she 1ntroduru1nn of’ naioven in the I
nueleus nor the raﬂlacemenu of the oxyger - atom by sulph"~,° uldg
ring about any 1mprovement _Woreover, the appurent success
at first achieved by~ -exchanging an’ aryli- group for an alkyl. g*oup
{186,17,18) wus found to be deceptive. No impurities due-to
mcnochloride could: conjure uo . eny. activity.. After eyperlence
with 30, the  behaviour of the neutral aryl-slkyl phosphates- ‘i's not
to be wondered at. On the other hend, the ectivity of the series
1=4,3.5, 25,26,27 is at first sight astonishing,‘ﬁs of course 1
only differs from 44 by the abeence of an oxyzen atom and 27 from
‘44 by the absence of two ‘oxygen atoms. ﬂevertheless, their
vehaviour is quite different in lubrication. An explanation of
this is prooably to be found in the grester adsorption of 1 and -
.27 and in their greater ability to react. ‘Owing to. the immediate
“vieinity of the. phenyl group and the phosplinrus atom;, the molec ule
'is able to attach itself to the metal or to react: with it. ™ &
The fact that the P=0 - oxyzen hinders this is shown from the - '
.outset by the lower ‘coefficient of friction of 27 compared with'l.-
Generally speaking this ssrios exhibits a higher coefficient of e
—friction than the phosphoric ester qeries, and this may be
. attributed to the- missin% OH group. - The introduction of alxyl e
groups into the nucleus (25,26} does not exert any great Anfluence
on activity, but: facilitates the solubility ia the oil as. the ‘
- solubil‘ty of the preparatxons oises eonsideranly. A ;

— 7 gnd 9 are very active preparations. Imurovement hy means
of the helogen in 9 has elready been mentioned. - These substances
- have en acid OH group, by means of which, adherence to the netal

. takes place. .The fact that the phenyl group, hoviever, is necessary
for bonding of the oil, is shown by the lack.af activity of 43.
The introduction of, halogen in lieu of the hydroxyl group (45,14)
inereases the resistance\to temperafure and lowers- the- act1v1ty by
*a-trifling -amount. —Ff thooxygen is replaced by sulphur {23, 24,
20,21); the ectivity is certainly somewhet lessened. The sulphur
in combinstion is not, therefore, active in these compounds, neither
1s it, apparently,’ actzve at hign oressures. . Elementary sulphur -
{22) in given concentrations (6. OOBW) gives medium loads on the
‘Siebel-Kehl apparatus, but has from the cutset g higher coefflcient
of frietion. Its action Ohly starts when the wetal surfaces are.
on. the point of seizing end is bherefore not vory suilaole as a
runnlngain substanaen o - _ S

, Tha oxygen bridces in 7 and 9 between phenyl end phosphorus
"are without. 51gn1ficance fo: the activity, as 38 (I.G. preparation
-891) which does not .contain them, is very active. - Thermally, -
it is relatively. stable. It was preceded by .36, also possessing
~excellent activity, but: 118073 0. denompose at 250°, - In138 and —
38 or 37, the. OH groups may ve replaced by halogen, without the

- sctivity being very much changed (2, %?) in 31, the chlorine .
atoms are finally replaced. b; hycro Tnls vpry<ﬁctive pre~ .

.naration cannot, however, be used DWing to otner properties. - The !
Tact that the hydrogen a8 s also favour auherence to the metal
"is remarikadle, but a partial ox1dation of tnxs preaaration by the
atmosphe”e nannot be excluued :



L I% Sh?}ﬁldv":‘ be '.mehtidﬂéd__ij;l_iéttthe'insertionvo.t‘j,N _b'etwéede_-a‘;"yl_
iandfphosphorus-annulled.“ﬁhe activivy {40,41). .. . L

— AT e o ST S
. ' Im congidering the structure of the corresponding combinations
- ¥& therefore have theglikelihoodmof.the-primary'effect of adsorption

with the surface, has:not'so,far‘been.ascertained;

- In the course of our work. we have synthesised a large number
.of phosphorous'ccmpoundsfin‘part'hitherto~unknown. So far, the
‘activity of some of these materials, in regard to their improving
‘effect on lubricents, has bean ‘demonstrated on testing apparatus,
“bearing test rings and in engines. Application to the engine
naturally makes extremely severe demands on the -preparations..
‘Further -¥ests, inecluding tests in gears, are in process. It
can be taken as a fact that the jntroduction o7 halogen in the
p-position into the nucleus ¢f aryl esters of phosphorie aeid
-increases.activity, while the introduction- of en -alkyl residue
improves solubility in wmineral oils. R
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Phenyxohosphlc a01a diphgnyl ester
Phosphenylchloride -

- Phenylphosphic aeid di-p ohlor:henjl ester
Phenylphosphinitaecid monoohenyl ester -

Pnenylphosphinie acic mono-~ u~chlorphenJl ester“monochloride,

.- IsopropylbenZene alchlorohoephine

Di-phenylphosphate

Di-o-nitroshenylphosphate
Di-v~chlorphenylphosphate.

Di-p~bromphenyl phosphate

Di-p~ flucrphenylo hosphate
rDi_~+4nd1ch;orvheuvlohosphate
Digresyioliosphete :

Diunnchlorp henyl chosphoric ac id monochloride

Diphenylghosp horic seid éthylester.

Di~ 3-chlorghenylpnovdhor1c eeid welhyiesters

~ Di-p-chlorphenylphosphoric acid uropyiester

Di-p-chlornnenylphosaborlc a01d 1aury]aoter

.-Phosohoreullobhloride

Diphenvl thiophosphate = - .

t,Di»pn chlorphenyl. th*opho sghate _

- Diphenylphosphoric acid thiophenyl ester .

.. Dip henylthicphosnhoric zeid monochloride
"Di~)=chlovpheny1tnloonosohorlc acigd monochlorlde :
- Phenylphosphinic seig icre”y; ggter o _

- Phenylphosphinic zeia. di-3-butylphenyl ester

. Phenylvhosshinous acic dipheayl esterc



Lok

No.

Aarcm

“Gubstences prepared -f£or the Tirst time-

Name‘
v

 TPhenylphosph1nic aeid di-pnchloronenVl ester ~ 4Pt(éoér[).67;5:69;5°~

SRR R }pure“B'Pt'13'276‘277°““

Phenylpnosﬁhinic acid iOHOQpeChlbrphen§i‘VMZ'TB Pt.76Q 520- 435° not
-ester monochloride J'; T 1folated. .
VfD~B“omphen l phOaphorir aCid (thkprxi? _'”' B.P%., 150-170°/n6f//4
L / \ T purif?ed S SRS
gDigp-bromphehylsphosphoriéﬁacid monothbride' B.Pt.so 580~ 280° not -
S L ' o ‘ o ‘» S purified o '
p- Fluorphenyl phosphoric acid alchlop;de ff‘ B.Pt. 15 134-&450 not
: .purified '
_‘Di—:-fluornhenyl nhoophorlc ac1d monoch1or1de B.Pt-15 180~ 210 not :
' _ _ . e . purified . .
TRy ' ST »';' - B.Pbegg 210-2138 pure
.-@ri-po luqrphenylphosphate o 7~ B.Pb.yg 235-250% not
) B L . purif ed- . v
. Di- o—fluorphenj1phoeohate TR  *;,t,(ccrrs3- ?ai;ggo 3
3 D1~2 4-diohlornhenylohosnhate o o T e not nurlfied

21l

28

Di-o-ehlorphenyl DhOSpDOflC uC‘Q methylester M. P? (cohsuvld&«13?°pure.
’ corr.) .

: Di~p—chlorpheny1phocphor1( aolu Jropvlester M. Pt /lld 5-114.5°pure -

Di—p«chlorphenylphosohorlc ac*u 1auryleste" M. Pt, 23 - 100@

“Dl p~chlorphenyl thlophosphat L B '-;e@»' ‘
‘“?2‘—D10henylphosphorlc acid uhlophenylestG*'L '““B Ptza 288 ?900 |

pgriried

25 P henylphosphlnlc &Cld lernsy1estor o ; B.Pt. 455-278 not
o ) L " purif%ed . _
.Phenylpﬁpsphinié acida@inp—ﬁhntylphenylesﬁer B.Ptgg 505-31e° not -

v

Bhgn&iphospbinbﬁs.aCid éiphenYngiéff_ 7 ;wf,vd Pt15 225-228° pure -
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Constents of'kﬁown‘Substaﬁcéé recentiy'aSée;tained?
‘Phenylp hosphlnie acid M;Pt(corr,h?ﬁ-?é?'"fmiéhaciisl%alaMgt §3:5° |
diphenylester = B T U I

: Di-p~chlorpheny1- a ' ' o 20) v »
phosnhate SR . Ptlcorr )130 1310 Authenrreth MPt 126-127°
L T O Zetzsche57) —Mthloé 1359
lri-p~bromnhenyl-; . o | S
phosphate - .  _ ,". Bon"n‘; “20~055° e . , |
'fDi-pebromnhenylu;' . M.Pt(corr )163 5° g Zetze»he37’ -M?t-ieg-zo 1°
) phosphate. R L
. Di~O cn’orohenyl~. . up t(carr ) “” 5d° L
- phosohorie aeid nono-‘_ 5P15 225-9269 o -
'ohloriue i L O .T o _ .
,Tr.;o~cnloraneny1- | 2t corr. )112-1130 Authggfiethzoi 4Pt ~0-1000
Mot 1120 '

ohosnhate = 1' B?ld 202-?°5° ; Ag*a
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:1.'Phen&1'éhosphihic'diphenyl‘ester‘

Beilstein 16/802

- Michaelis and Kammsrer (1,2) wers the first to make this
ester.. . They/caused prenol and phosphenyl tetrachloride—t~ act -
~on each other. - The result was.a thick, oily fluid, boiling at
over 3600 and s0lidif :ing.on coolinz. = While this suvbstance dis-/'

solved readily/in-benzene, ether and ethanol, white ncedles of
H.Pt. 63.5° cbuld be obtained from aqueous alcohol.  Aqueous
caustic soda had no offect on the ester, while alcoholic caustic
sode split it into phenol and phosphenylic acid, This synthesis
proceeded in accordance with the squationy — —— C '

'We elso started with phosphsnyl chloride in makine thls substance.’
Into 500 «r. of th's we passed; coclin” with iced water, a strong,
dry current- of chlorine; until ths whole mass had soligified to .
form tetrachloride (3).. This %ook 2-3 hours. - After dding 1 kg.
phenol, wken abundant hydrochlor®e  acid was prodncedquhevliqueﬁ-
Lled mass was stirred vigorously for a tiwe until the“zeneration’
of. hydrogen chloride had abated." -Hext; distillation was carried
-out with the help of & salt oath, ~ To Y&gin with, the therrometer
rose steadily and a mizture of phenol znd chlor-benzene was dig-

~ti¥led off. - ~On further distillation at normal pressurg, the ester
acquired a lizht yellow colour at 370-380°. _ Later residues were

“gistilled in vacuo and the BFpg 260-2700 ester was obtained almost

.colourless. The yielc fluctuated between 95 and 1003 (calculated
in terms of phosphenyl chloride). The solidified product besan
to melt_at 64.5° (corr.). 'The meltod mass' did not, however; bacoms
clear until the terperasture of 69-730 was reached, according to the.
startine material. = After rsveated recrystallisation out of ethanol

the meltint moint Was]?3~74 (corr.).

- 16.7 mg. substence (treated in vacuum): 22. mge. GOg, -
704 mg 0 ) ! : S | ) ' o "L |
C1cH15P03 (310) Calculehed ¢ 69,7 H 4.8 e DRV _
o . Towmd' < C69.¢4HS0 - —-

- i

_ v When'ldrge‘amovﬁis wepe'distilléd; the’éster'was no loﬂgér
distilled, ‘*B:Sf.thef lishe- bl"o_wn pl":dgcg"?!ggyad‘eﬂ%uate for OU-I’ purposes.

YT e - : V.

« s In order to test the. liability of the ester %o be decomposed -
.- by .boiling water, 20 7r. were boiled for 2 hours with an exesss of -
water. The original product was ra:ained unchanszed after coms. .
_ pletion. We made usc of ‘tho preparation of larze quantities of



ot ace

~the ester to best the reaction.  From an origingl amount of

500 er. phosphenyl chlorids and 1000 3r. pnenol, the ester was
collected after ‘distillinn the first runninus of '181.59C: the
yield was 374 gr.. - On rectifisstion, it boiled between: 137 and
181.59, . Already preliminarw exporiments £ distillation of .
nixed chlor-bengene snd phenol - had thown that the two-compounds
form mixtures with a cormon boiline point, and these cannot be :
separated by frectionating=——The phenol ¢ ntent was therefore -
determined analytically. . It.amouvnted to'19,78%;¢“’Theﬁﬁesidue"
of "246 gr..must thersfore be chlorbenzene. - By tréatment with
the calcvlated-arount of HaOH-(25.9 ar.) in a little water, the.
phenol was elimingted. = The remaining liquor boiled .at s cone
gtant tomperatwre of 133°. The chlorbenzene ¥ield ‘accordingly
- amounted o 77.1%. A large part of the missing 21.99 probably
escaped in the violent feneration of hydroechloric acid during -
"the roactlon. : S e o B AL TR P

2. Phosphenyl chloride.
. o T . L ' !
- - ' Bellstein 16/763 (421)

/TN

I had previously prepared a quantity of about 4 kg. phos~
phenyl chloride in accordance with the second i'ichaells process
{4, 5 and 6), whict was improved by Cruettner and Wiernlek (7).
Kelsenheimer (&), who has adopted both methods, states that the
‘gluminiuwm chloride process is far and away the more convenient.
In my oplnion, however, it has 2 number of Importan disadvant-
- azes cdmpadpd wlth the pyrozenic meshod - of prepardtion, and these
- disadvantazes 1rpede the-preparation of - iarse quantities. . - oy
'Even the supply of sufficiently larze quantitiss of pure aliminium y
~chloride causes rreat dirficulty today, and technical AlC1 o
lowers the vield appreciadbly. = The whole of the aluminium chloride
‘and large amounts Of benzéns and PC13 are lost in the process. --- -
The disagreeable aluminiitm chloride sludze involved large-scale -
_purification work. lurthermore, each #ime vacuum distillation
fa necessary, which is no easy matter on a laboratory seale in - .~
-vessels over 4 litres. Finally'it has been s:own that in contrast
- to the usual experience, large amounts of the initial substance -
{1 kg. benzene and P8lz) furnished. very much similer yields than
. the residue I obtained from amovnts of the starting substances
(400 gr.) I sslected.. Even the use of home-made aluminium -
. ehloride, aluminium and mercuric chloride or additions of calcium -
‘carbonate, boric acid, phosphorous pentoxide, tin tetrachloride
- and silicon tetrachloride’ (9)-afforded no improvement in the.
yleld. - o o o S R ST

It was then that a firm ontrusted with working out a method
of preparation adopted the course indicate d by 'Bowles and James'

(10). _ Here, however; the heatinm of a quartz apparatus constructed

- according to their spscifications, caused exbtrermely great diffi-~
-culties. -'Chrome nickel wire of different thicknesses, even -
tungsten wire; was found inadequate. ' Experiments with sillite -
rods and- chrome nickel taps have-likewise not yet-produced any .
posifive results.’ For reasons connectedwith  the apparatus, -
~~to0, this arraniement does not sesm g suitableé ons - for making
‘glarge'quant;tieso'; Yields of 80 nr. in 24 hours were the most;,



2e .

‘that have eo far been obta:!nedo

- I therefore decided to_adopt the . flrst”ﬁethod of ”1chaelis,
ths redction of benzene &nd phosphorus- tridhloride in the pres= -
ence of heat - but in. an.improved ‘apparatus.” Whilg.uichaelis
~only obtained on-an average, 100 &r. in 10 hours (11}, Pope and~

- Gibson (12) increased the yleld by introducinz carbon dloxids,
to 149 gr. . in 9 hours. Arbusow (13), by £illing tho heating
tubs . with unglezed pieces o~ earthonwars, obtained 11/2 times

" the yield of Hichaelis and Ucisenheimor (8) writes of a further
inersase by using a quertz tube.. I was now able o show that
1% is-easily possible to obtain 5-6 timeemthe ‘yield, 'so that in f
- a frily active operatlon (24 hours) 1 kg. phoephenyl chloride o
- can be. nroﬁueed. e _

Tho eesential featuvwe of qy auparatus were . as followe, The'
tubes were all very wide. ifl order to preclude stopnage as far-

‘as possiblé. (for dimensions, see Pim, i « 2). ° The gonnections
wers of rubber, and at points of conbact with hot vapours, of
eaterflass~tglaaesbestos. This pubty gave good results. Con~-- -
tinuous operation wes’ snsured by riiiing nozzle to the reflux
tube, Tne streanm of le was ssb ‘for-3 bubbles per ‘seeond.
Phis qulek cuvrrent should carry the vopours falrly rapidly through
the glowine tube. . H=atinz was by 7as ard was adjusted toa "~
medium red glow. Teyperlture measurament with an optical: pyr- -
ometer on the outer wnll of the tube showed 800 - 8500C, dnd a
thermscon le\weaeurement durine the reaction in the 1n£erior of
the tube 730 - 750°. The first runninss resulting from the
distillation of the reaction product was used at 1eas» in nart,
for the next reaction. .

