3 .:‘":;tr 4 (”""""
Vg a AR
c-‘»i.&?ﬁ,};ﬁg.a ey

2
L

S R . §
® '&\Q:g%s e s T AR

50\(" . Q‘

E Nl Organo Phosphorus
< O\

™%
»3x Compounds

op)
;;‘2
Qi*'

Pl e e 4t i SN
BT e BT

Gyt
t;{.’!ﬂ.:

(;
£

for

Department of the Navy

Office of Naval Research

Y e i A

¥
{

NAVY RESEARCH SEGRA
SCIENCE. DIVISION ey
REFERENCE DEPARTMENT

o LIBRARY OF CONGRESS

A
Techn.cal Report No‘t ”R 1? '95]

50
2 M“‘ h‘?
Contract Nos. NQon -87500 and -87501
Yroject <o. NX 035 20§

. Periad Covered: September |. 1950 to November 30, |950

AR o e T

I Ay
AR i X*":

SHELL DEVELOPMENT COMPANY 4
EMERYVILLE, CALIFORNIA b8




-~ e e

S AR MIMEO RRY. &80

SHELL DEVELOPMENT COMPANY

EMERYVILLE, CAL!FORNIA

TELEPHONE CLYMPIC 32100

February 16, 1951

COMMANDING OFFICER
U. 8. Navy, Office of Neval Research

Branch Office
80) Donahue Street
San Francisco, California

Dear Sir:

Reference:
ProJject No, NR Q35 205

We enclose two coplies of csur sixth report under the sub ject

contract which we have issued as Technical Report No. VI "Organo-
Phosphorous Compourds", This report covers the period September through

November, 1950,

By copies of this letter, distribution of this report is being
made in eccordance with prescribed distribution for Technical Reports as

listed in the attachment hereto,
Yours very truly,

SHELL DEVELOPMENT COMPANY

TU s

T. W. Evans

AL fec
Attachments

¢c's on following pages




t :
|

V7

Report NoJ S-13255

TR N RO S '

{

(1, JoRRSo~ FROSFRORUS COMPOUNIS .)

@? Tecnmallz&@fo.o by 4 Sep—ﬁo Nov ?Q:) |

fow

Department of the Navy
Office of Naval Research

Period Covered: September 1, 1950 to November 30, 1950

(5ING onr-2 750
Gantwnehaliosl, Noorr-87%0)
w‘-

SEEIL IEVELOPMENT COMPANY
DERIVILIE, CALIFOHNIA

(321 75D)




Report No. 8-1325%

Page
1
2
2
2
2
3
)
3
3
3
L
4
L
L
L
5
5
5

Tablo of Contents

ABSTRACT . . + . . . . .
PmPAmIONs..OCOQOOCOOKI

I. Introduction and SUMBAYY . & & & & v ¢ + ¢t v 4 0 vt . e e e s
II. m!’ivatinﬂ of Phoaphomus Acid [] e &+ L . . * 4 0 . LA LI

A. Tris(3,5,5-trimethylhexyl) phosphite . . . . . . . . . . . .
111. Derivatives of Phosphonic Acid . . . . . . ¢« . ¢ ¢ v v ¢« 4 4 o &
A.Monophoephonates.........,.......'.....

1. Bils(2-bromoethyl) benzenephosphonate . . . . . .
2. Bis{2-chloroethyl) benzenephosphonate . . . . . .
3. Di-n-butyl 3,5,5-trimethylhexanephosphonate . . .
4. Bis(3, 5,5—tr1methy1hexyl) bengenephosphonats . .
5. Di-n-butyl "styrenephosphonate . . « .« « ¢ . . 0 0 0.

LI e o

- .

s o o e
3

B, Polyphosphonates . . . . « ¢« ¢« « ¢ ¢ ¢ s ¢ 4 o o v s 5 & v s
1. Bie-l,2-/2-(di-n-butyl phosphono)ethoxy/sthane

2. Blafo- 12(3,5,5trimethylhexyl) phosp ono7ethy17 other.
3. Bls/l-{di-n-tutyl phoephono)-n-butyl] ether . . . . . . .
L, Bis/3-(d1-n-butyl phoaphono)ethyl/ 'Benunephosphonate .
5. Chloroparaffinphosphonate . . . . . e e e
6. Polyphczphonate from 1 }Pentmediol and Benzenephosphonic
DichloTiam . &« ¢ ¢ ¢ & 4 ¢« s 0 4 e e e e s e e s e
IV. 'Bottoms-Product8” . . . . v ¢« .+ ¢ et s s b e e 0 e .. b \
A. Bie(3,5,5-trimethylhexyl) benzenephosphonate . . . .. . .. 6
B. Bie(3,5,5-trirethylhexyl) "isooctene"phosphonate . . . . .. 6
C. Dibutyl bengenephosphonate . . . . . . . . . 4 000 0. 6
D. Dibutyl "styrenme"phosphonate . . . . . .. . . . . . - 6
E. Bis(7-methyl-k-thiaootyl) benzenephosphonate . . . . . 7
F. Bis -g‘d.i-n-butyl phoaphono)ethyl/ ether. . . . . . . . 7
G. Bie-1,6-(di-n-butyl phoephono)hexane . . . . . . . . . 7
V. Catalyste for the Arbugov Reactiom . . . . . ¢« ¢« ¢ v ¢« v ¢+ .. 8




