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The.following thosis doals with tho synthosic of. organic oompounda
containing phosphorus, their testing iu oil testing dovicos for suitability
es additives to lubricants, and their trial in praobical motor oxperiments.
The proparation and seolootion of the ocompounds were carried out at the
Organigoh-Chemischen Institut of the ‘Toohnischen Hochachule Stubbgars undor
tho guidanoce of Profsssor Dr. B, Ott. T owo him muoh gmtitude i’or hic
constant help and support to my womo-

Profggeor Glocken of “the- ‘Tngtitute-for Motol Physion-at-the-KM.Ie
for mwl research suggested the investigation. Tl also conduoted the
excoution of tho tests aad trials. Ho, .made ' tho progrosa of the investigation

- possible by merging- (correlating) chemia‘cry, physice, end machine consbruction
at the University with the chemical and motor conatruotion industrics and tho
gorvice stations of the Azmy into a working partnorship, I thank him for his
\auggaat:ona “and. advioejhat were always et my disposal. I _thonk partioularly
Dy’ Brockstedt who showod great interost in the ehemical side of the quostiom
Ho alded mo in oonsultations and through official experimsnts he made himself
helpful. Algo ho put at my digposal o number of pistures. %ho ncoossary -
1oans Wero supplied within the scops of en order by the research station of ¢the
RAL (7) ‘and Ode (?) Extenuive expariments were oarriod on in eoopamtion
(Professor Gloclmer)ol‘# - T

= Ra’ Gloekner. Improvemont of "the" bearing propar%ieu %;hrough""‘
lubrieant admixtures. - Berichte der Lilientha) Gosellsoheft
‘rur..Luftmhre_.romhmg,.170/3&4&:pa..tamofh.mux.umﬂmh
Soclety for Aviation ‘Rogoarch)s




‘The Staotl Material Prufunga Ingtalt (Public Instituto for ;
Yaterizl ‘i‘esting) of the Technische Hochachule Stuttgarto (Dr. Brookstodt) =

The Bzaoaroh Inst:ituba for Heat Enpines at the T. H. Stuttgart
(Profossor Woworke, Dipl. Tng. Dollhopf, Dipl. Ing. Hagmaysr),*=# end tho
Dalnmler-Bens A. G. Stuttgari. Tatertirkhein (Dipl. Ing. Anders). ‘I have
inoluded part of t;he rogults in my theoin for bettar comprehension.

1. Introduction

Bagod on a series of exper:.ments (149) publiched by an Engliah
mathor -and with regard to somo investigetions that were carried out by
Dr. H. C. Brockutedt on the State Ingtitute for the Testing of Matorials of the
T. H. stutigart on compounds prepared by us, we first suspected that the
addition of triphenyl-phosphine would give veluable properties to minersl
0ils.. On tho one hand 1%t seemed %o reducs the friction valucs end on the
‘othor hand tho resistance to presgure of ths oil f£ilm seemed to be considerably
increased. In my diploma theois it was proven that these properties wore not
cauged by the edmixture of triphenylphosphims 1tsolf but by the sddition of
monophenylphosphine. Since monophenylphosphine is emsily oxidized in the air,
it is not useblse for praotioaml purposes. Algso phosphenylchloride, whish ig -
similarly constituted and was proven very affective in low concentration, ia
~ no% mixed because of other properties sush ag low boiling point easy
--~deoampoaition by watér: and aplltting off HOL. DR

- The purpose of thie inveatigation wag to usy this knowledge that was
obtained and to dewslop preparations that would be sylted (because of the reat
of their propertles) to improve lubricents of minozgl oil basioo

First phosphenylio acid, ﬁhlch was alroa.dy praparad during my diplom
%hesis, weg studled more olosely in spite of its poor aolubility quelities. .
Since it is o direct derivative of phoaphenylohloridep ono oould expeot tho
camo pmperties, improved friction walue and resistance to pressure. Itg
offoot corregponded %o its configuration, soms other properties wore also
favorablo. But the decomposition into monc)phenylphoaphme, benzol end meta-
phosphorio acid at stronger heating prevented the uso in the oombusi:ion ongine
*vhich wag mtrived f‘or partioularly at f.’i.rato oo : ,

. Following is o st of proper‘cies -':hmh 810 required of an admixture
$o-the-0il of highly strained combustz.on @ngmeu (airplane motors) besides 1(:0
“actual effaot. - .

e (1) High temperahure sbability, if possible over 300""(“

% K, Wallinger end HoC. Brooketedt. 1 Stability of the ef’i‘ect
_:of chemicel admixtures in oxperimental runs of airplane’ motora
_ both ningle oylinder and complete enginaa. Experimentatmn -

o mpor{: of . January 5, ISMo ! B ‘

M‘# Ao Wowerkao Basia and Reaults of the elide baaaring %eatao -
Bar}oht:o dor. 1111enthalgegollsohalt. . 1le Tuftfehrtforeohung,
170/38.
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(2) 011 solubility thatinakes it possible bo.add apprepriate
golution mediatora. T e

(3) Corrosion of the materiala thet are to be lubricsted
" must be kopt in.low limita. : ,

“(4) Rosistanoo to water and leaded naphtha..

(6) Cause nc negative ohanges in the physical properties of
the oil (viscosity, solidifying point, flash point, foem,
0%6.), or in the chemical lubricant tests (eoking, aging,
neutralization number, oto.). : .

(6) low toxicity.

(7) Bearing rosistemnco.
(8) o inoreased ring sticking. -

(9) _Baa& :syntheais and amilnbie a.hn‘tiz;g' matorlale.

o As one can noe from tho groat mumbor of patents in this field,
(purtioularly in the U.S.A.), the search aftor sush a material 1 not easys
It booomes casler if one doos not look for a umivergal admixture bub rather
limits the intended use somewhat. Then one can forego one or the other of
the points mentioned above. Our interests wore dirsobed particularly to the
rwming in process. Thers the corroslion of the boaring which oscutred fro- '
~quent)y-requirsd-immodiate romedy.  Since the motors are takon épart sgaim
aftor running-in some of the roquirsments 1-9 are not so distinct. Wo algo .
-dealt-with.gear.oils.vhere. the oll-bath teomperaturos ara mot as high. 1% is
o be mentioned hers also that the admixztures reapond differently %o chenges
in tho combinationg of work materials and in the oil, which complicates the
golootion. ' o 5 ' '
, In my search for a material which configuratively ls simliler to
_phogphenylic noid bub oonsiderably umore roslstent to tomperature, T cams - -
upon Phenyiphosphing aoid diphénylsns tor, ~ Thig compound “can be-distilled -
&b a boiling point §70-580°C, noarly without desomposition. It doos no% have
 fyoo OH group snd its propertics ave differont accordingly, I will report -
about theae-relations below. Becauso of the difficultics in preparing large
amounta of the ogtor, wo went bagk to gubstances of the phosphoric aoid estor
aeries. that ard constitnted eimilarly but are move readily availabio, First.
diphonylphosphate sand lator diparehalogenphenylphoaphete-ware- sbudieds - The~
offoot was incromsod considexebly by the introdustion of the halogon in the
para pogition. - Sulfur derivatives wers.also. uged. in- tho. experimentation.. ...
-The OH-group was reactod with en-alechol bscauge. the temperatura. ros istanco.
of théqo'.moid”.eate;?s was nod guffioient. - ‘ ‘




The surprisingly good valuss obtained at first with methyl esater
ocould bo explained later after the prapamtion of more easily digsolved
propyl and lauryl ester (eo attributable to) an impurity of monochloride.

' Dipumohloroghenylphoephorio acid-monochloride is not stable at temperatures
above 280°C. Then we prodused phemylphosphinacid monophenylenstor-zono=
chloridg whioh is more heat-stable and which ¢rensforms in possible
saponification into monophenyl ester which is also offective. For further
improvement the phenolic nuclous was chlorinated in the para posltiom. %hat
proparation gave also ugablo results but cousod s disagrecable resinifieation,
wnich did not allow 4ts use. Experiments with diparachlorophsmylphosphorie
aold-zulfoohloride wore carried out bscauge sulfochlorides are generally
oonsidembly mors rosistant to water than oxychlorides. Thereby medium
carry ‘ng capacities were obtained. An attempt will bo mads bolow to cxjlnin
the ccanections botwoen the varlouws preparatlona.  For sake of completeneas
-I:mention-that -I:6s-has-develeped proparation-891-baged-on eur-inveastigation. -
Aocording to their statomonts it is technically a ohlorophenyl phenyl
phogptorio aoid. This preparation has boen proven good and can bs prodused
in practlical quantity. It ocontaing o freo acid hydroxyl-group.

The justifiocation %o use partioularly phosphorus compounds as basls
for a thesis on high progsure lubricents becems olearly apparent in the course
of our investigations. Additions of othor olesses of matorlale be it fatty
‘aeid, sulfur or chlorins ccmpounds which are mentioned in the literature ag
valuable wore also tested by us end thoy gave unsatisfeotory rosults. To be
suro, thoso statements aa wall ag thogo about the use of phogphor compounds
cannot be compered directly with ours since thoy wore gotton on different
tost apparatus. Hovertheless wo have searohed the literature for admixturss
-of - phosphorus eampoundg, a%- the end of our-theslia—(gsee-part-5)s - The phogphineg -
which oooupied us mostly during our dip]oma. thesls oompriso only ‘2 small part ‘

111:6 Py Sg imd PH(I’.S, Considembly more space ia devoted to estern of phosphorio
acid and phogphorous aeid. The information does not coinoide with our control .
-gzporimonts. Neubtral phogphates with or without sulfur in the molesule gave
noithoz higher pressure rosistanco nor lowsr friotion valuss. A gummery of

the substances nsed can bo found fuvther down,

‘ Vanous oxpltmatione wore given for ‘the cauge of tho offoot of auoh
additions, Kern (150) puts the' formation of motal phogphate layors into the |
foreground. Boeck, Givong and Smith (149) agsumo that the phoaphorug of the
- corresponding combination iz reduged: ond thon formg low melting phogphides -
with the sliding - surfece. - Therefore the latter profes trl-velent phosphorus
MGMWMWMWMMW%
investigations that particularly five valent phosphorus compounds have en .
oxoollont effectivensss. Othor authors like Wolf, Eluge, Frowing, Donandt,, ..
2rillat (151-156) direst thoir attention pr‘lm&rily to ' the advepiion of the
“sorregponding moleoulsa: to the motal surface caused by the polar groups. Smml"“"
methods to measure the sdsorption wers worksd out. Baohmann end Brieger (168)
“hmmmaanuradmthemheni:,ofwndaotptionmofmnilu*on-meial.pawdar.Mm_mdhemoacopnw
~wag doveloped -in-Amorican -that makos-1t-possibl tgjjjzj’vo;lf}p‘_a;jgggy;@mﬁriqg?.'}yj‘;'ﬂ@1"‘
“amounts of oil a&sorbed, ‘Radmor explaing in a new invostigation that he has
‘not been- able-to- detamins any conneotion batmen dipble-momant and lubricanb T
&bilityo LR




Ascordingly, to our presant results for phoapho compounds wo
roquire of the additive molecule that thoy oontain besides the . atom aloo
‘a vory acktive group with the aid of which it is held tight to tho sliding
gurfaco. Othorwise ons could not explain tho effect of such emall emounts
a3 00,1%, But I do not consider these edsorptions to bs the dotormining
factor in the process. Rather, tho reaction with the surfaco mugt osour
at that time. This is the reason for the In some respeots eabirely
differont bohavior when the materdal ie varied, but also for the fines®
polished surfaces aftor the run (Fig. 21 o 22) as they were dotornined im
tho exporimonts of DaimleitBonz Co. The attack on tho metal surface through
HC1 thet was formed was too strong for some very aggrossive materials
(phosphenylohloride). Notably thie compound ‘showa no improved offect when
aged on silver beerings (AgClif). The other materisls are able to polish
ar weer off the small points aad prongs which are present even on tha N
rinest polished surfaces. Thereby the tearing of the lubrieating f£ilm and

“§n tura the coyrosion of ‘the metal parts-ie proveateds It is of-interest
15 thet rospoct that aocording to expariments of Pyofagsor Glocker the
traces of procossing dieappoar completely through electrolytio etohing
of ground steel sections with phosphoric acid-acatic acld anhydride.

01%9 active group in phosphenylehlorige ognsists of the two Cl atoms
'bf’ \/cg_) ang the phogphonylic aoid@é‘ﬁﬂ » and diphenylphosphate
'('{‘_'30)27 =P? =0F)-i% -is-the aeid OH-groups..-Algo- phenylphosphoric acld ..
-dipheryl acid contain tho configuration g!’{on - but hers the O group is
.otherified with phenol. In this ecomeotion it should bo noted that tho
estorifying of the OH group in the diphemylphosphato injurce tho offoctive-
_nesg. According to our exporiences so far it is necessary that in eddition
_to tho two moleculs parts (P and active group) there 1g as e third part

o% least ome aryl or alkyl group. Otherwiso phoaphoric aold %87? 3311 ’
_ghould ghow the offoot also_which it does not., The effect s inoreased -

through the introduction of a helogen into the muolous. Thoreby the para
position was chosed primarlly, sineo p-halogen phenole are sasily proparcd.-
Lineoln, Byrkit .ond Steiner (158) determined too that those compounds that

take halogens in para pogition have greator influsnce on film strength.

Thoy used & Tinken machino and simple arometic compounds. Reway preparas
tions which have balogons in the ortho position can be ugsd for comparisom.
"1t ‘eannot bo gaid with corteinty what causes tho -improvement-in-effect through-
the innotive nuclosr halogens. Ferhape the helogens particlpate In the '
roactions with tho surfacee under the extreme conditions a% which they help

to further improvement. Finorine Chlorins and Bromine have shown themgelves
in thego experiménte to be of equel valus.. First it wes though% that the
20idity plays e desisive rolo and that the halogen helps tho dipheaylphosphato
£0.-vsach our eptimum value. Chlorophenol is known to- bo more- acid Thai phenole
Exzot pH monsuremsnts did not support this assumptlon. - The resulls of the~
.meagurenonts are reported.briefly.. Fhoy were carriod out with o guinhydrone -
eldotrodgn LT ‘ e e e, ' ‘ '




pH Valuo . pH Valuo Moasurod
- ‘oagured By : with a Folien.
Subgtence . Concentr., = Quinhydrono Flsotrode Colorimoter
Dighenyl phosphate 107 011 2,0 -2
Di-p=ohloro pheny} . . 4 ' ‘
~ phosphate 107 }ol/1 . B an . 2
Di-p-nit.ophenyl " | I |
phoephate ©10 0 Mel/1 L 20 2
Diphenyl phoaphate 0.1 VW63 SR A 2.7
Dl—'p-ohlorophenyi i e .
;:phoag?‘.ate T | wte% i as s Gel i s s e et e S e B
Di-p nitrophenyl _ ' | A o
phoaphato 0.1 WP 2.4 2.5

One oriterion for the opinion 'thet the halogen scts only under
" oxtrome conditions would bo the bshavior of phenylphogphinic aeid dipara-
““ehlorophenyl éstera., The halogen-free ester does not reach such extremely
high vaiues (over 500 kg/sq\.am contimeter) and bhemi‘om the halogenizad
eator does not bring muoh improvement. . .