: S SR LT "*?
PClz CGHG First dist. . Duration c~0535P012‘yield:gr.A
ccm.  CCM. _ceme . hrs s

500 . 800 .. -~ .8 Tl 190

750 . 750 . = 1 I 330
250 250 1000 280 o . 800
- 500, 500 SRS -1¢.2 R 6. .. . . 850
Y700 - U700 | o0 . 2 . .. .B75

6000 600 . 300 . . 4’ - . . goo

600 eoo . 2100 14 200

[

Exneriments w*th steel tnb s also oave serviceable ielde.

\50 Phenyl phosphinic ui~chlorpqenrl eeter

o Th‘s co"bination hdas so fur not aeee,nescribed in technical
literatvre. - It was prepured in a sirilar way-to its chlorire-
free basic substance from chlor-p,enol_ard nheﬂyl phosphinic acid
dichloride (1 2). e

1



'Tbe dichloride can be pﬁepared from phosphenyi chloride and oxy-
gen (3, 14) or from the totrachloride with 805 (1, 14)., We
chose the latter mcthod and obtained the ‘dichloride as a thick
~£luid.-with BP 257-085 (uncorvectod) in a yleld of 092% in terms -
kof phosphenyl chloride : ‘ o

e _"_'.._.L. o

1In preparinﬂ L e ester, we Lsed a solvent 40 ﬁPo chlorphenol -
30,5 gr. dichloride and 50 ccm. benzol were heated on the water-
bath, nitro~en being passed through and the reflux cooler in '
positlcn, until no Lurnher hyﬁrocilorlo acid could be detected -

- in the stream of ¢ass— Tnld was the caso efter 12 hours.  The
-benzol was evapcrated and tke‘we31dhe disti}led in vacuO. BPqg

276-277. . The yield was 43 ar., i.6. 74% of the theoratical figure.
- The thick oil did not at fwrst crystallise, even in the refrigerator
.t ~149; but solidified spontaneously after a few days. It was
" treated with hot water to elimlnate any chlcride adhering %o 1t
- ghaken up with ammonia and recrysballisod from aqueons amcohol.

_Chlorivation of ph«nvl phosnhlnic ‘acid diphenyl ester 1

“An- attempt was wode to chloﬂlnate the oster dﬂrect and thus
introdude 3 chlorine atoms.. - i'or this purpose, 100 sr. ester
were treated ai 90-100° with chlorine, some ilodine being added.
The result was a chlorine absorption of about 8.5 gr. per: houro
After 4 hours the weight had increased by 34.5 gr.,_which mast -
-have corresp'nded to the desired absorption of " chlorine°

. The produet of the roaction was fractionated at a vacuum of
13 mm.. . The 132 'r. of crude prodict [irst of all gave a fore-
running (10 gr.) of srease consistency and yellow colour. - Then
came the main portion at »Py5 255- 3000 in the form of a~hirhly
viscous, vellow 1iquid (85 gr,)° “Pre. residue was a black, asphalt

'like mass. ' ' _ .

e

The chlorine oeterminat1on s:ownd that only 2 stoms of chlorine‘_
had eattached themselves and probablv these were in tbe phenuI_“*““*"
nucleusn.l ‘ _

_ . : _ ,
750 5 mz. of the SLbstanco produced 25 44 ™. Agcl (Carius)o
iChlnnine ascertavned._ 1? 80%, calculateo.for 2 ato*s chlorine° 19078%

&, Phenyl ub0§p rnic acid ﬂonophcnyl estera(a 14).-
Beilstein 16/804 -



_AS"in thé case of Preparation 3, pheriyl phosphinic dichloFide was .

Zfirét'of'alldmgde,’fﬂgi gr., dichloride were heated with 13 gre '
phenol, nitrogen being:passed~through;ainAthe_reflux;funtil»no L
;further-hgdrqgen:cbloride~was:generatad;',‘It:was—then fraction~

ated., - First of all‘cameﬁsliﬁhﬁjfirStfrUnﬁinqs,.then;theimain’f-

'quantity'atj320~3800.;wiwhejdistillate/was‘boiled with water-in =’
..order,to_saponiry'thezthorideﬁand'thejresidue;solidifying after
- ecooling at-50°~wasVtreatedﬁwith'concentfatéd“ammotig'watera . The-: -
residual dirhenyl ester {9 r.) was filtered off and t16 monophenyl
ester precipitated with hydrochloric acid. " For purposes-of come=
jpletS-separation;:weqallowéd it to=gtand-overnighb. : -

.~ . In anexperiment to restrain the formation of the diphenyl .
. ester, we started out with sodium phenolate and treated it with
tho dichloride, as above. Hers arain a laree quantity of neutral’
‘ester was ‘obtained. T S e e e T e e T

\Lsg,Phgnyitphosphinié_mopoép~ch16rcpﬁényléétér_méndchlbfide. '

C

DL G

Heve again, as in Preparation 4, the neutral ester formed at the '

, same]time;could»not,be'seﬁaratsd by distillation; ‘the separation’
method with ammonis c¢ouvld not be used in this cose, so we took steps
to-restrain the formation of the neutral ‘ester-to a great extenb. . .-
We succeeded in doing so by completing the reaction in the shortest
possible tire. 20 gr. phenyl phosphinic acid dichloride were. S

-hested w1th_14“gfc‘chlorphengljfcr o hours under reflux and immedi-

ately distilled. After [irst runninzs of 300-320° (1 2r.), the

‘main £raction of 320-435° (18 =+, ) was collected. ~— There wers

31i§htrafter‘runninés‘of—455~44095‘ In the distillation flask there

. Wes also a 'szall quantity of a black residie. -

- In orger to determine the monochloride ¢ontent, part of the. -

- distillese was orought to the-boil with n/10 KaOl Lor % hour and

. the excess lye was back titrated. . #ith a weighed ovt amount of.
1,7587 mr. distillate. 104.15 cem 1/10 nalll were used. The mono~
-ehloride contsnt accordinaly amounts to £7.3% of the main fraction,
1.6. 56.5% ¥ield calculated from the starting material. - Ia calcu~- .
lating the amount of soda lye consumed, it should be remembered B

that for'llmol‘chLQQigg}*zﬂmols;of'lyé ars used. . In blank expefié,f
~ments; nevtrélﬁes%éﬁ.was:heataﬁ_Hith soéa-lye5.but.n/10 NaOH was 7

not uged up. , we

1 BN

, 6;’ISSpfbpylbénzehedichlorophbéphine (15) -

- Gy “< o > 7 FCly

“Into 250 gr.JiSopfopylbenZeﬁéfgné}lQ.gr.7énhydrbus alum1hiuﬁ’éb;ofidé;

- 200 gp. prosphorus trichloride were gropped and the whole stirred. .-
e Orus ‘BriGhiOTLes FYIE SITERT NS N e e



He&u #a8s then applieﬁ 1or dd"l ouTs in tre sandbath under rerluxo;_
Durinz this period; a further 15 gr. aluminium chloride were added
4n 2 pérsions, when the gensration ‘of hydrogen chloride. had ‘become
very weak. _Stirring was continued throushout the dey (alto*ether
20 hours).  On the conpletion of the reaciion, first the un—-‘,
—charged” phosphorus~trlchlovide was distilled off undfer: normal -
pregsure, then- the ipopropyl benzene undev reduced pressure. - "~ The
residue_ consisbed’bf o -ped-£Iuid and a 1i"ht crust.  The liquid
wasg pourad off and frdctionatsd at 10'rm. " The first runninzs -
_woere small and then 75 nr. of a colourless, 11quid, ‘boiling at i
125-1279 were obuained. . The yield was thus 16%.of tho theoret=
“fcal flﬁure,_ln_terms of isonropylbeﬁzenvo' The, isonrogylbenzene-.
a: orlorophosnhlne was czain fractionated in a vacuur, The viscous
‘residue likewlse conta*ns considorable quantities of ‘the phosphine.
Tr . crder to avold wavtaﬂe, it is however more- practlcal not to :
_%rass it, but to use it in the nert operaulon as a catalyst, in -
p-dC”-O, alurinlum cnlovideo.*. : : ,

”J Lphenyl phosphate

Beilst,evn 6/1'78 (c-s)

\ < P
Y- o) R
S, 72 TOR
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T]e shosphoriec ester° of ‘the aliphatic and arowat*c oxv-suostances
have acguirecd inecrsacing importance during, the lest- 20 ysars. The
”FHUbP&1 nneaol eshers of tre 08t varied pbeno1s dre vsed.on A-

levess scale s sofuening asents, jnsuvlatineg material; web bing

&“”PLSQ iubricants - av‘*for purifvln" waste gas and water. -Therse
Ceme also_a lar"e nember of minor avplicationse . As I atarted out

with neutral esters for preoarinv wy Gisubstituted esters, I .should
. 1ike to glve a brief sccount of their maanulacturs. Triphenyl .
,,puovvhabo “was first mace by Jacobesen (16), loter. by Heim (17) from

prenol and phosphorus oyycnlor;de by heating and-then fractionanln

The bgunvogucts thus ovbitalned comprise Dbeavl phosphérlc acid oo

dichloride (Bqu 121 (18)) end diphenyl i sosphoric acid nonochloride
By 195 (18)). . The nsutral phenol ester > wolts at 496 (19) and
"has a BPyj of 450  Authenvieth nrepqred it by acting on an
Lizgdine- solubidn’ of phenol with phosphorus. oxyén10%1de 2t & low

tamps rature (29). = Tre Agfa then avoided -the generatlon of large

QAaUtl sies of bv-pwodh°ts and the roublesowe production o; hvdromen
- ellovida by - oecpmpos:ﬁ“ BOCLy; with ‘godium phenola“e (21). :

U;mleficatiOﬂ of 4 wcabsen's reaction was objained bY. the: E peria
Charical Industries Ltd (22, 23) by the adaiti®n of: basic stbstances

sazll as gnili- pvrld*n, LoluLdln, sec also Iischer (24), while
CAdickes, Brunnern an¢ Luecker (25} and ‘tve Dow Che~ical Co. (26) -
used 3nCly, AlClz, ‘MClg as catalysts with ercellent resvltso\A As

a substitute for phosnnorus cxvoblor*db, the Cellulold Porporatﬂon

(27) use PClg and water, the Victor Crerical tYorks (2R)- pent a- -
ehloride amd pentoxide. T lsthods of loss gisnificance are Lthe

roaction of diaxyl sulvnite witr, P015 by Carre and Liber*ann (29)
*&4& the ‘oxidatlon .of tripha uyl prosprite by means of: ‘air; S0z,
ni ttric sxides and she’ correspondin~ atalysts, SLGn ag’ vanadiup pent—

oxis ) (30, 31)o-~ o S ‘

/\ L
Dwnnenv¢ nnospn4t3 iq obb ‘ned at once, accordinj_to ALtaenr
teihy byithe abova pi roeess (20) by the mere acrlon.of tko al aline
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" phenol bolution-with P001~ The formation of this ester has
‘been described by Rembold (32), from PpQs, and 1ts production by -
saponifying triphenvl ‘phosphate with strons alkeli by Glutz- {33)5-
Jacobaen (16), " Rapp (34), Hosflake (19), also Brigl and H{iller B
(32)“gapun*fied the monocrloriae oy'water or a: 1ute aIkaIr—
sodution. - . - ~—’— R ——

. As we had technical triphenvl-phosphateia ‘onr disposal, we E
firat of.all used this and trsated 1 mol neutral phosphate, which - :
was suspended in water, with 2 mols NaOh.  On heatinz until the
water boiled ang by using~1arge quantities, ar extremely violent
reaction was brought about. ~ The clear. solution was next’ acidified
with hydrochloric acid.
ascertained. It was then. leSd with. e>cess of soda and the prenol
was eliminated (the phenol not 'ransformed into sodium salt) by
ether extraction (6 tives). - To begin with, a large amount of
ether dissolved in the alkalin 1igquid; ‘the ether was sliminated
from the water-bath and-allowed tocool.  On.acidifyinz, the =
diphenyl phosphate was at. once precipitated in . fine, white crystals°
It was filtered-off and dried in the alr.. The yield was,auanta%at-
tive. Experiments to eliminate the onenol’With steam ¢id not :
produce good results. - . The oreateqt quantiﬁy tregted by us in the
manner described above amounued to 2 kgo triphenyi pvosnbate,‘

In a pvocess for preparation a;ter hvt enrieth (20), 87 gr.
triphenyl and 14 ar.. diphenvl phospt ate were obtalnec from 94 gro- :
pneno; and /52 BT POCIz. - , c . -

A fu ther experiﬂ°nt aimed at saponlxyinv the monochloride.

505 gr. POClz and 376 z3r. phenol vislded, after heating for 20 hours,
50 gr. dichloride and 255 gr. wonochloride. On warming with dilute,
alkali the latter pvocuced plain diphevyl phosphoric aclda_ ‘

The ester precipitataed by h: crochloric acid is not e homovensous
nroaact° The meltins points of the ‘preparations thus obtainod vary
very wneh and there are also great differences in solubility. . Thus.
#ith . air-dried substances mslting points of - 66~68°;767~699 48-1190

and 49-115° were obtained. Under certain- experimental conditions
a dehyérated product 18 thus obtained dircct (MPt 700 Hoeflake (195),
while In other cases a »ixsd preparabion was the result. However,
all these .prepdrations, on contact with-the air, pass in the course
of a few éays_either. Into tho diphenyl phosphate continging 2 H20
..of WP (corro) 50-519, or into the anhydrous product of VP (corr.)
68—69;50 " The hydrsted preparation is slwavs- obtaired in fine ,
s crystals when recryBballised fiow ‘boilinz water, but one portion always_ﬁ
‘remeins in solution and must be precipitated with acid. Alter remain-~
~ing in the. vacuun desiccator, ankhvdrous diphenyl phosphake is always =
- produced. = The Intermecdiate product with a hicher melting point, which -
1s responsible for the long intervals in meltinz, and iwpants %o the .
whole preparation an abhorrally poor. golubllity in oil, was ‘no% o
investigated further; possibly it isa pvropnoonbate. ~ 'Al1l these
facts accovnt for the contradictory references in technical literature.
Rapp {(34) indicates P 560, Authenrieth (20) 61-620, Hoeflake 510 and
70° as the true fi“ure - In order Lo tesh whether the 'diphenyl phos-
_.phate 1s not cepeble of oﬁstillation, the substance was slowly heated.
in tho oil bath at. 0,09 mm Hg: At 210-230° crystals becan to ssparate
out in.the mixture, but they meltod et very much lower te"peratures than
450, The ester had. ﬁherefora alreadv decomposed and phenol was’ .
distilled off.. , . ‘
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In order to prepare it, Pirst atuewoted to start with triphenyl

. phosphate, which was niGﬁE sd and then saponified, but during sap

- onification. the molecule was cozpletely 8plit, To 100_gx, 100
nitric acld there warse then added, stirrins. well,_at -3 to -5°, 25 gre
finely powdered triphanyl phosphats. nortlon by portion, aiter whicb
stirring was continued for.3 hours at 20°, - . The-nitrated product
was-prec*pltated with water from tbe~homogeveous liguid, extracted

~and washed in water untll free frow acid. The yield was 35 gr., .
i.0. 95% of the. theorstical amount.  The: melting. peint of the product.