Report No. 5-13255
Table of Contents (Continued)

II Introductiol"‘y and smﬂ L] L] . L] L ] . . . L] L] L] L] L] . L[] » L . . L]

BRSO I T I AR e T S e ¢

II. Evaluation e * L] L] L] . L ] L] [ ] * L[] L[] . L] . * [ ] L] * . L) ] L] . L ] L] L]
A. Summaries of 8pecific Properties on New Compownds . . . . . .

Page

TGINCH SCAIE EVALUATIONS « . « . « o « « o v o 9§
9

9

9

1. Acidities . . . 9
10

2, Pour Folnt . v . v ¢ o v e et e e s e e e e e e e
3.v180051ty........................lo
b, Viscosity Index . . . . v ¢« ¢ ¢ ¢ 4 o s o s o o o 0 s . . 10
5. Flammabildty . . . . . . ¢ ¢ o i 0 0 e e e e e e .. 1
a, Microflashend firepoints . . . . . + ¢« ¢ ¢ ¢« « +» « 11
b. Pipe cleaner flash and fire points . . . . . . . . . 1l
6. Thermal Stability . + v v v ¢ ¢ ¢ ¢ ¢ o o o s o 0 o o o o 11
7. Corrosion and Oxjdation Stability . . . .. ... . .. . 12
8. Wear snd Frictlon, . . . . v . v v ¢ vt e e v 4 .. 12

B. Comparieson Between Properties of Pure Compounds and Technical
Gn“ mducts L] . . . . . L) [ ] Ll * . ] [ ] L] . . . L[] L] L[] L] . L] 13

c . Additin studies 8 e 6 8 8 & & 9 9 & & s+ & e & 2 * o ¢ o & e 15

l. Thichmre md u mpm“rs [ L ] L[ . L] » L] [ ] * L1 ] L] . L] + . 15
2. Corrosion and Oxidation Inhibitors . . .. . . . . . . . 16

MOTOR LABORATORY EVAIUATIONS . . . . . . . . . . 19

I . Intmduction e ® @ o ¢ s e 6 s 3+ 8 9 e e s F » e 3 e & s B8 2 9 » 19

II. COrientation Studies of Reference Materials . .. . .. .. .. . 20

A. PoscoGoar Pump Tests . . . + ¢+ ¢ ¢ o s ¢ ¢ ¢t s o s o s 2 20
B. Tauson Eugine Tests - Cold Conditions . . . . + + ¢« ¢ o o +» « 20
C. lauson Engine oats - Hot Conditions . . . . . . .. v e . 22
D. Spur Gear Load Carrying Capacity Tests . . . . . . . . . 23

I1I. Expansion of the Evaluation Program . . . . . « « « « s o+ &« s « «» 2b
APTBNDIX A - Conference with Navy Representatives 25

AFPPEADIX B - Jormula Index with Cross References
toPreparations . . . . . . .. .. 26

APPENEDIX C - Personnel icr the Quarter . . . . . 27

i3

BN - e ————— L ——— ol




-~ Report 1. 8-13255
SHELL TEVELOPMENT CU{PANY
Emeryville, California
January 23, 1951

Contract No. N9onr-87500
-87501

Project No. NR 055 205
ABSTRACT

The present Technical Rsport No. VI, covering the quarter
September 1 to November 30, 1950, in continuation of the trend developed in
the previous quarter, discusses the preparation and evaluation of phosphonates
as potential lubricents and/or hydraulic fluids, to the exclusion of
phosphinates and phosphine oxides, as the latter two classes of compounds
have not appeared promising. The total numbers of preparations of this
period are as follows: rhosphine axides, O (total for six quarters, 10);
phosphinates, O (19): phosphounates, 18 (53); phosphates, 0 (2). miscellaneous,
1 (11); grand total; 19 (95). The mmber'.of phosphonatos (18) can be broken
down in this manner: 2 monophosphonates for use as intermediates; 3 mono-
phoephonates for evaluation) 6 polyphosphonates for evaluation, of which &
wvere bis-compounds; and 7 repeated syntheses of promising campounds as
tbottomse-products®, that is, the materials were not distilled. The latter
were evaluated to ascertain whether or not they still retained their favorable
characteristics on elimination of the tedious molscular distillation to which
they had previously deen subjected. In general, thie they appeared to do
very satisfactorily in the bench scale evaluations which are coutinuing.
Yiotor Laboratory evaluations have been accelerated, still using cammercial
materials for orjeutation studies in Pesco gear pumps, cold and hot lauson
engines and spur gear load carrying capacity tests. rger acals preparations
(ca. 5 gallons) are nov underwvay to provide material™Xor much more extensive
testing of a few of the most attractive materials.
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PREPARATICHNS
I. Introduction and Summary