Since the dotermination of tho nolidity did not dring any progross,
othor experiments wero undertaken in- order %o -olarify the ‘proconses -thati go
on on the metal surface. I want o obsorve beforshend that a friction walus
0f-0,01-0,1 8-wo-have- it normally on-the Sicbsl-Eehl machine would bo- cone-.
sldored now in the ragion of partial lubrioation (mixed fmtion).,

A].{:hough this lubricetﬁon oondl%ion probably prevaila in msny

technioal bearings (rumning in) it 1s avoided by most authors that dealt

rodontly with oil testing. They dircot their attontion primarily to boundary
lubrication sinco lubr ication capacity could not bo eveluated on machines on’
“whioh partial lubricatien prevailsd, Boundary lubricstion is more eomprohens’ bfbs )
and thero are many possibllities for explaining the effect of certain additivaso
"But it le certain that lubrioation capnoity ovaluations as they are detormined

by ‘the Sicbol-Rehl machine can be %tremsferred qualitativoly to technical
,benringa (aea part 4) and thifz is declai\m i.n thmze oxperiments. -We also made

“Thqae also woro ptovan pz'aeticml partieular]y i€ eurface troated ballo wero
uged, The frictlon ciroimstences of ths four ball mechine eorreapond cloeely
%o -the bowdery friction eonditions 4n ‘particular whon surface trented balla"
~wora ugods The ‘sequenes ‘of offectivensss doss not coincide “oxactly with that -
of the Siobsl-Kohr machine. Experimsnte on boundary lubrieation equipment with
_niniature friotion, aurf_g_o_“a,..idh_amo,.umﬂ_ss..&nyum,g‘qlts.» ..Sinee alloying.of tho ..
~P-with-the-metal-aurface-(see Boeck- 149-and -FP851957-158) need -not-to-bs -cone—-
“gldéred at ths’ 1114 “expe riinsntal cond itions that” proveil Pirst but the "£rigtlo
~value-is- dacreaaed !mmdiabaly,~tharo remins the- poasibinty of" e.daorption ami
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that of reactlon of the additive. ~Wo have trisd to reduse the oomcentration
of tho additives which were dissolved in bonzol, by cheking thom with iron
powder. At en experimental tomparaturs of 20°C wo gould not obtain infoyma-
tlve rogults in this manner. Algo the comperiaom of velooitise of oil drops
on & glago plane as advisod by Collingrigs (155) was in vain., After that wo
undertook to detomine ¢ho accumulation of active materlials in the liguid
surface through messuring the surfoce tension. This was 8Yso in vaim, As
Profossor Glockner reports, no reprodusible results were obtained in adgorption
testo with tho eld of metal dlsko. After centrifuging off parts of the oil the
welghts of those disks wero determined end compared. Finally we ussd mothed
that was developed by Shell H. V., de Potrol UaaGochap., Five g. of pulverizod-
irm 1o mixed with § g. of oil and 3 oubio sontimsters benzol. Then put 200

- oubie centimeters of 10% sulfuric acid on a glags £ilter that 12 sel over a

- suction flask. A stream of csrbon dioxide_flows_through the flasks so Shat
no sulfiric-acld dripas through the filter, Tho iron mixture is sdded %o

_tho sulfuric aold and allowed to roact for 10 ninutes. Thon the COp flow fo..
“chut off end tho ligquid is sucked into the flagk. Ons determines the digsolved
iron through titration with N/10 K04 end thus ono obtains o eriterion for

* the wotting powor. If "a" denotes the amount of iron going into solution in
the blenk test, "b" donotos the dissolved smownt of iron in the 10 ec £iltrate
in the oil test, "g" denotos the grams of oil added end "z" demotes the
wotting power; then - : : ] \

g £0=200)100

=7

Ref

‘W' obtained the following & values in our meagurements.

"ROTRING" puro | o 20% o2
"Rotring ¢ 1% Triphenylphosphato 7.6
"Rotring™ % 1.2% Phenylphoaphiric acid 8.2

: diphenyl estor ‘
"Rotring” + 1.0 Phenylphosphinous seid “ B

: diphenyl estes ; | 13.8

* "Rotring” + 1% Diparashloropheny) phoophsto26.1 -

Bobeing + 1R800 LG 29,0
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It wns shown also that the vory offective Diparachlorophonyl

phosphate which has o low friction value “in the first plece olings woll

to tho surface. The comparativoly low wutbing povor of phenyl phosphinic
eold dipheny)l estor shows thet its adsorption ic not the deoisive factor

in its influence on lubrication. Pased on tho sbova results wo conclude

(as mentionsd befors) that adsorption on the motel surface ocours com=
paratively quickly with effective substances. Tho arrangement of suoch

opl layor lemination" has boen obsorved by mesns of X=-roys snd elsotrons.
“With Inoreasing load thoe roaction on the surlace boccnes mors important.

The umevennaases (flaws) aro removed firstainse thoy are the spots with

the higheat load end therofore groatest hoet, highest rate of remction,

and greatest thickness of edditive, remotion produots and lubricating oll
molecules form a vory stable film on the highly polished surface. Ve -

oould especlally well observe with the bare eyo the formatlon of the

gurfaco £ilm by the vory aggrossive phosphenylchloride. Tho formation of
“gofinite compounds -was not yst proven.: .14 wag-to-be.predistod from extonsive
“experioncos in tho phogphating of metals thnt roaction products containing

P would influence the friction favorably. In part £ there aro figures that
shom that the location of the corrosion point and wolding point ie improved
by the use of boaderized balls in the four ball apparatus. (Seo Figare 50).

In the following we shall compare the substzmoes used by ue aocord=

_ing_to_thoir composition and offects For that purpose there follows a sumary
of their composition formula. ™" indicates good incroade im carrying T
capacity, "0" a modium lncroage and "=" no inorsaso. The friction values bshawvo
usually alike for the additives chosen by us. (This is not truo for i.e. sulfur).
Exact results are summarized In part 4. : :

© 1t ie striking that completely gyzmetrioelly built substances like 28
and 58 have no influenco on lubricating proportles, although they contain 6ri-
~%alent phosphorus. ~Also-§0, which-contains-en: ary)-group-and -two-alkyl groups
‘aoto like them. Apparently they lack the ability to come into closo oontack
with the sucfaco @ad o aooumulato on it. When a thin lubricating £ilm -
was Porfisd at higher pressuro, the small portlon of additive wms not enough %o
bo offective. The noutral phosphoric seid osters 44, 48, 49, 50 and 16, 17,
18 act liks that too. Neither the introdushion of helogens into the nuclous
.nor. the_substitution of the 0 ojoms| by § havo thoreby cduged en improvemsnt.

© . Algo the success that sppearod at first through the ezchango of '

au aryl group againat an alkyl group' (16, 17, 18) proved to bo decoptive.
Smell impurities of rionochloride caused a delusion of effootivensss. After
the exparicaces with S0 the bohavior of the noutral.eryl alkyl phoaphates

5, 25, 26, 27 is surprising ab first glance. 1 diffors from 44 only in the
abgence of an. oxygen atom aad 27 differs from 44 through the lack of 2 oxygen

atoms. And yeb, Shore is this complotely differeat behavior in the lubrication.

Ono must ook Por a clarification. in the prestér adsorption power of 1-and:27
and a_greeter reackion potentlal. Baseuse the phenyl group borders direstly on




the phouphotna'atom, tho molscule is able o oling %o tho metel or to roaot
with it. The oxygen of tho P=0- i¢ only in tho way in thet resotion. %This
30 ghown in tho lower friction ocefficient that 27 has frou the start es -
conpared with 1. Gonerally this serics shows a higher friotion -velue than
the phosphoric aoid ester series, That can be tracod to the laok of the OB
group. The Introduotion of alkyl groups in the nucleus (25, 26) hes not a
groat influence on the offeotivensss but it facilitates the introduotion
of tho oil gince tha solubility of ¢he preparation incrsasecs groatly.

" 7 and 9 are very erfeobive preparationg. The improvemsnt of 9
through halogens was already mentioned. Theco materials contain an noid
OH group which apparently helpg in tho clinging %o tho metul. '

'r'he tmoffeotivaneaa of 45 shows that the phonyl group 1o neeesaary
for comnecstion with tho  oil. :The introduction of halogens: in plasce of the =
hydroxyl group (45, 14)- raicod the tompersture resistance and lowered the
offoot slightly. If oxygen is replaced by sulfur (28, 24, 20,2i) the offect
is reduoed somewhet in each cazs. The combined uulfur e not aotive in
‘these oompounds and spparently does not oven becors effootive at high
pregsurs. Freo gulfur in cortain concoatrations (0.008%) gives medium . .
.oarrying copacity on the Siobsl Eehr maohino, but it has o high friotion
.ecefficdent from the ctart. It only acta ia the moment in which the metel
surfacos bogin to corrode ad therefore 1t is not much euited ac rmi.ngvm
lubricanto . o ;

%he oxygen bridgos betwoen Phonyl und FPhogphorua in 7 aud 9 are
not importent for the offect sines 38 (I.f. preparation 891) which does not
have it is also very effootivo. T4 1s rether stable to heat. 1% wag
preceded by 36 which 1o algo vory effsotive but it decomposss ab 260°C. -
'Ono ‘6an oplece tho OH groups in"36, 58 end 37 by halogons without chaupging -
the offect much.(2, 32) In 31 the chlorine atoms are roplacsd by hydrogem.
Thin very offective preparation carnot bo used besause of other propertiess
1% is worthy of note that algo hydrogen etoms cauge a olingiag to tho matal.
It is truo thet a partinl oxidation iun the aiz’ of 't:his par%icular proparation
is not out oi‘ the quostlion.

Leu us msni:ion, too, the.t the inaart:mn of N be%waen aryl and
‘phouphorua groupn dogtroyed, the efi‘oct. (40 41)

T Lsoki.ng at the oonauruc?;ion oi‘ t‘w particular compo.mda e 0an. g8¢
the probability of the primary éffect of tho adsa?ptiono ‘I$ has not baenm -
mmmmmmpanm-fmd—m—ehchew—
the repation with the smrfae@o '
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In the courge of our investigatlion we have eynthoeined a fairly
large mumboer of phogphorns~oontainiag cowpounds, part of which wozy unkmowe
un%il now. Tho offoot concorning the improvoment of lubricants on tost
epparatuo, bearing tests ond also 1a motors has heen proven fog some of
those., Tho uge in tho motor makos extreordinarily high demanda on the
proparatione. Further tests also in gears are still in progrecs. Ono can
oongider for surs that the introduotion of halogens in para position.
into the nmclous of aryl osters of phosphoric acid increagses ths effect
while the mt'.roduotion of alkyl esbera inorocges the solubilityin minoral
01180

II. Produoction of the onpamtiona

1. Fhonylphosphinic ac‘.l& diphenyleoher
- 2o - Ficephenylshloride = : S A
3. Phonylphoaphinie aoid dipamohlorophenyloatar
4. Thenylphosphinic aoid monophenylester
5, Fhonylphosphinis acid di—-p-ohlorophenylemtemonoohlorid@
6. ZIgopropylbenzoldichlorophosphine
e 'biphanylphosphate
8. Di-p-nitrophonylphogphate

.9 _Di-p-ohlorophanylphosphato
10, Di-p-bremophenylphosphato

-1, Di-p-fluorophonylphosphate
12. Di-2,4-dichlorophenylphoaphs e
13. Dioresylphosphato '

14. -Di-p-chlorophenylphosphoris acid mouoehloride

15, - Diphonylphosphoric aeid ethylooter - o

16, « Di~pe-uvhlorophenylphogphoric acid mothyle ater
~-1Te--Dimpechlorophenylphosphoric-aeid-propylester -

18, Dl-p-chlorophonylphosphorie aoid lc»mryl ea{:er

19. Fhosphorsulfochloride :

20, Diphenylthliophosphate

2%e Di-p-chlorophonylthiophosphate ..

22, Diphenylphosphoric eoid thiophonyloater .

.23, Diphonylthiophosphorie aeid manochloride =~
24, Di=p-:chiuroph@nylthiop!wsphorio aold monochlopide
25. Fhenylphosphinic sold dicresylestor ‘

‘26, Fhonylphogphinio aoid di-p-butylphenylestsr
27, Fhenylphogphivous acid diphenylegtor
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" Subatarces Propared for tho Pirst Time

26

.Phenylphosphinic aoid di»p»butyl phenylw“_

ea%x‘
' ¥

w&?«mPhenylphosph inoua‘uoid-diphenylester

Ho. Nomo
ey melting
5 Phenylphoophinio a0id di-p-ohlorsphenyleste \(m&)' 67.6°~69:5°(pure)
- enylpho o D onyle -
Fhenyly nph o a prohlorephonylootopsiting ptuyg 276"-277%¢
-5 Phenylphosphinio aold mono—p-ohloropmnylester | $20°-435°C not -
" - monochloridoe -+ boiling pt.760 fo0lated
10 p-bromophenylphosphoric a0id ohlorida v 166-170°C not
boiling pte20 purirind
10 D1-p-bromophenylphoaphorio ©oid monochloride’ : _260°-280° not
, T poiling pt.ao"’ T pnrified B
‘11 p-fluorophenylphosphorio aoid dichloride | 154°-245° not
: : boiling pteye purified
“11  dlepare~fluosophenylphosphoric ecid " :
merochloride boiling pt.15 1&o°-210° not puﬁﬁed
. L2 E— %210 _213 -pure- "
11 Tri-p-fluorophenylphozphate. ~ boiling pt.18 255°-250° no% pmma
1 Di-p-flucrophenylphosphate » _molting pt.(X) 95°-96° pure
%2 Di-2,4-Qichlovophenylphosphate e T nok purified
16 ‘“’”‘Dl-—p—ohlorophenylphoephorie aodd methyl!. " melting "‘bﬁ;'(K)”'131"-?1.32"'ﬁﬁi‘é'"'m*
. oster ‘ v :
» by Di-p-ohlorophenylphosphcuo acid pmp;y’l- mit‘ing, pto(E) 11305-1].4.,5_ pure
' ester T . : ;
w-ls@.--wDimp-ohloro;)henylphouphorie aoid- lan!',y.!.- ~me1ting~pt»~~ o 9023002
. es\;sr ‘ ‘
21 Dlmpnchlorophenylthiophosphm% e ‘
"2277'Diphenylphocphoric acid thioyhenyloate boiling pma 288, 290” -
25 Phenylphoezphinio acld diommyleatm boilin pe.,as ‘ 55»278" not purified
';305-*3100 ° 7,"{ o

,houmg. pt.,ZO

—boitingptslE—2255228 pure—
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Howly Doterminsd Constantis for Knowa Substancos
' 1.2

Fhenylphosphinie acid diphenylogtor’ mops(K) 78-74°C Michaolis mep. 63.5°
———— ) N : B . 20

Di-p-ohlosophonylphosphate mop. (E)150~131°C Anthenrioth m.p. 126°-127
: o

y
Zodzschs M.p. 133°-155°

Triparabromophenylphospha o © bup. 20 820°-555°
: ‘ s N
Di-p=bromophenylphosphate mepo(K) 68.5° Zotzache m.p. 199-201°
“Di-p-chlorophenylphosphorio meid = =" mep.(E) 68%p54® s
monochloride , : bep. 225-226°

| | , 20 -

Tri-p-chlorophenyiphosphato : mepe(K) 112-113° Anthenric%&_ Mmopo 59-100°
_ bepoyg 292°-295° Agfa

mep. 112°

Lo Phonylphosphinio aold diphenyleater -

(Beiloten) 16/804

Michasliz end Kammoror 1,2 have propsred this oster first.” They obtained
..& thick olly liquid that boiled above 560°C und golidified upon cooling tho '
aubstenoo was oasily solublo dn benezol, otheor, and othanol. One gould obbain
white needlos with mo.p. 63,5 from aqueous alochol. Aquecus caustie eoda had ne
effaot on tho oster, aleoholio caustio sodn decompoged it into phenol emd
* phosphophonyl aeid. The synthesls ocourrod according to the following equation:

O e e On (O D

0

Wo started also with Fhébbhehjiéhioﬂde in the pmpéﬁmtimo Wo condustod a
strong ourrent of dry chlorine into 500 g of it under ies wetor gooling uwatil .