WPt (corr.) which was recvystallised from iced acetic acid, was =

- 156-1579.  Rapp (54) gives 155°. -  5°gr. 'of triphosphate were heated
with 0.5 gr. NaOH in an alconolic solution. for 1 hour on the water-
“bath.. It was then treated in the ususl way, but only p~n1trophenol

~could be isolated. Atteupts to saponify triphenyl phosphate in the
same way were successful; consequently the failure was due to the
nature of the vri~p»n1tfopheny1 prospnate. A preliminary eyperiment-

" 0 nitrate y _triphenyl phosphate with 65% nitric acid-yielded only the -
starting material unchenged. A further cxperivent dealt_with the
usual method of heating phenol and phosphorus oxychloride. At first
”E§E§boen chlorice was senerated as customary, but .on further-heating,
-charring occurred and tho mass swelled up. Rapp also .found this (34)
as we observed later, but it i1s possible that this reaction m&oht e .
carried out all the sawe. by keepinn tke tnmperature downow. v

' Shak 1na up pwnitronhenol in alkaline ‘solution with phosphorus
oxychlovide after Autnenrweth (20) likewise falled to produee a result°

o W'en dlplenyl Dnosphate was nitrateo with 100% nltric acid, only
p-nitropnenol was obtained. Rabp's methoa (34), however, enlyz o

furnlshos very. trifl;ng y*elds. B S ) U

: F;nallv, the prenaration was oouanned in a rood vield after R
Hoeflake {(39). = 10 «ar. diphenyl phosphate were aoded at =5 to -~100 " -
o 30 cem B0z (sug.1:49), and stirred; the liquid obtained was at
~onée decanted into water. -~ .An oilvis scnarated out which solidified
»overnlvht in the refrigerator. It was “rinsed with cone. hydrochloric
acid. To free the product from isomers, it was recrystallised twice
_from ethyl" acetate. TP (corr.) 174.5 = 175, 5°~' The crude product
noamally contains 15-16%. e~pitronhenol ~ v T

30.8 ‘mgs substance 81V6 2,12 ccm Np at’ 210 and 750 bisisi] Hgo

22,30 I'lgo oM v.es. B W 960" u‘ 744 mm Heo - j
'found 7. 8% vitvogen, ua*culated S,Zp o B SRR
-—f'ounQ. 002/ o ‘ = 8.2 S . c . .

The preparation dried in hé vacuum desiccator-absorbqé; mol water.
in the air.’ R . LT e

. 9a Di-p-ch10rophenvl pno%pnate.
- Beilstein 6/15? F\)




This ester can also be obtalned conveniently in various ways. . Wo~
prepared it cnce by saponifying monochloride and another time by e
Ereating triphosphate with aqueous causilc soda. ' By combini 7 -the two
mothods the procduction of large amounis for laboratory work could be

_very much gimplified.. - = oL oo ST el e

, . Authenrieth (20) from chloro-
phenol and phosphorus oxychloride in an alkaline solution, and a—
welting point of -99-1000 was obtained. - ‘The "Agfa Co. ‘prepared. the
cster frow sodium phenolate and POClz (21) and give a melting point
of 1120 for it. - Durrans (36) obtalned the product from triphenyl
phosphate and. sulphuryl chloride, uging iron powder as the catalyst.
.For the complete elimination of the iron, the latter method requires -
the distlllation of the whole substance and was not, therefors, -
conisldered,. Bi-p-ehlorgphenyi,phosphate-was,alao‘firat“ébﬁained bg
‘Authenrieth (20) as a secondary product in the preparation of the
triphosphates = He also made it by saponifyingy the triptosphate with
alcoholic potash and obtainsd frowm ¢ilute hvdrochloric. acid phates of

' he triphosphate was obtained by Authe

mslting point 126-1270, . Zetzsche end Neghmann (37) obtained for their

preparation (obtained by saponification from monochloride and neutral
phosphate) a melting point of 13-1350 (corp.). - ST

' The original material - p-chlorphenol - was obtained by our-

- selves in accordance with Dubois!' method (38,39) by the action of
~exceas sulphuryl chloride on p.ecnol, separating the isomers by
fractional distillation. TFrom 2 kg. phenol and 3.2 kg. sulphuryl
chloride, mixdd drop by drop within the space of 6 hours, we obtained
624 pr. of 185-2000 and 1900 >r. of 200-2170, The hipgher boiling -
chlorphonol was purified by freezing and centrifuging, - Into 3 -mols
p-chlorphenol (385.5 gr.) there are allowed to drop 1 mol POClz (168, 5
gr. + 30 gr. excess owinz to losses, as HC1l acoounts for somes), .
stirring well, and the whale is then heated until the generation of

HCl is over at the reflux. ~ The reaction is completed .in sbout 7 -
hours. - The whole reaction mess is then boiled with equeous caustié¢
-soda until it dissolves in water.  The triphosphate will be converted

- into diphosphate and the dichloride ghoe monophosphate (40). On =
acldifying, impure c¢i-p-chlorophenyl phosphate 1s precipitated as oil =~
with chlorophenol. - Purification with soda, @8 with diphenyl phosphate,
" is not possible here, as chlorphenol forms a‘godium Balt as well. ' The -
Chlorophenol was therefore to o areat oxtent eliminated by steanm '
distillation, a method which does not seem very suitable for-large = -
quantitles,  The crude diphosphate yisld was about 225 gn, i.e. 70.5%
of the theoretical anount (the whole reaction is calculated in terms

of triphosphate). = On recrystallising from benzens, the residual '
phenol remains in solution. | Recrystallisinz was finally also under-
‘baken from vater. ~ The di-pichlorophenwl prosphate was precipitated =
in shining crystal flakes ard had a melting point (corrs)—of 130-1310.

- In preparing diphosphate frow purs monochlorids, we allowed the .
latter to drop into 2n FaOH at 70-800, stirrinz well. . Afhen a8 little
time, further water had to be addad to complete solution. We . - - -
secured from 630 gr. wonochloride, 570 zr. diphosphate, i.0. 95,52 of
the theoretical amount.  This mothod is preferable because trouble~
éomg;pgrifyingsprocesses‘are'not‘requ;red.; o S e

RS
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,KOf the p-bromophenyl phosphoric esterg, there have so fa¢ h en .
"obtaineds tri-p-bromophenyl phosphate by Authenrieth and Mhhlinghaus
' (41).  They decomposed phonyl -acotate with PBrs and obtained a small
quantity of the ester with 2 welting point of 1010, :Glutz (33)-

obtained ths sanme eubstanoe from triphenyl phosphate and bromine in :
.the sealed tubse. Zetzsche and Kachmann (37) obtuined the di-p-bromo—,
vhenyl phospbate from ‘Giphenyl phosphate and bromine in bolling ’
- chlozoform ard~aaeortained for. the substance which was recryatallised
 Trom wator or CHClz 2 melting point of 199-201.  The monophenyl

_,phosphate, vhich is of lass 1nterest here, is also knowa (37,42)°

v As e reou1red a larne amount of the substance, we had recourse ,
.30 more prolific methods of production. We reacted bromovhsnol with
~ phosphorus oxychloride. - The p~bromophenol required was made in ac~-
cordarice with the method of Adams and ¥arvell (43).  Bromine is -

- allowed to act on phenol, cooling and. stirring, in carbon disulphide
~and the isomer mixture is . fractionated using a column alter eliminat-
ing the solvent; ve used for th's nurnose 2 3 cm layer of_glass - ,

- Rasehig's rinﬂs._ The boiling point of the p-brorophenol was BP35 :
145-150°. with en oricinel quentity of 500 &p, phenol the yield

‘vwas 750 ﬁra-i.e, 81p of the theorotical amounn._‘ _

——

S 340 ?Po n-bromop ol (1 mol ) were heated to 1900 and 1 mol
_of phosphiorus oxychlorife dropped in, stirring well. A vident .
8tream . of hydrogen chlorlde was renerated. . On completing the -

- dropping process, the mixture wes hsated for 10 hours under refluA
,qnd the reaction product was bthen fmctionated°

20 gr, p~browopheny1 phosphoric acid dich‘oride Bon 155-1700 v
200 grs gi-p- ﬁ. : ~ " monochloride BPg, 260-2800
105 gr. triep- " phosphate BPo 020w355° | .

: . The individual fractions were furuhor pbr fled. To nake o
the dipnosphate, the monochloride the triphosphate can be saponi-:.
Tied. When trip;ospnate was bo*led with aqueous caustic soda, bromo~
: phenol was procuced. _ The diprosphate goes into solution as a sodiuvm -
- 8al% and is separated out azain, by conc. ECL as a light coloured oil.~

. After veirz washed with cold water, the oil solidifies to form a

colourless crystalline mass. This is recrvstallisad from hot water.-

. fhe Giphosphate crystal1ises in shining crysial plates aﬂd hgsAa
'eltlno point (corr.) of 162-183.! oc._ . : S

H
Y

4 A .
Diphosphace could also bo obtainec "pom di—pubrowophenyi pnos~
phoric acid monochloride, which solidgifies at- room teripsrature, by
“Poilin~ with aqueous caustlic soda. ' Isliing noint (corr.) 163.5.
It is noteworthy that Tetzsche and acb"ann fouro o very ruch hi*her
. fieiEing point: 199-2010 (37). : )

411. Di-p-fluorophenyl phosvhato

AR >0 P

_ Phosphoric esters of “the p-phonol fluoride are not so fay knovn. .
p-fluorophenol was obtained by Schiemann's borium fluoride metinod (44)
shrough anisidine. For. this purpose, Treshly distilled anisidine |
.wvasg - dlazotised and the ‘dipzonium solution was acted on by fluoboric - -
T acid. The-resultant liquor .was sxtracted a nd the' solid part drised in
she vacuum desiccator. . ‘Pyrogenic decow0031tLon then followsd. "Tho
-anisol fluoride=thus obtained was saponfied with aluminium ¢hlorlde -

- and a good wlela of phcaolifluoride of BP14 81-840

)



e
- - 26 gvr. p~fluorophenol (2 mols) were heated under reflux with
19.4 gr. POCly (1 mol) for 15 hours until the cenaration of HCl was
over, and.the*reaction.pro&uot:fractionated‘1n vacuo;  p=£luoro- .
‘Phenyl phosphoric acid dickloride BP3g 134-1450. B

Di-p-fluorophenyl’ phosphoric aoid monochloride BPy5 180-210% ...
;g?;;pefiubﬁdphénﬁi_phpsphéfé'9316?35525_?; SR -

' The crude monochloride vield was 18 ar. It wes agﬁ;n‘aistilledv
vand;hndva.Eﬁg44210-2139;-;ﬂ$raa§eﬁ with aqueous caustic soda and =
-worked up in the usual way, the dlprosphate was obtained. By way of
-contrast to the chlorine gnd bromine derivative, the fluorine deri-~
vative is only produced Iroz water on acidifying. "o obtained fine,
shining crystal flakes, which on being dried.in a vacuum, possessed
a melting point P (corr.) 95-960.  Tith the O-detormination the
- substance was found to be very difficult o burn and zave too low
figures. The triphosphate also solidified at low temperatures..

;12.'Di-2g4éaichioroghégyl'phosphaté,' |

e Neyp?
3 ‘»\:::>%?£\mr

-~ The 2.4~dichlorophsnol wus prepared free from isomers according
-to the date of Kohn and Sussmann (¢5), by passinz dilute chlorine over
"phenol at a low temperaturs. Trhe product obtained was then treated

with the eorresponding amount of POClz. - Without fractionatinz, it
~was..then irmeciately saponified with soda lye ang the cdiphosphats was -
—1solatec as usuals ~ There was first,formed a cl:ar syrup, which after -
& fow days erystallisad -in the refrissrator. S :

—_———— .

13.  Dicresyl ‘phosphate.

CBs >"0\Pg’o -

“rnis was ‘ootained from technical triercsyl phosphate by heating with
- . ‘NaOH. -vThe»dicresylbphosphgte;was a“:eddiSh syrup. . . e

‘ gggérimentfwith'dichlororesorﬁine;j%Qi Lo T R
" Dichlororesorcine was bbtaihéa.according'to‘ﬁeihhard (46) ana

‘heated with.POClg in the reflux,. The .résult was a resinous, trans-
paront brittle mass, which ¢ould not be saponified in the msual way
. with caustic soda. = T A R o

14 D§¥b4ch16rbpheny1 phosphoric scid monochlorids
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ThiSQCthride-was.obtained_by Authenrieth (20)‘fromjdiép~phlorpv; _
baenyl phosphate and~PCls}by"hQatin? and instead of being isolated

rom the 301idlfied_mass,,was-conVerted~to amide.  We made the -

Preparation by treating:chlorophenol_with phosphorus oxychloride. - Po
do_so, 1280 gr.. crude P-chlorophenol {Bp 202-2180) weps heated with .
875»gra'POClsgfor ;9;hours;ugder~reflux“andTtﬁé"react;pn broduct was ' .
'subjecteditbff}actipnal-vacuﬁm?diEfillat e LT

‘ 450¢gr°‘p;ch1orbpheny1 phosploric acig dichlqride”Bng 160-2200, .
1330 gro,di-pschlgrophenyl_phosphoric'acid‘mbnochloride BPp3 220-2760,

i} 250-gr;1tri—p:chlbrbphenyl~phosphatsVin»the~rgaidueg = T L
From -the 430 P, dichlbpidevtherenwere;obﬁainedLbylhsating with 260 gr,

- P-chlorphenol &'further'SBV‘gro monochloride ang a_large smount of
tniphosphate; while the‘firsﬁ'runnines gmqvnted.only;to'ss gr. -

S Aftér”repea%éd:fraptiqnating, the monochloride had aB8Pyg 225-2260,
Analysis after_Carius: 200.7 ne ;ubstance,‘ZSV;O.mg AsCl. i
1012H803013P'(SSVQS),;fouhd,ChIQrine 51°7%,"Calcw;5l°3% ‘

_ Even after standing.for_a day at.“lﬁo:'the olly, colourless
1lquid -did nos solidiry, but after about 3 weeks,spontaneous crystals"
llsatidnvtook place. - Fpo- hexane wo .obtained colourless‘andgalmosb -

olour lesgs crystals of ﬁeltinq point (corr.) 63-540, . S

uThe‘triphosbﬁateiﬁas-likewise distilleg (Eﬁiéngé-QQSO) éﬁd'ré-¥

'-crystalliaeﬁ,frcmttherj~”mslting:péint (corr.) 112-1130,

o 7 P G . . ‘ o L
15, Diphenyl phosphbric aceid ethyl_estero

‘Beilsiein_a/ivg . e
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S .;,::::::: ' 00pHg
For proparing the mixed esters of this”fypé, the following Possibili-
~ties presenteaq themselvgs: ‘ R T _ L e

, , , R v : ‘ e : )
Ylu,Reaction betWeenftriphenyl phosphate and sodium alcoholate {Morel@7)
2. Reaction of diphenyl phosphoric acig monochloride and sodium alco-
- holate (Morsl 48) o S e T
2o The use of phosphorip acid alkyl ester ¢ichloride ang sodium vheno-
late (I'orel 49). - - S e LT
4, rirect-estarification~ofvﬁiphenyl_phosphoric'acidgwith alcohdl,[with
the corresponﬁin; elimination‘of Water,-eggo 0y CaQZﬁin.Thielepape
. epparatvs, = S o R N S—— ; R BT
- -E3=The vae of monochlorics and. alcohol, with ihe at¢éition.wf en azent
-‘for‘remoVing tlie HC1, sueh as pyridin., = - T R
uk6°<ReactiOn_of_sodium diphenyl,phosplate withmalkyl_halogenideoz

'ethods 1 : o
‘experiments, and with 6 no rezction at all wag abtained. ' The second
‘wathod was ‘therefore adopied.  The monochloridge was -made. in the space
-of 14 hours under reflux by Raop (34), who heateq 188 or. phenol ang - §

18§ gr,“?OC13»(l‘mo1 + 35 -p, 9X%Cess,-see Ephrai}ze.(kio))° On fraction-
‘atine we obtained in addition to ;ZS;gro~mqnochlorid6,‘BP25'215°, 80 -



R The monoch&orire r;s reactea unon w;tm t ) calculated amount of .

- sodlum ‘alcoholate in eths ancl.  The reaction took place with the &

: precipitation of comron salt. After: fiTt,rinv ths alcohol was .

