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‘:Sl ABSTRACT

The present Technical Report No. V, on the wcrk done under the
subject contraci, covers the quarter June 1 tn August 31, 1950. During this
period the synthesis and bench scele evaluation of bis-rvhosphorus coarpounds
have been emphasized in view of the promising leads disclosed during the
first year of wvork. A few preparations have been repeated citiher bLecause of
snomolous early results or because of deasire to invectigate certain materiale
further. Attention is nov being given to preperative methods amenable to
handling in larger scale to provide samples for Motor Laboratory teating and
more comprehensive bench scale evaluation. In particular the teeting of
products not purified by distillation to avoid the need for tedious molecular
dietillations, is undervay. The total numbers of campounds produccd thise
quarter are as follovs: phosphine cxides, 1 (total for {ive quarters, 10),
rhosphninates, 5 (19); phosphonates, 14 (25, of which 2 are repeate); phos-
phates 2 (2); miscellaneous (usually as intermediates in preparative proce-
dures), 5 (10); grand total, 27 (76).

The bench scale evaluaticn atE:;;s discuseed in this report cover
most of the preparations of the quartar. Acid numbers have, in general, been
very low. Pour points below -65F were possessed by the majority of the new
campounds. Viscoeity - temperature irends are represented by reascnable
straight l1ines on the ASTM chert (lov temperature range); the deviations from
lipearity are less than thuse ahown by many other synthetic oile. Viscoeity
indices vere high { 100) for almost all of these new preparaticns, as vas
anticipated since their manufacture was plamned on the basis of the previocus
study. Six of seven bis-phosphonates, for example, had Eardiman and Niesen
viscosity indices betveen 12: and 1%1. Flash points were usually above LOO'F,
In general, flamr:bility was considerably lower than that of HS-1 {AMS-3150A
reference standard), and thermal stabilities excellent, altkcugh the "b.~toms”
products (not dilatilled) wvere poor in this regard. Corrosion and oxidation
stadilities are the least satisfactory of the propertics cessured and there
exist vide divergences in the results for given groupe of campounds. Caustic
treatment for impurity removil Lhas proved heipful in scme cases, as has the
use of inhibitors. As mentiored ir other reports, such procising resuits wvere
anticipated, and this latter amttack on the problem is being ~ctively pursued.
Wear and friction studies are reported at some length, tut conclse generalia-
ticns are not readily discer—able.
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Comparisons of the various properties are drawn, where possible,

between both the new meterials and earlier ones.

Thege comparisons ave made

for reiatel groups such as dibutyl "R"-phosphonates where R varies from Ca to

Cis, &nd bis/dibutyi phosphono) zmmpounds.

Motor Laborastory evaluations have been

begun using a commerclal

phoephonate (to spare the costly laboratory preparations) to gain scme

experience in the use of these novel materials.
englne tests are vrderway.

Pesco gesr pump and Lauson
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FREPARATICKS

I. Introduction sand Summery

The review of the properties of the organophosphorus compounds
given n Technical Report No. IV has shown that of the phosphine oxides,
rhosphinates and phoaphcnates, the last appear to be the most stable.

Although the phosphine oxides and dialkanephosphinates are somewhat more
thermally stable when heated alone, they are not as stable as the phosphonates
when heated under oxidizing conditions.

During the present quarter, even though major emphasis has been
Placed on the phosphonates, we have synthesized one more phosphine oxide and
six dialkanrephosphinates in an effort to round-out our knowledge of the
behavior of these latter classes.

The pnosphine oxide described in this report is different from
those prepared earlier, being a diphosphine oxide. The compound, tetre-
butylhexemetiaylencdiphoephine oxide, wae.a eolid melting at 08.5-100°C
and. appeare’. to be thermally stable. In view of the high melting point (and
also poor yield) no evaluation has been made of this product.

By attaching a p-chlorobenzene to the phonphorue atom in place of the
benzene group we have prepared a number of phosphinic acid derivatives
vhich pay be quite non-flammable in character. Two types of bis-phosphinates
have been made; one in which the two phosphorus atoms are connected by a
chain containing the P-C linkage, while in the other the phosphorue atoms are
connected by P-0-C linkages.

Basel on the information obtained heretofore; the phosphonic acid
éerivatives syntheasized during the present quarter were chosen with the
sbjective of improving the physical properties of this class of compounds.
Thus, we have made a mumber of Cg alkane- and alkenephosphonates. This gives
us a direct comparison of the influence of paraffinic and olefinic groups.

As indicated in previous reports, efforts have been made to purify
&ll camples as completely as possible and in general the methods have included
digtillation through a molecular stili. In order to determine whether
distillation wes necessary to obtain setisfactory material, particularly for
larger scale evaluation, we have initiated work on the production of a
vhopphonate ag a bottous-preduct. Two preparative methods were used sand
preliminary results indicate thet it is possible to obtain bis-1,6-(dibutyl
rhosphono)hexane as a bottoms-product comparable to the molecularly distilled
sample.,

Two phosrhonates containing carboxylic acid ester groups were
ayatbesized with tie possibility thet these carboxylsate groups would enhauce
the low temperatur« properties of the meterials. A myristic acid ester was
found to be a solid while an adipic acid ester had good low tempere*ure
rroperties.
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II. Fhosphine Oxides

Previous ev luation data on the phosphine oxides have shown that
although this class of compounds is quite stable thermally, the materials
are not stable vhen heated in the presence of metals and oxygen. In order
to complete this study, one diphoephine oxide was prepared for evaluation.

A, Tetrabutylhexamethylenediphosphine oxide

(C4Hg)2-PO-(CHz)s-PO(CeHs)2
This diphosphine oxide was obtained by the following reactions:

[Emao)a-ro-cna-mz-cna:]a v BCly — ClaPO°CHz~CHa'Cﬂa—]2

[cla-m-cuz-caa-cma]2 + CoHgMghr ——)

E&He)rPO-CHa-CHa-CHal

In the first step of this synthesis bis-1,6-(dibutyl phosphono)hexane
was converted to the corresponding tetrachloride by treatment with phosphorus
pentachloride! The acid chloride was recovered as a dark, viscous liquid that
decomposed vhen distillation was attempted. A small sample of the material
was hydrolyzed by refluxing with agueous hydrochloric acid and 1,6-hexane-
diphosphonic acid was recovered.

The crude 1,6-hexanediphosphonic tetrachloride was reacted in the
usual manner with a large excess of butylmagnesium bromide? On recovery the
phosphine oxide was found to be a solid meltirg at 98.5-100°C after recrystal-
lizing from hot-acid octanes. The reaction of butylmagnesium bromide with
the tetrachloride gave only a poor yield of procduct (23.3 per cent based on
the charged chloride) and in viev of the fact that the product was a solid, no
further effort was made to prepare additional material for bench-scale evalua-
tion. Other properties of the diphosphine oxide are given in Table 1.

III. Phosphinic Acid Derivatives

Two types of phosphinic acid derivatives have been synthesized;
one of these consists of compounds containing two phosphorus atome while the
other contains a p-chlorobenzene group attached to a phosphorus atom.

A. 1,5-Pentanediol di(bis-2-cthylhexanephosphinaste
05317 2P0-0-(CH2 )5 -1=0P (CaHy 2

Thia phosphinic acid ester of 1,5-pentanediol was synthesized by
treating the glycol with bis(2-ethylhexane)phosphinic chloride. Those
compounds containing two phosphorus atoms, Jescribed in earlier reports, have
all been joined by alkane groups, or substituted alkane groupdT In the~

. See II - 2, {Technical Report 1I, p.2).
2 Described in II - 2.

Table 1 follows.
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subject compound the link joining the phosphorus atcme does not have the
F-C;-P bonding but has a P~0-Cy-0-P bond.

A z'xture of 26 g. (0.25 moles) pentamethylene glycol, 79 g.
(1.0 moles) of pyridine and 1000 cc. of toluene wae cooled to 25°C
and there was slowly added with stirring 160 g. (0.519 moles) of
bis(2-ethylhexane )phosphinic acid chioride (IV-7). When addition
vas complete, the reaction mixture vas heated at 72°C for 4 hours
and then filtered to remove the pyridine hydrochloride. After
evaporation of the remaining solvent there was recovered 160 g. of
crude ester. This product was distillsd through a molecular still
and on wvashing with dilute sodium hydroxide there was recovered a
viscous yellow o1l with an acid number of 0.02. Other properties
of this ester are given in Table 1.

B. Bis-2,2'-(butyl bengenephosphinico)ethyl ether
4Hg0(Cefls) PO-C2H 4] .0

The sumple of bis-2,2'-(butyl benzenephosphinico)ethyl ether
described in the last Report (IV-9) vas not a puve product, having a very
high acid numder. This material, obtained in a poor yield (25 per cent),
was prepared by reacting tributyl phosphite with 2,2'-dibromoetbyl ether at
atmospheric preseure. The preparation has now been repeated and a much dbetter
product obtained. The method used was that descridbed in the last report, with
one exception, and consisted in reacting dibutyl denzenephosphonite with
2,2'-d1bromoethyl ether at reduced pressure. (This method of carrying out
the Arbuzov reaction at reduced presesure is descridbed in detail later in this
report.) The product was recovered in aa 84.5 per cent conversion based on
the charged dibromoethyl ether. The properties of this preparation are
given in Table 1.