_ the wholo mags g01idified into tetrachlorido. That took 2-3 houra. After.. ..
addition of 1 kg. of phenol the liquid mass waas sbirrod vigorously for a while
mbil the formation of HCL {(whioh escapod in torrents) subdued. Then it wos

‘j*df.'g.jabii—ied~bymeans*Qf“uﬁau'lt”bath";‘“"";gf'th@fb@g}pl;@%jmﬁj§hé‘mzi§ﬁ§i“frb‘ﬁfﬁ“ﬁ“
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steedily and a mixturs of phenol and chlorobonzol mas distilled off, At
continued distillation under normal prossure the estor pasced over at .
870°-380°C and wes slightly yollow. Later batohos wera distiiled in a vsowum
and. the ester that cemo over at b.p. 20 - 260-270°C wag entirely oolorless.
The ylold fluctunted botwaen 95-100% (caloulatod on the phoaphonylehlorida).
The golidified produot beger to molt at 64.5°C (K). Tho moltod maus only
booamo olear at 69-75°C deponding on the gterting batch. Aftor repeated
reorystallization from otherol .the melting point was 73-74° (X).

1647 xg cubst. (drled in veouum)s 42.5 mg C0p, 7.4 ng Hy0
-+ C1gH1603P (310) caloulated G 69,7 H 4.8 _ ;
. ‘ found C 69,4 H 5,0

During produetlon of largor amounts the distillation of tho estor was nob
osrcied oub, ginea alse the light brown colored crude produst eufficed. for.onr..

purposss.

In order to test the decomposition of ths ostor by boiling watsy,
wo boiled 20 g. for 2 hours ir un oxcess of water. The starting matericl wag
pocovered vachanged aftor procossing. Tho production of larger smonuts of th
ostor waro used for testing 1ts reeotionn. Starting with 500 ge Fhosphenyl~ -
chloride and 1000 g. of phenol we caught the oster roculting from the :
distillation up-to-18):5°C. It amounted o 87¢ Be  Durlag reotiffsatica it
boiled botwoan 157°-181.5°C. Ihrough ezparimzonts (distillation of wixed -
chlorobanzol and phenol) it was dotormined that the two genporants from mizturag
that boll together, and that camnot o ‘geparated through fractionatiom. Fhero-
foro the phenol oontent was determined by volumotric snalyois. It amounted %o
19.78%. The romainder of 246 g. hed %o bo Chlorobonzol. Shrough troaimont witch
tho oalonlated emount of WaOH in a 1ittle weber, the phomo) was removed. %Tho
remaining liquld boiled comstant at 138°.  Tho yiold of chlorobsngol caminiod..
‘thug to 77.1%. A large part of the miseing 21.9% (sie strenslator) probably -

esoapod during-the vigorous formation of HCl.

20 Phoabhenylohléride

Boilatein 16/765 (421)° .
e
C> P\

Farlies T propared & kg. phosphengiohloridy aocording to Micheslis® sooond
mothod (4,5,6) that had been &mprovad by Grutter end Wierniokr (7). Meigone
MM&MWM&AWMWWW
.mothod much wore conveniont. In Wy opinion it has e number of deolcive dig=
adventeges as comparcd with tho pyrogenmic mothod of producsicn. - Thoee
~digedventages hinder tho production of large emounta. Particularly meu it ig ¢
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diffioult to prooure large emounts of sufficiently pure sluminum chloride.
Commsroial AlClg reducod the yield consideradbly. ZThe entire aluminum
ohloride ag walg ag large emounts of benszol and PClg aro loat in the provess.
The undesirable aluminum chloride grease requires extensive oleaning work.
Algo a voouum distillation is necessary ecach time which ia not an enjoyablo
tagk vhon oarried out in vessels over 4 l. in the laboratery. Finally i%
wae shown that larger amounte of starting materisls (2 kg. benzol and 1 kg.
'P(lg) gave considerably’ mallor ylelds then the starting eaounts that X
chose usually (400 g. of emch). This is oontrary to tho usnal experiencos.
NHo yiold improvement waa brought about by tho uge of alumiaum chleride
manufecturod by us, of aluminum and sublimeto or through additioms of
caleium oarbonate, boric aeid, phosphorpantoxida, atannia uet;raohlorida

end gilicon totrachloride.- - .
ooneo. - 3hON-the . fizm that was. vivon tha _tapk of working oub o method of

production tarmed to the method that was indicated by Boulos ond Jemss (10).
There the heating of the quartz apparatus (built aocordiag to their dimotionu)
gave difficulties. Wire of chroms-niekel of various thickaess end even

timgeton wire proved to be insufficleont., Experiments with silicon carbide
stioko and chromo-nickel bend gave no positivo results eo far. This mothod

d1d not geam ouited for production on large goale beoause of apparatus difficultis
Yiolds of 80 g. in 24 hourg woro the maximm reachsd o faro

Therefore I decided to carry out ufiohaelia’ Piret mothod in improvod

apparatus. It consisto of 4 reaction of benzol and phoaphornshriohloride
when hsated. Michaelis obtalned on an avermge only 100 g. in 10 hours, Popo
and Gibson (12) reised the ylold to 140 g. in 9 hours by introduotion of CO
Arbusow -(13)- reached 1-1/2 bimes the yield of: lfichaslisc by £illing the hea.ﬁng
pipe with unglazed pisces of clay and Moiscrheimsr writes of a further inorease
-through -the -use -of a-quarts pipe.- I.could show.that ons.can essily obtain.§-6..
times the yisld of illchaslig. That way ono can produce 1 kg. phoephenolchloride
‘in one apparatus in 24 houruo

: : Important points in my epparatus vore as follows. 7Tho pipes were all
chogen wide in order to prevent elogging up as much as possible (for neasnre-

_monts soe Figs. 1 and 2). Tho connections wore made of rubber, and in placeg
that wore in contect with hot ‘Pumen thoy wore made of wator gmsu»talcumns.abestoa.
This cemont (lute) was very good, Continuous oparation was made poseible by
inatalling a branch pipe on the reflux ‘pipe for sefilling. Tho CO, ourrent was
pot for. § bubbles per secondo Thie fagt ourrent wae %o push the vaperg rolae

tively quiokly thx‘ough the md hot pipe. The heating wag dom) by gaa uhieh

"'the ‘outer pipe mll gave 800-850"(} a temparatum raading durinrr the ’:saetion
‘in the interior of the pips gave 780~750 °c,. The Pirst rmmings that resulted -
in the- diatillatiom of ‘the reaction: produota werae reme& e...@aya et leasb ~

parbiany “in-the next baboheao bt
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PClg Celg First Run Distil. -  Runaing Time Tiold CgHgPCly'
9o 80 a¢ : Hra, :
00 &0 e [ 190
760 750 - 18 ' $50
.260 250 1000 25 S 800
500 500 . 600 , 16 ~ 850
700 700 100 , 12 575
600 600 $00 U . 800
600 600 100 1 : - 900

+

Exporiment with stool pipe geve also usable resultc,

8, Phenylphoaphinio aoid-di-p-ohlomphenylester

(— } rro<:>cl -
O

This oompourd was not dogoriked in the liloraturs until now. It was prepared
like tho chlorine-freo substance from whieh it 1a derived (1, 2).

OO a0 P-;°W1 |

The dichloride can bo produced from. Phoaphon lehloride end oxygen (8,14) or it
bo mado from tho tetrachloride with §0,(1,14). We choge the later method and
-obtained. the_dichloride as-thiek. liquiﬁ bepe 257" -265°C (unoormuted) with a-

“yi01d6£92% caloulated on phoaphenylchlorido, o ‘

D B350, ——9@ 154 %0313 - -

In the preparation of the estor w used a solvont. 40 g. chlorOphanol S0.5 go
diochloride end §0 oc bangol were heatsd on a water bath £111 no HCI comld be
“detected in the gas astream. During tho hodting, under a superimposed roflux
ocoler, Ky wag conducted through. The HC) vapors etopped aftor 12 houwrs.. The
" bongol was ctoamed off and tho residuws was distilled in veomm. Tho boiling -
point was bep. 18 276°-277°C, The yleld was 43 go That iz about 74% of tho
theoratical yield., The thiok oil at £irst doos not ovem crystallisze in the .
ica box at ~14°C, but after seversl deys it solidifies spontoncouniy. In ordoy

to yomove possible residual chloride, we treated it with hot: water, shook 1%~
with ammonia and rewystallized 10: uuing aqueona aloohol., Melting point wes
.,(K) 6‘7.6-89.50 e
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Ohlorination of Fhenylphosphinic Acid Dighenx’loater

1% wag attempted to chlorinate the ester dirootly and thereby to
introduco 3 Cl atoms. For thaet purpose 100 g. of the ostor wns treated
‘with chlorine, mixing in goms jodins and using a temporature of 90°-100°C.
A ohlorine absorption of ebout 8.5 g. per hour resulted. After 4 hours the
wolght had inorsased by 84.5 g« which ocould correspond to the desired chlorlne
abgorption. - ‘

The product of reaotion was fraotionated in o 13 mn vacuum. ‘l'ho 132 go
of orude product gave a first fraotion (10 g.) of fat-like consistency and
_yellow color. Then ocame e main fraction et e boiling point b.p. 18, 256°-300°C
in e form of a highly viscous yellow liquid (85 g.) The rogsidue was a blaock
asphalt-1iko mass (25 g.). )

--The: chlorine-deternination showsd-that only 2-atoms of- ehlorins ‘had =
entamdo Thoy were probably in the phenol nuclei (rings) 30.85 mg. of the
gubstance gave 25.44 mg. AgCl (Carius)

found Cl = 18.80%, valéulated for 2 Cl atoms 19.78%

4, Phenylphosph’ﬂ.nio aoid mon_phenyloster (5 14)

“Belilatsin” 16/804 e S

DQ

As in pmpa‘meion“s,‘ phenylphosphinic acid diohloride was produced firgt,

27 g. dichlorido ond 13 g. phenol whero heatod under reflux under a H, gtream
“uatil no more HCl was formed. Then it was fraotiondted.Firstcame-d-amall——
first fraotion, the mein €racticm came et 320°-380°, The distillate was bolled
with water in order to eaponify (hydrolyze?) the chloride. The residue which
golidified upon cooling was troated with concentrated aqueous enmonia at 60°C.

" The remaining diphenyl ester (9 g.) was filtered off and the monophenylester
was precipliated with hydroehlorio a.oid. For oamplebg aepamti(m e allmd
- 1%-%0" gtand- overnighto e e : B :

: I an nbt;ompf; %o avoid the. formation of. diphenyl estor wo atarted
out with gedium phenolate and: treated it with the dichloride as nbove. Bub
hare, too, a large amount or the neutral estor was obtainedo

v

~ Prhony JENoGpHinic 6o1d mono—p-oﬁl rophex;yleater-monoohlorido

D Pzg<:> N ; ; e

\Gl

t

Wo heva neem to it that tho formation of t;he neutml ester ia lgrgely 4;;1!*9;’0:9@6&i

treatm@nu. Thnt ma aooom;»lhhad by oon1plet5.ng the reuetion &n (X'} nhor!; W me
~a8- poseibleo 20 o~ phenylphosphlno aoid diohlorido -and-14- Be- chlorophenol'wem—



‘hoa.tod for 2 hours wnder reflux and wore immediately distilled. Aftor o
prefrastion at 500°-320° (1 g.), a main fraction of 820-435° (18 g.) was
caught. A amall afber-fmotion came at 485-440°C. A gmall emount of
blask mnidue remained . .

In order to determine the monochloride we hoated e small amount
of tho distillate with E/10 HeOH to bolling for 1/4 hour and back-titrated
the excess alkali. On a sample of 1.7567 g. of distillate 104.15 co of K/10
NaOH was usod. Aocording to that the content of monoohloride amounts Go 67.8%
of the main fraction. That iz a 56.69% yiold caloulated on tho atarting’
materials. In caloulating the uged amount of sodimm hydroxide ome milst teko
into ascount that 1 mol. of chlorids will use 2 molg. of NaOH. In the blenk
test noutral estor was heatsd with NeOH. No 3/10 HaOH was usedthere, ’

6o Isopropvlbanzoldiehlorophoaphine (15).

(O

To 250 g. oi‘ Iaopropylbenaol and 10 g. of water-froe aluminum chloride,
290 p. Phogspho trichloride wore added drop by drop with stireming. Then i
“was heated for 48 hours over a gand bath under roflux. Durinpg that Lime
additional 15 g. of aluminum-chloride wae added in 2 portions, whon the HC1 -
fornation had becoms weak. The atirring wes continusd only during tho day
(20 hrs. altogethor). After ooniclusion of the renoction the unchenged
phoophortrichloride was distilled off vnder nozmal pressure. Then the
..igopropylbenzol was distilled off under reduced pressure.. The residue . .
consisted of a red liquid and a light crust. The liguid was poured off tho
..... polid eonatituents and fractionated at 10 mm, .The profraction wag small,.
thon 75 g. of colorless liquid wac gained at bep. 125°~127°C. Tho yield was
16% of the theoretical ome caloulated on igopropylbanzol. The igopropyl-
benszoldichlorophosphine was frachionated onoe more in a veouvm. The thickly
liquid residue oontained algo oongiderable emounts of the phosphine. In ordor
" to avold a loge. it is praotical not %o proocoss it further but it serves as a
’oatalyst 1n the next run m plaeo of t;ho aluminum chloriden

Te Diphanyl l’hosphato

Boilatein 6/1‘78 (95)

K 0)2 R\O}I e

‘ B

-The phoaphoric ao:.d eatara oi” alipha.{:ic o.nd aromabio oxygon bodiea hava oomstantly
gained in Anportarse in tho last 20 ysazs. The nottral phenol esters of variouns
phonols are used %o o large oxbent as softensrs, ingulators, wotting sgenty,
-lubricants -end- for purifioation. of. wngte- gasen.and-wrate-walers.-In-adéision.
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- to that thore are a number of smaller gpherss of use. Since I started with
neutral esters in my preparation of di-substituted esters, I would like to give
a ghort survey about their menufaoture. Triphenylphogphate was prepared, first
by Jacobgen (16) and thon by Hoim (17), out of phenol and phosphoricoxyehloride
by heating and following fractionation. Fhenylphosphoric-acid diohlorido
(bepeyy 121° (18) and diphenylphoaphoric acid-monochlorice (bepeyg 1959 (18)
are formd ea by-produots. Tho neutral phenol estor melts at 49 (19) and
has & b.p.11 of 245°. Authenrieth prepares it by resoting em alkalina
phendl solution with phosphoricexichloride in tha oold (20). Agfe prevented (,ne )
formation of larger emounto of by-produsts end the amnoying appearance of HCL .
by reacting POCJ.s with sodium phemolate (21). A faeilitatlion of Jacobson's -
reaction wag reached by the Imperiel Chemical Industries Ltd. (22,23) by the
addition of bauio compoundg like tmi.lline'3 oyridine toluidins (aee also

~Pigeher {24)).- Adickss,. Betmort;-and-Laskaer - 255 -znd the -Dow Chemical Co.{26):
uged SnCl,, AlCl and MgCls cucoesafully as catolysts. In the onse of the
6s1luloid Gorp. ?27) PClg# HEO sexve as a substitute for phogphoricoxidohlorida,
The Vietor Chemiocal Works (28) use pentachlorido end pentoxido. Mothods of
logser importance are the reaotion of diavylsulfite with PClg by Carré end
Libermann (29) end the oxidation of triphenylphosphite by means of air, S0
nitrOgenoxides and the appropriate catalysts like vanadium pentoxids (80,,8%)