-evaporated end: fractionated in a vacuum. After S?OPoI Tirst. runninﬂsf
the es»er came over BP15 P05~229° L . : R

v,

"16“ 1*p”°h1°r°Ph°nY1 Pbosphoric acid retﬁyl estér'"”

PR —

e
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For the preparat*on of this comnound wnich was’ hitherto qulte unknown,

we also started with monochloride. On' treating with sodium rothylate,
cormion salt was precﬂpltatedc,“ﬁzter fflteriﬂﬁ, it was distilled in a//ﬂa
vacuum, and.after separating off a copilous first runnine of BP T
;h240-280, only a: srall guantity - o¢ a solidifyinn wess wa% obtalned, whiech
~had'a meltinz point of 100-1050, fin atbenpt was thorefore wade ‘to
.cauvse the monochloride t0 react w:th methanol “in pyridine. The .
“reaction: product was collected in. water. A voluminous. precipitate was

formed - which/ when' vecrv°talllscﬁ Tron methanol, produced. a substance.
”which haﬂ—noﬁ malted ab °50° It was not’ fLrtner lnvestlrated._

‘ We next heated 13 Foy o ronoch?oride w*th 1 S ar. metnyl alcohol in -
~ether for 2 hours until it boiled, the ethor was then evaporated off,"
and the solidifying residue wase"ecﬂystallised twicé from petroleum
- “ether. The welbine point was 131-1380-(eorr.). The ester disasolves
- readily in the aormel solvents. (benzene, ether, alcohol, chloroform).
A faintly acid reaction, probablv eaused by traoea of MOﬁochloride, was

Jpresento - o v . . L e

 34.34 mgo,suosuance, Carius, 30, 22 1ng. AvCl, hTOrine found 21.7%,
caleulated 21.5% : _
17.48 mg. suostance, 5.05 mg Hgo, 21,70 ng' 003 LT
01331104012P (588) found -H 3.3% . C 46,3% ~ =

A P ' calc.H 003/ -G 46, 8% -

}2\_D1~p—chlorpben71 pnosphoric ac d Dropvlester o~
. B
D P(:
: 003}17”

s

- : i
mxperiments to obtain thfs sgter from the sodium salt of di~p-chloro- 3

* phenyl phosphate 4and ‘Propyl brouwide in- absolute alcohol failed com=

- pletely. - ‘Additions of. monochloride, sodium and oxcess propyl alcohol
did not produce pood results... #e therefore took: only the exactly
~.caleculated quantity‘éf n-pronanol, ag woll ag wonochlorloe and sodium,

~ and treated with benzene. 4.6 gr.-sodium ware caused to react with 11.9

' gr.vnupropanol and 80 cecm. benzene, the wholo being heated and hydro*env”
fed through.  Afser cooling, we allowed 5648 ar. ronochloride in 100 '
.cem bongens to drop in end heating was continued for & further 3 hours
under. reflux. -'It was then. sbaken up . uz “water and the comuonsalt
solubtion -was separated in a separating ‘funnel. - The benzene. layer was.

ried with sodium sulphate azd. the benzene was- fina11y ‘evaporated off -

gﬁ 8 vacuun.  The residusl oil- ‘solidified in the refrizerator and was.
reerystallised 3 timos irom petrol °ther, until tne msltlno _point

\



'reméined"coﬁsﬁanto Meltinn point (corr.) 113 5-114 5° " The, sub~"
- stances: hnd a. neutral reaction.; . S e

"»18p 1-p-chloropheny1 phosphoric ac1d<;§urvl ester

To nrepare this substance, 4. 6 gY. Bodle were covered with 50
cem dry xylene, and a golution of 37 gr. lauryl aleohol in 100-cem
xylene was slowly &ropbed in at room temporature.. Dry hydrogen was
‘then passed through.  It.was ‘then ‘heated under reflux at the boiling
point of xylene until all the sodium had been converted which. occurret
after about’5 hours. /Coolirns with iced watar, we then allowed 40 gr.
monochloride—in xylene to-drop into the sodium laurate.. The reaction
starsed an addition of hent.. . Tne solid lzurate was dissolved, but the
formation of common salt tould not be observad. It was hoated for 1.
-~hour_up €o boiling point, the xylene was evaporated off and the residue
- collected in ether The ethersal solubion was shaken up with water
and with soda soluti on (to eliminate eny dlup-chlorophenyl vhosphoric”
cid present). We next dried with sodium. sulpnane, evaporated the -
“ether end expelled the remainder of the xylene in vacuo. The residual
0il soon-solidified. = The ester is readily soluble in. ether,‘benzol,
glaclal acetic acld, chloroﬂorm, acetoneé; ethyl acetate end pyrldine,
but not so soluble in alcohol and petroleum other, while it will not-
dissolve at all in water. The proouct recrvstallisea from netroleum
ether had a melting point cof 95~lOOO, e

19,.PhosphopLS‘sulpho-ch,orice, P8015 v'  7 I”‘l."::.é-'

In order to 3repare suostances containinw sulphuc we used e large
mmount—ol phosphorus sulpno~cklorlde° A number of methods have heen
worked ‘out-for preparing it. If we take- igbo-vonsidsvation tggzggr
recent work, where PSClsz was used as en aaai%ing substance, a number
"of methods havé bosn adopted. It wes 'at onde apparent that no ideal
solutlon has been fcund for the. laboratory. 1t was first made by
Seruius (51) from su}ohurettod ‘hydrogen and phosphnorus pentachloride.
He was foliowed by wale% end Hiller (52), who caused whiite phosphorus

Vto“aq_\gp sulphur monochloride. ' Both motheds were erployed on subse-
“quent octasions’ but, as the materials indlcate, they are not ‘eractly
-pleasant ones. - V.Flsmming purigied tre product obtained acéording to
W8hler by shaking with water (53). Pletz (54) dissolved PClg. in CSQ '

,.and’ DaSSGQ“tLPOUTh pure hydrogen sulphide.  Baudrimont caused phoss
Phorus pentachloride t0 act on antinony trisulphide, but here the
elimination of SbCLz causes difficulties. . Sipon-(SQ) has- also used»r
this method of nreparationov : N : L ‘

/

Other wrlters—made use of resctions in closed. tubes. enry (56)
- heated sulphur and phosphorus trichloride, which at the temperature of
"~ boiling P015 do not combins with cach other, in & tube to ‘about !
130° and obtailned a quantitative reaction. When.he worked. chrough his
experlments again he obtalned, despite subsequent raising of the v
‘temperature, very different results. . In eome ‘ceses the complete re-f'

. action had occurred, in other places the componenets were unchanged or:

else the reaction was incomplete. By the acdition of- 3% dry- Nags

. as proposed by Woodstock and Adler (57), and ‘b keeping %o a,temperatura



: of 150-160°, we always obtalned quantitative reactionso'

" Thorpe (58) also melted P2S5 with POl tosether in the tube and

Rﬁno e Fa21 (59) worked under the ame conditions with Pgss and 0014

‘and loss of tire, o feature which is. alwavs to be found With erperi—'

rozever, a11 theSa methoos fail owinw to. tﬁeir unploasantness

ments in sealeé tuhes.i n1‘f —————

v Fore recent tcchnlcal prepara 1ons afewbased on ;erro-p;ospnorus—
and sulphur chloride (oo) .The I.G. has recently- ‘evolveda process-

LT

}(61) In-which the VapOJP of ‘PCls i3 passed over. sulphur heated over .
140° vut not over .1600; . innli?ied this method for the laboratory

by merely d"oppinp the’ PClv(lE to the -heated sulphur and.stirring,
The yield correaponds . anprox mately to- that-obtained by the I.Gi With

fPCls vapour. . Aftera period of reaetion lasting 6 hours,—the -I:Gs
‘obtained from 250 gr, sulphur and 600 gr. PClz, 205 gr. P8015 of Bp

118~1220, . we heated 400 pr. sulphur in & S-neck. flask to various’
towperatures and allowed 250 com PClz to drop into ite The Sulphur -~

wasg’ vigorously stirres, when a KPG stirrer: stood ws 1p nood stead.
- The: PCls-PSCI~ nixturs at once.dlstilled at a teonerature of . 80-~1159,
- Bt was afterwards frae:lonauad ard tho residval PCl3 was re--usedc

For apparatus see bigr—su _

Rosults of eyp rimentsa

Duratxon of dropplﬂg’ip SUiphur_ : E . >

- Wo, hrso" L ’cerr‘-p° yier %\?ﬂ. calc° on’ PCls
1 7 - 190-20000 160w . f’ 152 . (/ .
2 3 - 190-200 -85 - - gr.e
3 4 190-280 95 - - 30,4 . .

4 4 v 180-170 - . 50 - 16,2
2B 4 .. 240~250 - 85 P L RT.2
6. 4 (where 4 200-210 65 L 21.1 ¢

. times the total . -~ . . SR
o ar;ount'_ was added - S - EE

' ' The ‘series. of experlmenus sbo's that the temperatur§ used by the
1.6, (140-160°) is insufficlent if the PClz is added drop by drop. .
 The I. G. states that the termperature selacted was particularly favour=
eble because above 160° the sulphur would be: too viscous. My experi-

. ments, however,~showed that the v*80051tv of the sulphur mass gives no

, trouble to a 2lass stirver up t0 2500. . e found that, as far as can
‘be stated from our srelil seriss, the ontiﬁum tamperature was 190-210°, B

 Highe» temperatures ObllOLSlv shatterud the time of residence of the

. phosphorus - ‘trichlorlide too. micH. for- 1a50rutory pvrposes th= present._

‘method ismovobablv the WOSu cenvenﬂento_v,f

20, Dlnhenvlthloph. phate ) ;;;m_;;m;~»c SR
. B°Ll§te*n 6/181 (ne) "

SN e IR P A __.

.“-Accoruﬁnr Lo Avthenrne;h onﬂ 41Lcorand (62), 3 mols phenol (57 ~r°)

2/



were dissolved. 1n' 120 cem 20% ‘NeOH and 1 mol PSCls was. added. The -

~whole was warmed on the waterbath for 2 hours; the oily layer was -

x cclleeted in other, dried with sodium sulphate and the ether distilled,
off. - The residue solidified in the cold and was recrystallised from
alcohol. .Eolting point (corr.) 53° o Tne yield was 40. gro ' ‘

: Sulphnr det. after carius.‘ 37. 90 mg substance, 26 72 mq 83804, found
sulphnr 9.7, calcnlated 9.8% mo S

1 mol thiopposphate was. héatod wltn 1 m mol NaOH (in—alcohol w14h an »wi
aquaous caustic sode,” th*ophosphate cannot be saponified, accordinp to- -
Authenristh(88), page 1100) for 2 hours in the water. bath, the solu- .
tion evaporated to dryress; the residue was then dissolved in soda “
and _the phonol eliminsted with ether. '~ The aqueous layer was acigified.
and arain e Xxtracted with ether. = After drying and evaporating, the
‘ethersal layor left behind a. 7ollowish oil, which could not be distilled

ina vacuum without decomposing. oiphenyl thinphosphlte.'

210 Di~p~chlo__phenylthz_phosphato ,.~

(01<~——>0)2 s\ OH

'.The neutral eeter was ootained, lccordinv to Authenrieth and Hilde-

‘brand (62) on quite. einmilar lines to.the triphenyl thiophosphate, -
except t*at it was not recrystallised, and it was ‘aftervards saponi=~:

- fied with NaOH in ethyl alcohol. = This. produced a dark coloured oll.
64.53 mg substanee,; 101.31 ma. COg,\found 43.8%, cale. C 43.0%- " "
Strecker and Grossmann (65) Goubt wheother Lri-pachlorophenyl thio=.

. gulphate | 1s obtained. in this way. Ke vorggeless, Authonrlieth '

- obtained the analovous trinhenyl thicnrospk te with correct constants
- in 8 s*lm*lar way.. ', o — :

p722 _Diphenvl poos“horic acld th;pnnenvl sster

~._( ’—> 2 </ /_______>

- . § . . ; r

o

o

In order to pwenafa th is oster we. mixed tovet or celeulated” awou tS‘
. of diphenyl -phosphoric acid mronochloride and thiopnenol. At first
" there was no.. reaction; this did not commance until pyridine had

- been added. It was heated for a further 6 hours and the resultant
pyridine hydrochloride was dissolv-d out with water. Ve’ then rinsed
with dilute hydrochloric acid (pyricdine) and then with soda solution, .
- Pinally with purs water and. aried with dodiunm- sulphateo- On distile-.
. ling in ¥:-3 currant of 602 tre following. fractions were. obnained° J

.1 Pirst runninvs BPls 60-640 (lbcun 10 drops) r L

2. First runnings BPgzg 245-2750 o v T

3. Maln fracuion BPgz 275~2820. - _j" T _‘-'m, DR
R i . . ot .

On- rectifying, the. °ster was OOuained as a colourless oil with BPgs

288-2909, .- The oster was not previonsly lmnown, althou"h 1ts isemer,

'triphenyl thiopbospha to'is hgfaﬂlliar suostqncel S,



. <

;250 Diprenvl bhlophosphorlc acid monochlorlda.-
Beilate*n 67181 (96) e

'_;fm_\ v;~*;;S __
{0 0 pZ
°\ ~ /-f;-») ;2%%-\_01 o

e

"he startin~ ﬁ&t“lial usoé for thls product vias- phosphorvs acid o
diphényl- estor -nmonochloride, - Thig was—eb%aiaed‘by the methods ofv
Hoaek (63) Anschlitz ang Etiery (64). Prom phenol anc phosphorus tpic’ -
chloride., By “the vacuum aistlllatlon of the-reaction product in g -
cyrrent of €0z, the ch7oride was obtained’ with BPy4-1720, The "
chloride was next heaksq with the calevlated amount of 'sulphur, ac~
cording to the drocoss of Anschiitz ang Emery-(18) op ‘that of Strocker
and Grossmann (65) for a brief period at 190-200° » 602 being passed -
,nrough at the same uimam‘, The” reaction Troduet; a brownisnh mass, =
vas ;ract*onated in Vacuo. .  The prenucu thus obtained with BP B
95&104_ w08 sorewhat conuam1natcd by - sulnhun and therefore yellowish°
It was obtalned pure by recrysta71151ng Lrom herane,. - - ot

“4. Dinp-éhlorophenyl thiophospaoric acic mono~nlobide :

Beilste*n 6/188 (107)

P*rst of a1l an atte pt wos m*de to pronuce tkis chloride from sodiume
D=chlorophenolsts ang pﬂosnnorus sulphochlorlda in xylene. All we
obtaineqd, ‘however, from 50 op, PSClS'and 84 zr. phenolate vas 5 gp,

of" The 6331red thiochloride, We. ‘therefore made 1% in g Stmilar way
0. Preparation 23, . Ve Tirst heated 2 mol (238, 7. ) pP-chlorophsnol -
of BP ', 210-217%, with 1.5 mol PClz (206 gr.), CO0y-being passed throuoh

: hovrs under reflux° Tt nasﬂghgg_at once- fractiogﬂted- ey

150 sr. flrst runnineg and dichloriée BP1p 022070, _ .,  \ﬁ'
135 gr. ‘monochloride -~ . - BPjp 207-2350, - T
40 nmp, cribnoan¢te .  - -~ ,.BPyjg 2700

“_'reliminary exnorimonns in Uhlch, in aecordarce wath reconmendations
Of Strecker and Grossmann (65) a coa31derable 2»Cess of PCly wag uaed
01 mol” phenol chloride + 53 or 2 rols PCI3 oroduced onlv slight

' quantftles of. monochlorldeo ' .-

A R _ . , .
- g . . o el

’ 115 pgpr. nonocbloriﬁe were then hsased with 11.5 . ar, sulphuw to

2509 - (65). " Ine desired ‘reaction. on_then took place withthaat and a .
Drown. colouration, "The 011 obtalned was fractionated in a wacuum. J
after brief first runnin*s, the main bulk (120 gr.) was Obtainad gt -
BPyg. 230-260°." " After a fow days the .chloride- SOlidlfin spontaneouslv
uhen it was extracu d and’ wasbed w:th a little @the ‘

;uso Phenyl pkospkinlc acad dlcresvl es ter°



,.‘-' Thie ester was prupared<1n a:similar wav to bhe phenyl estero f
- The starting material used wag-phosphenyl chloride and a- mixture of
‘the three isomeric, gresols in the propqrbions of. 1ghel. - VWhen the

. components. wore biguwnt tomethoer thers oceurred a violent reactlon

and considerable generation of hydrochloric acid. It was stirred
for 2 hours snd then distilled. After a brief rirst running the . -
‘ester was obta:ned at BPpg 255-2789, and the bulk was obtained between
- 270rana 272. ° From 55 zr. phosphenyl chloride and 100 gr..cresol .