C. Butyl p-chlorobentzene{bu inate
CHgOPO(C ¢Hg )CaHl(C1

D. Bis-2,2'-(butyl p-chlorcbengzene phintcolethyl ether
i_EJoOIcweHJPO-caﬂgzo

Two phoesphinic acid derivatives have been synthesized vhere one of
the groups attached to the phosphorus atom was p-chlorcphenyl. A comparison
of the properties of these two campounds vith those containing the phenyl
group ehould enable ua to learn vhether &n arcmatic chlorine atam iz benefi-
cial tovard lowering the flammability of these liquids. The compounds vere
all msde by reacting didbutyl p-chlorobentenephosphonite.

During the preparstion of these campounds 1t has been found that
the Arbuzov rearrangmment could be carried ocut very conveniently at reduced
pressure vhen the reacting halide vas higher doiling than the liberated

3) See V - 13 of this report for a description of the preparation and
properties of thie compound.
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‘ halide. This is illustrated in the following experiment:

Into a flask attached to a short fractionating column was
charged 254 g. (0.88 moles) of dibutyl p-chlorobenzenephosphonite.
The kettle was heated to 155-165°C at 20 mm. pressure aid there
vas slovly added 85 g. (0.35 moles) of 2,2'-dibromoethyl ether.
(b.p. 103-107°C at 20 mm.), The butyl bromide liderastied during
the reaction wvas distilled overhead. When no further dbutyl
bromide (b.p. 101°C) was formed the material was fraciicnated in
a molecular stili. There was recovered 154 g. (0.~'9 moles) of
product boiling at 160°C at 0.007 mm. pressure. This represented
an 82.2 per cent converaion based on the charged didromoether. Ths
distillate was a colorless viscous oil. After seversl washings
with 50kcc. of 1N sodium hydroxide, the acid number was fourd to :
be 0.01%. .-

Similar experiments carried out earlier with refluxing at atmos-
pheric pressurs have given yields of product in the neighborhood of 50 per .
cent of dsrk and quite acid products. Also, large amounts of high boiling ¥
material vere formed, vhile in the experiment Jjust described substantially
no bottoms vere found. :

E. FPolymeric allyl benzenephosphinate [BEE:EOCHQ-CH-C&;]:

The polymerization of allyl benzenephosphinate, by means of the 0,
addition of the H-P bond to the double bond, could lead to a linear polyweri- .
supstituted-propane(banzens)phosphinate.

---g-o-mcna— ~0-CB2CHoCHg--- ‘
CoBis Bs ’

A compound of this type, a disubstituted phosphinic acid, should be st:zble
and also 3hould have the desirable properties shown dy compounds with a high
ratio of pkosphorus to cardon.

The polymerisation could, by reaction of the allyl groups alone,
give a phosphinate ester of polyallyl alcobel. Bowever, 8 mono-substituted A
phosphinate is quite :mstadle (IV-33, 2-ethylhexyl benzenephosphinate).

i Allyl benzenephosphinate was prepared by adding a xixture of

1 twvo moles of allyl alcohol and 1 mole of pyridine to an ether
solutian of benzenephosphonous dichloride. The product was isolsted,
after filtering off the precipitated pyridine hydrochloride, by
distillation at reduced pressure. Yield 204 of thecretical.

The polymerization Of allyl benzenephosphinate took place
resdily vben a sarple vas heated at 120°C 1in the presence of 1¥v
of Ai-tert-butyl peroxide. The product was au extremely viscous
but clear and colorless materisl with lov soludbility in s2-lvents
including tributyl phcsphate. Polymerisscich of another sample
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of allyl benzenephogphinate with l-butene gave a product which was
quite si~ilar to that just descrided and it is probable that the
buiene did not react to any significant extent. Also, exposure of
the polymerized material to air for s few days gave a few small
crystals at the edge of the material and an odor similar to benzene-
phosphinic acid. The material was not further evaluated due to

its high viscosity and low solubility.

IV. Phosphonic Acid Derivatives

A number of different types of phosphonic acid derivatives were
synthesized during the current quarter in order to further study the influence
of various substitutents on the propert!-s of this class of arganophosphorus
compounds. This effort has included substituting various hydrocardbon groups,

carboxylic acid ester groups and sulfur-containing groups into the phospho-
nates,

Previous study has shom the bis-1,6-{aibutyl phosphono)bexane
to be exceedingly stable. Additional work has now been carried out to
determine wvhether this compound could be prepared as a bottoms-product (not
distilled) %o eliminate the need for molecular distillation.

During the course of most of the preparations it has been necessary
to treat them with sodium hydroxide in order to lower the acid mmber. In
general, this has been done by mixing in & separatory funnel. It has been
found that dibuty.: butanephosphonate could de reflihzed for at leagt twe hours
vith aquecus 4 per cent sodium hydroxide vithout undergoing appreciable
hydrolysis®. This technique proved to be « convenient method of treating
the compounds in order to obtain low acid pumbers.

The phosphonic acid derivetives in Table I were all made dy one of
the three general methods deecribed in earlier reports:

a) the reaction of an slkanephosphonic dichloride with an
alcohol,

b) the Arbuzov resction between a trialkyl phosphite and an
organic halide, and

¢) the reaction of sodium dialkyl phosphite vith an organic halide.

A. Dibutyl "iscoctens"phosphonate. (CeEgO)2POCeH;s

B. Dibutyl "isooctans”phosphonate. (CeBaO)2POCeH;~

C. Dibutyl 2-ethylhexanephosphonate. (C4EgO)2PO0CeH;

D. Ditutyl n-octanephosphonate. (CqBgO)2P0CeH;y

This 1s & series of phosphonates containing a Cg liydrocarbon group.
in each case the di-n-butyl ester was made.

s No watting or soludilizing agents, e.g. _'~~hol, were used during this
hydrclysis test. The experiment is descrided under the preparation of
bis-1,6-(Aibutyl phosphono)hexane.
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Dibutyl "isooctene"phosphonate was obtained by treating "isooctene"-
phosphonic dichlorideS with an excess of butyl alcohol in the presence of
pyridine. The product was a light yellov liquid and after distilling from a

Claisex;6 flask (in the presence of sodium hydroxide) 't had an acid number
of 0.03%6.

A semple of this compcind was hydrogenated at 1600 psig. pressure
using Raney nickel as the catalyst. A" 100°C this was found to take place

easily®. The recovered, saturated esi.., was a vater-wvhite liquid with an
acid number of zero.

Dibutyl 2-ethylhexanephosphonate and dibutyl n-octenephosphonate
respectively vere obtained by treating 2-ethylhexyl bromide and n-octyl
bromide with an excess of sodium dibutyl phosphite in n-heptane solution.
The products were isolated as wvater-vhite liquids by washing with water to
remove the by-product aodium bromide and distilling the organic phase (in
presence of sodium hydroxide) at reduced pressure.

The properties of the:e compounds are given in Table 1.

E. Bisﬂé,}trinemlbex;yl) "{sooctene"phosphonate.
Cell, §0) 2P0CagH; 5

Previous vork in this lLaboratory has shovn that certain

carboxylic acid esters of 3,5,5-trimethylhexanol are more oxidetion stable
and less corrosive than the corresponding 2-ethylhexanol esters. Bis(3,5,5-
trimethylhexyl) "isooctene"phosphonate has been synthesized and evaluation
results by the Lubricants and Fuels Departiment have shown this phosphonate
to have many properties that are superior to,those of the bis(2-ethylhexyl)
ester. (See the followi., 3ection of this report). The dinonyl ester was
prepared by reacting "isooctene”"phosphonic dichloride with the alcohol 1in
the presence of pyridine?. 1Its properties are descrided in Table 1.

F. Dibutyl Butoxyethoxyethanephosphouate.
(C4Bg0) 2 PO-C 2H40C2E4OC4Eg
Dibutyl butoxyethoxyethanephosphonate was prepared by heating k&
moles of butoxyethoxyethylchloride and 5 moles of tridutyl phosphite to
approximately 210°C. The butyl chloride formed by the reaction was slovly
distilled with the boiling range 87 to 120°C. The residue vas digtilled at
reduced pressure from sodium carbonate vith a yleld of 43% of theory. This

product vas twice distilled from sodium carbanate to reduce the acid number;
b.p. 144-6°/0.5 m.; x§° 1.5508. Its pruperties are descridbed in Table I.

S Obtaiped from the Victcr Chem. Works. "Isooctene” {s 2,k L-trimethylpentene.
e IV - 10
7 See IV - 13 for details of & similar preparation.
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Bis(7-methyl-4-thisoctyl) "isooctene"phosphonate.
(CsHyy -8+CHe *CH *CHo +0) 2-PO+ Cel s

Another sulfur containing phosphonate has been prepared so that we
mey gain additional information regarding this class of compounds. The last
report (IV-12) dascribed the preparation and properties of bis(7-methyl-l-
thiaoctyl) benzenephosphonate vhich appeared quite interesting, and so we
have nov synthesized dis(7-methyl-k-thisoctyl) "isooctene”phosphonate for
evaluation. In addition to gaining further informstion on the sulfur-contain-
ing phosphopates, we will be adle to compare the influence of "isooctene” and
benzene groups. The method of synthesis vas that desoribed in IV-12. Its
properties are descrided in Tadle 1.

E. Bis-2,2'-{dibutyl hono Jethyl ether.
ucoBoO)z'PO'CBa-CBa-izO

By reacting tributyl phoephite with bdis(2-bromoethyl)ether we wvere
able to prepare bis-2,2'-(dibutyl phosphono)ethyl ether. In viev of the fact
that this compound contains two phosphorus atoms its properties vill be
compared with those of bis-1,4-(didbutyl phoephono)butane and bis-1,6-
(aidbutyl phosphono)bexane.