"0f 211 the above procesaes, only the 1eaotion of alkaline phenol
solution with POClg according to Anthenrioth (20) yields diphenylphosphete
immediately. Rembold (32) descrived tho formation of this ster out of Py0g

- and phenol, Glutz (33) desoribed the preparation through hydrolysis of tiri-
phonylphosphato with a strong alkeli. Jacobsen (16), Rapp (34), Hoeftake (19)

" ae'well as Brigl and Miller %3.)) hydrolized the monoohloride wlkh vater or
dilnte alkalia :

Since we had commereie.l tnphenylphwphate e.vailable, we first

started with 1%. Ve treated 1 mol. neutrel phosphate susponded in water

with 2 mols. Hg0H, A very violent reaotion ocours at heating to boiling of the
water when larger quentities ars used. The olear golution is acidified

with HCl. Thereby the typieal phenol odor appears. Ther it ig mixed with
..en_excess. of sod ium cerbonate and the phenol, that tes no& oonvered inte .. .. . .~
tho sodium salt, romoved by eix oxtractions with other., In the beginaing e
2alirly large quantity of-other dissolves in the liguid. The ether iz removed
on & water bath and allowed to cool. Upon asldification-the diphenylphosphate
procipitatos as fine white oryatala.‘ It is filtered with suotion end dkied

in tho air, The yleld ig. quantitative.‘ Experiments to remove phenol with
~ptoamw
proceased at ome time by ug in this manner was 2 kgn triphenylphouphakoe

- In the ‘trial preparation aeoording to Anthenriehh (20), 92 go
phenol and 52 g. POGlg rogultad in 87 g. trlphenyl- ond 14 go. diphenyl-phoaph&%o
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Another experimont dealt with the hydrolysic of the monochloride.
306 g POClg and 376 g. phenol resulted after 20 hours of heating in 60 g.
dichloride and 255 g. monoohloride. The latter readily gave diphenylphosphoric
‘acid upon heating with dilute allimli. , : C

: - The ester preoipitated by BCl ig not a wiform produst. The mslting
points of the gubstances obtained thus are very differont end there are algo
large differences in the aolubnitz. Thus wo detormined in the alr-dried
subptances melting points of 66-88°C, 67°-69°C, 48~100°C, 49°=115°C, Undor
cortain experimental conditions there results a water~-free substance dirsotly
(m.p. 70°C, Hoofhoke (19))while in other omses a mized preparation is pressnt.
But all these produots change upon oxpogure to air for soveral days either into

_the diphenylphosphate containing 2 B,0 m.po (E) 50°-51° or into the water-freo
~product m.p. (K) 68-69.5°, Ono nlways obtainc tho water containing prepara-
tion in beantiful orystals when it is reerystaellized from boiling water.
Thereby e portion always remains 1a the solution, which must bs repracipituted
with acid. The water-free diphenylphosphate forms always when it lles in %he
voouus dessicator. We did not gtudy in detail tho Intermsdlate product witl
the higher melting point, which caused the large melting point intorvals aud
gave the abnormally low oil solubility to the entire product. It may be a
--pyrophosphate.-- One- can-explain-elso-the-contradicting-information-in-the---
literature by all these conditions. Rapp (34) gives the melting point as
56°C, Anthenrieth (20) at 61°-62°, Eoefhake (19) has correct values at 61°
end '70°. In order o try whother diphenylphoophate ocaa bo distilled, tho
substance was 6lowly heated in er o0il bath at 0.09 mm. Hg, At 210°-230° in
tho o1l bath, crystals begam to doposit in the reveiver. Bub they melted nuoh
below 45°. Thus the ester had alreedy decompopod end the phemol was distilled
off, ‘ , '

(SRR

8. Di~p-nitrophenylphosphate

" Bolletein 6/237 -
0 S SR
s ) , . ,
&%D‘Az Plog ' . ' '

In che preparation I tried first to start out with triphenylphosphate, to.
nitrify 1% aad then hydrolyss it, but the moleoule aplit completely in the
hydrolysis. 25 g. fincly pulverized triphenylphosphate wan stirred into
100 g.. 1007 MH0g at =3° to -5°C. Then the stirring continued for 3 hours

@t 20°C. The mitrated produst 1s prooipliaved cuc oOf o ROAOgencous Liquid
with water. It is £iltored under suction and waghed free of aoid with water.
The yleld was_35 g., that is, 95% of the theorstical yiold. The produst vas
_roorystallized from glacial acebic acid, its melting point wae then m.p.(X)
'166-2567°C. Rapp (54) gives 155° as m.p. § g. of triphoophate wers heated in
o water bath with 0.5 g. HaOH in alcoholic molution for one hour. Then it
WEgprocessed e wauale ~Thereby wo-could-only-igolate-p-nitréphonols—S5ince—
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triphenylphoaphate was hydrolyzed successfully in this mamer, tha failure
in hydrolysis must be caugzad by the nature of tho tri-p-nitropherylphosphate.
An earlier %rial to nitrify the triphonylphosphate with 65% nitrie acid -
rosulted only in unchanged starting materiel. Another test dealt with the
usual method of heating phenmol wita phocphoricoxychloride., First HCl de-
veloped es ugual. Upon higher heating charring with swelling took place
guddenly. Wo noticod later that Rapp (34) had found that also. Porheps
thic reaction ocan bs canrried out by keeping tho temperature down vonstomtly.

|
' Neither did shaking of p-nitrophenol in alkaline solution »
with phosphorus oxychloride lesd to a rosult (according to Authenrieth (20)),

e iny: p-nitrephenel.: mas- htaired. from nitrifying dishenylphosphate.
with 100% HHOg. The procoas of Rapp (34) gives only very smell yields.

- Pinally the proparation was obtained with good yield according to
Hooflake (19). 10 g. diphenylphosphate is added tc 30 co HNOg with siirring
ob -5° to ~10° and tho resulting liquid iz poured into water immediatoly.
'Theroby on o0il is geparatod which solidifjes in the ico box overnight. It i
‘washod with eoncontrated HCl. In ordor %o froo the product of isomers 1%
“mas roorystallized twice in gleoial acetlo moid. The m.p. was (R) 174.5°-175.5°
The orude produsté ooatains normelly 15-16% O-nitrophenol. -

30,8 mg substanco give 2,12 co H, at 21°C and 750 m Hg
. 22,80 ™. LT N o oogoc 0 qag P °

fomd 7.8% Ny caloulated 8.2%. L L ,
e B Ba B B BB et e i

~ The proparation that was coolod in a veouunm dessicetor absorbs 1 mol. By0
in the eir ' '

90 Di—p-chloropheuylnhonphate

CHetisteia 6/188(-) e e

//0 .
.(Gl< >o)2 P\og
Algo thig ester is conveniently ecoessible in various ways. We prodused 3%
Z-tho-monoehiorite;-amother-tim—by-reacting-the—triphosphnte-
:with aqueous sodiunm hydroxide. By:ocomblning the %wo processcs we could :
feoilitate the production in large quentities in the laboratory. The Griphoge
phate wap prepared by Authonrieth from chlorophenol and phogphoric cxyochleride
in alkaliro golution. A m.pe of $94100°C wap devermined: Agfe proparod &k
o5b6¥ from godium phenolate and POCLg and reports s mopi-of 112%  Durreno(y6)
-obtained-the=produet-Lrom-triphenyliphosphate-and-sulfurylohlorido,usbag— -
‘pulverizod iron ag oatalyets The labtor mothod roquimes:e distillation of fho
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entire batch in order to remove the iron completoly. Henoe its use was out

of tha uestion., Also di-p-chlorophenylphosphato was obtained first by
“Authonrioth as a by-product in the production of triphosphate. He produced

it also by hydrolysis of triphosphate with alooholic oaustic potesh solution

. and obtained flakes of mep. 126-127° out of diluted BCl. Zetzacho and Noohmarm
(37) found a m.p. of 133-155° (E) for their preparation which they obtaired
through hydrolysis of monoohloride and noutral phosphate.

The starting material = p-chlorophenol = wag obtzined by the method
- of Dubois(%8,59). Exoess sulfurylohlorids aoted on phenol end isomors were
separatod by following fractional distillation. From two kg phenol and 3.2 kg
sulfurylehloride that was added by drops in the course of 6 hours, wo obtainod
624 g. of 185-200°C and 1900 g, of 200°-217°C. Tho ohlorophonol with the
“higher bolling point wag purified by freezing and centrifuging. Ono mol,
POC1lg (158.6 g. + 30 g. oxcass bsoanus of logs, pince HCl carries ooms of it
Jaway? is added dropwize to § mols. p-chlorophenol (385.6 g.) with stirring.
It 4o heated $ill HC1 devolopment stops on the reflux. The reaction is
completed in about 7 hours. Thon the ozbiro substance ic boiled with aqusous
caustic goda till it is water-soluble. Theraby triphosphate turas into
diphocphate and dichloride into monophosphate. The latter docompozes into chloro-
-pheno} -and-phosphorio- aoid -(40). - Upon -aeddification di~p-chlorophenylphosphato
contaminated with ohlorophenol comes down ac oil. It cannot be purifisd with
sode since chlorophol forms a ealt with sodium too. Chlorophenol was removed
to a large oxtent through steam distillation. This method did not scem
suited for large quantities. The yield of crude diphosphate amounted to 255 g.,
‘that is, 70.5% of the theoretical yisld (the entire reaction is ealoulatod on .
triphosphate). Durlng reorystallization ia banzol, the excess phenol remained
_in golution. Finally it was reorystallized from water, Fheroby tho di-p-
ohloropEénylphoaphate came out as ehiny flaky orystals and had a m.p. of
130-131°C. . C ' C '

In the preparation of diphogphate from pure monochloride we added
it dropwige to 2HHaOH with otirring at 70-80°;. After gome timo water had to
bo added once more to attain complote solutien. Wo obtalned 570 g. diphosphats
~out of 630 g: monochloride; that is, 95.5% of the theoretical yleld.  Thia =~
zothod 1o convenlent since it sparos. tedious oloaning operationa.

10, na-g:iiomoghm1ghoagme'
. 40
srd N o), PO

Until now &ri-p-bromophenylphosphate @eparsd by Avthenzieth and Mimlinghaus hed
boen obtalined. of the p~bromophenylphosphorio soid esters.  They reacted phenyl-
aoabete with PBrg and got the ector in small quantitios with a mep. of 101°.
Glutz (33) obtained the game compound fyom triphomylphosphato and bromine in o
osalad"tubs. ~Zetzsohs and Nachienn got the. dI-p-bromophenylphosphate from . -
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" diphenylphosphata and bromine. in boiling chloroform and found the m.p. of
- 199-20] for the substanca after reoryatallizing in water or CHC.'LS. 4Alago
the logs lnteresting monophosphats 13 known (37,42).

Since we needed largor quantities of tho material e tarmed %o

more produstive methods of produotion. Vo reacted brown phenol with phoge

phorexyohloride. The necesesar p=bromophonol ws.s prepered acoording to the
mothod of Marvel end Adamg (43{. One romcts bremine with phenol in ecarbem
‘disulfide with stirring and cooling, Then fractionate the mixzturss of

isomers after removal of tho solvent by means of & coluzn, We ugod for that
purpose a layer of Rasohig ringa S om high. The boiling point of the obtaimod .

p=bromophenol was Epas 146-160°C. Tho yield wmg 750 g- for a starting emomns
of 600 g. phenol, that is, 81% of the theorotical yisld,

' 540 g. p-bromophenol (1 mol.) wers heated o 190°C end 1 mol.

phosphoroxychlorido was stirred in drop by drop. Vigorous HCl was developed,
After ocomploting ths addition it was heatoed on tho roflux for 10 hourg oud
the reaotion produet was fraotionated.

120 g. p=-bromophenylphosphoric acid dichlorids bepogg 165-170
200 g. Di-p~bromophenylphosphorio acid monochloridae Depegp 260280 -
105 g. tri-p-bromophenylphosphate bepegp S20-855°

The various fraotions Worse not purified further. To produce ths

diphosphato one can hydrolyze the monochloride or the trichloride bromophanol

is split off when triphosphate is boiled with aquoous ceustie soda. Di.

phosphate goes into ‘golution as sodivm galt and can be geparated again with

cono, HCl as light=colored oil. Upon washing with cold water the oil solidifisg
- %o & colorless -orystalline substance,  This 4s rsorystallized from hot water, h

The diphoephate orystallized %o chiny flaky erystals and has a mlting point

of (K) 162-165.5°C, _ .

- Diphogphato sould also bo preparod of di-p-bromophenylphosphorio
acld monochloride, which soldifies at room Comporature, by boiling 1t with
aquoons sodium hydroxide. The melting point. was 165.6%. - Curiously Zetzooho

~ond Naohmaon found e much higher mslting point 199-201° (37)

11, Di-p<fiucrphonylphosphato

— 4,0

B [ i

Fhogphoris acid estors of p-flucrophanol az6 not lmown up %o date, p~fluorphenol

- g obtalned In the boronflusride proeass of Schiemann (44) using maisidine.
‘Freshly distilled enisidino was dlazotizod. and: the diasonimm solution wan

mmgte,dwuit}iwﬂluo,bdnic_acid-with»oool—ing«-——-fhe—-fgsl;ij!;i;}gfpa‘ata%ye;@jﬁ,i}'@éﬁ??dﬁlﬁ
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the solid portion was dried in 3 vaouum desd€ecator. Then &he pyrogenio
decomposition oovourrad. Tho . resulting fluoranisol was hydrolyzed by meeng
of aluminum chloride. A good yield of fluorophenol of b.p. 61°-84° waa
obtained,

26 go p-fluorophonol (2 mol.) were heated with 19.4 g. POCg (1 mol,)
for 15 hours on the reflux till no HCl wag formsd. The reastion produot wag
frootionated. T

p~fluorophonylphoaphorio acid dichloride bep.yg 134-145°%.
di~p-fluorophenylphosphoric soid monoohloridqﬂb.p.ls 180-210°
 bri-p-fluorophenylphoaphato bep.g 286-260° - . .

The yield of orude monochloride was 18 ge It was redistilled and
had & bep. of 210-213°, After reaoting it with aquoous soda lyo-and spread-
ing 1% out as usual the diphosphate was obtained, Coatrary to the chlorine
and bromine derivativas, the fluorine derivative only leaves the water upon
aoidification. TWe obtained five shiny flaky orystals which schowod & mep.
(E) 95°-96°C after drying it ta vaouwum. During the C dotermination the
substanse proved to be a1f£ioultly combugtible and-pave values that wore
too lowe The triphosphate solidifios likewise in tho cold.