. thers were obta*ped 55 gr. ester, i.e. 53% of ths theoretical amcunt,’

- The ester did not solidify on” coolino to 09, The boilinv point at

normal pressure was BP730 o90-400° RER -,. — .

. Zbo Phenv1 phosphinic aciﬁ di—p~butprLenvi ester  _

T N\e?Z .
N ,/"‘“‘“*

0

B = :.¢.7¢4ﬁ9f".;1

- Thia conpound was obtalned by Ldéing 17 £Po. butyl phnno1 $0. 6,7
gr. phogsphenyl chloride, aftor ¢’ e latter had bean chlorinated. The

butyl phenol was prepared from p-butyl benzene s 1phonate by fusing

with alk%éi. ~ To complete the reaction, stirring was carried out for

4 hours end then it was fraoctionated in a vecuum. After a brief
first runmings’ the bulk was obtainod between 260 and 3189 at 20 mm Hg,
the groatest amount boing 'between 305 and 3189. The yield was 12 mr.

= '76% of the theorétical amount. . The egter, an- olly liquid, is vedry
much ‘thinner. than Pronaration 25, a fact that. is partieularlv not;geable
at low temper auu*es.ﬂ,~ L : .

2?0 Phenyl phosphinous acin d*phenvlester

/ \_____/

. o

. ' This substarce, which has not nfGV1ously baen descr*bed may“be'
obtained very easily by hsating. phosphoenyl ‘chloride and phenol. 50
gi'. phosphenyl chlorlde are heatad with 88 ar, phenol for.3 hours in
'the sandbath, the tompersbure being kept between 150 and 170°. . The.
mixture is then distilled.  First “of all comes the first running and.
.the excess. phenol, then at BPlv 217~2280 tbe desired. ester.  After.
_rectification it boiled at BPlS 225~298° "The yield was 70 gr: = :
»8005% of ‘the theoretical . smount. = After-a fow days the ester solidi-
‘fied to form a.colourless. crybtalline ¥a8s. 234, 85\mg of the sub- _‘
uance produeed 90°85 mg. rg2P207 (Carﬁus); e

\

calculated P- 10, ajv foond Bf"ro 8,5



s;jzﬁproving'the-séiﬁbiliéy'in:oil,of“vgrious~additivesi

P -

An'inadequate degree of solubil*ty in m1nera1 0il was firet S
ascertained in the—case of. diphenyl phosphate.v Attempts wers there—
fore made to improve- solubility by choosling a solution aid. The
latter must, of course,-be suvch that the properties of the lubricant

- 8re not 1mpaired, e fact whlch wade h;gh demands on.the’ thermal b~

hav1ounl_ : SRR A I

.;—"'—a o 0 -

: - The problem was to brinﬁ about the soluuion of a polar body,'
dlphenyl phosphate, with a hiﬁhlv non-~polar mixturs of substances, the
minerel oil. After a-fow exporiments, we had recourse to lauryl
nalcoholo' The latier has a—reletively high boiling point, is solubls
in 0ll and moreover roadily dissolves diphenyl phosphate.. This .
favourable two-way behaviour is to be attributed to the molecular.
structure, Lapryl alcohol contains both the polar hydroxyl group

'and the liophilie dodecyl part. A perticularly favourable circum—~
-stance for s number of practicel oxperimeonts was provided by a -
solution of 1 part dipbenyl phosphate and 1 part lauryl alcoholj:
after heating to 120° to expel the water of crystallisation of tho
diphenyl phosphste, a homopenaous fluid was formed. .This consideré
Aably simplified the ooluﬁion ‘'of the ad 1tlve.. - L .

‘The Pollowino is aneaxtract from ar*o*s uolubility experimants-

o Solvent (Tech. Lauryl —E
alechol from Deutsche Heated Stood :

o
[

*. ﬁil _ Additive hvdrlerueﬂke) _to °C_ at °C Finding
Shell AB 11 0.6% e 150'° 20 ecloudy .
) o ©0.6% - 150 ~15 v. eloudy
" 0.6% 1.0% - 150 - 20. alwost clear
% 0,68 - L 1.0% 150 © --15  slightly cloudy
u . 0.6% . .2,0% - 150 —i20 eclear - z
COWTL 0663 0 2.0% 150 :&5 almbst clear
"Essclub 40 0:3% S 120 . 20 ‘slinntly cloudy '
S 0.8% L ee T 12007 0 20 clear: - ’
w0 o.8g. 0.5 . 120 7 i20 clear
v 1,08 . 1.2 - - ..120 :20.__clear
. Rotring . - 0:3% Se= . 7120 20 “eclear -
. . . 0.5% . seeioo 77 120 ¢ 20..81s cloudy
o Y08 - - 20 v. cloudy
BT 3,0% e 0.7 20 clear ,
s -1 A 1.5°

- 30 clear
1' . . } . . N
5 W1th “reparabion 891 I G., 1aury1 nlcoaol had a s;m*lar effcct,
" Later on-the questﬁon arose of stirring the prcparations into ths oil
without heating.. In the case of 1586/80 I.G. Dr. Brockstedt had -
already found Uhat when 1586/80, benzol and spirit were mixed in
‘proportions.of 2 ¢ 1, the cold stirring method could be adopted.
Aecording.to our experiments, the praparation did not even form e
block at’ -18° ‘at which temperauure it was lent for 3 davs° s
\ . \ .
T In order to 1ncorporatb phenyl pbospginic diphﬁnyl esters With”oil :
in uhis easy way, we tésted a larze nuwmber of solvents.. ‘Experiments
" with-benzene, toluene, ‘earbon - tetrackloride, ethanol, butanol, methjl
chflketo*e etc. wers unsuccessful a\d only the covbinotion “ster benzcne*



- UO‘-r:

ethanol in the propowtions 6f 3 S achieved success. This =
mixture, a thin oil may be stirwed cold ;nto Rotrin,, without any»
thinu beinp precipitated at_«lso - v : .

: Atte"pts wero subsequentlv made to avoid tke use’ of solvents and—u
-golution profoters by including snwtéﬁI““lipophil-cré_fing groups in o
~~%he moleculs. ~ -Thls was coimpletely siecossful in the case of the two
prerarations“triedo . By . the.reaction of phosphenyl totrachloride
. with p-bubyl phenol or a mixztufe of the 5 isomeric cresols,. phenyl - A
-;phOBﬁhinic acid di-p-butylphenyl ester and phenyl phosphinic dicresyl
-ester were-madc. Both are clesr 1iqu€ds, which can be mixed with the
“oll at room temperaturs-in a concentration of l 5% -1t was not:
attempﬁed to wake higher Voncentratlons,v:' . ‘ MR

The sama "vocess ‘waa also used Tor dlup-chlorophenyl phosphate.
Der1VQtiVBs were  produced with/a methyl, propyl, amyl and lauryl '
‘group in ths nucleus.  ¥e will only mention hnre as 8 provisional .
" finding. that di~(2chloro 4buty1-phenyl) phiosphats mixes with ligroin
in the. ‘proportion of 1 : 1, while di-p-chlorophenyl phosphate will
. only dissolve uvp to. 0. 07% in- +he sare solvent. Whese.expnriments
are a t. present béing carried ocut and conpletﬂd by hr. Fischer in
connectiou with work ;or a dlploaa. o . _
o It has tkus been demonstracoa/that soTuuion—promoters~were suit—'
~abls for preliminary exppriments, but noaving regdrd to the protracted
‘'storage, the final prepafacions-must be rado coluble in oil by the"
~41naertion of 1¢poph11e EPOUPSL e o it

/

'4. Investination of olended oils

.. By adoptlnv the mosa varied tcstlnp .ethoas, a carsful cneck on
the lubricants was ensured. Zithout an_oil-testing machine it is
imposgible to exarine so many preparations, as engine tasts entail. vreat'
expenditure of time and material, and still do not afford -a find dsgree
of differentlation° It has bo*n found that the results obtained with -
ja wear machine of theSiebel-Kehl typd agree very well with those ob- _
tained on the beariny test bench and in ‘experiments. with’ en"ineso., The
followinr cquiprent wng uscd Ior the expov1rgnts LN :

[ren

8. = Wdar-teSolnw machine of tVe "SlebelmKe l" *"pe..
b. = Bearing ‘test bench. N :
Qo = Runnina tests with a 27 lBrHvehwcle _
d. - Tests W1th aero-gngines. . _
8. - Tests on the Four Ball spparatus. noa

- Ring stlchln" and other lubr?cavt testsn :

ey

wa) T0331ﬂ¢ wath~the Slabcl-ﬂehl typo of wcar rachwne.;;ﬁw

-fconductau bv Fr. Brock3uedt at th Staathav Tprufuncsanstalt of
the Techﬁical.Collere,- Juttmaﬂta , ' : '

o 'mb¢s qpnaratns works V'un phrclv SllQiﬂ* fraction. The iacram of
the_ test device, which is. 6esc %Pod in greator detail in wy diploma
thesis, will be seen from Fig. Tae dimensions cof thg test pieces
are also given. © Thesz are placed ’in a. bath of 1ubricant, whose tomp-~ ~
eraturs is kept consbant at 1200C a-d run- with their ends towards each
other. . Im order %o agtain hish surface’ pressurns, the ‘lowsr, station

ary test pilcce is recéssed in the form. of segmants: . The entire con-
‘tact surface is 33 sq. mm. - FHhereas in these experiments the. lower,
snatlonary test~pleces are. made of Porma11y~annealed steel 8t.60.11,
-the upper-test. -pieces consist of piston alloy EC 124, lead bronze or
silver. At 2 sliding spesd of v = lzq/uec., ‘the distance run per i
ewperimenc and inersment of 1ood was wade 2.0 kn, corvnspondinv bo.:

R



T g

a duration of % héur. - The moment of'rotatibn_was.recordéé\eurrently_»
and the coefficient of friction calculated from 1%, . Prior to the
commencement of cach series of experimenis, .thes sirfeces were care-

- fully treated and then ran with a surface prossure of 120 keg/sq. cm.
~to start with. . Dismantling, cleoning and ‘evaluation of the abrasion
was the next process, then remounting and £illing with fresh oil.

At intervals of 2.0 km run, the tost pleces were loaded wlthout dis- -
mantling until the sliding surfaces seized (sharp rise of the coeffic~-
“ient of4friction).-_"P’g.flsfshows“g‘ﬁeneral_picturevoflthq;méchine,“~-
"whilst the ection of the addition of .phosphenyl chloride is shown in - -

FigSL 23~25.- -

L

REsul®s @ -

‘The following results wers a1l carried out with the pair of
materiels steel EC 124.  With preparstions where the optirum concen-
tratibn-waS'gsceﬁtained,by~a“series_qffexperiments,‘an:?o"awil; be
fbgndzafﬁer‘the.perCGntage content.  The oil used throuzhout was
‘Rotring. - : o : DA :

K S —_ . . R R . -

L ' Y. . . Vax. load Coeff. of fric. °

oo . Kdditive Conc. cupported Start . Finigh '

-~ . Dibutylphosphite 1.0 - . 450 low R T
7 Diphenylphosphate = 1.0 o 750-1009 <0.01 " ¢0.01 + 1% Lau-
R ST . N " rylalco-

AU O o IR hol '

- 1_..Phenylphosphinic reid - _ R : :

- diphenyl ester = . 1,2 o_ -. 600~1000 0,02
-4 Phenylphosphinie .acld . -~ AR e
~ monophenyl ester’ - 1.0 . 450 low ..
~ Phosphenylchloride™ 0.1 86¢ - 0.01 . o0.01
© 14801t I.G.Farben 0.8 750 .. 0.01  0,01-0.02

~ 1A1BB4! Moo 1,00 450 0,04 0.08 '

Di~p-chlorphenyl~ !

4

2 o )
36 Phosphenylous acid ~0.3~0.4 0 750 ~ ' . 0.01 - 0,01
38 ° _

) pkosphate 1.0 0 }1400 .. 40,01  £0.01
9 AeVO 2 R e ‘

+ 9" He8ted 1 hr. .to SR S . o
L. 8goe. - 1.0 400 {0.01 0,02
-16  Diphenylethylphos- - e e
-~ phate KLU A_'l.S)f,-\>' 550 -1 0.025 0,025
49  Tricrssylpltrosphate  1.5) - Cme. . Th e e
_ %oleic aeta < 1,0) 0 90 0,020 0.02

50  Tri-p-chlorphsnyl- - = - i R oo
.~ _-phosphate oo le . T 0 180 0,08
} 12 ,.,._ Di".zo 4"dich101"phen‘yl— B ' ‘ Lo ) ) i e ‘ LooE
.~ . phosphate - o L.0 B0 0,02 0.08
.32 Diphenylchlorphos~ L TR S
-~ 'phine . I 0.8-0.5 0. 950 0,01 0.01
6 Isopropylbenzene- ~—~ ' /. . o
- dichlor phosphine - 0C.5 - 750 - - 0.0L . 0,02
13 Dicresyl phosphate. 1,0. N 350 . 0.015~—0,06
. 48 - Triphenyl thiophosé o Co IR L

" phate T 1.0 150 . 0.08
- 22 Diphenyl thlophenyl~ - - =~ - . -“ L
” phosphate - Lo - 180 - 0,06  0.08 .

16 Di-p=-chlorphonyl- ,
- phosphoric ccid mothyl - R e
e '0.02°  0.02 contaminated.

sster L0 .. 1400 T
m Ul 045 - 880 - 0.01 -~ o.of th chlorins

N
' .



R A T Eax. 1oaa Coeff of fric.
Noo  _.___Additive conc. e supported Start Finish;

10 "Di-p-bromophenyl-h' . S ' ‘7 B T
- phosphate . . '1,0 e ‘1100’ - 0.01 0002 e
21 Di-p-chlorphenyl»! : S -

_thlophosphate - 1,0 . 1050 <o°oz <o,oz'-
20 Diphenyl-thiophos- = .

~ phate - 1665.5‘}»74 800 ' (0,02 <o.oz7
8 Di-pnnitrcphenyluﬁ L -_:v’J; ;
-~phosphate : 1°Q = ;':559'*;-;,0,02 O;QS‘;{y

;~1 ‘ Di-pnchlorphﬁnyl— e T PRI N
= _phnaphoric acid - 1.0 1400 ..;,o.oz' 0902 contam.f\
. propyl oster o _r4 LT e T
o oo ko o 21800 - OQOB 0.08 purified

,181-_Bi~p-cblorphenyl~,; ' vl _ o ,
/.- phoaproric acid . I S S
. leuryl ester - 1.0 180 0 - 0.04 VO.OB
11 i~p~f1uorpkenylw e E S -
-. . .phosphate - 1.0 1400 0,01 - 0,01
.14',.Di—p-chlorpkony1/’ 3 L . e L e
. .phosphoric acid. - C o Do e T
’,nonochloride . 1.0 950 = ¢0.01 0,01
" heated 1 hour to: T A
- 300° 3.0 . 150 - 0,08 - -
oo .- 04B - 8B0 0,01 0,01
3 . Phenyl pnosphlnlc o _ e BT e
oo aeld di-p-chlowphen- R ' S
0 FIresters o - 1;9; oo, D00 - 10,04 T 0,08
o5 Phenylphosphinic. aei e T e o
' mono-p-chlorphenyl SR - T . S
. - ester monochloride| 1.0 - ., -850 . 0,02 : €0,02 resinified
23 . Diphenylphosphoric &01d Y S
.- sulfoehloride. 2.0~ L300 . 0,03 . 0,04 @
24 Di-p—chlorppenvﬂ L TR e T e
-~ phosphoric acid IR T T
~sulfochloride ' “1l.0 -850 - 0,04  0.07.
Phenylphosphinie acid =~ =~ - . RSN
d:pnenvl gster: chlor— . . T e e
S inated - oo e Qo 480 0s04 007 ..
42 Sulfur UL 0,008 . 450 Q0,10 0,14 x-
41 Diethylamine~v~°hlfo- ' C R K e '
SRR chlorphosphine 1.0 ... 150 0,08
.40 Fovoethylan;line~‘~ ' PR T L
.. " .oxyehlorphosphine - 1. 0 2000 7 0,04 0,08
25; _Inenylphosphinic acid e RS
- ~dieresyl oester . l{5~ o B850 .. 0,02 0,08 -~.
26 _ Phenylphosphinic agid ",: Ce T e
- di-n~buvy1pheny1- » e T sl T
, gster - 1. 5 LONTEITATB0 0,04  0s09 _
27 . Phenyln*osnsinqus zeld o e b0 ECUE R
dlpheﬁyl es ter Tde0 o g00 . "0.044 ~0.04A

X Figner concentrations were also 1nvesz..wa{.ed° ' These, nowever,

 revealed o very much inferior behavicur.- Txner]wents w1th 1ower

concentrbtions havo ‘been Suar+ed. A . N ;
A . .