The Ardurmov reactica between tributyl phosphite and bis(2-bromo-
ethyl) ether was carried out at reduced presgure (see description earlier) and
the product wvas recovered in an 89.5 per cent conversion. Its properties
are described in Table 1.

I. Bis-1,4-(dibutyl phosphono)butane. ({CyBg0)2PO-CHp-CHo-)2

Since the sample of bis-1,4-(dibutyl phosphono)butane descrided in
IV - Table 3 asppeared to have anomalous properties, the preparation of another
sexmple of this material vas undertaken in order to insure the identity of the
compcund. This sample was prcpared by reacting an excess of sodium didutyl
shosphite with 1,b-dibromobutane in n-heptane solution. The product vas
isolated in 42% yield by vashing vith vater, removing the solvent (in presence
of sodium hydroxide) at reduced pressure, and distilling through a molecular
stili. Properties arve listed in Tabdble 1.

J. Bis-1,3-(dibutyl phosphono)pentane. ({CiBa0)2PO-CHg-CHa-) 2CHo

This compound vas prepered in order to aid in the comparison of the
properties of the pext lover derivative, bpis-1,3-/dibutyl phosphono)butane,
and the next higher derivative, bis-1,6-(dibuty) pbosphono)hexane. Bis-1,5-
(didutyl phosphono)pentane vas synthesised by treating 1,5-dibramopentanse
vith an excess of sodium dibutyl phosphite ard then distilling the prodiuct
through & molecular still. Properties are ahown in Tadble 1.

K. Bis-1,6-(didutyl phosphonsibexane. [{C4Bo0)gPO-CHo -CHo CB2e) %

In viev of the promising properiies shown by the sample of bis-1, 6-
{dibutyl phosphono)hexane described ip IV-12, it vas sugmested tha this
materisl de investigated further. The original sample vas synthesizel by

e ——————— T = = -
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treating sodium didbutyl phosphite with 1,6-dibromohexanc, ruiloved by
distillation through a molecular still. Additional work hss consisted in
preparing this bis-phosphonate by two methods:

a) The reaction of sodium ditutyl phosphite with 1,6-dibromo-
hexane, and,

b) the Arbuzov reaction betwveen tridutyl phosphite and 1,6-
dibromohexane.

The ester from each of the two experiments vas recovered as a bottoms-
product (not distilled).

In the first experiment (using sodium dibutyl phosphite), there
vas obtained a 62.1% conversion to bottoms-product. This material vas quite
acid acid number 1,36, but on treatment with aqueous sodium hydraxide
the value vas lowvered co 0.10.

The second run using tributyl phosphite and 1,6-dibromchexane
gave an almost quantitative conversion to bottoms-product. The experiment
wvag performed by heating the tributyl phosphite to 150-160°C at 40 mm.
pressure, then slovly aading the 1,6-dibromobexane. At the same time the
butyl bromide which formed was condensed in a cold trap. The bottoms-
product, stabilized at 170°C and 0.1 mn., vas recovered in a 95% conversion.
A portion of this material wvas fractionated in a molecular still with the
folloving results:

1.14% per cent light-ends
90.0 per cent product
8.86 per cent heavy-ends

The bottoms-product efter stabilization at 170°C and 0.1 mm. had an &cid
nuzmber of 0.345. This nuaber vas decreased by refluxing the ester vith

2N sodium hydroxide for 2 hours. Titration of the sodium hydroxide indicated
that no further alkall wves consumed after one hour of refluxing. This
treated ester had an acid nmumber 0.02 and a Gardner Color of ¢ (very light
yellow). Physical properties of both compounds are given in Table I.

L. Bis-1,b-(dibutyl phosphonomethyl)benzene
C4BeC) 2P0 CHz-CoHy - CRPO(0C4Hg J2

With the possidbility that the prescrce of a benrene ring in the
chain connecting two phosphomate groups might give a very stadble compound,
tie-1,4<{dibutyl pheapho oremethyl) Penzen. hois boon syntiicivel. The proisct
obtained by the reacticn of sodium didutyl phosphite vith bis«l k-chloro-
methylbentene, wvas found to be a vhite crystalline solid -elting at 45-50°C.
Its physical properties are given in Teble I. Apalysis of this bis-phoapho-
nate indicated that {t contained about 1.% per cent chlorine. In viewv of the
fact that the sample vas smsll, no vork has been done to remove this {mpurity.
Further, because of the physical properties, additional verk docs rnot appear
Justified.
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M. 2-(Dibutyl phosphono)ethyl myristate
(C4Be0) 2P0 Clg +CB *0* CO-Cy 58y

M. 31aQ-(aiutw) shogphonplestvll adivate

({coBe0)2PO-CH, - CBg -0+ 0O~ CHa- CBa ),

It is wvell known that certain carboxylic acid esters have very
favorable properties vhen inhibited and used as & hydraulic fluicd or
lubricating oil. With the possibility that such an eater group would
contribute improved properties to a phosphonate, we have synthesized two
such compounds. Ome of these was an ester of myristic acid, the other an
alipic acid ester. The method uscd is as follows:

2-Bromoethyl syristate wvas prepared by refluxing a mixture of
494 g. (3.9%5 moles) of ethylene bromohyirin, 798 g. (3.50 moles)
of myristic acid and 600 cc. of toluene in the presence of 10 g.
p-toluenesulfonic acid. When no further water separated, the
reaction mixture vas washed and after stabilization wvas distilled
through a Claisen flask. There was recovered 1130 g. (3.14 moles)
of ester bdoiling at 163°C at 0.3 mma. On standing, the distillate
80lidified to a wax-like material melting at about 50°C.

Report No. IV (page 12) describees the reaction of th  ester
with sodium dibutyl phosphite vhere the product isolated wvas not
the expected monophcsphonate but vas bis-1,2-(dibutyl phosphono)-
ethane,

The present successful experiment vas perfamed by heating the
dbromoespter with tridutyl phosphite. Into a kettle attached to a
short column vas placed 335 g. (1.0 moles) 2-bromoethyl myristate
and 350 g. (1.h moles) of tridbutyl phosphite. On heating to about
165°-175°C the reaction set in and there vas slowly evolved butyl
bromide vhich vas removed as it formed. When no further reaction
took place, the unchanged starting materials were removed and the
repidue vas distilled through a falling-film molecular still. There
wvas recovered 291 g. (0.63%5 moles) of product whose properties are
given ir Tadle I.

The adipate ester was prepared in a similar manner and its
properties sre also given in Table I.

¥. Miscellaneous Preparations

’

A. Polymeric methyl allyl phosphite ,CHQ-O- -0CH, - CB~(HBy :
. - § —x
The polymerization of methyl =llyl phosphite could poesi:bly take
place ‘n tvo manners, namely, the one vhere the H-P bond reacts wvith the
allyl group to give a polymeric substituted-propanephosphonate

Q
'g’m%‘b-mm'
CBy H,
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and the other vhere a homopolymer!zation of the allyl group tekes place to
give a phosphite ester of polyallyl alcohol.

Methyl allyl nhosphite was prepared by adding a mixture of
one mcle of allyl alcobol and one mole of pyridine to an ether
solution of one mole of phosphorue trichloride at 0°C and then
after that addition ves completed, s mixture of twoc moles of methyl
alcosol and one mole of pyridine were added. The expected reaction
mey be represented as follows:

CHpo=CH-CH-0B 2CBaCH
& &

Pely —PTFA8INe o ) p-0-CH, -CHeCR, PTEAHRS, Eﬂgqg-ocnécaacaa

The product was isolated by distillation at reduced pressure after
the pyridines hydrochloride had been removed by filtration. Only a
small fraction was obtained wvhich had the equivalent weight corres-
ponding to the expected ester; the other fractions vere probably
contaminated vith dimethyl phosphite.

Polymerization of the small yield of pure methyl allyl
phosphite for 16 houre at 120° with 1%v of di-tert-butyl peroxide
as the catalyst gave a clear slightly resilient solid vhich upon
exposure ' air for a fev days liquified. When the fractions
containing ’imethyl phosphite contaminant were treated in a like
manner, viscous liquid products vere obtained. These were appar-
ently insoluble in hydrocarbon solvents but miscibls with water
and after exposure tc air for a fewv days they became more fluid.
Copolymerization with l-butene did not change the properties cf the
product to a marked degres. No further work vas cortemplated
because of the instability of the products.

B. Phosphonous Acid Derivatives.

In arder to prepare certain of the phosphinates described above,
1t has veen necessary to make p-chlorcbenzenephosphonous dicrloride and
dibutyl p-chlorobenzenephosphonite. This latter compound reacted readily
with butyl bdraomide to form the phosphinutes.

1. p-Chlorobentenephosphonous dickloride ClCaH¢ " PCl>

This compound was prepared by reacting calorotenzene vith
phosphorus trichloride in the presence of aluminum chlcride. The product
vas recovered by complexing the sluminum chloride catalyst vith phoephorus
cxy-hlcride and separating®.

A mixture of 1126 g. {10 moles) of p-chlorobenzene, 137% g.
(10 moles) of phosphorus trichlcride and 139 g. (1.0h =moles) of
alumimum chloride wae refluxed for 11.5 hours. After the =ixture

5 This method was described by W. T. Lye, Jr., in K. K. L. Report P-304h,
Dec. 1986,
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vas alloved to stand at room temperature until cool there wue

added 160 g. of phosphorus oxychloride, Ther the clear solution war
@iluted with petroleum ether until nc more precipitate formed.