12. Di-2,4 dichloropheny_l_pho‘sgphate
Cly
Wk r,

Tho 2,4 dichlorophenol wao propared according to dirootions of Kohn and
Susgmenn (45) by introducing diluted chlorine inmto phenol while cooling.
The resulting product wag free of igomers. Then it wvas reacted with the
correaponding quantity of POClg. Without fraotionating it was then
hydrolyzed with caustic goda. The diphogphate mas isolated as usual.
Firgt a light colorsd sirup was formed which crystallized.in the.ics .box..
after a few days., . ' '

13. Dioresylphosphate

%s G’o'?yﬂ _“
B . ’ .
O =

Dicr@éylphosphate vag obtained ag reddish sirup by heating commoroial #ricresyl-
phogphate-whth-Ha0He— Setes - e




ExEriment with Dichlororssozeinel

Diohlororogoreinel was prepnmd'accordlng to Reinhard (46) and wano
hoated in tho roflux with POCly. A resinous brittle ccmpound was formed
which could not be hydrelyred with HaOH,

14, Di-p-chlorsphenylphosphoric acid monochloride

Bsilagtein 6/188

v IR ~ 0

Ql{» )0) P~
‘2 g

This ehloride was obtajined by Zuthenrieth (20) by heating di-p~chlerephenyl= -
phosphate end PClg. It s not isolated from the golidified substance but
wag lmmediately reacted to thoe amids. We produced the preparation by
‘raacting chlorophenol with phosphoroxiohloride. 1280 g« orude p~chlorophenol
(b.po 202-218) wore heated with 875 Be F’Ot:l3 for 19 hours. Tho product wag
fractionally disgilleds =
430 g. p-o}ilorophenylphosphorio aoid diidhlbrida b,‘,_g,?26}§912f919f..,.,‘
1030 g. di~p-ohlorophenylphosphoric acid monochloride b. Pegg 220-270°

260 g. tri-p-chlorophenylphosphato in the reaidue

S27 more monoohloride and fairly lafga quantity of triphosphate wag
obtained upon héating the 430 g. dishloride with 260 g+ p-ohlorophenol. fTho
pro-fraction was only 85 g. : _ '

" The monochloridehadab.p.1501;225»226°;xfb9r i‘opee.bed fractionation,
Analysis aoocording to Cariuz: 200.7 mg.. substense 257.0 mg AgC1012HG05C25P(357.5)
found: C1 31.7% caloulated 31.3%. o , .

: - Even after gtanding geveral daye ot ~15°C, the oily colorleas liquid
did not so0lidify at firot. After about § weokg sponteneous erystolligation . -
~oocurred. - Out-of hexano we obtained dolorless » néerly odorless oryatals of
mp. (E) 53-54°C, o T - S :

~ - The triphosphate was also distilled bopoyg (292-295) and recrystallized
affer dissolving 1% in ether, The melting-point was (E) 112-115°C,

Ib. Diphenylphophorio'acié othyl ogtor -
Boilatoln 6/179 -
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The following methods ave pouiblo for the prepamtion of suoh_
nixed estors:

1. Reaotion of triphonylphosphato with sodimm aloohol&te (Morol(217))

2. Reaotion of diphonylphosphorio aoid monochloride snd godiom
elooholate (Morel (48)). ,

S. TUse of phogphoric aoid alkylesterdiohloridé and sodium phenolate
(Morel (47)§. : '

4. Direot ootordtation of diphenylphoaphorie ecid with alechol with
- gorresponding removel of water perhnpe through CaCs ir the
appmtua of Thielepapa.
6. Starting wi’ch monochloride s.nd aloohol with add:.ticn of a
substanee that cplite off HCl like pyridine.

6. Reaction of (diphenylphosphorie acid godimn) with an alkylhalogenide.

Heothods ) and 4 did not yield much in proliminary experimeats, mo
..roaction wag obtained in method 8. Therofore wo progeeded seccording to method 2.
The monochloride was prepared (acoording to Rapp (34)) by heating 188 g. phomol
with 188 g. POClg (1 mol. + 35 g. excess, gee Ephraim (50)) for 14 hours wdog
-reflux. In the fractionlszaticn wo obtained 125 go. momochloride of bap.pg 22 15°
and 80 Be diohlorido.

: The monochlorlde wag rescted with the ealoulnted amowmt of scdim o

alocholate in othamol. Tho reaction osccurred with separation of HeCl. It wma
~f£31tered, the alocholvaporiged of £, and fractionated iz vacum, - After e -short-

pmfraoi:ion the ester ocamd. The boiling point 35 was 205-220° :

16. 1-g-ohloroghenxlgoaghoric £0id methyl egter

p -0
(clOO)a R - . o

Wo started with monoohlorida elso for the produotion of thia cempound which hrm
not besn known bofore. Salt was separated when wo reacted it with sodim .
mothylate. After filtraticn it wes distilled in vecuum. Oaly & smell quantity

of a golidifying gubstance (m.p.100-105°) g obtamed‘artar a 1argo prefrootion
-vf—b-p—zg o " . ehi do-with-nethenel—

in pyridine. The "renction product was takran up hy mntor. A vo].umincum T
preclpitate resulted which,upon reorystanization In mathanol, gave a Bu‘nm?:ams
whioh did not ewn melt at 250°C. 1t wag not ~obadied furtheru . T

; Weo now haated %o boning, 13 g. nonoohloride with 1 5 g« methylalochol
-—1n~ethe p-for-2-hours.—The-ather-was-steansd oLl The-solidin giun;_a aa{tdm~ma_.
“reoryatallized twice in potrolaun ethers . The mep, way 131=132 'C ( .
is eauily soluble in Ghe upual solvants. (banzol, ether, aloohol, ehlov'oi‘om)

A nlight; aoid’ ‘vonotion wus still pregent’ ‘bovause of “traces of monochlorimo :
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$4.34 ng nubntance, Carinu, 30.22 mg Agcl
found Cl = 21.7% oaloulated Cl = 21.5%
17.48 mg aubntance, 5.05 mg H20, 21.70 mg CO
Cy8H3,0 01zP (353) found H $.2% C46.8%
1FYe 2
. caloulatedl $.5% C46.8%

17, Di-p-otilox‘ophojn}ylphosphorio aoid propyl ester
N
31< 70 P :
( } 2 \oc 3}27

o

Atbampku to obtain thls ester from the Na salt of di«p-chlomphenylphoap“mw
“end propylbromido in“absolute’elcohol failed. Neither did we obtain'good™
rogults with the uge of monochloride sodium end 9xcess propyl aloohol. Mta”
thet wo used only the oxmaot caloulated quantity of propanol, momochlorido and
sodium and ellowed them ¢to romoet in benzol. 4.8 g. sodium was brought ¢o .
_reaot with 11.9 g. propanol and 80 oo bengol by heating 1% end blowing through
of H,. Aftor cooling wo added dropwice 66.8 g. momochloride in 100 oc bonzol.
1t was heated for 3 hourc undor gaflux, It was shaken with water and the

- galt solution geparated. in. & separatory funnsl... Tho bengel leyer wag.drlod:.
with sodium sulfate and the banpol was £inally steamsd in vasuwn. The
remaining o1l solidified in the lcobox and was recrystallized three times
with petrolium othor until tho melting point romained constant at 113.5-114.5.
Tho substance was neutral,

18, Diép-‘-ohlo'rc:phenylphou'phorio aoid lauryl estor :

0"12325

. 408 go sodium wap coverod with 50 oo of dry xylol and-a golution of 37 go
laurylaloohol in 100 oo xylol wae dropped in slowly et roam tamporature.
- toanwhile-dry-H;wmo-—condueted -throughs-Then-it-was-heated at the bolling -
point of xylol under roflux unkil all the Mo had rescted. That wes after abouf;
6 hours. Undor cooling in ico water we dropped 40 g. monochlorido in xylol
into the sodium laurate. Upon heating the roamction oeccurrod. The zolid
lavrate went Into solution. No HaCl formaticn eould bo observed. It wae
" heated to boiling for ono hour, the xylol waz. atoamod off and the rosiduo _
' Gaken up by ather. “The -oCther golubion wop BNAKGL WiGh WAGOT. and 14 Ordew. Go. .-
-remove ‘di=p-chlorophenylphosphoric ecid that may 'be. prosent, i% al0 was chakon -
with soda soiutlons We dried with eodiwm -sulfate, steamsd off the other ;md
drove.off the. romaining xylol in a wvacuum. = The. rom&iuﬂ.ng o4l solidii‘ied
coon.. The ester it readily golubls ia sthor, benzol, glaclal etetlo @01&.,,
.ohloroform, acetone,; ebhyl nootats and pyridine, less readily goludlo in -

aloohol and potiolown othey, méiub”le”‘m mte}*‘““l’hm pz*oﬂuct“maryauall‘imw
“in- petrolsmn ethex' hads Mepo:0f: 95-100 R
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19, Phoaphoriesulfochloride

We nooded a large amount of PSClg for the production of S-containing sub-
stences. A series of methods have been worked out for its produstion. Evon
if one congiders only nower iavestigatlons that require PSClg as auxiliary
_gubstence, varions methods are usod. Ono ocan soe from that that nmo ideal
laboratory solution has boen found wntil now. First it was preparcd by
Serrulas (51) out of-EpS and PClg. Ile was follovad by Wohlez ond Riller (52)
who reacted sulfurmonochlorido with white P. Both mathods were used later,
but as mentioned in the bogiming, they are not vesy convenlent. Flopming
(53) purified the produst obtained by Hohlers method by chaking it with
~~water.-Pletz-(54) dissolved PClc.in €S, end. condusted BpS inGo 1%, -Bandeiment.
allovad PClg to renct with antimény trisulfide. The rémoval of SbGly caused
diffioulties. Simon (55) also ugod this preparation methods Othor authors
used reasotions in soaled Subog. Nenry (56) heated S and PClg, which come
pounds do not combiae at the temporature of boiling PClg, in o tube at about
180°C, and ho obtained a quanbitative reaction. Ws repsated his exporiment
but wo obtalned vary varying rosults even when wo raiged the temperature. -
_Somotimes completo reaction ocourred, gometimes ths components ware recoversd
unohergod and at times the reaotion wag incomplete. By adding of 107 dry WagS
as suggested by Woodetock aad Adler (57) end by keoping the ‘tempsrature between
150-160°C we always obtained quaniitative results. '

Thorpe (68) melted PySg with PClg also in tho tube a2d Bruno do Faze
(59) worked under the same -condig‘lona-witzh PpSg and C0lgo S
. T .

—wn-ALL -these -methods had the-disagresable features. and. tims. losses. thal ..
are elways connected with working iu sealed tubos. The new commorsial pro- "
duction metheds start with ferro-phosphorus and sulfur chloride (60)s The
1.G. (61) has recently worked out a method in which PCle vapors ero eondustod
into sulfur that is heated over 140°C but not over 180°C. I simplified this
proceas for the laboratory by dropping PCly into the heated eulfur while

_.atirring. Tho yield sorresponds ubout to that ettained by 1.G. with PGig |
vepor, The 1.G. -obtained 206 g. P'SClg from 250 g. S and 5C0-g. PCL;
aftor a reaction $ime of six hours. The boiling point was 118'-122°g. Wa ..\

"heated 400 g. S in a flask with 3 necks to varlous btemperatures end lat 250‘, oc

PCl; drop. in. The dropping time was aloo variedi™ The gulfur was stirred

vigorously, whereby a KPG stirmr:ma»oﬂ--gmag sorvice. %he mixtumwof_Pclge—

0d. 0 mmadista ok B0

) e b LR W]
“Por the apparatus cee Plguro S~

LT & La O #) iz ]e PG o

“ond tho recovored POl wmo usod agaln,



Experimantal Rosults

Duration of dropping S Temporaturo  Tiold = % of theoretionl

He in hra. ¢ 3 - yleld calc.ag PClg
3 7 - 190-200 . 180 . 62
2 3 190-200 85 27.2
S 4 190-210 9% 30.4
4 4 160-170 §0 1602
) 4 240-260 _ 8 : 27.2
6 - 4 (4 times the  200-210 65 21
total amount '
vas dropped

_ Tha serles of experirents chows that the temperature uged by I1,G. of 140°-1607
s not enough when PC1lg is dropned in. I.G. states that the temperaturs chosm
by thom is partioularly favorable since S bocomos too visoous when hesated
above 160°, In my tests I found that the visoosity of the molten sulfur did
not cause any difficulties up to 250°C when a glass stirrer was used. Ve
Zound, as far as one oan tell from such a short series, 150-210°C as tho
optimm temperature. . Higher tomperetures shorten the residence time of
_phogphortrichloride apparontly too much. For laboratory purposes the last

method seeme to be the most convenient.

20. Diphonylthiophosphate

Bellstein 6/181 (96)

Aocording to Amthenrioth ond Hildebrand (62) 3 mols. of phenol (87 g.) were
dissolved in 120 ac of 20% HaOH snd 1 mol. PSClg(33gz.) was added. That wmg
heated for 2 hours-on & wabtor bath. The oily layer is taken up in athey,

dried with godium gulfets and the ofhor is digtilled off. Tho reslduo solidifion
in the cold and was resrystallized with aleohol., The melting point was (K)

58°, the yleld 1€ g,
L8 'datem:lnutionnooording to Coruas:
. 87,80 mg.aubsbanca 26.72 mg BaSO,

found SES_‘_'Z% :

Calculated S = 9.8%

1 mol. of thiophosphate was heated with 1-mol, NaOH (alocholic,since equeous .-

HaOH cennot ba used according to Authonrieth) for 2 hours-on e water bath.

The solution was steamed dry, tho rosidue dissolvaed in sodiur carbonate and
—khe phenol was removed with other.' The watsry loyer was acidified and again
~gxtraotod-with-ethers -After-drying-and-vaporization,.the.e ther layer.left ...
“pehind & “yollowlsh 01l that oould not bs*distilled “in"the vacuem without: do=

1
|

“oompoatags; 1t was dighenylthiophosphates- -




28 -

‘2. Di-g-oh1orownx];thioghoaghn%o
(ch) ) 2 N \on

The neutral estor was cbtained 1ike the diphenylﬂxiophoapnmta acoording to
Authenrieth end Hildobrand (62), but not orystallized. Thon ;t wag hydx'olysod
with ethylalcoholio NaOH, A derk oil wag obtainsd,
64.63 mg oubstanoe 101, 81 mg CO,
found C = 43.8%
caloulatsd C = 43.0%

Strocker and Grosemamm (65) doubt that tri-p-chlorophonylihiophosphate wao.
“obteimed that way. It is truo that Authonricth obbtained olso the analogous
triphenylthiophosphato with corroot constenta.

22, Diphenylpnhogphoric aoid-thioghenyl eabor

Por tho production of tails ooter wo put togothor calouleted emounts of ¢i~
phenylphoophor~acid monochloride end thicphemol. Ho remetion oscuzrred ab :
firat, but it otartod immediately after pyridine was nddods It wag heated -
for 6 hours and thon the pyridine chlorido wao dissolved oub with wabosr. Them
wo waghed with dilute BCl (pyridine), with Hagcog solution, end Linally with
purs water and we dried with godium sulfeto. During dick illatiom i €Oy

flow the fo'llowing fractions reunli:edx ,

1. Profraction bepey 60-04° (abou’ 10 drcps)

2. Profraotion bip.zp 245~275°
$. Main frection b.p.as z75=-zez°

Upon mwymg the s5toF wae obtakned In the Form of o colorieas oil with
a bope, ., 288°-290%, This ester was not known yet but its igomer, triphenylu
thiophBdphato wma.




Phoaphorous aoid phenyl eator monoohloride soxvod as starting maborial., That
wag obtained in the prooodures nccording. to Noaok (63) and aocording to
Assohutz and Emory (64) from phenol and phogphorus trichloride. In &ho
vaocuun distillation of the roactlon produot in @ COp ourrent the chloride
passed over at bep.jy 172°. Thon the chlorido was heated to 190-200°C

for a short time with the onloulated amount of flewors of gublimabted gulfuy
‘aocording to the process of Angohtts and Enory (18)Strecker end Grogmam (66).
Sinultancously COp was condusted throu The reaotion product, & brown masg,
wag vaouwn fractionated. The product 'b.p.n 193-194°) obtained thereby was
conteminatad somevhat by sulfur and thorefore was coloréd yollow. It wag -
obtained pure by recrystallizing it from hexzane.