“yTbe followinw wero without ef*ect., ‘], ;;;1': e : -»bk:fi

_a) diphenyl nnosphinlc acio, whosa solhbility behaviour 18 too poor;
" 'b) Oxyphosphazobenzene anilide (0¢5n)-
—c) Races preparcd with diphenyl phosprate in xylol. L ‘
-d) 3% methyl salicylase (can be purchascd fro Schucharat, Gérlitz),

RE



‘as indlcated by Evang & Elifot (141).
@) 2% benzene sulphochloride, patented by the Gulf Oil Co. (142)° ,
The preparation wes made from benzene sulphonic acid by the Gattermann
method (143} e i
£) ﬁaphthalene tetraCﬂlor$de, patyn eﬁ by . Evans (144), made from
>naphth&lene ‘according to Schwarzer (145).. -
'g)“Chiurlnuted diphen¥l. sulphide in 1% solubxon, wentioneﬁ by the
General Electric Co (146), made from Ciphenyl sulphide (1£6);
~h}. Voroehlorthianthrene, made by Fries and Vozt (147). :
i) Diohenyl sulvhzde ‘made ca.cc,orc‘:‘h'x'T %o hartman., Svith ‘and Piekey (1481

b) Bearing test-bnnch exporimenhs ln the macbinmrv 1ab atory of the
Technlcal Collere, tnt+part, borschunnsinSuitut fur Va1 “n“raftmaschw
inen (Pro’. .ewarka)e T T PR e

_ Thls uest~hench is of consicorablv larver dlwensions tban the
Siebel Kshl machine and mar's a transitional stage to pracfical

_application. The machine 1s illusitrated in ewerka's roport {138),

—and a dlazrem of the testing device, 1s siven by VHth (139). ~ The .
machine can be loadsd .up to 10 tons, 80 tnat pressures up: to 100 kg{

. 89. ewW. ars -obtained. - The load on iike. vearing ls hydraulic by means
of 2 oil pistons.  The diameter of the- be“rlﬂo is 45 mri-and length .
20-mm. © A% a spesd of 3000 revolutjons of the driving motor, & .'u<'
sliding spesd of %7 m/sec ls obtzined. . The test Sh&fu consists . of

_fnttrided steel and is polished’ and lappedo -The diametric play of
tze bearing is 0.09 mm (sée Fl 7.17)s  The material of the bearing

- shells may be changed. . On: actalninrr the limiting load, the tempers.
ature of the bearinn rises sharply and the tesh nachine is stopped by

. the safetv ﬁavice on the dr*v1n~ roter. S

- A8 ererka and his coTleaﬂues 1ound the spec° load capaclny

-rises parabolically with the 1ubricatinrr oil pressure, over a wide
range_wlth 3/ ° Yhen rscorded: on double lozarithm paper, the
eurve is rect?lineur. Tris makes it possible to check the accurdey’
of the experirents (quc 18} and this method has there?ore beon used
“in experiments with ‘our. pfenamtlor!s° On testins,;-the- following.
-resultswere ovtalned. . The table gives the spsc. loed capacity.

of "various bearing weterials at a lubricatinm oil pressure of p

Yl atm 3030 tne conaitIOﬂs beinc those Wiven abova H

Lube oil‘ ) - : N o ; _
Bog : | . o . y
4. 5° Exn gler/SOOC - Lead~ - S)ecial Liwht metal

’ A Bronze Silver ThHrass. I 124
: k”rch kg kg kg
' pure - 2 270‘” u.390 _ 30" . 600 .
ooos%'Phosphenylchlorwde 490 - BOO 140 0 wewst
0.3 % phosphenylic scid 450 740 - 350 - 700
‘0.6 % 891 I.G. Farben- *’410, - 1200 %40 . 780
‘1.2 % Phenylphospiinic . ’ R .
L acid diphonyl ster 780 . 470. 7 1000 - 760"

- ~
. N : I

1.
]

N These ;iwures show that qualitative egrenment'ls achieved'tb'a
vary great extbnt with the results on &the. Sieoél»Kehl machine. - Fim:
18 shows ‘the dependence of load on-o0il pressure, Fiz. 19 ths. effect
of additlves on thae. temperature ‘of -the bearing. - The final tompen-
7aburﬂ on attainino the 1»m1uiﬂp 1oad (critlcal beariﬁg temper&ture)



B

P

ls equally Jigh with the various admiavuru§, but the actlon on load
Gabaclty var*es considerabTY with ths ﬁi?ferent bearing materiala.

RuhnLna tests witrba 2ILBTW motor vnhicle

conducted bv Prcro'Glocker, Institub. fﬁr heta;lphysik at the ’
Kaiser-WilheIm‘T?sLitut fﬁr ’euallxorschunﬁ, 54 uttqart.» j o
) Durlnq neat uesto on- Hlendeo olls, ‘aeon siderable drop 1n V
effieiency was found here'and there. . Protractsd-experiments on—
vhe Slobel-Kehl woar wachins at. 120°C and on the bearing test branch
_only indicated o slight drop. ' To elucidate these conditions,-which X
‘#re oL gregd 1mportance in practieo in- tne—enpine, running-tests wore
carried out with a 2 Litre BIW viotor vehiele. . 01 was' taken bafors
“Atarting and after given laps In the journey, and this o0il wss Lested
onthe Slebel-Kehl mechine. It was Ffound fhat ths ‘efficienc Lt
declines rathér rapidly to start with and subsequently falls arad-
-nally (Plp..ﬁ and-7). . The distances given wers covered without thé~
anddition of £ fresh oll.  When the additive was topped up (IMig. 7
'und 8) Lhe oriwlual effic*ency was. restored, @ﬂd this awainmaeolinedo
Por an nssessment of the lubricants, in addition 0 the. cno?fv'
ielent of Friction, tho surface pressure -wilthstood was also. of dediw
-(ialve impor%anee, ‘this 1s the proeasurs.at which no se? Zing of . the '
ﬂlldln" surfaces has yet oceurred. - Falling values- for surface
‘pressurs and-risine coefficients of friction polnﬁ to a drop in’ the
offleiencv,gf the: additiveo. -t st however bs borne-in mind that
‘{he coafficient of Iriction with wany add*ti?es, even at slight pres-
sures. scareelv alters“up $0 seizln" voint {(di phenyl phosphate). SN

Whetbar tbe drop in efficieﬁcy is due o a. reaction of the addiu,
tilve with the lubrlcatina oi r the moetal .par-s to be luoricated,
.13 not yet quite cle 1ntroduct1on) ~Pursly thermal decompo= .
sition which -only occ to any extent in the vicinity of the combus-
“tion area, should not bo the declding factor, since the best addi-.
tives atnain approximatul;.the thnrmal stabilitv_cﬁﬁthe—lubricating
.f011 1t eTP m S

‘. + ) B
——)

, Erneriﬁents wi th a stdioaary s*nnle-cylindar 130 enpine 201;
_!carrled out at the Forschungsinstitut fir: Krafnfahrwesen, Stutt art,
P(Profu_Kamm), presentﬁd a similar picture’ (Pir 9). . o

: ~. .
Cos. Exper¢ments with aerOwonﬂineso'. _  ﬁ":H"7fﬁ;'*Lff" "fg";a

'conductea bv 1essrs. DainleruBenz., r .'jf~g
LT In the aero—englnc conditions are mora favourable than in
the case of the zutomobile engine, insofar as ‘£resh 01l has to be.
- gdded from time to time and the falline values® “of the surface pressure
' 6o not therefore drop below a constant mean-value. - In the antomobile-
engine,; as is well knowm, the oil is only chenged. at long intervals.
The results of experiments with different additivas.are shown in
Filg.. 10-~14. The originel efficiency is not cowPletely mainhainod in-
=any of the thros néditives evaxineaa: - v _

Do With dlplnnv1 pnosnhate (Wiﬂ 15) allter abou* 5 hours in the .
zaln engine a drop. to p =t 350 kp/sq cm oceurred, o figure which doss.
not fall any rore durin~z further opsration. - T‘e pressure: "ithstood
for Rotring oll without adéitive undor these. ccpaitionu, with a- e
vary. much biﬂhor coefficient of friction, a"ounts to aoout 150 kg/sq cm



Evev Lfo@r é houvs pnenyl p}*o"phlniv aﬂid diphenyl es»er_;lqeL
5 mosn pressure figure of 325 J"/SG em (Fig. 11,12). In contrast o
vdiphenyl ph0°phaue, in which the coefficlent of frieuion renains C. Ozb
here it rises with tho drop 1n the pressuze w#nbsnood a”L in tne moot
f-UnLavourablo case amoun 8 0 0. 07.‘ . , L

i The éocllne iﬁ “the” affect in the sin ~le ¢yli nder enpine (Fig.ll
1% and 14) proceeds_very much nowe ‘slowly than in . the main-onzine; o -
Tact that is probaoiy to bo aturﬁbuced bo tne h1~her tnermal streus v
the latter. -7 . P L L . ST

_ K With ﬂdditlve 891 there occurred after the_igggial drop in effi-
clency a sli~ht rise.  There was theon set up a mMean surface pressure .
carriod of 300 kﬁ/sq cm gnd & coefficient of friction of 0,025. . The
renswsd rise took place aiter the f*rst aﬁdition of & larqe quantity
'”of fr@sh il e . R S
. : s J—

, . Series expe”iments with Iic 891 Lhen demOﬁSurated tho action of .
 these prepsrations when running-in. » The seizinz of bearinqs, which
is usually such‘a Teature anuvvustns 80 much tlme, was 1ackina.‘

9. Tests in Boerlase‘s four~b311 anperatus

conducued by Nrn-Glaubitz, Chief anlneer, at theﬂﬁﬁgaulaAé&térialéx
_prﬁfungs&nstalf of une Technlcal Colleﬂe, Stuttwart. I e
- Bxperibents with sulphurised oils. (alao qear oils) in contrust
to those:.on Boerlage’s.four ball a“paratus and in- hlphlv stressed
" meary, showea only-8lizut’ i?ﬁ?OV@WQn or else no iﬂprovoment at all-
when tested on the Siebel-Kehl machiﬁe° “\In” 0rce=*jp provide means cf
comparison and possivilities of further tests, and, mors sspeclally
-£o got to know something about the ‘ehances of using ourpreparations.
- for gear olls, at Dr. H° C. Brockstedt'ts ins uinauion, testa wers
car”ied out on the fonr~ball apparatuso P o , :
. The fourmball acparatus wag av01ved bv Boerlage’ (135) in. 1933. S
‘with the- Bataafscha Potroleun Laatschappij at Dollt, in order %o Lesi
extreme dreasure lubricants.  Its special advahtawe les in the use
‘of ghoel bells as test pleces, which can be obtained cheaply and with
a uniformity -that had not ‘hitherto been attzined. ~ In the course of /‘
" years it was found that the figures obba‘ned with this device agreee - .
paviicularly well with the conditions cccvrrian in gears and other near
: luorinant apparatvs lsee Seemenn 136) a : : R
The- anparatus was: tested in 1941 by ‘the ﬁhenania«Bssaﬂ \136) &nd
_subseqhentlv by the: DVL *(137) and prperivented. with dnew. The fric-
tion element consists of ¢ sheel halls arransed in pyramidal form (Fipg..
4), 3 of which amé pttached to the eypeg;mental cup by means' of a
collet, and serew cap. . The cup also conbtains the lubricant to be ,
_,tcstcd° Thﬂ fourth- ba1¢ is fastened in a chuek, which is con sected
"by.a spindle to the shaft of the electric driving motor (Fig. 5). The
houeing carrvinm the motor can be losded frow ‘below by means of a. system
of levers, and the load 1s finally. uvaﬂsxarrnd to the lubrication: points‘
_ The coeffielint of frietion is msasurad by an ind*cator spring,;_ .

.- In the experiments in the Paterial Testing Iﬂst1hute, stesl balls U
or bonded {phosphatised) steel bslls were usoa,f T2 use of pnosp:atiseu
“balls as. the rﬂsult of preliminary experiments by .i'uler~Bezn A.G. G
- (Dipl.Ing.: nokemuller and Dr. Seowanin). The balls puh for a minute at
 a determined load.  Theéy arae then dlsmanblad, ‘eleanad and the spherlcal
~ indantation’ caused by wear iz measured. I'sasurements.are carried: out -

in bhe direction of runnlnz and in uhe d*rection at risht anvles tbereto



‘sag'fv

and the moan value for the 3. 1ower balls 13 plotted aaainst ‘the load.
The fourth ball exhibits a circular ring of wear, to which no fupbher -
attention ia paid.  The point of seizing 1s the doint at which there
occurs  sudden inerease in frictiom andwoar. (Pig. a). At the welding
point, the-balls are fimly welded tozgether. . Othor terms, such as’
crack poiht (Sprungpunk%), active point are not considered;*ae they

Hrequire c1ar1fication._‘ ] - o Ee
: _Resrlis ‘on- 4~ball machine (Stael balls) =
Typa of 'v__“- o \ L Seizing ‘ ﬁalding
oil SRR f*,_Additive Vo o ;’ polnt : ~ point .
L SR bv load bz loa &
'Rotang L e T T 110 - 180 -
""Ydotor o_ll . C R - . el S ‘;.
 Army Summer . . . T S 300 - 2000
Essolube E 20 = - cooo . 1o 180 -
MoAS .+ 1% Diphenylphosphate =180 200
o4 0.8% 891 (T.6.) 0 - . 240 1907
oty o.s% 1455 (I, GJJ’ .. 1m0 . 1e0
" % 3,05 1834 (1.6J) . . .- 140~ - 220
- Rotring +“O.8% 891 (I.G6.) . .. . le0 . 220
T+ 0.B% 1466 (1.6.) 0 . L0 1100 200
: ,s+¢g.g%%;5§4 (I. g ). i 180 200
S + 1. Dipheny phosnhate T y
S+ 1.0 % Laurylaleonol . . . ‘-179 ‘209
w +0.6% 14/135 (1. G.) o S %130 0 . .180
" + 0,6% 14/104 §I.G. .. 180 180
e 4 0.1% Phosphenylchloride ' - 150 - . 180
:¢ . :+ig.§@ Diphenylghlorphgspnine - 130 . - 180
I - +-1.5% Triphenylphosph ne - o g e
- 1,0% Pristearine . T 110 ‘wﬁ',lqo
oo +.1.,0% Triatearine - - o 80 . 200 -
o 4 1.B% Triphenylphosphate EETE 110 - . 180
v 4 1.0% 100 . 210 - 260
T 0,45 N 100 e 10 - 200
Bl wtll B M 100 T Sl el 280 —-l~280“
"o ‘+ 1.0% ¥ 100 heated 1 hr at 2000C ~2eo . 840
" —+4 1.5/ Phenylphosphinic acid di- : : .
" phenyl ester ~ .. - 90 ‘ 180 -
oo a 0.5% 1686 (1.6.) P 150 -, -170
R TR, & 1;0% N 409 . : o 190 . 240
Hypoid oil (1 36) sulphurised , w1000 ~LO00
ﬂ . T Phospbatised SteeI’Balls - “L ;';jff -
Rotring . . ° - ".. f é- - f*,“.;‘-, Lo 340;
MOAS+ = - S = TTB00
D DA T Diphen lphosphato - .. @00
T3 0,84 891 (1.6G.) S 413
T4 0,57 14 sgze.;.q.m'» - 700
SR 3,05 163¢ (I.6.) . T . . .850
Rotring <+ 0.8% 891 (I.G.) S 700
ST e 1,08 Diphenylphosphate~‘ S I
LT ¥ 1.0% Laurylalcohol : W 600
e + 1% M 100 -~ 8580, - - 950
R .



f) R;nw se*zinn and aﬂetn?‘vests, conducted oy¢the Technical\Research
S*atiﬁg of vne I, G° Oppau (Dr, Penviﬁ).; L _