The supernatant liquid wes separated and the pertially crystalline
residue was extracted & muber of times with petroleum ether. The
petroleum ether was flash-distilled and the residue fractionated.
There was rscovered 259 g. of benzenephosphonous dichloride boiling
at 73-80°C at 1 mm. This represents a conversion of 12.2 per cent.

2. Dibvutyl p-chlorobenzenephosphenite Cl-CaHg- P(0Ce¢Ho)2

On treatment of p-chlorobenzenephosphonous dichioride with
an excess of n utyl alcohol in the presence of pyridine, ditutyl p-chloro-
benzenephosphonite wa formed, a clear liquid boiling at 122°C at 0.1 mnm.
Its physical constants are given in Table 1.

3. Dibutyl benzeneggosphonite * Luprous chloride complex.

L. Dibutyl p-chlcrobenzenephosphonite -
comples.

It is vell known that tributyl phosphite will form complexes
with certain metal salts, e.g., cuprous halidee and silver halides.® Sarmples
of dibutyl benzenephosphonite and dibutyl P-chlorchenzenephosphonite were
treated with cuprous chloride and they were found to underge an exothermic
reaction to form complexer, After filtration of the reaction mixture the
complex wai recovered as a clear oily liquid which appesred to be quite
stable on standing (no copper salts separated mor did green cclor develop).
No furiher work is plamned on thea at thie time. Properties of the ccmplexes
elong with certein analyses are given in Table 1.

C. Phosphoric Acid Derivatives

The phospronic acid derivatives used ror comparisen purposes in
the prior reports have been comercially ev-ilable materials. For further
couwperisons we have synthesized a bis-phosphate and a phosphoric amide.

i, 1,9-Pentanediol di(bis-2-ethylhexyl phosphate).
(CeHy70) 2-P00-CHz + CHa- 2Cle

This bia-phosphate was obtained by treating 1,5-penterediol
with bis(2-ethyluexyl) chlorophosphate’© in the presence of pyridine. The
ester vas recovered by distilling through a molecular gtill and wes found to
be a clear oily liquid. Othker properties are shown in Table 1.

Cuprous chloride

Prior tc the experiment described ebove ; an attempt was made to
obtein this compound by reacting 1,5-pentanzdiol with FOCl. then treating
this mixture with butyl alcohol and pyridine.ll No diphosphate was recovered

8 See Fox & Lockhart, The Chemistry of Organo-Phospharus Compounds s
N.R.L. Report C-3323, July ¢, 1948,

18 Secured from Victor Chem. Works.

il This method of prepering mixed phosphates 1s described by Oliver,
Wiederhom and Mesrobian, Ind. Eng. Chem. 42, 488(1$50).
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‘upon dietillation of the reaction prroduct,

Big{2-0% 1; N.N-diisopropylphosphoric amide.
(CeHy70)2POR(Caly )2

This zater-emide was made in order to compare its propertiies
with these of the phosphonic and phosrhinic amides evaluated earlier.
The campound was prepared as follows:

To & solution of 685 g. (5.3 moles) of 2-ethylhexanol in
500 ¢¢. of toluene was zdded 7h g. (3.2 moles) of sodium. When
all the godium hed reacted there was slowly added 335 g. (1.53
moles of diisopropylamidophosphoric dichloride (see II - 3
for preparation of this compound) at a temperature of 110-120°C.
The resction was ptirred at 120°C for 19 hours.

After ths mixture had cooled to room temperature, water was
added to di -olve the separated sodium chloride. The water phase
wag separati . and the toluenme sclution dr:ed and stabilized to
remove the tcliene, Tre amide product was distilled throughr a
Claisen flask with the product boiling at 165-166° at 1.5 mm.

There wvas recovered 439 g. of material which represented a 70.7
per cent conversion bssed on tae cherged diisopropylamidophosphoric
dichioride, The material is described in Tabdble i.
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BENCH SCALE EVALUATIONS

I. Introduction and Summary

This section summarizes the resuite of laboratory evaluations of
the new organo-phosphorus compounds prepared since those listed in Technical
Report No. IV. The nsw compounds include nine monophosphonates, ten bis-
phosphonates, two bisphosphinates, a bisphosphate and a phosphoric amide. One
of the bisphosphonates was prepared by several different methods and finishing
treatments and altogether five samples of this compound have now been evalua-
ted, of which four are included in this report.

In the section on Correlations the data are summarized for all the
dibutyl "R"phosphonates (CeBs0)2POR, including those reported previously and
covering the range where "R" varies from C; to Cyefk. Similar sumaries are
msde "or the di-"R" isooctenephosphonstes with four different R groups, bis-
(dibutyl phosphono) compounds, where the phosphorus atoms are separated by
groups ranging from Cz to C3004. Several dbisphosphinates and one bisphosphate
sre also lacluded.

Additive studies on & limited number of organo-phosphorus compounds
have included the effects of several oxidation-corrosion inhibitors as well
a3 miscibilities with alkyl methacrylate or styrene polymers. Promising
lcads were obtained in both phases.

IY. Evaluation

A. Summaries of Specific Properties

The properties of the compounds, exsmined since the previous report,
are summarized in Table 2. The data will be discussed in terms of the
apecific properties.

1. Acidities

ALl of the acid neutralization numbers (mg KOH/g) of the
compounds as secured for test vere less than 0.1 except for the Victor
Chemical dibutyl benzenephosphonate, the two carboxylate esters (myristate
and adipate;} and an overhead fraction frcm a molecular distillation of one
of the topped preparations of bis-1,6-(dibutyl phosphono)hexane. While the
latter had en acidity of only 0.26, it wus very corrosive; caustic treatment
dropped this corrosion to a low value, It will be recalled that the distilled
bigh-purity product, previously reported in Technical Report No. IV, was only
mildly corrosive. Moderate acidity in a compound does not always result in
high corrosivity. For example, the comsercisl dibutyl benzenephosphonate,
on the other hard, had an acidity of 0.4l yet was only moderately corrosive.

The myristate was much less corrosive than the adipete ester,
although the original acidities of both products were the same.
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2. Four Points

The only compcounds in the tadle which did not have excellent
pour points, belov -65°F, were the myristate ester discussed above, bis-1,k-
(d1butyl phosphonomethyljbengene, bis-2,2'(butyl benzenephosphinico)ethyl
ether and 1,5 pentanediol di(bis-2-ethylhexanephosphinate). Rowever, the
latter had a very low pour point (-60°F) for the high viscosity of this
compound .,

3. Viscosities

Straight lines on the ASTM viscosity-temperature chart (low
temperature range) appear to give reasorably good approximations for the
change of viscosity over the temperature range, -40° and 210°F for most of
the organo-phoephorus compounds studied. The small deviations vhich wvere
obtained were less than those shovn by many other synthetic oil types.

Viscosities were run at 100°F and 210°F on all the compounds in
Table 2 for the purposes of determining VI and slope. On most of the com-
pounds with low pour points, viscosity at -LO°F was also determined. In a
fev selected cases, viscosity at -60°F was also obtained to ascertain vhether
indications of deviations from & straight line on the AS™M chart were con-
firmed.

Most of the determined viscosities at -LO°F fell slightly below
the values obtained by extrapolation from 100°? and 210°F. Exceptions vere
the bis(3,5,5-trimethylhexyl) "iscoctene"phosphonate and Victor Chemical's
dibutyl benzenephospionate in vhich casee viscosities were 70 and 20 per cent,
respectively, higher than the extrapolated velues. The six experimentally
determined viscosities at -60°F were very cluse to the values predicted by
extrapolation from -40°F and 100°F. PFour ssuples gave values 5 to 10 per
cent below the predicted values, wvhile two were 10 to 15 per cent above the
predicted velues at -60°F. In one case, bis-1,4-(dibutyl phosphono)butane,
the sample solidified in the viscometer at -60°F even though the pour point
vas belov -65°F.

The viscosities for the six compounds which were run at four
Temperatures are plotted on an AST™M chart in Pigure 1. The phosphoric amide
snd the thiaoctyl phosphorate gave points which follow straight lines while
the ethyl ether bisphosphono campounds shov one point not on & straight line.
The other three samples shov a slight increase in s'.ope with increasing
temperature above 100°F, i.c , 210°F viscosities are lower than predicted
fram viecositias at 100°F and lower.

The viscosity levels of most of the dbis-phosphinates and bis-
Phosphate were of the order of SAE 20. The higher molecular weight "iso-
octene"phosphonates and the myristate ester vere in the hydraulic fluid
viscoeity range (15-20 cs. at 100°P).

Figure 1 follows.
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b, Viscosity Ratio and Index

The viscosity ratio and viscosity infex by both Dean and
Davia (ASTM) and the Hardiman and Nissan systems are given in Table 2,
The viscosity ratio will de referred to later in commection vith polymer
(Acryloid) dlends. Hardiman and Nissan VI and Dear and Davis VI are very
nearly equal for the more viscous preparations dut, in the lowv viscosity
products, such as the didutyl Cg-phosphonate serics, the H and N VI gives
much the higher value., The H and B VI and viscoeity reatio would rate this
series of compounds in the same order. The 2-ezhylhexanephosphonate has the
highest VI and lowest ratio and the "isooctene”Lhosphonate is at the other
end of the scale. The latter rates even poorer than the bensenephosphonate.