. W_ p-chlorophenylthiophosphoric aeid monochloride S

(B O 2
N

Pirat it was attempted %o propare this ohloride £rom sodium-p-chlorophenolate

~aad “phosphorio-eulfochlorido-in-xylol;  but-wo obloined only §-gi of- the————
dosoribed thiochloride firom §0 g. PSClg and 84 g. phenolate, Therefors wo
roparod 1% in analogous marmer to preparation 23. First we hented 2 mola.
izse g+) p-ohlorophenol of b.p. 210-217° with 1.5 mols. (206 p.) PClg with
oonduceting . throvgh co for 1-1/2 hours wnder reflux. Then we fractionatod
immediatelyo . o . . . - ,

]

130 g... Prefmction and dichloride b.p.i2 0%-207° -
136 g. Ioroohloride. bepayg 207 °.235°
40 Be triphouphitu : . b.po 10 270

Pmozperimenta in vhioh & large oxcesc of PCle was used (according to direc-
tions of Streoksr and Grosemenn (86)) gave only nogligiblo quantitioa of monoc=
__ohloride (1 mol, \ohlorophenol +20r 8 mola. of PClg) . .

, 115 g. monochloride wore heated with 11.5 g. of § to 250% *The -
maotion ocourred with formstion of hoat and it tumed bromm. The odbtaired .
0il was fraoctionated in g vasuum. After a small prefraction oamo the mgin .-
quentity (120 g.) at bopoyp 230-260°. After s few days tho chloride solidified-
gly.—-lt—mpf«ﬂhemd—w—ith—suoﬁ;&on-&nd—w&shed—x““’ a—little etha*' :

2 Phon l hon hinio no&d dicz-aa 1 estez'—~~~--

D p oDcns
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This estor was propared like tho phenyl eutor. Fhogsphenylehloride
gorved as starting ratorial and e mixture of the threo isomeric oresols in
ratio 1:1:1. Upon mixing ¢f the components a violont reaction and vigorous
HC1 development ocourred. It was stirrad for 2 hours and thon it wos
distilled. Aftor & short prerun, tho ester camo off at bepegg 265°-278°
most of which oamo batween 270°-272°, From 55 g. of phosphenylchloride
and 100 g. oregol 55 g. of ester wero obtained, thatli 156 53% of tho thooretical
yiold. FThe estor did rot eolidify even at oooling to 0°C. The boiling
-polnt at norml pressurs wes bepPeneq $90-400°,

26. Pnonylphosphinio aoid di~p~butylphenyl estoz

D P:'gDc,Lng

This compound wag propared by the addition of 17 g, bubylphenol %o 6.7 e
chogphenylehloride that had bsen chlorinatod. The butylphonol was prapared
from p-butylbenzolsulfonic soid by alkelino fugion. It wms stirred for

4 hours to oomplete the reaction and them fractionated in e vacuwm.. After
&_ghort prefraction came the main portion at 260°-318° et 20 mm Hg, most of
that botween S05-318. The yiold wes 12 g = T6% of tho thoorotical yicld.

The ester, an olly liquid, is ocongiderably less vicoous than preperetion 25
whigh is partioularly noticoable in the cold.

27. Phenylphosphinous aoid diphenyl ester

This subotance that hao not been desoribsd so far ig readily pmpared by hoa%img
phosphanylohloride snd phomols Ons heats 60 g phosphonylohloride with 88
_phonol for 8 hours on & sand bath, keeping the temperature botweon 160-170 C’o
Thon it is distilled. Firet tho prai‘re.otions and tho excess phemol camo off.
At bepeyg 217°-228° the desired estor passes ever. After the reotification, 1%
boils a b.p. 226-228°C. The yieold waz 70 g. = 86.5% of the theorotioal
yleld, After'e few days the oster solidified to a oolorless orystal subatanceo
234,86 ng. of eubotmos gave $0.85 mg NgaPoOy (Carius)s Galoulated P = 10.87% -
mﬂ__e_. 10,8%

III. : Impro emnt of the 011 Solubilitv oi‘ tho Additiveo

. An insufflclent solubility in mineral 1Y was Pirat noticed in the.
oage of diphenylphogphaw. Thoref'ore it vas atbempled to raise it through-o
-suitabla,solnbihty_promoWL.Jhu.L.aubai:ancﬂ had. to.be chogon go that it
;would not-impair-the- nropert:ies of {:he lubricane. —That-put-great-domands-te-
‘ita themul bahavioro e S e
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The tack was to bring about the golution of a poler occmpound, tke
' diphenylphouphate in a largely mpolarized mixture, the mineral oil. After
‘several experiments, we came upon lauryl aleohol.  Lauryl eleohol has &
relatively high boiling polat, is soluble in oll and digsolves diphenylphosphate
. readily. This favorable bohavior is to be traced to the strusture of its
moleoule. On the one hand lauryl aleohol conteins the polar hydroxyl group,
on tha other tho lipophile ‘dodocyl part. Partioularly favorablo for somo
praotical experiments was the faot that a solution of 1 part diphen;lphorsphats
and 1 pert lauryl aleohol form o hemogenous ligquid after heating it ¢o 120 %
to drive out the water of crystallization of the diphonylphosphate. This
gimplified the addition of the admixture considerably.

The followiag ia an sbatract of vavious solubility tests:

o ' Solvané Msdiator :
e A&jnixhur'37 T com‘ I‘auWI T SR ‘::':_,W,,:‘:,f, SR f,’,'jw-":f IETER L

: (Dipheyle . Ale, of D, Kao.ted f:o Stocd at
031 * phoasphate) ‘Hy, Wo ° °c . ¢ Condition
Shell AB 11 =~ 0.6% - *150 . 20 Turbid :
I 0.8% - e 150 -16  Very turbid .
v 0.6% 1.0 1 0 20 Fearly oloar
L 0e8% o XSO 380 =5 Blightly turbld
" 0.6% 2.04 " 180 20  Cleaw
oL 0.6% B 2.0 - 180 =15 Nearly oléar
Eggolub 40 = 0.8% e 120 20 Slightly turbid .
o - 002% - - 20 . 20 Clear .
= - 0.8% © DB 3120 . 20 -Clear
- TR 0% T T T .2 10 o 20 Clear
Rotring 0.3% ‘ e _ 120 20 Cloar ,
e T 05% e b 120 20 P VSlﬁ s’hbly Wfb.‘.&*
n 1,0% - : i20 - 20 . Very turbié
" 1.0% C0.7 120 20 - Clear
J 125 1.5 120 2 Cloar

Aluo for the 1.G. Parbon pmpamtion 891 J.emryl alcohol hed a @’mihy

-~ offeot. - Later.tho.objoot was %o atir the.preparationg. into the oil withount .
heating. Thereby Dr. Brockstedt dotem ined for 1586/80 I.G. that it can vo
obivrod in tho ¢old ia a mixture ratio of 1686/80:bsnzolialoohel as 231:ls
Acgording to our experimenta the pmpuration also doeg not aepe.raba out 1n- flakaa
when kaph at -18 € for § dayso .

—In ommmmmmmnmm@mww
i;ha 0il in the same conveniont mupner we trisd a mumbor of golvem$s. Experimenta.
with beanzol, toiuol,, earbonte trachloride, ethasolbutanol, methylothylkotone ,
_and others failed. Only the oombination esterzbsuzol:ethanol in the rafo 4:5:5
was sucosgaful. This mixzturs, o thin liquid ail, osz be sﬁﬁr*@ﬂ ini.o “Rowm_&"
in tho gold without roprécipitating ab -15%
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Laha:{it wag bried to avoid the uso of solvent medistiore and colvonts
by butlding oorresponding group into the molecule that would make it lipophilic.:
Thls was sccampliched for the two preperations for which it was attempted. By )
reaoting phosphenyltetrachloride with p-butylphenol or reaop. a mixture of the
S igomeric crasols phenylphosphinic aoid di-p-butylphonyl ester end phonylphog~
~phinic moid dioresyl estér were prepayed. Both of them are olear liquide that
osn bo admixed o the oil at room temperature in 2 concontrations of 1l.5%.

It was not attempted o prepnre higher concentrations.

. The same procesu was vgsd fog di-p-chlorophenylphosphate. Derivatives
with onoe methyl, propyl, butyl, amyl, aad lauryl group in tho nuoclous were pmpamd.
As preliminsgy rosult wo note that Di( chloro 4 butyl phenyl)-phoaphube aca

mizod with "Ligroin" in the ratio lsl while _@i-p-chlorophenylphosphate is . _
only soluble to 0.07% in tho sam> solvent.  Thege experiments ero gtill carriod

on und completed by “r. Figoher in tho frame of o diploma thesis.

It was shomm that solvont modiators wers praoctiocal in the proliminary
tegts but that tho proparations that were fimelly used had %o bte made oll-
golublo by introdusing lipophils groups. Tha{ was particulazly desirable bo-
oaugd of pogsible storags for a long pericd of tiwme.

IV, Study of the Oils Contalnine Additives

Tho lubricants woro testod carefully through the uce of warious methods
of oxamination. Ono oamnot got along without en oil testing machine when test-
ing so many prepurations, sinee motor tests would require muoh +time and madericl
and yot they would not give sharp differentiations. It was found that tho
rogults _obtained with the_ Siobel-Eechl woar testing maching were. in elese agreo-
ment with those obtained on the bearing testing stond o.nd in motor tests. The
following tecting installations were useds

(a) Siobel-Kehl weasr tecting mashizo
(b) Bearing tasting stand A
(c) Driving tests in 21 BI¥ car -~
(o) Tocts in four ball apparatus . |. |
(£) Ring oticking test and other lubricmnt toats

(a) Togting with the Siobol-Xohl woar %esting michine earriod un" by
Dy, Brookstedt of tho Stnte Mai;a?ial ﬁat.’mg Tnstiimw at i:ha Teshnica7
Univarsity Shueegard. R
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This mechine worked only with sliding friction. The scheme of
_the testing arrangement that wes described.in dotail in my diploma thesis
oan be seen in Figure 15. Also the dimensions of the testing bodles ara
recorded there. They ara in a lubricant bath that is kept at-a constant tem-
perature of 120°C, Thoy run with their faces against one another. In order
to abtain high plane pressure, tho lower statlonary tost pisco has segment-shaped
.opsnings. .The total oontact arce is 33 squere mm. The lower stationary parts
are mado of nomaliged (giowed?) stéel §460.11. The upper parts oconsist of .
piston elloy EC 124 respoctivoly lead bronze or silver. For a sliding
volooity of v = 1 m/nco. o cowee of 2.0 lm was chosen for each test end
stage of load. That corresponds to about 1/2 hours. The mament of rotatlom
was oconstantly recorded and thevefrom tho frictlion veluo wag oals ulated.
Before starting each soriec of oxperiments, the surfaces were carefully
wipad (lapped?) end ran first with a plane pressure of 120 kg/cquare
conkimotors. -Then it wnz taken apert, cleaned, tho pieces pround off weso
dotermined and £inally it was reinstalled with fresh oil. In intervals of
2.0 Im of course the loads were inereaged up %o oorrosion(steep increase in
friotion values) of the slide planes, without taking tho testing parts
apart (between loads). Flgure 1.8 gives a complete picture of the maohine.
Figuros 23-25 show the offoot of the admixture of phosphenylohloride.

__Regults

‘The followlag tests wers all oarrisd ont with the material oombina-
tion steel and EC-124, Vhere the optimal concentratioa had been dotarmined
__for a preparation through a ssries of experiments an 0" ig placed after the
concentration percentage. .Rotriag wes used as thoe oil throughout.
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Conca Highest load Friction value

an “Admixture , ' % endured Start End Roma.rks
Pure o0il (Refining) ' - 1860 . 0,08
. Dibutylphoaphite 1.0 460 low .
7 Diphenylphosphate 1.0 (o) 7503000 <0,0} {0.01 +1% Yauryl
. ' o : ' alcghol
.1 Phenylphosphinic acid di-
phenyl enter 1.2 (o) 600-1000 0.02
4 Phenylphosphine acid mono
: phenyl oster ' 1.0 450 Lou
2 Phosphenyl chloride 0s1 (o) 850 0,01 0,01
36  Phosphenylous acid ' 0.5-0,4(0) 750 . 0,01 0,01
38 891 I.G. Parben 0.8 (o) 750 0,01 0,01=0.02
1634 I.G. Farben 1.0 (o) 450 0,04 0,08
9  Diop~shlorophenylphosphete 1,0 (o) 71400 .01 <@u01
9 _ _ Di=p=chlorophenylphosphete .. .. ... . ..
- hopted 1 hr. 200% 10 7o {0,010 0402
25 Diphenylothyl phosphate 1.6 580 0,025 0,025
49 Tricresyl phosphato + lab
oleioc avid ‘ 1.0 450 0,02 0,02
50, Triep«chlorophenyl- )
o phosphate : 1.0 180 0,08
12 Di=2, 4ediohloropheny1- .
SRR — phosphate R A oo b e i o St oC) e 500 o e 0002 [T 0008
32 Diphenylchlorophosphine 044005 (o) 580 . 0,0% 00X
‘6 . Isopropylbengoldichloro-
(" phosphine - [ M 750 0001 .. 0.02
o Dicresylphosphate 1.0 360 00015 0.06
48 . Triphenylthiophosphate . =~ . 1.0 150 0,08 .
a2 Diphenylthiophenyl= ) ’
.. phosphate : ... .10 .18 006 008
16 Diap=chlorophenylphoaphorio o : R o
acid methyl oeter 1.0 1400 T 0,02 0,02 " contominated
: _ : : ' with chloride
e , 0.6, 850 0.01 0,01 ‘ “
- 10 Di=-p=bromophenylphosphate 1.0 1100 - - 0,01 0.02
"2 Di=p=chloropheny1th10w ‘ . K ' : :
e G ApRAEE e e @002 \/Ouozw
20  Diphenyithiophoaphate 1.0 - 800 (pooz (gooz
© '8  Di~pe-nitrophenyl- S - S o :
: phosphate 1.0 - BBO - 0,02 0,08
17 Diep=chlorphenyl- , . : : ‘ '
_________phgﬁnhgxiu_gcid nropvlentar 1.0 1400 0,02 - 0,02 = conteminated
',190 . RO £ ) B 0,08 - -0.08 - purii‘iﬂd o
18, ' Dicpnchlorophenylphospho ric S N o : S
B P/ 1¢peoklorophany1phosphoric : L B o
" deld mono chleride - 1.0 7 950 0.01 49001 |

11 Di-p-fluovophenylphosphete -~ 1.0 © 1400 0401 0,02

[remen

e bbb
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‘Conco . Hipghest load Frioticn value
4 andurad Start  End
Fhenylphosphinic noid diepe ' ‘ -
ahlorophenylester 1,0 500 0.04. 0.06
Fhenylphosphinic acid mono- -,
p=chlorophenylestormono- '
, 100 660 {o-02 0002
Diphenylphosphoric acid )
» 100 300 0,03 0,04
Di=p=chlorophenylphosphoric
sacid sulfochloride 1.0 - 560 0,04 0,07
Phenylphosphorie soid di- )
phenyl aster chlorated 1.0 459 0.04 0,07
0,008 450 0,10 0,14
Diethylaminauﬂmaulfochloro= : 9
- T 160 E 150 : Q.—,C‘B =
Honoathyleniline=Nwoxi-
1,0 200 0,04 0,08
Phonylphosphinic acide . :
1.5 850 0002 0,08
Phenylphosphinic ecid di-p- :
butyl phenyl ester 1.5 760 - 604 0,09
. Phenylphosphinous acid=__ - ; R
-1 gster 1.0 900 0,04 0,04
120 0613 :
120 0.10

Admixture

chloride

sulfochlorido

Sulfur

“phosphine ™

chlorophosphine

dioresyl ester

kggolub 20 pure
Egsolub 40 pure

X Higher concentrations were also testeds

They showed wor se behavior,

- Tests with lower aoncentrations are in progresa,

Remarlke

)

‘resinifiod
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Without eoffect were:
ao Diphenylphoaph;\nic'ucido The solubslity is too poore
bo Oxiphoa’phnzobenzo.lanili’d" (005%) -
9. Rings prepared with diphenylphoaphate in xylolo

do 3% salicyl aeid methyl sster (for gnle by Schucherdt, Gorl‘ltx)
: which was nemed by Eveans and Elliot(141).