Wharous nhenyi~ﬁhosnhznlc acid dipﬂenyI‘éste?—behaved 1688
favourabl iu tho ring sticking test thon preparatlion T.G. 891, it
gave a~togetberkbetter figures in ag zeing bests. Ib must be borna
in mind that for the ring seizing cests, extrere engine conditions
wrers applied. - On the othar hano, the &7 reing tests cannot 1mmediatoly

be applied to engine coaait10ﬂs..”,u. N
_ e ‘T’" EARI ff_ R ‘ S Ro'gr ,_ng Ll
o : TR WLLROUu‘ +0.6% + L, eﬁ’ TF Oogz
Unused oil“ ‘=‘ - addltivo l 86/@0 Kster = -891-—
\Viscosity in cst \\\;Q *‘ T T ", L
- B380C . PSooa T 262.5. ¢ 280.5. 2703
: 990G 1925 0 '18.90 12,01 © - 19.8 -,
Conradson test ¥ - 0.35 06287 0.21 - ¢ 0.32-
Neutralisation Nos . 0, 0.8l . 0.18 - 0428
' Sapon;fication 0. .. ;loOl 0 1.88 0 1.72 0 - 1445
C Used oil 1<n;»‘?‘ TS
BMW Exper. No. 695 . . 693 .. . .69l . . 694
Vigeosiby in o8t © 0 R LT L
oo 389 268,85 ¢ "19B6.5 . 286.5 219.9
: - 999 18,14 15. 76 - 18,85 - 15,94
: Gonvao.son test % - 0.77 . - 0.80 0,46 . 0.68
Noupraliscstion Wo. Q.86 . 0,78 - 0sBL . -0.67
Saponification No. O o1 L35 2.64 0 1,98
Ageing test . B
(Brit. Alr Einme] ) o
LOSS /D ' ) ‘ 5:8 s 558 2;0 : -‘:694:
Vvscoslt3 in uSL S e I -
. 380C T 569.5 450 . 339.6 . 774
i 9900 25,0 . e7.27 0 BB BT, 4
. Thicken*ng at 38°C " e L
' in. 7 a4l UL 0 29 195"
‘Conrdadson Ltest S 4gB9 T Bl48y . .24 _“ﬁbéé
. Asphalt . . 0 0 .0 SRIRER N
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5 P hocnaorus oompounds which are ngen in technical literature
&8 addivives for luorieants B A v

It is Worth noting the med eriels which heve" laready been used
as’ additives to lubricants. _ For the sake of clarity9 these have
been d1v1ded into three clasees' ‘f L : e

L4

1 Derivatlves or the °h°°phor1o 801ds._ ]> o

II Phoephineef'*

Ty FAE BN . -

III Other phosphorus comoounds. Lo e

Pirst figure after the uatent holcer. Literature re;erencevie B
bibllography i - R At

“,‘ . 5

Second flgure after the patent-holder. Iear of the patent applioation
,Third 'o" "f CREEE IR '”.67 comoom granted

eiFourth - "_'54‘ w o m e pr&ority

l Derivatiﬁes of ohos horic_acids.

Standaru 011 Development Co.‘ 66/1934/1935/1935

-A turblne oillmith hlgh flash and self ignitlon pointsf'consisting
-7 g= of +ricresyl phospha‘ber ’ ,

’ o
._4/

_Atlgatic Réflning Co 66/1954/1935/1935 | },,if” LT e;;.'

’Mineral owls with up to lOp of an*organlc phOSphoric acid triester,
which can sentaln alkyl =nd aryl groups, are useq as extreme pressur¢
“lubricants. = The combinatlions mey also be halogenated, . Test

- carried out on the: Tlmben Lestlng mach1ne.= - B

E.d. du Pont de Nemours & co._sa/1954/19%5

f‘ond esteérs from ortbo9 meta or - oyroohosphoric &clds, from
‘phosphoric acld and hynophosnhorwc geid with alcohols and phenols
enhance the. effect of pressur luorlcants. ' I
enadt

B Jz “du. Pont de Nemours & Fo 69/1954/1905

: . . \

:_Allphatic or. aromatlc esters of ohosphoric acids are used as -
lubricants for high pressures. Acid esters are sultable for normal -
pressures and temoeraturesp neutral esters for high pressures and
,temperatures.; , . _ ‘ o )
,Socony Vacuum 0il Co° 70/1935/1956 il'v~:_"‘,‘7f ‘ ;7‘ "[L;m::ﬂff
fmc prevent the corrosion of metal surfaces, eonsistlng of CL Ag Cu'.
or Pb alloys, the mineral lubricating oils ars glven en edaitive<f
'consisting of 0. l 1% trinhenyl ohosnhite.m;<f : S T

"SQcony Vacuum 011 Co. 71/1905/1905

ﬁTo nrevent corrosibn tricrewyl phosphite 1s added to-mineral oils
in- the orooort*on of 0.1-1% - o \ v



Soconv V&euum Oil Co. 72/1 >571936'

0. 05-2% of & triaryl ohosohite are used aq antl-oxldants ro*-
thdrocarbon oils ' e T : ) _

-Ce?luloid bonp,‘73/1955/lq~7/1034 'jﬂ*f;f» :fj » f_g.?_f"f'?g

Lubricants from a m1neral or vegetable oil*are mixed with: an_
emulsifying- ag_gt ‘and _a- neytral estér of- shosphorioe acid. The
‘ester containc at’ leabt/pne aryl group. Esters of thiophosghoricﬁ
‘acid may also” beﬂused.. “The luorlcants are uarticularly suLted*—v
for high oressures and speedsfx-gi~ - T S R

:Standard Oil Development Coe 74/1964/1957

'Lubricating or 1nsu1at1ng 0118 ‘consist of an ester of phosphoric
- acld, suech as t*iere,yl ohOSphate to whlch further antioxwdants
'are addeL, : ‘ _ ¥

: Stande*d Oil Co.. 5/1956/1937 vf _f'{’

‘I4 order to prevent corrosion in certaln bearlng metals the Do
“lubrieating oil is'1moroved w1th a mixture of mono, di and tri-_
_alkyl"phogphites° S i - . R

~Cenedien Industries. Ltd,_ 76/19 5/1917

'In order to av01d selzlng, qearlngs are lubricated using aliphatic{
-asters of nhosnhorlc aoid.,- The.esters rea°t with the surface of‘ 5
‘thepearing. . . .

’v,_'(

[

{Continental 011 Co. 77/;9%/1q 7/l9u5 '{'f ﬂ",.-r.5,;N "f¢w

Mineral oils gre mixed w1th e Snell ouantlty of a. 0hosphoric ester
 of an aliphatic or aromat*c thionhenol or tn10a1cohol ST ~

! C o o S ~

» Standard 011 Devélopmeanoc 78/1967/19u8/19”b

'Liauld.organlc esters of phosphorlc acid (trlcresyl ohosphate) are'
used .as lubrlcating owls for Dr601510n apparatus. » C g S

AL Foulon 79

RIS ) " , \v ’
P hosphoric acid esters are used 8s. dnti~oorroclon extremc nreseura
1ubrlcants. : g A ‘ - .

',‘E 3. du P ont de Nemourc & Co 80/1&37/1906 ‘A“_?'-‘ é_,‘;.j E e
 A dd:tives for high&pressure luorlcants are’ oot 1ned from napnthonic
~ {Naphthenyl}" alcohols-ana—ae;ivatlvgs of phOSDhOTlQm&Cid sqph as ..
“PClg, POClg, ,PCls PS(llé et ' § _ AR

Atlantic Reflning Co. dl/19“6/19?9

—

I-Mlneral oils acqu.rm extremo p;essure nrope”t1e= 1f comaound afé-,
added to- them wnléh are prepared from leg, PCES POCly, PSClq P283,
‘PgSo with Drlmsry or. Setondol"‘&ﬂLQGQ le.ge ClCeHA‘NHEDCl )

:tStandard Oil Develqpment Co » dB/'Qv 1 0/190" f‘.7 f. : %Zﬂ;;

Y

: iLuorlcating and 1nsu1at1ug owls Obtal y the ad d t on of thio or
“f T P . L , .



:sexeno esters of phosphorous acids a’ oertaln stability at high
”temperatures , 4 _ , A

,Standard O*J Deve}ooment Co 83/1938/ /l 37

thlophosgp1ge 1?£art a high
ti 5 o Se

Addit5VQs ef 0. O?—Sﬁ"of an org
-degree of res1=tanco to oxida%ion to lubric

Sovony Vacuum_oll Gonc4/1958/1939 'ﬂ,“~" IR ;;'”

Dol

Organio ohosphites and thiophosohiteo imoart to mineral oils .
some ‘improvement in regard to nressure properties and resistance’
to oxidetion ‘,_Hydro}ysis is orevented by the. addition of. -
"amine°~~.‘ A . . , . N , 4’{‘f

Soconv Vacuum Oil Co. 85/1@33/1959

Aoditlons of condensat1 on- oroduots from PC15 anﬂ amlnes which '
still have e free H~atom in the nnologgL_gggxent corrosion and
imoart extreme oressure propertles. . ‘ _ : ,

,Curf Ehlers 86

Ado{tions of trloresy] ohosohote to englne oils results in
voorro°ion oving to the ohogphovic acid reloased .

Cy

Standard Oil of C&llfOfﬂl? 87/1957/1969 o

Esters of thiophosﬁﬁorio acia imorovn the resistance to pressure
{e. gc trlamylthlonhosp hate) . ‘ , _ o

,c.m Larson 88 B ::t»;»ll. "y’ o
: o -\

'As oillness aaoltlveo far. aers quines phosphates maJ also be

,used Lead" phosyhate is form@d in tne exnaust,,j

Standard 8il Develogmeny Co. 89/1958/19%9%}937“— df~ﬂwg*};_.

MiﬁgraJ 011s are treated with O 5—2m aralkyl phosphates or f
"lohosphitescgbj- L

t . B .
L] . 2

e

Standard 011 Co 90/1957/1969

“Highly reflned 01ls -re. 1mprovmo 18 reeast their co*rision
behaviour by the addition of ehlorosalkyl ohosphites {prim.
se¢: and-tert.) Chlorination teékes’ olaoe for preferonce id
',the beta or aloha pOblthna., : _ v .

5“‘3 du”Pont de Nemours & Co 91/1938/1939

The corrosion effect of olls on Cu-ﬂg alloys i= pfeventod“b&*%hé
addition of alkyl, aryl or aralkyl - ohosphates.{ - e

ﬁtlantic Re in;nb Co ?/10“7’1959 S L o

'"In order to 1mprove th@ f‘i].m ruoture strength aliplatic or’
arcmatic ohosohateq ohocahitun or: thloohoqphltes can be added
‘to cils. L T e o . : :

J
;

\ ‘ BRI -,>/_=
S tanaara 01’ So. 95’10”6 4 59 o T

Ch

To deoreabe corrosion oll~is~troatedeith ohosphinites &ng



pliosp nisbes:

B.J. au Dont de Nemours & Coa 94/1 /lgqu;

FARE

fo the additlon of naphthenlc eeters of phoepharic ac‘o?, m¢neral

ilubricatlng oils are improved inm _regard-to—exgremo pressuxe . . .
properties, corrosion and the. formation of sludge.. These tom<
“binetions have .a better effect than. the- corresnonding esters df
the aliphatic alcohols or pheaols. - o

-".' .

General Blectric Co. 95/1056/1939

Alkjl phosphatee areused in oil mlxture ‘;oe:
Gulf 0¢1 Corp, 96/1938/1@59 T A

g

'Phosphoric esters that“are soluole in oil 1mnrove mineral
..lubricating oils for explos~on engines° e . RO

. V, de Bataefsche Petroleum.Mig, 97/1959/1940

iLubr;cat;ng 0118 are improved as: rcgarde their hlgh sressure ‘
'foropertiev by the additian of phosphoric: esters of-the formula
-0-¥(Halogen)2. Corroszon doe= 104 take placeﬁ' N }

‘Stendard 0i1 Co, of Callfornia 98/l°o9 L

"Metal ealts of substituted phosphorlc aelds improve 1ubricat1ng
.0ils as regards. their ree1stance to' heat. They also preven+
’-nlston ringe from sticking. R e =

f'Standard i1 Develooment Co. 99/1909/1940/1938 R f;_,l’

2‘Products from phosphorvc halogenides~tndvolef1ns, uerpenes etc,'ff
. 1mnart extreme pressure properties to lubricants. - _ S

5.3, du Pmnb de Nemours & Co..100/1938/1940/l§3?

‘;ﬂilm strength 1ubrioat1ng capacity, reeis»aﬁce to corrosion and
“‘oxidetion in lubrleat;ng oils are -lmproved by the adaitlon of -mono,
di and triesters of phosphorous or thiophosphorous acid. The S
aclds are esterified, with brenchel a11phatic elcohols of 5 9

C. atome,-,,. e L
BT, du Pont do Nemours & Ca- 101/1938/1940/1°37 "J_f.ﬁ

The eame improvement as. under "100" &oove is shown by the addition7
of alkyl thlophosphiﬂes vhose alky1 groups are. oonnected dlrect
with the 8- atomsu » ; . . R o

'Atlantic Reflnlng Coo 102/19o8/¢°ﬂ0 ~f r;'%{em¢;':g'rie“ o |
Lubrlcatlng 01ls a;e heatee—w1uh-9,?%w50* trzo“esyl phoephite or

-

another organ ie oomoound w«thmtr*vaLeﬂb oho whorqu LA marhian A




«wﬁﬁ

R ) ey —»—‘—‘ : \_/ LT

the react on produccs IOTm°d rema¢ns in solutzenﬂin the oil

Gulf Cil Corn.  105/1058’1940

POCLs is ellowed to acf on alky’ated Jhenols in the nresence ofjf
-small. quantities of P4S5 and the produets. obtained are- added to-
mineral lubrlcuting 01ls. . The high pressure propertias. .. .
res1st§nce to. oxidation and corrosion are 1mproved_qnd the sticking
of ~the' o;ston rlngs is orevented = -

-I.J. Farbenindusﬁrie A, G. 104/1957/ 1941 ‘:f)f7~[7*5;}'jf' *’555”
Lubricants fram Dolymerisation proaucts conﬁain—fributyl~phqsphater
tri-m-chloropth/lggpsphaue etc. ST VAR B

ldubrigZol Cc‘p . 10 /1Qu8/l°40

10 nineral oils are addeu, inter alia metulllc salts of coqaensetion '
. Droduects of" trﬂphenyl ohoaphate trinhenyl phosphite,ﬁtricresyl- ‘
pnosphate w1th suostltuued Latty &Cldsa ' o ‘ _

Atlantic Refining to, 10;/1956/1040 R, st

i

Trlcresyl phosphate, butyl pho=pn ne and 0uher esters are used auvh
eolvents for eaditions oF thlouca to. 1ubrieating 0113, :

Musher Foundatlon Inc.~107/{959/lﬂao

Lubrleating oils with. dqcredsed rorroglon and sluage formation are, V
thalned Dby the addaition 0T 0.1-0.3% of = mizture. of aryl. uhos—_ -
nhites with lec1th1n ana protracteu heating to at least 175°

Standarq Oil Develcpmenu Co 108/19?°/¢9d0/1968

Adnltlons of 0.1= 2w terte ester of unosphorous and th¢0phosphorous
-aeid to’ lgnr;catlng 011» increase- slipperiness ang: redistence to
‘temperature and ox*aatlon and aeorease the Lenaencv to fouling

Pnd ca“bcn cepositlcn . v : o

Luorlcatlnp 0113 are 1m0vovea oy uhe adaltion of teftlar‘y,-uliwclic~
D hospnites, The separation of'd; anu triphosohltes is carr;gﬁ
out oy alstlllation ina vacuum : Y o _,( s

- N

Standard 041- of @allfornld 110/1908/194b | .fj_fgfh"i"a4'

Io*minerul 011° addea metal’lc sal s of varleus zhosoho 10 ac;ds
whose H~atoms ‘are repl acen ov 7arious raalcals,..wu » o

Gulf 011 Co. 111/10ub/194o BN f-_*;f “ﬁ};;;g ,;,ﬁ;§ f  B
.Non—corrodlng, oxiaatlon rooiSulnF exureme “reasure lubrlcauing P
“oils &Ere. obtainea by adding alkyl phenol phosphite, ,-thivphosphites
and phosphate " "The alkyl phen01~ are: oocalneu from olelins .and

fphenols 1n the oresenne of sulphurlc acid. ; . Ce

g —TT p - LI
.Addlurons of fat &ulus and. ot h@ materlals, sucn as ohosphltes.-
ﬁnu DhOSphate lmoreve mineral luor¢catiqg owls, N



e,

mxas Coc 1" 3/1 009/3

'mnzoved 1ubr1~atinv oils Toy s;Cﬂ-oa01nes conba*n 0. 01 3% tri
.41 or mononhcvphlteb, ebDGCldlLy of oy c;o hexencl. = Co

‘She_l Development Go 114/1338f1940 ‘}:f;';i

‘Prenar ations whxch are ot llnP& by uhe—rodctlon é; POl and’ o
POClg with tertiary el cohols 1mparu eytreme pressure propertlee

!

to 1ubricantse‘u‘ - 7 P , S e

Standard o 1] Dmvelopmenu Co. 115/1953/1941 "1}f;j, tﬂgffT"V

To improve luorlca+1ng pil : hogphite~esters of a determined
cdnfiguratlon are usecl,v‘r»‘-g R T
fT1de Vatev Associqtea 041 Co.’ 116/19 9/1941”*”'3_ 'fff?szqf

fmlneral oils are uuablllqed by the“addition of 0. 1-2% of a-
' pnosphlte ester of & thiophanol.‘,»n) ,

,—’

Rlchard Israe1 Leva; 117/19o9/1940 fi; ‘. -V‘ "_';'H;: 1»ij4

Castor ozl iQ\converuea by react1on with phosphcrvc halogenide;
into. 0il  soluble nhosPhoric eoters ano tLese esters imnrave t
mlneral lubrtceting oil e e , v

;Walter Gﬁ Whitman 118

,:Alkyl phosphates are aqaed to anrova Lubricati ng 011 1n the e
nenglnegg‘.._. L T o e SO R

EAN

- Monsento Chenical Co.v 19/1053/1943 v’fif;:“"

“:Trihexyl phenylpho phita hnd phosphaue ave dsed as Aaeit ves Tﬁr
1ubé1cants, : ST I A

Standard Oil Develqpmnnt Coc-l n’19"671940 ?‘f ¥§;fwi“9?f.;“

T:ﬂcresyi phosPhate is usea among components~f0TﬁmakIng q\
compounded 011- ,r%-r _,;._, R

- 8 tandard 011 00 121/1955/1940

.
[

'Anti- corrOS1ve aaait;ves to mineral oilc= conqxsn of alkyl or~aryl[
;mono di oz crlthiupﬁosphites [ RN SRS A S _

Ohio 011 Co 12?/1008/1941 "‘ifg R ;;_uf;,:m,

'Mlneral buerf“énts 011s acouire extreme hlcn_preseuraﬂgroperties:
by thelaudltion of up.to FH compound, &ueh as butjllaury¢ or
cresyl ester of phosphorlc ana unosohoreus~acid o .