In the higher lavel of viscosity, t.e bis{7-methyl-k-thiacctyl)
"isooctene"phosphonate had a VI very nearly egual to the corresponding
bis( 7-methyl-b-thiacctyl) benzenephosphonate reporied previously. Thus
there is little choice between isococtene or benteme in & phosphonate “rom the
VI standpoint. Thie finding ves further chafirmed by the data on Victor
Chemical's dioctyl "isooctene"phosphonste and disctyl benzenephosphonate,
both of which vere reported in Zechnical Report No. IV. In both instances,
the "isooctene"phosphonate is mor: vis.ous than the benzenephosphonate at
100°F and 210°7. In the case of the dioctyl derivatives, however, the
viscosity at -MO°F was lower for the "isooctene"phosphonate than for the
benzene derivative, C(Consequently, s. lov temperatures, an isooctene deriva-
tive would be more desirable than the one containing bentene.

The phosphonoethy) xyristate vith the highest VI (D and D) in
Tadle 2 also had a high poui point as vas the case vith the hexadecane-
phosphonate reported previ-wusly. While tbe phosphonoethyl adipate ester had
both high VI and low pour point, its corrosion vas very high and thermal
stadbility poor. These latter deficiencies may dbe due to the fact that
traces of the Yromoedthyl adipate resained in the sample.

5. Ylammability

The twe flammability tests, the semi-micro open cup flash
point apparatus and the pipe cleaner test (see Technical Reports Noe. II and
I1I) vere used far these compounds for vhich sufficient sample vas available.
Most of the more viscous compounds (viscosity at 100°F over 10 cs.) had
flash points above 400°F and the pipe cleaner results vere considerably
higher than F -1, the flammadility standard for smS-3150A, interiam type
aviation L, uarsulic fluid.

The micro-flash point for the nev preparation of bdis-2,2'-utyl
benzenephosphinico)ethyl ether was over 500°F. It 1a thus the highest of
any compound tested to date. The bis(7-methyl-h-thimoctyl) "imoostere -
pbhosphonate bhad the highes! non-flammability of any of the monophosphorus
compounds tested and was equal to that of most of the blephosphono compounds.

The phosphoric smide had & lower flash for its viscosity than most
of the other compounds showvn in the table.
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In the dibutyl Cg rhosphonate series, the n-octane wag the least
flamable, while the "isooctene"phosphonate was the most flammable in spite
of having the highest viscosity of the four compounds in this series.

6. Thermal Stability

Eleven of. the nev compounds shoved excellent thermal stability
vhen hiated for 24 hours at 150°C in the presence of carbon dioxide while
three were borderline (about 5% viscosity change) and four vere poor.

The two topped or "not-distilled” products of bis-1,6-(dibutyl
phosphono)hexane, the bis-1,k-(dibutyl phosphonomethyl)benzene and bisl2-
(dibutyl phosphono)ethyl] adipate showed poor thermel stability while
1,5 pentanediol di(bis-2-ethylhexanephosphinate), bis-1,k-(dibutyl phosphono)-
butane and 2-(dibutyl phosphono)ethyl myristate were borderline cases giving
about 5% chenge in viscosity at 210°F Auring the teat.

7. Corrosion and Oxidation Stability

This test, described in Report No. IXYI, is a semi-micro version
of the Federal Spacification test for lijht mineral oils, VW-L-791d, test
530.81. The modified test uses the same five metals as catalysts, air circu-
lation and a test temperature of 250°F. The duration of the test wus
decreased from 168 hours to 71 hours to provide an average level of oxidation
equivalent to that obtaincd in the full-scale test.

The bis(3,5,5-trimethylhexyl) "{sooctene"phosphonate vas the only
compound to give no oxidaticn or corrosion under the conditions of thias test
and thus is comparable to the results reported previously for dibutyl
butarephosphonate and butyl dibutanephosphinate. Compounds showing moderately
lov corroeion or oxidation were: dibutyl benzenephosphonate, 2-(dibutyl -
phosphono)ethyl myristate, bis-1,4-(dibutyl phosphoao)butane, bis-2,2'-
(dibutyl phosphonoc)ethyl ether, bis-1,6-(dibutyl phosphono)hexane (bottoms
products) (although poor thermal stability was evidenced here), bis-2,2'-
{butyl benzerephcsphinico)ethyl ether, 1,5-pentanediol 4i(bis-2-ethylhexane-
phosphinate} 2ad bis(2-ethylhexyi) N,N-diisopropylphogphoric amide.

All of the preparations of the dibutyi Ce-phosphonate geries gave
high c¢orrosion. Of the series, the dibutyl "isooctene'phosphonate vas the
meat stable from the standpoint of acid neutralization number, viscosity
increase and corrosion. This high corrosion was surprising eince the dinonyl
"1sooctens"phosphonpate and the didbutyl butanepho-nhonate vere doth non-
corrosive,

It is apparent that most of the organo-phosphorus compounds vould
require iphibitors in applications. The vide variation in corrosion due to
small traces of impurity is evidenced by the data for the two distillate
samples of bis-1,6-(didbutyl phosphono)hexane (JVW-197-3k, cuts 2,3,h and S
and 197-b9). The heart cut from the molecular distillation . preparation
JVW-197-34 had an acid number of 0.26. This material wvas tes.ed both as
distilled and after caustic treawment. The treatment consisted of refluxing
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with an exceas of 1N caustic until no more caustic reacted (2 hrs. at 102 C
in this case). The acidity was reduced to 0.02. The copper corrosion before
treatment vas 84,2 mg/cm?, after treatment 0.52 mg/cm®. The viscoeity
increase dropped from 63% to 3.5% after treatment. Similarly the acid
neutralization number of the used oil dropped from 27.1 to 0.27 by this
relatively simple treatment. However, in other preparations, caustic treat-
ment does not shov this phenomenal improvement and an initial low acidity is
no guarantee of low corrosion. Corrosion and oxidation inhibitors are
discussed in a later section.

8. VWear and Priction

Wear and friction studies of some of the organo-phospharus campounds
described in this report and in Report No. IV wvere determined in the Four-
ball apparatusi® The conditions employed in the present s?udies are; 2-hour
test at 7 kg. load, 80°C and 600 rpm. Since the compounds tested include a
nunber reported previously and only a part of them are included in Table 2,
the friction and vear data are summarized separately in Table 3,

While the mmber of compounds of each class are as yet insufficient
to wvarrant extensive conclusions, tho following tentative observatiions may be
made:

a) The phosphates sr-e superior to other types of phoephorus
derivatives of comparable structure examined thus far. Tributyl phosphate
gives lov wear vhile dibutyl butanephosphonate, butyl dibutanephosphinate and
tributylphosphine oxide all give high wear., Aliphatic phosphates as & class
are superior to arcaetic phosphates.

b) With a series of dibutyl alkanephosphonates, increase in
chain length of the alkane group reduces wear as illustrated in Figure 2.
The dibutyl bexedecanephosphonate gave the lovest vear obtained to date.
The lov wear for dioctyl methanephosphonate appears to be an exception.

This effect of variation of chain lergth appears to hold also for the phos-
phine oxides (see Figure 2).

Changing the chain length of the alkyl groups in phosphonates
also changes wvear but to a much smaller extent than does a similar change in
the alkane group. Thus, changing from butyl to 2-ethylhexyl or 3,5,5-tri-
methylhexyl groups, in the di-R"isooctene”phosphonates, decreased wear very
little, 1.e., frcm 0.52 to 0.52-0.8% vhile increasing the chain length to
7-methyl-h-thiaoctyl gave only 0.%6, The thiocether chain gay be congidered
comparable to the ether linkage in giving higher wvear than an equivalent

hy&rocarbon chain. Didbutyl butoxyethoxyethanephosphonate has a wvear value
comparable to a 5 carbon chain {(see Figure 2).

¢) Unsatureticn usually favars lover vesr. Examples of both
olefinic and aromatic unsaturstion indicate increase in vear after hydrogena-
tion in both phosphine oxides and phosphonstes. A carollary to this tentativs

12 A description of this test is given by R. G. Larsen m Lubrication
Engineering, p. 3 (August 1945).

Pig. 2 and Table 2 follow.
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Figure 2. VARIATION IN WEAR WITH CHAIN LENGTH
OF LONGEST CHAIN IN ALKANE GROUP
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Tsole 3. Wesr cnd Friciion of (rosnoePhosphorus Compounds (Coniy)
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Tsbis 3, Bew :nd Fricties of rgancephesphorus Campounds (Cent. )
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finding would indicats that aromatic groups are betwyr than aliphatic o
naphthenic groups in lowering wasr with compounds other then phosphates.

Thus bis(2-ethylhexyl)phenyl,honphine oxide is lcvwer they either tris(2~ethyl-
hexyl)phousphine oxide or bis{2-ethylbexyl)cyclohexylpiiosphine ozide. Also
bis-2,2'«(butyl benzensphosphinicojethyl sthar is considersely better than
bis-2,: '~ (dibutyl phosphonojethyl ether,

d) Low frictic: vae cbteined wita only & f2w caompounds,
notably 2-(dibutyl phosphono)ethyl myristate, dibutyl hexadecanephosphonate
and the reactlon product of tributy: phoepkite and epichlorohydrin, ell of
which gave relatively low wear also.

e) Bigh wear was cbtained with the bis(dibutyl phosphono}
compounds whether the connecting group between the phosphorus vas & four to
six carbon chain or an ethyl ether linksge. This high wear was comparable
to that obteined with an undoped mineral oil (Houston 100 HVI neutral).
Bcveves, the epichlorchydrin-tributyl pacsphite rcection product mentioned
above. vhich should be e mixture of (CePgO)oPO-CHa-CE(0CHg)-CHz-PO-(0C4Hs)2
anéd (C4HgO )2 PO-CH2=-CHOH«CHy-PC(Or Hg )2 did give low wear and friction,

Short chain (Cq4 or ehorter) diisopropylamido phosphcmaetes gave
high weer, while the corresponding amidophosphlites and phosphinic amide gove
intermediate wear values. & longer chain (2-ethylhexyl)} phosphoric amide
gave the lowest wear of the nitrogen-phosphorus compounde. This compound,

bie -(2-ethylhexyl) diisopropyl phosphoric emide, was the most attractive of e
amides fro. an all around standpoint.