0o 2% benzolsulfoohloride, that was patonted by the Gulf 0il Coo (142).
The preparation wes prepared from benzolsulfonic acid according
%0 Guttemarm (148)o :

={« ~Nophthalin- setra chloride patented by Fvens; praparsd,fzagfnaphtlalenf,
gocording to Schwarzer (145). B

go Chlorinated diphenylsulfide in 1% solution, roported by tho Gensral
Flectric Co. (14.6)p prepared from diphenylsulfide (146) o

h, Nonochlorothianthren prepared by Friow snd Vogt (147).

_ia_Diphez)xyleulfide prepured acoomwﬁw
(148).

b. Bearing testing sxpariments in the machine 1abom'cory of
-tho T°E° Stut{.gnrt Research Inetitute for Hoeetb Engineso (Prof.. Wewezka)

This test ghovig much largar dimenalons ‘bhan the Siebel Kehl m&chino
""" -and-leads-over-to- prac’cical uses—Thorg 18- a-picture of ‘the machine-in the--
roport by Wewerka (138), Vath (139) gives a schome of the testing arrange-
ment. The machkine can be loaded up to 10 tons sc that one obtelns pressures
up to 1000 kg/square centimoter. The loading occurs hydraulically by two
" 0il pistons. The bearing dimater is 45 mm., the longth 20 mm. A% 3000
rotations of the driving motor the sliding velocity amounts to 7 m/sac.
_The tast roll is made of nifridod stecl and is ground and lappsd, The
diameter pley of the'bearing is 0,09 mm (see Fig. 17). The boaring cssing
mterial con be changed each time. When the maximum load is reachod the
temperature in the bearing rises con mem'bly ‘and. the machine is’ turnod
off to eave the drive motore ‘ :

g 8 1 sy tcz it

increasea periodicallv with the 1ubricatinr 0il’ pmauure mnd indeod in a
wide area with ;}'ﬁ"" Thoreforo a stralght line curve resilts when plotio

“on double lwgarithmlc ‘papers This mokes & control of the exactness of- uhG
“exporiments posaible (Fig.’ 18)s “We hove used it alao-in-the-experiments:
with our prsparations. Tha f‘ollowing renults wer, gotten in the testeo.
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The table containe the specific 6arrying capaoity of various ﬁafurinls-
with a lubricating oi}l pressure of p = 1 abmosphore cbsoluto preasure
and tre above tast conditlonse ' .

Lubriceting oil

G B 4.6" Bngler/60°C

Load bronze Silver Special brass Light metal
k!z 300(‘411.0_ _?o:_i kgo .ﬁ kgo _ 70’3 . Hehlo ’;o* )

e Xe.
pure 270 on 390 o=, 300 e= 350'5 “re
0.05% Phosphenylchloride 290 | -~ 500 28 140 - 63 os ¢ ca
0,3% Phosphonylous acid 460 65 740 0 350 17 200 17
0.6% 891 1.G. Farben. 410 £2 1200 200 440 47 - 780 30
1.2% Phepylphosphinicaedd . ... ... ..o
diphenyloster 780 188 470 21 1000 230 760 27

* The % figures were stricken out in the original

TR figures show the présenco of far-reaching agreement- with-the--
results of the Siobal-Kehl machins. Fig. 18 shows the dependence of  the
‘load upon the 0il prossure. Figo 19 chovs the effect of the additives
on the bearing tempsrature, The final temperature at reaching the terminal
load (critical bearing tenperature) is equally high for the various
.additivas. . The effect on the carrying capecity varies clearly for the
various moterials. SR oo

. Deiving toska in a 2 TO aubo cex carried out by Profs
‘Glookner, mst. for Metal Fnysics at the Kaiser Wilhelm Institute for. .
Motal Research, Stuttgart. ‘

A considerablo diminution of effectiveress could be detarmired in
_the teating experiments on oils with additives. Endurance tests on the
“Eiobe 1-Ke K1 viea ¥ tosting machine @t 126°C and ‘on the-bearing teet-etend.—w
showed a cmall deoline. Driving tests were carrigd out ina 2 IBMW car
in order to clarify the conditions which are very-important in prastical
use of the motor. Oil was drawn before start of the drive and efter-certain
‘intervols end it wes tested on the Siebel-Kehl machire. Thereby the effoot
; the berimming ana then it declires grodually (Fig.
K ‘and” 7)% “The nemed driving distances are covered without adding Iresn.. -
011, A replenishment of the addltive (Fig. 7 and 8) restored the starting
offoctiveness which deolined Bgadilo :ow i o s o i

: ~In judging of tho lubricant oil the friction value ond the .~
_ondured plane preagurs vere considersd. That is tho pressure at which no
jj:‘fj(-,jq.x'_\.qu_:;ioni*oi"“»slidef-‘surface'aA,—‘yetAooa'lix'e;,, ~-Teclining values in suribee._.
“prossura end Inervesing £riction valw “{ndicatedaoline-tn-effectivencas:
Byt -ona-mugt-obaorve-that-fo r-some-ednlxtures- also.with.small endured . ...
“provnure the friction velue romalins™ pRrly-inchanged-tp-t tho-corzosion:-

AN
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It 18 not quite clear yet whether the decline in the effect is
coused by a reaction of the additive with the lubricating oil or with
motal parts that ars to be lubricated. (soe: introdustion). - Purely thermal
decouposition, which oan only bg cousiderod on a large scale in the close
- vlcinity of the combustion zono, doss not ‘seem to be the dvelsive factor. -

Tha thermal ondurmce of the best additives reach that of the lubricating
oil proper. :

Ezporiments with a stationary single cylinder NSU motor 201
" that were oarried out in the Kesearch Institute for Automob:lles, Stuttgart
(Profo Kamm) , ga.ve en analogous picture (Fig. 9)o

d. Experimonts with airplans motora oarried out by Daimler
and Bene Fastory, . .

The gonditions in the eirplane motor ars more favorable than those .
-in. the sutomobile. mobor beseuse-in.the.eirplene motor-oil must be-repleaished .
from tims to time, Therefore, the declining velues of the surface presoure
could not go belaw & constant middle value, In the automobile engines,
0ll i5 changed only at very long intervals. The results of the experiments
with the 'differont adiitives aro presented. ‘ '

The atartinb offeact is not retained completaly in Fig. 10~14

in uny of the throe o.dmizturea examined., -

A docline to pot 350 kgo/squam centimater oocurred aftor

shout 5 hours in the complete motor for diphenylphosphate,” This value

doos not deoline further in continued opsration.  The endured proasure

for Rotring oil without additive amounts to about. 150 kg / aquare oontimater,,
aad- conaidembly highor friction- vuluea

a mean preaauro valuo of 3”’5 kE/BQo centimetera (Fiba 11 und 12) The
friotion value rises with the decline of: the endured pressure and in the
most unfavornble case it amounts to 00070 Tha friction velue of diphenyle
‘ phoaphate remains . at 0,026, - ‘ ' ‘ ‘

. The decllne 1n offect in tha aint)e cylindor motor (Figs 11, 13, 14)
proc@eda mach more slowly than that in the complete motor, which can o
‘probably be ‘meed %o the- hii,her themal demands in the lattero

In admixtum 891 there waa a slight riee in oi‘foctiveneaa after
ohe inwtial declineg Them reuulted e moan- surface prasnure of 500 kg/ -

tm i‘ix‘at addi‘hion of n qurmtity freah oilo

'J‘ent saries: with T Go Farbon 891 ahmved +the- effaot of this
prepa.mtion at - the run-in;— The~ corrosion of ‘bearings that othcrwisa
roquired mach’ oonsumption of- tima did not OCOoUo . oo .
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_ e. Tosting on the four ball apparatus of Boerlaga ’
cerricd out by Obor Ing. Glaubilz at the State taterial Texturs Institute,
T cﬂ 0 St“‘btg&r‘t ] N ’ ’ . . o ' ’

The tosts with sulfurized oils (also gear olls) shawed little or
ro improvement on the Siobeleehl machine as compared with the four bell
spparatus of Boerlage or in highly londed gears. In order to obtain
comparability and further testing opportunity but particularly in order tr
test tho poesibility to use our preparations as gear olls the teats on
"the four ball machine were oarried out_(sug;;ested by Dre Brockstsdt) .

The four ball apparatus was developed by Boerlage (135) in
1933 for Ratanfacho Petroloum Maatschappij in Telft to test extreme
sressure lubricants. - Its particular advantage is the use of steel ,
balls as testing bodies. They are choap and can be obtained in otherwise
not attaineble rogularity. In the course of years it was proven that

“EhaTvaluea~ ootained “in-thisseaperinental-arrangement~agree -¢losely-with-the-

conditions as they occur in gears and other cog-weel “abricating points.
(sse also Sosmann) (136). ) '

Tho apparatus was retested and tried by Rhenanie-Osseg (136)

and later by IVWL (137), Four pyremid ally-arranged steel balls served as

friction elements (Fig. 4). Trree of them are fastenad to the teat vessel -
»»»»»»» by-a- clsmp-ring-and.a.serer.capo. .In this vessol is elso the lubricent %o

b» tested. The fourth ball is clamped tight by e chuck which is firmly

connected with a spindle to the shaft of the Grive elactro motor. (Figo 8)o

Tho casing that carries tha motor can be loaded by means of a lever and it

passas the load on to the lubricating spots. The occurring friction moment

is measured by means of an indicator springe Co :

‘In the tosts at the Materia} Tosting Institute, steel balls or
“phosphated steel balls wers useds The-use -of ~BONDERIZED - ( phosphated) -
. atoel balls followed proliminary experiments by the Daimler-Benz AGo
(Dipl. Ing. Bokemuller and Dre Seemann), The balls always run one minute
with & cortain load. Then they were dismantled, cleaned and the wear
onlottes {a flattened dome) were measured.. One measures in the ruming
di roction and the dircctlon at right ongles to it. One plots the average
AAAAA yalue-ofthe-5. balle.against the loade . The fourth ball shozs a ciroular
wear ring. That is rot taken into further ‘sonsideration. The point of
“eoProsion it thot point et which d sudden increase in friction and woar

oncurso - (Fige 5a)s ‘At the melting point the balls are welded together -

tightly. Other concepts like point of elasticity, point of activity
ware not considered since they need to be clarified yebo - - = =
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Reaulta of Four Ball Appnmtun
(stool balls)

Corroaion point Welding point

Kind of oil Admixture E - o: . load kg load kg
Rotring L eo . , 110 180
MOWS ’ Cee o - 100 200
Essolub E 20 _ o o : 110 180
Mows +1% Diphenylphosphate 160 200
n +0,8% 891 1.Ga 140 190
n , +005% 1455 1.G. T120 160
" © +3,0% 1534 1.6, - 140 220
Rotring +008% 891 I.Go , © 160. . 220
" +003% 1456 1.Go 110 200
. +3.0% 1634 1.6, : © 180 200

W s e “:'.5":.1:.‘9‘13(%;: Diyhenylpheeghe.te%;,;, ST |/ [y R _;:t:::.:_: 200 -
‘ +1,0% Laurylaloohol

LI .. +0.5% 14/135 1.G. ‘. 130 180
" . +005% 14/104 I1.Go 160 180
L +0,1% Phosphony chloride : 150 - 180
" +Oo47 Diphenylchlorophosphine . 110 180
n ' +1,5% Triphenylnhoaphino} - 110 180
)  1,0% Tristearine ) :
T +1,0% Tristearine ~ . g0 200
R +1,6% Triphenylphosphate 110 180
: . +1.0% 100 M 210 - 260
P +004% M 100 ' : 190 ; 200
LI ‘ +1.6% ¥ 100 v 230 280
Bl <.;.1",0;§,u\ 100 heated-1 hr-at-200%C - . - 200~ ... 240 ...
v . +1,56% Phonylphosphinic ecid o
—— —diphenylester S N 9'0 [P ;1)
nooosl : +0,5% 1536 I.G, 150 a0
M ¥d0%40) o o 180 . 240
Hypoid oil aulfurizod - ~1000 - ~A000

eel Balla Bonderizad

' ‘ T CBrroaion poinb Waldlng point
~K4 nd of - ail SR ‘Admixture %- - Yoad kg - load kg
.Rm,ring o a- o o ‘ .540,
oS - R S e i ol e 300" o
e eTe—— : ”%—Di«pheny&pheapha‘f:‘ —_— : 566.

o o .'.+o°5%‘ 1455 Too : 700
S B0k 1634 1o6s 650

*lqO Diphenylphosphato e
laleohol. AT B 600
880 950"

Y (-
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fo Ring stick:nt and’ Ag*ng tosta, carried out by the Technical
‘Tosting Station of tre IeGo Oppau (Dr. Penzig)

The phanylphonphznio acid diphenylester bohaved losa favorably
_%thean TG 891 in tte riny oticking tests but better in the aging tests.
Ono must remember that in the ring stick taat ont usos oxtrer® motor
conditionss On the other hand, the aginu test cannot be simply transferred
to motor couditions.

o Robring . .
Without ~ +0.0% TIoeh  +0o6%
admixture - 1586/80 Ester 891

Vo

Trogh oll

Viacoslty in contistokes
e =880 e ,2_6_3°5 262"6 250°5 270°3 =
g9°C 19v.,2b _ 1639019401 1955
Conradson®s Gest % ‘ 0036 0026 0.2 0,32
Noutralization Noo = . o 0081 0.18 - 125
Saponification Noo 1,01 1,68  1.72 - 1.4b
Uged oil - . A
BV number - 685 693 691 694
Viucosity in oenblatokss e ;
$8°C o 268,5.  195,5 25646 2199
v 99°C ' 18,14 15,76 18.95 16,94
Conradson's test % Q.77 0,60 . 0,46 0,68
neutralization Mo, 0:.36 . 0.78 0,61 0,67
H”saponifioation;uoo:,u<,H“'.”v.,W“Aﬂ““QoOK e 1oB8. . 2,84 - 1,98
- ApARE - H OB RO00 TAENE —-rormemrsonsm s e D —
Brito“’ﬂ_.ru °mtw . . . . S Co .
~Lose % . _ . 8.8 3.8 ‘2.0 604
Viscosity in centistokes o R
s8¢ 369,65 460 B39.6 774
99°C : 25,0 2702 . 22.4 3.4
_Thickenin; a% 38°C % o4 oM 28 195
Conradson’ 8 %est % B9 1: R YT Bt ¥N- et 3 T O

A.aphalt o . .0 0. 0o



Phosphorua Ccmpounds that are Namad in the Literatura
ag Additives to Ldbriounta

I% is noteworthy which muterinls have beon used previouuly a3
1ubrionnt additives. To make & botter survey they have beon divided
into three olasnaa:

1. Derivativon'of phosphor acius
2. Phosphines .
3, All other P coapounds

I, P acld derivatives

Standard -0i).Development Coo

A turbine oil with high flems and spontanoous ignition point,
“sonpisting esperof-Tricresylphosphates s nmr e

Atlantic Rcfining Coo

Hineral oil pluu up to 10% of an organic phosphoric a0id triester
thet may contein eryl or alkyl groups are uged as high preasure lubricants.
The compoundn con also be baloganatedo Teata viore mado- on & Timken tost

_madhinao

Eaxo du Pont do Nemoura & Coo

Acid estera of ortho, neto and pyrophosphoric acid “of phospnorous 
acid and of- hypophoapkoric ncid ané slcohols or phenols 1ncroase the
effoobivencas of progsure lubricantse .- : e

i

E.X, du Pont" de H@moura“&~Coo '~¢4ww¥wfm#~

- Aliphatic or aromstic esters of phoaphoric acld are used as
lubricants for high prossure. Acid esters aré sulted for normal pressures
and -temparatures, n@utral aaters for high pressures snd temporatures.