' Lubri-zol Corp. l?u/1937’lqé° :‘f“ Cen 'fﬁf ?fﬁf: fff7}f. 7: .

G*ganic vhosphoru» compound seSp esters of Lhe variﬁus phosphorlcv
acids) are useq,ar anul c@vrosiv~~ in extrema Tessure olig: oo

x)ri«ZCl COrL‘< {1 94,;-\,gﬁf -"fff‘ f'u; '}_ . i?;&
‘ T S R s S PO '?-J~“

tuorlcabinﬁ 0115 rqceifehexnregx pressuce groupvt z@y‘t addition

/



'of 0 1a2ﬂ halogenised aromat*c thlophoenhates‘ whvch have at
fthe same timc as anti-oorroswve foect e o

3Tevas 00, 125/1930/1941

5L1nera1 oils coutaln an addition of & nhosghlte ester° -Theﬂéciﬁf
719 estevified with alcyl ethars of a‘hyleLe glycols. o SRR

. L -

uCanad¢an Generel Exect”le Co. bta, 126/ 93"/19A1

’A veauctlon in the v1s0051ty 04»011 iz obudlned by addxng 95—“0%
of ‘an alkyl ohosnﬁatc..v The alkjl contﬂlns no more’ than G- T
;atoms.-' S e s e e :_¥4 » ,,;,

,Cel?uloid Cornoratlon.,127/19 a/loal -__;,;;; f;“vym"f  [;

A steam turbine 011 contalus La addlcxon to ch1orinated aiphenfl
'some 50 pabts 0¢ triurVT phOGDn&oe. . - e :



in Ph 5 hines. | o -
:mv do Bataafsche Rgtroleum Migc 128/1 37/“19 57/ 103 a

'Comprex cémnbunds which in addition to en- 1norganio component

*Atlantic Refining Co‘vszoflgme/lesa

Jphosohine oxides and. sulphldes L

-Atlantic Reflning Co,“ 1@9/1Q 6/190q'j'4,' ‘;ﬁ~iE?

-eontain e.g. & uert~ary phosphine ’brlethy¢ phosphlne), and are
'sultable as addifivgs for lubﬁleatlnv 01lsa .

e S . \

il -

,Mineral oxlsﬁarc 1mproved in uheir sitrene 3ressure propertles

1ubricat1ng and coeffieients.of fr¢ctlon ov th‘”adaltion o; S

”Aaditions of 0, ] 5 of organic uhosphinee 1npart te. mineral oils

. eXtreme Dpressure properties, e ge uPip"PlQVI pbosphinw, monophenyl

:Atlantic Reflning Co. 102/19 8/1940

;Standard 011 Developmenthou 132/1040/1941/1959 fT «v.j,ﬂf;;gF%—

“and diphenyl pthpane, f‘..

Sun 03l Coaz 181/1057/1940

e

fAdd1t¢ons of” propyl benzene and butyl benzene alchlorOQhosphlne

improme high pressure oroperuﬂes.]j;_

« .'

Instead of tricresyl onOSphlte trlbutyl pﬁosphine triphenvl

;phosphine ete. may be usecn.

‘o S

fTo decrease the fonmatlon of ledg 5 wl-»a;u phosphlne gre. auded

ftriphenyl phocphlae monophenyl phosphine, tolyluilsobutylphosphine.

‘Standard 011 CO._’ )/19 \5/1 3 SRR

'Additlons consisn 01 copaansauxon oroducts of organwc phosphlnes

The phosphines may. also contain N;S,Q»ana Cl. L Coone L

ﬂTexas Co lSﬁ/lQ 0/1941
'Awaitlons of phosnrlﬁic ac~a eoterc &*e usod

4Citles Serv:oe-Oll Co. 1&4/;9%9 19

QT chloropnosphlne oxides

a ~

.‘.\

ﬂ”ror improv;ng she. cor“031on beh:v1our c+ ozmsp triphenyl phosphlne

:oxide and -sulp hide-are-edded.

JaI;I Further QLJuDLJIuQ Lownculia'” *7,;—ﬁ}w;j.

—

24

‘(These are brleflj mentlonea vlJa cno'b J__ogrnoblodl re:fewnceb

-and ‘the- glyﬂerlge esbers ars included qe e);

-G, 38/1/4407 Lpndla} .ff7 f7' "'A1"” '77f“;g;"3

_}CoS/ll/ 1188.. Reaet;on sroduCu of nitri les. ”iPéSs;"

£38/1/1945 Phiosphatides. . . . . =T SeTo.
©C/39/11/975 P. or phosphides are. heatod Jn 011
=wC/59/1l 976 Organic P- compounds . .

59/11/2195 P in ‘heteroxycl. rangé‘w

. o —



e -

el

T e D ey
€/39/11/4634 . Substences having P in the ring
C/40/1/2110" Product of PoSg-and phenols or olefins

C/40/1/24 " Treatment of the oil with PSCly &nd riltsring.
€/40/2700  _ Phosphorus sesquisulphide. 77 - . L
C/41/1408 - - "Phosphorised"-eits- - U
C/41/1/608  Phosphoric aeid -~ - -
C/43/1/1633 Phosphatides - L
.0/41/1/1553 - Lecithin, cephalin.. .~ . .
©/41/1/2208 -"phosphorlsed”. fatty oils.
€/41/1/2419 Leeithin, - . ~ . .
'C/41/1/2489 Phosphatides - i
-0/4171/2701- P hosphstices T S S pup
0/41/11/586 .Acditions of alkyl thiocerbonates and phosphoric.
o7 T 1 halogénides. . T L TR e
C/42/1/419  Phenol cerivatives of PNClg = ,
C/42/1/13%) Phosphatides .. R T
©/42/1/3164 ° Amorphows phosphorus heated with oil

0/43/11/1777 Phosphatides . . - L T
¢/45(11/2180~?phosphoriSed?ffatty<oilevw B

C/43/11 /2131 Phosphatides. _ . LR o
'0/44/1/406  P-c¢ompounds’ thét are soluble in oil.

or .

... 80 far as is poasible on the basis of our experience, I should .
.like to-give-a~briervappreeiation'of.the‘foregoiag'paﬁents. - First
~of-all 1 should like to spate'that?wegearried“qut-Qur;development'-
'wnr&;practically:withoutrreference~to‘patentvliterature;'owingJ, g
%0 the Tact that the results which are utilised there were obtained
with quite different testing anparatus and are thereforemog -~ = -
Tcowparable with ourrowm. T S

-~ Neutral phosphoric estefs;fas;given-in_67,1pr0duced“no-effectj:»
with us, although ‘acid esters, indicated in 68 and 69, did so.
-Aecording to & private communication from Dr. Zorn {I.G. Leuna)
.%o Prof. Glocker thesae estérs‘(diphenyl’phosphate)vwerefpreviOusly
: 1ntroduced,into}the'Unitéd;-States~Air Force. - The tertiery : =
. esters and thiophosphoric acids described in other patents will
, not,be.rqrther'disCussed;s~;In176rit,is‘stated»that_aliphatic v
‘esters react withthe surface of. the bearing in certain lubricedng
-conditions-a view“that'iSTalso:sharedvby,ourselyes; The esters '
iof'the‘thiophen01s?and;aloaﬁdls,,to“which-preréfence is given in

78;waccofding,to'OUr;exoeriments did mot show eny ;m3?OVement o

.compared with: the ¢sters containingoxygen. The5hmines%mentioned
in 81 and 85 were found by us to be: inactive. . The dihalogeuides
indicated in 97 ere eaily;&écOmpdsed’by.water;a.drtherefore N

unsuitable. - Metal salts of substitued phosphoric aclds (98) are, -

according to our experiments, on the whole insoluble in oil.

The referenée.in_losg*that“piston;iing»étibkingfie.pﬁégéﬁfédfbyffhpf
‘addition of esters, is remarkables. "fPhosphiteS¢(113)D.Whtchféféf“f*

- frequently mentioned, did not—produce any very. great activity = .
“in our experiments. The: phosphines mentioned in 128 and 129, will®
“not, in all probability, bring about eny -improvement in' the high

. pressure properties,;»,Dichlorcphosphine-(lSl),Ldegpite,what‘185»

- gaid toithe“cOnnaryfuis‘decomposedaby,water;:J'Tne‘phOSphatideésltu
~mentioned in Section III-were not’ closely investigated by us. - .-
.Phosphorus heated with oil certainly improves the pressurs charact-
--eristics, - ,By<this,means'dark,coloﬁgedvoils,and*nésinificdtionr;i~*
uare,.nowevérg-obtained;j;’Wé“foundfthat:phOSphoricgaeid"1tself'n :

.1s“w;th6uty8ft§pp;-f'. o : BT . _ }
- ~~Teken on-the wholoe, we have here & Miss of gomewhat contra. -
- dictory statements,'Squve:pheless,ione mugt_reckdn;on»thg;fapt .



that 3n US A whence most of'the patents orlginate seme of-*

the~preparations must have been used:in practice, and 1t is

j.surprising that so far so little work has been carried out
in this dipebb10n'over here

Uy :

76n Liet oF nlatOS‘

Tl Anparatus for making phosphenyl ehloride.'
la. igem, '" - : 5 : ~gﬁ

e idem-s U ’

. 3. Apparatus for making phosphorus s ulphochloride

-4, The lubricating point of the four—ball apparatus

. 5. The four-ball oil~testing apparatus. o ' o
B Running test BMW vehicle phenyl nhosphinic aoid diphenyl*h
" '/ester RS
7. Running teet BMW vehicle diphenyl phosphate ‘ ‘

8. ‘Testing oils from running tests on the: Siebel-Kehl manhinec
8., Experiment with a NS'U eng1ne- diphenyl phospnate T

S104 Coan -aero engine |
S, oo o i phenyl phosphinic acid diphenyl ester
12. Testing oils with the SlebeloKehl machine o

(13, 18em .7 . :

14.fExoer1ment W1th en aerc«engine- IG 891 e -
J5. The testing arrangesment of the Siebel-Kehl machine
16. Diagram of the Sisbel-Kehl machine f - AT
17. Testing on - the bearing test benoh ‘hi't;':f:Q';H
18-41dem SRR R -~~-, Lo
19, idem. ' ' P R SR
20. Effect of concentratlon on 1oad capacity.. S
2L Electron microscopic. photographs of ball-races, enl. x 2700
- a. Pure Rotring oil, ‘surface ‘pressure. p =30 kg/sg .cm.
b. Rotring +. 0.1% pnosohenyl ‘chloride p. #120 kg/sq em, then
- Increased-until p-=450 ke/sq em.. .
- e. Rotring # 0.1% phosphenyl chloride p 2120 ¥ 2/ 8q omt
_?24 Microphotographs: of the -surface (’1eﬁa-bronze§ X 1500
.a. Pure Rotrlng 0il, loaded up to 450 kz/sq om
b "R otring- F lﬁ phoenhenyl chloride, loaded up to 1400

- -xg/soem.. R
“;25 -The -action- of the adaltive phosphenyl chloride L
-24. idem . 7. e

25 Runnlng-ln test w1th phoephenyl chloride

; - .__,

'Figs, 4 and 5 are Eéken from an article by'Krzenke” Oel und
Kohle 40/19 (1944), 5a from Seemunin, 06l und Kohle 20/19 (1944)'
-6-16 20, 23-35 are by Dr. Brookstedt .0of “the State Maperial
\Testlng Institute of the xechnical COIIege, Stuttgart (- see‘page
2}, 17-19 bylProf,_Wewerka.» Machinery’Laboratory of the L
Technical College (see page 8).and 2122 by Prof. ‘Glocker,
Institute for Metsllo-Physics at the Kaieer-Wilhelm lnstitut
fﬂr Métallforschung” Stuttgart

-—
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o (Litorauure ;ncludod to end of 1942)

1, Iichaelxs and Aamuerer R, B‘a/lsos (1875) :

2, Michaelis. o et A 181/337 (1876)
3. V¥ichaelis R ', A "~.B“6/817 (1873)

"4, Lichaelis und. Panock S TTTTAT212/205 (1882).

B Fichuelig. ™ = U g pghels (1879)

6. Pichaelis T e A 293/199 (1898)

o _Grittner - und hicrnick ' S B.48/1475 (1915) -

- 8. lolsenheimer - - R, A 429/226 (1926)
,'9.~Ott und Brugrer e -3 o) hloktrochemie 46/%05 )
5 : I I T 1940

10, Bowles und James L : k‘l‘fv.f4AW Soc 51/1496 (1929)

i1, hiehaelia = L e - =7 <A 182/280 {31876) .

127 Pope: uné-G:bson ST i Soe 108/73% (1912)

13. Arbisow .. - ‘ ' R v € 1910/1I/453 .

14, richaelxs R R T oA 1831/301 (1876)

~15.Sun 01l co AP 2190715 Sl 0 40/11/880 R

.16. Jacoosen - . v ST B 8/1523 (1875) s

'17. Holm - - v s 1671765 (1883)

-18. Anschiltsz ung Lnefy Lo et 25 3/120 (1889)
19, Hoeflanke. e ,.,5«ﬁ—w",mj - T RIB6/27 (1917)

20, Authenrieth . ST sq/zsvz (1897)

- 2l. Agfa DRP 246 71 e . Frdl. 10/108¢4
22, Imperial Cher ica’ Industries Ltd ) J/'C 3q/1/1369

-~ .- EP 322036 - R R S, SRR

23, Dicselbo. EP, 681177 e -/“T - \g,/,,; -sq/II/eoz

24, E, Plschpy YT B av/3193 (1914) ‘
"U25."Adickes, Brunrest und Lﬁcker < st J pp 130/163 (1931)

C
B
J
. 26.-Dow Chemical Co AP 1856862 C 32/I1/924
27. Celluloid Corp EP 486760 . - C.38/11/346
28, Victor Chemical Works AP 1983588 0,35/1 3850 :
- 29: Carrsé ung Libermann- -~ ST G r-196/864- (1933)
.30, Salkond und Diltri jews, Ras ‘P. 40348 . 0-36/I/1311 - :
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