The amines appeared to give lower wear than amides of compar-
able moleculer weight

, Coirelation of four-t 1l wear data with wear in hydraulic
puips (see Motor Laboratcary Evaluutions) has been unsatisfactory. Dioctyl
"gtyrene'phosphonate, which gave low wear in the four-ball apparatus at
elther 7 or 40 kg. load, gave high wear (a ten-fold increase) in the Pesco

gear punp in comparieon %o mineral oil. A recheck will be made with a new
gset of gears.

B, (Correlations between Properties and Molesuler Structure.

1. Dibutyl 'R’ -phosphonates
(C¢0)>-POR where R 18 Cg,-=-~-C1s,C1802

A large number of dibutyl R-phosphonates have been prepared in
vhich the R group varies from Cs % C1802. The data are summarized in Tabie 4
for a systematic comparison of preverties.

There is surprisingly little variation in VI with increaeing viscos-
ity from 1 cs. at 210°F for the 2-propenephosphonate to 1.75 cs. for the
butoxyethoxyethanephosphonate. The lowest and the highest VI (D and D) for
this group are for the "isooctene"phosphonate and the (hydregenavel) “iso-
octane"phosphonate, respectively. For this group of compounds, the viscosity
of -4O°F varies between 55 and 400 cs. with the highest viscosity possessed
by the compound with the lowest VI,
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. The two C;a-phosphonates, dibutyl n-hexadecanephosphonate and
2-(aibutyl phosphonc)ethyl myristats, have very high VI, but unfortunately
the pour points are also high, +45°F (Table 3, Report IV) and +79°F (Table 2
this report). Both Liad excellent nonflammability in comparison with other
monophosphonates of equal viscosity or molecular weight (such as the dioctyl
"isooctene"phosphonate). The n-hexzadecane derivative gave the lowest wear
of any of the phosphorus compounds tested to daste in the four-ball apparatus.
The phosyuonnethyl myristate, on the other hand, gave the lowest friction of
any of the pure compounds. It slso gave moderately lowv wear. The friction
with the hexadecanephosphonste was lower than for most of the cther phospho-
rus compounds (see tne section cn Wear for further discussion).

Of the group of didbutyl "Cg"-phoaphonates, the n-octanephosphonate
gave the lowest wear and best nonflammability. The "isooctane"phosphonate
gave the highest VI and highest wear while the "isooctene"phosphonate had
the best cxidation resistance but lowest VI and poorest nonflammability in
spite of the highes  viscosity. The 2-ethylhexanephosphcnate had the best
low temperature viscogity as well as the lowest viscosity at 100°F or 210°F,
and the highest oxidation and corrosion.

- L
y
A
\
BT T L R T SRR SRR

Although the oxidation and corrosion of many of the compounds
shown in this table were very high, it is believed that inhibitors could
prebably cerrect thease properties.

2. The Di-R"isooctene"phosphoretes
. {RO)2-PO-CgH,s, where R 18 C4, Ca, CsSCa, and Co
. Four "isooctene"phosphonatcs are available for comparisca.
h The dioctyl (actuslly 2-ethylhexyl) "ipooctene"phosphonate was obtained from
Victor Chemical Worke. The others, the dibutyl, the bis(3,5,5-trimethyl-

hexyl), end the bis(7-methyl-4-thiacctyl)"iscoctene"phosphondtes were
prepared at Emeryville. Their propertiess ere compared in Table 5.

The bis(3,5,5-trimethylhexyl)”isooctene"phosphonate had the best
oxidation-corrosion resistance of any of the phosphorus compounds tested
in this program. This compound aleo had a relatively high VI, higher vis-
cogity at 100°F than most of the other phosphonates, good nonflammabiliity
an? good thermal stability. Viscosity at low temreratures may present a
problem.

The bis(7-methyl-k-thiaoctyl)"iscoctene"phosphonate, in compari-
son with the sbove nomyl derivative, had & higher wviscosity, higher VI,
better nonflammability, aad adequate thermal stability. Although copper
. corrosion was very high, oxidation remained at a relatively low level.
R/ Viscosity at -4O°F of this compound is superior to that for the dinonyl
"igooctene"phogphonats above.

Although not included in this group a few notes on the bis(7-
methyl-4-thisociyl) benzenephosphonate, previesusly reported ip Technical
Report No. IV, are pertinent. The benzenephosphonate had better oxi tion-
corrosion stability than the "isooctene"phosphonate prepared from the 3-hydroxye
propyl isoamyl sulfide. The viscosity, VI and nonflammability of the

Tables 4 and 5 follow.
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benzenephosphonate vere slightly lower than those of the "isooctene"pbospho- -
nate. The viscosity at 100°F of the benzenephosphonate was about equal to

that of tbe dinonyl "isooctene"phosphonate, but vigcosity at -40°F was almost
one-half that of the nonyl derivative.

The dioctyl "isooctene"phosphonste of Victor is intermediate in
viscosity, nonflammability and corrosivity “etween dibutyl "isooctene"phospho-
nate ard the nonyl and thisoctyl derivatives discussed abeve. Viscoeity at
<40°F i3 less than one-hel? that for the thimoctyl derivative and one-fourth
that f~r the nonyl derivetive. However, a dioctyl 2-ethylhexanephosphonate
would probably have even better low temperature properties. The VI of the
"iacoct2ne"phosphonate was poor as vas oxidation stability. This compound is

being used for further inhiditor studies since the level of oxidation is
rather hish.

Although the dibutyl "isooctene"phosphonate exhibits high corrosion
to copp=r, the oxidation level was relatively low. The viscosity at -4O°F

was about one-ninth that of the dioctyl derivative, although the viscosity at
100°F was only one-half that for the dioctyl "isooctene"phosphonate.

5. Bis(dibutyl Qno Joompounds
C¢0)2-PO~R-PO-(0C¢ )2 where 4 1s Cz, C20,~-~~- C1 Ps

During the last quarter major emphasis has been placed on the
bisphorThono compounds gince viscosity, VI and nonflammebility have generally
been high in this group. The data on nev preparations of prev..usly reported

compounds as well as on nev compounds are summarized in Table 6. Pertinent
data frcom previous reports are also included.

IR A ENERNS | SR TR

The viscosities of the ethane, methyl etbher, butane, pentane, and
ethyl ether derivatives fall in the renge of 12 to 15 cs. at 100°F and

viscosity indices between 95 and 110. The viscosity at -4O°F increases from
about 1300 cg. for the methyl ether to 2000 cs. for the butane, 2150 cs.

for the psntane and 2200 ¢s. for the ethyl ether derivativee. The viscosl-
ties of the preparations of the hexane derivative are considerably higher at
100°F, 17 to 20 cs., with one exception, JVW-197-16 bottoms. The low value
of this product, 12.94 ce., is attributed to some lower viscosity impurity.
The viacosity at -40°F cn the hexane derivative ranged from 134 cs. on the

very lov viscosity product to 3550 cs. on the highest viscosity overhead
heart-cut.

The other compowssis, in order of increasing viscosity at 100 F, are
ethyl-bis-2,2'-(dibutyl phosphono)et>vlamine, 22 cs.; ethyl adipate derivative
(va-l6-17}$, 25.7 cs.; and the dimethylbenzene derivative (VWB-2-2u6), 36.1ce.
Thia last product has the lowest VI and the highest pour point and so is not
so attractive from the physical properties standpoint, althcugh nonflammability
was excellent. The adipate ester had the highest VI, lowv pour point, good
nonflammability but very high oxidation and corrcsion. Nouflammability for
the group wag generally high but the ethylamine derivative was low in micro
flash and fire for its high viscosity. The pipe cleaner tests on this latter
campound were better than would be expected fram the micro cpen cup apparatus.