Socony Voowin .04l Coq

, In order to prevmnt the corrosion of metal aurfaoea that cons1st
of Gd Ag, Cu, or Pb alloynp mineral 1ubricant oila are given an “admixture
of Oolul% triphenylphoaph teov> o ‘

. - Y T . P . ' s . :
- s ” .
. g i ST ‘v'.:v:,".x R R T R PRy LR I T N N AR g

o ' In order to pravent corroaionﬂ Tricreaylphoaphitaa in quani1tiee-—
MWI% are'addad to i ol lubr camtas i
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Socony Vacuum 01l Coo

090592% of & Triarylphosphite are used as antioxidnnt for
hydrocnrbon oila,

Celluloid Coo, T

Lubricents made of mineral or vegotablo oils are mixed with an
emilsifyin; egont and a neutral eater of phosphoric acid. The ester
contains at least one aryl group. Also esters of thiophosphoric aold
oan be usad. Tho lubricanis are partioularly sulted for Yigh pressures
and velocities.

Standard Oil'Devolopment Ca,

_Lubricating and insulating oils consist of en ester of phosphorio

“a01d 11ke tricresylphosphi*a*ﬁzr1ﬁnnﬂr1uran&ioxidation agent Tas been added.

Standard 011 Con

A mixture of mono-di-and tri-alkyl phosphites has been added to
lubricating oil in order to prevent the corrosion of certain bearing
retals.

-

Canadian Industries, Litdc h -

Boarings wore lubricated with eliphatic esters of phosphoric
neld in ordsr to prevent corrosion. The estors react with the surface
-of.the boaring. ".. . e e e e e, :

Gontinenxal 0’1 Coge

A amall amount of & phosphoric acid -estor of an aliphatio or
aromtic th:ophonol or thioalochol is added to minaral oils,

Standard 011 Development Coo

Licuid organlo eatora of" phoephorlc ‘acid” (tricraaylphosphutc)
are uaod as lubricnting oil for prec:s1on apparatuan ey

i

A» Foulon

chaghorlc acid eutera are uaed as corrosionautahle high
presaure 1ubricantso :

- nIn du Pont -dae- Nemoura and 000

‘ Admixtuxva to high proaaure 1ubrxoavta arg mado from’Nﬂphthenyl
a)cohol and derivatives of phosphoric-acid like P015p POClao PClu,P8013 etoo
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Atlantic Refining Co,
) Mineral olls obtain high pressure. proporti es when compounde anrs
ndded that are propared of PCls, PCly, PSClg, P,asa, PpSg with primary
or sgcondary omines. (a.g,o 010636 TEPOCL,) .

~Standard 01} Nvolopmont Coo

Tubricating oils and 1nauh ting oils become high tempsratura~
stable through the eddition of thio or geleno esters of phosphoroua acide

~_—“Standn. rd 01l Davelopmont Co.

Admixturos of 0002u57 of an orgonic thiophonphite gave high
oxidation resistance to lubricating oils.

S ;:550 Couy-% :vacuuz," Oil QOom e s mn e e s e

Orgamc phaaphitea and thiophosphitos improve minoral oils in
the ir pressuro properties and oxidation resistance. Hydrolyais is prevented
by eddition of amimos,

™

Socony Vecuul 011“300

¥

Adnixtures of condensation products of FCly and “amings that. havo
a froo B atom on the N, prevent corronlon and give high pressurs properties.
\ . .

Curt Ehle ra

Admixturea of tricresylphosphate to motor 0ils cause oorrosion .
by tro 1iborated phoaphorio &Oido :
Standard 0il of Callfomin o -
Eatera of*i“:hiophosphorio aoid improve preaaure msi atancea
(cogo- trimny.!thlophosphata)o :

C \,Mo Larﬂon

: Anong o«.her materiala phosphatea serve 8s oiliness admixturea
for airplane motorao, Ono be‘c:: napnratiou of lead phoaphate at the oxkaust.

S’candard 01l Davolopmant Coo‘ . _. it

1

" Minoral oils are reacted with 005~=27 aralkyl” phoepha’cea or
proaphitesa ‘
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Standard 011 Co,

.

Highly refined oils are improved in their corrosion behavior
by tte addition of chloralkylphosphitea‘(primary, socondary or tertiary).
The chlorine shown is prefarably in éorc& position.

_B,I. du Pont do Nemours & Co.

: : Tho corrosion effect of the oils on CdeAg alloys is prevented
through the addition of alkyl, aralkyl and aryl phosphates.

~AtlemticRefining Co o o . T "‘

In order %o increauo filn tear resistance (elastioity)‘onolcaﬁ
add aliphatic or arcmatic phosphates, phosphites or thiophosphites to oils.

SEIEEE st'an d a T d 0‘1170 0.;' IR ";E,;'?f:" R R T SR R BT e S

In order to reduce corrosion one remote oil with phosphinites
and phosphinates. ‘

EoI, du Pont de Nemoura & Coe

Mineral lubricating oils are improved with regard to corrosion,
high pressure propertiss and sludge formetion by the addition of ‘naphthenyl -
esters of phosphorus acids. These compounds act better than the corrosponde
“ing egters of “the aliphatic alcohols and phenolss T e -

' General Bloctric Coe

' Alkylbhdsbhates ere used-in oil mixturés.‘ 

~Gulf ".Oi'l"'corp"""“i"‘":"""‘;‘T-’.7T'“T""'f"f"'i".'""'.”“f‘”;'.".‘.'“.”"".ﬁ'.- b

,;;””jmn01;fsolublo’phoaphdric,acid_estafs”imp?ovéwminera1,1pbriqating
oils for oxplosion motors.- L e S TR : .

' W.V. do.Fataafache Petroleum Mijs =~ =

" Lubrloating oils are improved in their high pressure properties
by $he ednizture of phosphoricacid esters of the structure R=0-P (Halogen)z.

Thepeby no_corrosion oocursi, - - - .-
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S’cundmd 0il of California

P‘noaphorio aoida substitutod with motal salts improve 1ubriontin;_,
olls in their reat resistance. They prevent tle c&king tobether of tho
piston rings. -

o

Standaxd 0i1 Development Coo

o 'J.‘ho reaction produc ts of phosphorile halogenidea wi‘bh olefines,
or terpenas, etc. give high preamre propertieu to 1u'br1cating agents,

EoI. du Pont do ﬂemoum & Coo -

. Pilm atrength, lubrication power, oorrouion registance and
cxidation resistance of lubricants ere inproved by the admixture of mono=
Gi~ or tri-estars of phosphorous or thiophosphorous acid. .The acida are
‘gatorifed with-branched-aliphatic:=alcchols. 0£-6=9= G atomBe- e

E.l. du Pont de Hemouru & Coo

Tho sams improversnt as in the praevious patent occurs with addition‘“
of alkylthlophosnhitos whose alkyl groups ere tind, directly to the 8 atomao

_.Atlontis ¥efining Coo

Lubricating oils are heated with 00 25-607 tricrenylphosphitas
or entother organic compound of 3-valent Po 4 part of the remction h
Droducte remins dzsuolved in the oil.

T Gulf 011 Corpo™

e O rcacts 'POClz wi'ch ulkylated phenolu 4n- the preaence. of - umall
quentitien of P,Sg-ond one adds the ‘productz obtained that way to mineral
lubricating oilss . The high prossure vroperiics, oxidation rasistance and
corrosion effect are improved and the co’ver‘ng with pitck of the p:lu'con
xinga is preventad.

LGo Farbon Ao ool .

Lvbricants made of polymerization prcducts oontain trlapc
ohlorethy) phosphate, tributyl phoxsphate, euco e et o e

Lubr.’LaZol Corpe

o One adds to minaral oils’ amont, other thinge. metal "salts of”
._condonaution products oi‘ +triphenyl phoaphate, triphenylphoaphitea,, B
4tx‘ieresvlphosphat ""tituted fatty a.c:.dan

Atlantio Rofining, Coo o
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Musher Foundation 'I'xio;

Ono obtaing lubricnting ozln with reduced corrosion and sludge
formation by admixing 0.1-0.8% of o mixture of arylphosphites with
locithin and heating fairly long to at least 175°C,

Standard 011 Doveloprent cOo

. Admixtures of 0,1-2% tertiary aater of phoaphorous and thio-
prosphorous acids to lubricating oils incremse the lubricating, temperature
resistanco and oxidetion resistance and reduce tlre tendency to contamination
and G separation.

Texas Co,
Lubricating oiln are improved by addition of tertiary olicyelic
phosphites. The neparation of dio and triphoaphitaa oocurs through

“vaocuunm distillations - o R e

Stenderd 0il of California

One addu “to minoral oils, metal salts of various P acids whose H
atoms are substituted by various radicals.

—-GulL-0i1-Co,

One obteins noA-corroding, oxidationeresistant high pressure
Jubricating oils by addition of alkylphenolphosphite, thiophosprites and
phosphates, -The alkylphenols o re p -epared fram olefines anc phenols in
tho presonce of aulfurio acide .

Stondard Oil Devalopmant Coo

s e SO S -

a

Admiztures of fatty ncids and .other motorials like phosphitea
end phosphetes improve mineral lubricating o0ils.

Texns Coo - ;

s Improved 1ubricating oila for- eombuetign enbines oontain
0001«2% Tria Dim or mono=phouphito particularly of oyclohexanolso

e

Shell Devolopment 000"
| Preparationa that are obtained by reaohing PCla and POCIG with

ﬂ; Standard 011 DeVelopmont Cao R

T Phoaphito estera of a oertnin configuraticn are uaed forwthej
5mprovem9nt of lubricating olds.
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TideWater Astociated 0Ll Coo

Mineral oils are 5tabixized tbrough the admixturo of o°1=2% of
a phosphite aster of thiophenol.

Richard Israel Levy

Castor oil is changed to oil soluble phosphor:.c acid oster by
reaction with phosphoric halogcnidoe and mineral lubricating oils are
fiproved by the esters

. Walter G. Whitman

Alkylphosphates are added to improve lubricating oils in motore.

Monsanto Chemical Co.

Trihoxylphenylphosphitc ‘and ‘phosphate are“used as" admixture s for=
1ubricatinb materials.

Standard 011 Developront Coo

Trioresylphdsphéte ig uged for the proparation of compounded oil,

bosides o%hur components. |,

Standard 011 Coo

_ ~ Anti-corroding admixtures to mineral oll conslist of alkyl or aryl
nmono=, di=, or- %ri-thiophosphites.

Ohio 0i1 Coo -

Mineral Yubricating oils obtain high presaure propsrties through™
tho admixture of P-comnounds up to 3%, such as butylleuryl or cresyl
osters of phosphoric or phosphozous acid.

Lubr1=ZoJ Corpa

Qrganzc P compounds (partlcularly ostors.of various P. acida)
M'aerve eg antiocorroalon abonts in hiah pressure olls.-

Lubr ~701 Cdrpo

~ Jubricating 0ils. obtaln high preaaure properties by u&nixture of
_ n?oﬁ% haloganaced STOMATI0 . A . bt -seme—timy———
_ antiacorrodingo




" Pexas Cou

Mineral oils receive an admixture of a phoéphite ester. The
acid is esterized with alkyl ethers of a.lk.yl glycolsd

Canadian General Eloctrie. Coo,Ltdo

. A raduotion of viscosity of oils is attainod by adding 25-60%
of.an slkylphosphate. Thereby the - alkyl does not contain more than
4 C ptoms. '

Cel luloid Corpo

A otean turbine oil contains chloriﬁntod diphenyl and about
50 parts of triarylphosphate.

Zla= PhOB!,JhiMQ R e e e —':‘.‘,,{:" T

ﬁovo de Batma‘fuoho' Petroloum Mijo

. Complex ocompounds that contain inorganic components end e.g. tertisry
phoaphine (triet}‘ylphoaphinu) are sultable as admixtures to lubrice.tine, oils.

Atlanuic Rafining Coe

Iﬂineral oils ara improved in high pressure properticu, 1ubrioity,
and frich on coofficieat hy addi’bion of phosphinic oxidos and sulfides.

Atlant ic Refining Coo

Admixturea of Ooloﬁ% organio phoaphines givo high preeaum
properties. to-minsral.-oils- (tripyridyl pk: osphine, monophenyl phesphine,. ..
d’tphenyl nhosphine)e e

Sun 011 Coo

. ' A(hix'cures of propylbanzol phosphine and butylbenzoldichlorophoso
_phine imprwe hig;h prensure propertzea. o

At]anuio Rei‘ining Coo R

. Tributylphoaphino triphenylphosphino etoo con ba uaod in’ ‘
p’ta?ce of. triaraaylphosnhiteo ‘ R P

Standard o1l Developant Cos™

- “To reduoe aludge fonnatinn 001657, phosphmea were-addad,
- triphenylphonphine monophenylphosphino 5 tolyldiisobutylphosphined The
phosphines may con'hmin alao H S,, Oy Clo ‘ .

ma 000 - S

»w()nea uasuuadmixﬁuraa of‘ phqaphiuic acid eatarzn
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citien Ser‘vice 011 Co»

Adnixt:uree conaict of condenaation products of orgenic
phosphines, or of chlsrophosphinic oxidoao

S‘bandurd 041 Co,

" Triphenylphosphinic oxide and sulfide is added to oils to
improve the corrosion behavior,

IIX. Other P compounds

Only short literature referonces are glveno

As for as it is possible on basis of our experience, I should like
to evaluate the foregoirg patents briefly. I wish to observe boforehand
.that.our dovelopment han procesded. first without paying sttention to thao
patent terature. Tt ot was done bocause the results used there were nttained
on different test apparatus and therefore could not be compared with ovr
rasults.

Neutral ohosphoric sold esters tlet are montioned showed no
offact with us, the acid osters were effective, According to personal
comaunication of Dr, Zorn (I.G. Leuna) to Prof. Glockner Guoh esters A
“(diphenyl phosphate) were introduced previously in the U,S.A. Alr Corpsa
The toftiary esters and thiophosphoric acids will not be discussed further.
1t is stated that aliphetic esters react with bearing surfanes. We agree
with tret opinion when cortain lubrication conditions prevail, The esters
of thiophenol and alcohols did not give an improvement over oxygenacontnining
‘eaters in our tests, - The -amines'mentioned. proved.ineffective. with uso. The
dihslogon mentioned are oasily decompossd by H,0 end thorefore not .suitable.
Phoephoric-acids-substituted- with-metal-salts-are-genorally- Ansoluble. in. .
0il escording to our experiments. It is noteworthy that the covaring with
pitch of-piaston rings is %o be avoided by the use of esters. Phosphites.
vhich are mentioned soveral times were not very effoctive in our testso
Some of the -phosphinea montioned probably do not give en improvement of high
108 BBUTD Dropor’cieao\ Tho (lichlorpronphine is water decampoaable in spite
»? the statement to the “contrary. Tho phospha tides were pot studied in detail
0¥ usy Tho prossure proporties are improved by P heated with oils ™ “Bugone
obtains a dark oil and remmficationo‘ Phosphorio aoid itaeli‘ hes ‘no offeo’b
as we. dotemmedo L R N ; o

- <AL in all the re- is a- omfueion of partly: contradicting statemogtso!
where most of them ave patented, ' It is surprising that so 14611 was worked
w:.th *thiss hare 'so faro : oo i | Lo

: “ucacéa a-~*-

. ‘.l.‘here i‘c'llaws a 3151: of “the - 111ushmtions, then the illustrationa
’m‘opero:_ ,

Lt

e