Table 6 follows,



i o
i Mo
i Y
) [7o M oY)
14 =
P9 .
w - M 92 2 < 9L°0 w0 |52 e 1§43 6€1 LG | €5 0f Cn-LET-AAL Z(4 5850 ) 0d- G0 L HEI0-0LE (04 19D) {
R s Lo e oo ofeet | 1 < & oo |1t |egos 2e-L6T-mAr £(4X93)0d- 0O THE 00-04%(£THOD)
; m.d 6L°1 st Joro | sc¢ Jwoc K L cic <t 22 12 89°01] % w91 092-2-6AA
28 (®H*00}{ 5H°2)03- *H*3-0TH 0~ Od( *H®0) (0PH*) f
! FumodNo, MIOEINOGd 16 SN0 fi
(444 ozt | 6'qt] 6'22f U | & 61 {44 "t e | 69°¢e] wetd CLT-91-mAr
Z(8® 20 )~ Gd~ THZ 0~000- W 0~ D00~ "HE - 0L 8 { OPH®D)
v 20 (%1 %0 | o2ro+jx 0 "®t €Y o€ | KLit 6%~ L6T-mAS Z(®H* 0} ~0d - *H* - PHC O~ 0LZ (OH® D)
: 12 €9 [* 28 ¢ 90 [9T°vg L o2 €1 2% wWge | onlt Cin‘eec mnD
) ¥ - L51-mAT Z(®H® 20 )-02- "H* - PHE - 04 ¥ (0PH® 3)
i o wo [<4]] ¢t {09t 21°0 |jon'¢€ g 12 0l <oy L2 921 16°C | T2 9T | %82 swoq 309
R Y- LGT-AAP Z(84*20) - 0d-PHC - PHE - O OFE®D)
' RT3 ol'o of 0 ege oz'0 o jee-e 22 < 09S¢ Cly Fied (€14 gee | B2t omst waoy 109
: 91-L6T-mAL E(8H% 30 ) -04-PHC >~ PH®O-0d% (0%W®D)
: wo 1 o wo (|9t w 2 [<< -] 8el 1§ LUs | 99761 04¢E 611-1-AAL Z{®H® 30 }-0d- "H* - "HE 0= (0%H* D)
; 9qu 22 Loz} ] got | w6 % Jowe we| v Ivz-z-ara | 24000}~ 0d- TGP MHO-04% OH®D)
W 192 iK1 ] o'g oy UEC | <2 9t 0% 9% ¥4 901 2276 | $6°¢T) 112 1-G5T-S¥Y | ¥{®4*20)0d~ *HZ0- M0~ *H20-04%( 0PB®D)
i L ozgt| X0+ | gy'zf ozz | c2 12 <yy OOy 911 ott |2y | e - [2ez-2-ama  E(%H*20)-0d-*HEO- (*HED )N~ HE-OL5(0PHD)
' Zro [N} [ 9 wses 9o |92 22 9t [ <A 4X | Lzt ot 16°¢ | Leat| <ice 292-2-GAA E(®* 20 -0d-YHZ -0~ "BE0- 04 (0PH®))
U0 [IN] e L 8t o't Jog 1 L 9 0cC  Oofy 22t 173 90°€ | 2N'LU] o2 qLL-ET-SHY
29'0 €2 T -1 50 4 960 J 8"y 92 L oKC  0CY L1414 8L 62 | Lerst| w002 -SuyY Z( 5 20) -Od- "H*0- "BEO-0L2( OPW®D)
! e < o | 990 {6 [ 2 06 09y [+ o1 j10°€ | K2 92~01-Ha
8¢ 2T | Wy o'ty 2| 92 oe 09C Gy 92t 73 6g'e | cocer] eect -SHY Z( % 30 ) -0d- "HI-0~ PR 045 0%H*D)
02 1 ¥6 9T [T € FAS Lt 201 20°¢ ) &Lt - 92T-91-AAS Z(%9*20) - 0d-2H- PHI-OLZ (O™ 3)
.. Nwm ‘wm| oM “ihenid.00TA " L B A o.:aP uuzo.. o.:nu yseld 1w oue gia sue qf 4.01c) 4.001 | 4.09°
. ‘wda 3,00 ‘PeOT My L ruuddla.n.-ﬂu!n Py vy I E2.4) * . s souste jey T304
009 uwowcdw".oa ” L hod LT $ | .=/ %= ‘woisoamos zouwserd adsg fdng undo oror| Xopur X} [900F}A 95 ‘K1IWOOSIA
‘ W0 f I Toon A FTIqumnT
!

! SEATIVAIWAA (ONOHdSOHd TXLNMIC)SId 40 XYVIWNIS 9 °TQelL




-2%- Report No. S-13239

\

The general level of oxidation end corrosion stability was rather
lov on most of these compounds with the exception of the hexane derivatives
vhich were excellent. The one hexane preparation vhich did give high corro-
sion wrs reedily corrected by refluxing with 1 X caustic as previously
noted. As a class, the dis(dibutyl phosphono) compounds gave high wear in
the four-ball apparatus. Since undoped mineral oils also give comparable
high wear, the significancs of this factor remeins to de assessed more
thoroughly. Data for several bis-phosphinates and a phosphate are also
given at the bottom of Table 6 for comparison. Of these, bis-2,2'-(butyl
benzenepbosphinico)ethyl ether had the highest viscosity of any of tbe non-
polymeric compounds prepered to date, the best nonflammebdility and relatively
iov oxidation and corrosion, However, its VI is low, 21 or 22.

The two 1,5-pentanediol derivatives had higher viscosity than most
of the bis(dibutyl phosphono) derivatives at the to) of Table 6 since these
two preparations contained octyl groups in place of the dutyl groups. The
phosphinate Ll & Ligwr vascosity and lower VI than the phospbate, a trend
noted esrlier with the butyl dibutanephosphinate and tributyl phosphate.
Corrosion and oxidstion were relatively lov in either case vith the phos-
phinate being slightly better. In line with its higher viscoeity, the
phoephinate has a higher nonflammadility but the difference is slight.

k. Dioctyl Diis 1 ic Amide and Dioctyl
"Iscoctene”phosphonate

The phosphoric amide; for vhich data are given in Table 2, has
the lowest pour point and highest VI of any of the amides (not counting the
amido phosphites of very low viscosity which were reported in Technical
Report No. IV). The vigcosity at 100°F coincided with that for the dioctyl
“isocctene"phosphonate and consequently useful comparisons can be made
between the two products. Substitution of the (CaBy)oN for the CeHis
attached to the phosphorus atom increases viscosity at -0 P, lowers VI,
reduces nonflamsabdility slightly, and lowers oxidation and corrosion. As
pointed out above, the viscosities at -60°, -40°, 100°, and 210°F fell on
a straight line on the ASTM chart for the amide.

C. Additive Studies

1. Corrosion and Oxidation Inhibitors

Since most of the compounds prepared under this contract do
not have as high oxidation and corrosion resistance as would de required
for many applications, it is important to find satisfactory inhiditors
before attempting an extensive larger-scale evaluation program. Even the
compounda vhich were quite stable in the purified form would probably
require inhibitors in larger scale production. The conventiomnal inhidbitors
for mineral oilc for the most part are not generally satisfactory in these
organc-phosphorus compounds. Inhibitors that are successful vith phosphates
appaar to show promise with phosphonates and posaidly phosphinates.

The first inhiditor studies wvere made using Victor Chemical Works
dioctyl "styrena“phosphomats. This compound, vithout inhibitor, is being
teated in the Motor Laboratory as the firat phosphorus compound for evaluation
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on & large scale (see folloving Section). Although this product gave
relatively lowv corrosion and oxidation, in comparisom vith most of the
high-purity samples prepared under this contract, the corrosion was suffi-
cient to give consern in actual use.

The small scale laboratory oxidation and corrosion test was used
10 test & series of inhiditors and combinations. The data are given in
Table 7. Whereas the conventiomal inhidbitors for mineral oil, phenyl
alpha-nsphthylamine or 2,6-di-tertiary-tutyl-b-methyiphenol, gave increased
oxidation or copper corrosion in dioctyl "suyrems"phosphonate, the combi-
nation of glycidyl phenyl ether vith disulfide reduced oxidation and corro-
sion. An investigation of inhibitor concentrations vith the combinmation
using dbis(methylene tolyl sulfide) in place of the wax disulfide indicated
that 1% inhititor appeared to be optimum. Blend 1604 was tested in the
Pezco geer pump (see Motor Laboratory Evaluations). The bis(methylene
tolyl sulfide)looked more attractive then benryl disulfide at the same
concentrations. It also has an sdvantage over tbz wax disulfide of misci-
bility vith the glycidyl phenyl ether. Phenothiazine, which is satisfactory
vith some synthetic oils, did not give any improvement with dioctyl "styrene®-
phosphonate,

This same combination of glycidyl phenyl ether and either wax di-
sulfide or bis(methylene tolyl sulfide) was tested in a dis-1,l'-{didutyl
phosphono)methyl ether, a bis(3,5,5-trimethylhexyl) "isooctene"phosphonete
thickened with polymer, and in a bis-1,6-(dibutyl phosphono)hexane-polymer
blend. The data are given in Tadle 8.

The methyl ether derivative (DH-10-26) gave high copper corrosion
and moderate acidity. Phenothiasine hald little sffect, dropping acidity but
increasing corrosion. The glycidyl phenyl ether-wax disulfide on the other
hand, lowered copper corrosion dbut increased acidity. The thickened blend,
containing dinonyl adipate to sciudbilize the polymer in this dese stock, vas
inhibited with the glycidyl phenyl ether and bdis(methylens tolyl sulfide).
Copper corrosion cn this blend was less than one-helf that of the ariginal
vhile acidity was about the same as the criginal.

With the dinonyl "isococtene"phoephonate, the low-corrosion and
oxidation wvas greatly increased by the addition of polymer but the inhiditar
combination then brought the oxidation and corrosion dack delcw the original
lov level.

In the very corrosive big-1,6-(dibutyl phosphono)hexane, the inhi-
bitor combination gave a small decresse ir oxidation and corrosion but
caustic treatment of the original, descridbed adovi, wvas more effective,
reducing it to a very lov value (see JVW-197-89).

Subsequent inhiditor studies will be made with Viztor's dioctyl
"{sooctene"phosphonate as a base. This coampound is less stable th n the
dioctyl styrene phosphonate and should de more seasitive to inhiditor action.

Tables 7 and 8 follow.
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2. Viecosity Index TS

Since the majority of the compounds prepared under this
contract have had relatively lov viscosities, it is of interest to examine
their response to the use of thickeners to raise viscosity and VI. Accord-
ingly, a preliminary examifiation has been made of the miscidility of the

conventional VI isprovers with a fev organo-phosphorue compounds. The data
are given in Table 9.

Based on earlier work vith phosphates and other synthetic oils,
the greatest increase in VI for a given increase in viscosity 1s usually
obtained vith the alkyl msthacrylate polymers or copolymers (Acryloids).
Other thickerers of commercial importance are alkyiated styrene polymer
(santodex) and polyisctutylene or polybutenes (Paratone, Vistanex, Indopols).
In some instauces Santodex shovs better miscibility over Acryloid for
phosphates. Most of the present work was done with Acryloids, either
BEF855 or HP8125. In one instance with bis(dibutyl phosphono)ethyl ethers
vhen one of the compounds vas immiscible with Acryloid, a Santodex blend was
tried but wvas alsc immiscible.

Addition of Acryloid to either the dioctyl or the dinonyl "iso-
octene"phosphonate (blends 1386 or 1619) gave a large incresse in VI but
cnly a small drop ir ratio of viscosity at 100°F to viscosity at 210°F.
With the dioctylphenylphosphine oxide both the VI improvement and drop in
ratio were large but the original ™1 was so lov that the final VI of 33 was
still lower than most of the organo-phosphorus compounds.

¥ith the dis(dibutyl phosphono) compounds, Acryloid was not
miscible vith either methyl or ethyl ether derivatives but was miscible with
both butane and hea. me derivatives. Santodex wvas also not miscible (at 5%
concentration) in the ethyl ether derivative. Both of the immiscible bis-
phosphono ethyl ether blends vwith Acryloid or Santodex could be solubiiized
vith about 25% of dioctyl "isooctems"phosphonate as shown by blends 1627
and 1629. The VI improvement and decrease in viscosity ratiio wvas greater
for the Acryloid dlend than with the Santodex although the concentration of
the latter was slightly lower.

The bis-1,k-(didbutyl phosphono)butane-Acryloid blend (No. 1626)
showed a greater increase in VI and drop in ratio than the corresponding
blend in bis-1,6-(dibutyl phoephono)hexane (No. 1638).

As pointed out above, the addition of polymer to these compounds
often neces-{tates the simultanecus addition of oxidation-corrosion inhibi-
tors tc give stadble products.

Table 9 follown.
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MOTOR LABORATORY EVALUATIORS

I. Introduction

In sddition to dioctyl ‘styrene”phosphonate, the commercial
preparation discussed previously (IV-36), the Motor Laboratory has obtained
a light mineral oil (EVI 100 Neutral, Houston st. 'k - Relerence designation,
K-1500) to use a8 a further orientation aid in _valuating the materials
prepared under the Contract. A list of phys®:al properties of the two
reference fluids is provided in T#»ble 10 following, from which it may be
seen that the two materials possess certain rather similar characteristics:

Table 10. Properties of Reference Fluids

A

Fluid Viscoaity Acid No. | Pour Micro</
Nane No. |Source TR ‘ V.I.‘ms.xoa/g. Point Miash|Fire
100°F 210 F D.&D‘.W *¥ |Point|{Point

°F °F

Dioctyl "styrene™ K-1508|Victer [27.13 | k02| -1 0.8 -55 | 435 | 505
phosphonate Chem, ‘

HVI 100 Neutral |K-1500| Shell 21.78| k.11! 96 0 +10 | 400 | M5
Cil Co
1

1} Dean and Davis.
2) BSee Repart III-18 ror description of test,

II. Preliminary Evaluation

A. Pesco Gear Pump Studies

The Pesco aircraft hydraulic puwp, Model ir-349, has dbecn chrsen
for wear and fluid deterioration evaiuation of those of the Coutract materials
that are operable in this equipment. The test atand employs a simple
recirculating system vith reservoir, pump, loeding valve, heat exchanger,
filter, and the necessary gages and control equipment. Table 11 summarizes
the operating conditions and lists the results of initial tests of the two
reference fluids, Changes in visccsity and ecid number were no=inal in the
seven tests completed to aste (Table 11}, but the pump vear, as measured by
the weight losses of the gears and their supporting tushings, was notably
higher vith the phosphonate (Test WI-151) than vith the minersl o1l (Test
WI-150). Prelimina y attempts to achieve more sstisfactory wear vaiues by
neens of either anti-oxidation and corrosion or anti-vear additives in the
phasphonate {Tests WI-15% and 155) vere unsuccessful.

More additive studies are contemplated Tor the Pegco apparatus,
as vell as vear invertigaticns of additional coem-rcial phosphorous cozpounds,
efore work i{s initiated with compouncs synthesirz:d under the Contract.
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B. Lauson Engirne Test -

An engine test of the EVI 100 Neviral reference oil has been
started in a single-cylinder, iiquid-coole., four-gtroks cycle guzsline
engine (Lauacn Model IF; bere 2.6 in., stroke 2.5 in.). Sat’sfactory
operation hag been chiained despite the low viscosity of the cil. 7he
cuplete test resulte, together with a full description of the equipment
and procedure, will be rexcrted later. The dioctyl "styrore™phosphonate
is also scheduled to be run in +ne Lauson cagine.

WEV:fhb William E. Vaughan

as Cocordinator

Appendices A and B
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APPENDIX A

Persounel

Following is a list of the professional personnel who have been
actively associated vith the contract work to date (including both full-
and part-time participents):

Praaguuom

S..A. Ballard

V. W, Buls .

R. C. Morris

A. R, Btiles

J. L. Van Winkle

W. E. Vaughan, Coordinator

Bench Scale Evaluations

R. G. Larsen ’
W. F. Ross :
8. X. Talley
R, B. Thorpe
F. J. Watson

Motor Labora Evaluations
A. G. Cattareo

A, R, Isitt
J. E. Weigel

Electrical Properties
J. N. Wilson

Analytical Work

G. W. Bond
R F. R. Brooks
i A. E, 0'Donnell
' E. D. Peters
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Forsula Index with Cross Reforence to Pﬂpfﬂio«')

Empirical
Foraula

————

Coy QP
CsHyClaP
Goty &P
Cratplioge
Crabpliop
Clatp P
CreMagyP
Cahss QP
Cietes %P
Cletes P
Clsias &P

ClghalrPy

CigMs%P
Ca0HealgF?
C20Ma 0P
C21 yg0P2
C22HagR Q3P
C22¥4g06P2
C24H36%5 P2
Co4Ha G5P2
(24149 ®PS,
C24Hag P

C26H520i0P2
C2616303P

(37Hr84P2
CartipglpP?

sethyl allyl phosphite
p=chiorchenzenephosphonous di chloride

allyl benzenephosphinate

butyl pechlorobsnzane(butans Jphosphinste
dibuty! pechlorobenzensphosphont te

dibutyl benzenephosphonate

dibutyl ®isooctens Sphosphonats

dibuty! *tsocctane "phocphonate

dibutyl 2.ethyliexansphosphonate

dibuty] neoctensphosphonate

dibutyl butoxnthxnthmphowlmcto
bis(dibutyl phosphono Jeathy! ether
totrebutyilansnethylenedi phosphine oxide
ble=],do(dibutyl phosphono Joutane
bis=2,2%=(dibuty! phosphone Jethyl etiwe
bise],S«{dibutyl phosphono pentane
bis(2eathylhexy! N,N diisopropyiphosphoric mide
bis=],8=(d1buty! phosphono Jhexene
bies2,2¢(buty] benzenophosphinicoJethy! ether
blee],du(Ctbulyl phoophonepsthy? henzene
bis(Tonethyi=dathiaocty! )*18ooctene"phosphonats
2«(dihutyl phosphono Jethyl myristate

bie [2=(dibutyl phospheno Jethy(] adipate
b1s(3,5,5«trinethy Ihexyl )*1acoctene "phosphonate
1,5pontanediol df (b1s=2«athy!hexancphosphinate )
|,S=pontencdio] di (ble-2-ethylhexyl phosphats)

Structueel

(CHB0)(C3H50)P0H

C1+CgH el

(CyHs0) OPakCeHy )
C1CgHy (Cytp JOP(0C4ty )
CICsHP(0CH )y

(Cytiy0)y (Co; PO
(C4Hg0 ) (Cgtys )P0
(C4Hg0)p (Cghy7 JPO
(C4Hy0)p(CoHy7 PO
(C4hg0)2{Caty7 )P0
(C4tg0 )2 (C4HgOC2HY0C2Hy JPO
(icamolgpocigo0
(C4tg)0p=(Chy JgPO(C4Hg Jo
f(C44g0)PO-CHp=Chry] 2
(1chg0)oP0-CaHg) 20
f(Cahg0)2P0=CaHy JoCHy
(Cgt70 J2(C3Hy JoNPO
{(carg0)2Pac3Hg) 2
((C4tg0)(Cats Jucahs J20

(C4Hg0)2POSCH=CD Cin)-PO(0C4Hg Jp

(C5Hy 1 S-C3Hg-0)2(Coty5 )P0
(C4Hg0)2PO(C2H4COOC|3 H7 )
ficargo)zpocoHiCO0C2Hy) 2
(CgHyg0)2(Catys )P0
[Lcat 7 )2P0=0CzHg)2 Chy
({cem0)p0-0CoHg), Cho

) For Technical Seport No, ¥ {see also |¥ « Appendix C)
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