From the evaluation data presented in Technical Reports I through V
it bhas become evident that of the following claeses of organo-phosphorue
compounds--phosphine oxides, monoalkanephosphinates, dialkanephosphinates,
and phosphonates--the phosphonates show the most promise of application as
lubricants and/or hydraulic fluids. When blended with additives, certain of
the mono- and bis-phrephonates have shown some rroperties equal to or better
than commercially available products.

In view of this evidence the majority of the present synthesis work
has been devoted to the preparation of new phosphohates and to the synthesis
of a number of promising phoaphonates as bottoms-products. This latter uffort
has entailsd the preparation of 200-300 cc. quantities of undistilled material
in such & manner that the process could be carried out in a small pilot plant.
In scme cases the Lubricants and Fusls Depariment found thess bottams-products
to be actually superior to the laboratory samples that had been carefully
purified by distilling through a molecular stili.

II. Derivatives of Phosphorous Acid

In carrying out the asynthesis of a large number of the campounds
described in earlier reports tributyl phosphite+/ has been used &z one of the
starting materials. This phosphite was employed bscsuse it was then
commercially available and experience in This laboratory cn other ‘provless
had shown the n-butyl group to impart good rheological properties. In order
to synthesize ¢ mpounds of higher molecular weight ancther phosphite,
tris ( 3,5,5-trimethylhexyl) phosphite, has been prepared for use as &
starting compound. ’ ,

A. Trio S~trimeth:ibexyl osphite. (093190)3P

This ester wvas mads by reacting 3,5,5-trimethylhexancl with
phosphorus trichloride in the presence of pyridine.

A reaction flask, surroucdsd by & cooling bath at 0°
to 15°C, was ¢ d with 880 g. (6.1 moles) of 3,%,5-
trimethylhexarols/ k83 g. (6.1 moles) of pyridine and
1300 co. of tolusne. To this solution was added slowly
with stirring 275 g. (2.0 mcles) of phosphorus trichloride
10 300 co. of toluene. When addition was complate. the
reactiot mixture was allowed to stand overnight at room
temporeture, and then fiitered to remove pyridine hydro-
chlorids. After flashing off the tolusne the residus

1] "R recent latter from tie du Foot Co. (11-1A-0) adviees that they wo
longer menufacture thie compound.
2) Feadily availadls as 'Toryl® alcobol by the Oxo reactiod.

e e 1




-3~ Report No. 8-13255

wag distilled from a Claisen flask. There was recovered
846 g. (1.84 moles) of product, doiling at 170-180°C at
0.1 mm. This represented a 91.8 per cevnt conversion on
the charged phosphorus trichloride. Other properties of
the campound are given in Table 1 and the bis-phosphonate
prepared by reacting with bis (2-bromoethyl) ether 1s
deascribed in another section of this report.

IIT. Derivatives of Phosphoulc Acid

From evidence presented in Status Report V it wvas shown that of
the organo-phosphorus ccipounds studied the phosphonates showed the most
promise of application as lubricants and hydreulic fluids. In view of thies,
synthesis work wac devoted mainly to prsparing mono- and [ »lyphosphLonates.

A. Monophosphonates

1. Bis(2-bramoethyl) benzenephosphonate. C6B5m(00320323r)2
2. pig?2-chloroethyl) benzenephosphonate. 05851’0(00320!!20.‘ Yo

Thess two campounds were prepared to use as intermsdiates in
the preparation of a triphosphonate and to be evaluated themselves. They
were made Ly reacting benzenephosphonic dichloride with ths halohydrin in
the presence of pyridine. The expsriment for the chlorohydrin follows:

Into a flask equipped with a stirrer and cooling
bath was charged 322 g. (4.0 moles) of ethylene chloro-
hydrin, 317 g. (4.0 moles) of pyridine and 1200 g. of
tolusne. To this was slowly added 370 g. (1.9 moles)
of benzenephosphonic dichlorides. When all the dichloride
bad been addsd, the mixture wvas allowed to stand over-
night at room temperature. After filtering the pyridine
hydrochloriue, the solution was washed and then after
remove . of ths toluens, was distilled through a
molecular still. The halids appeared to hydrolyse
ecasily on treatmsnt with dilute sodium hydroxids.

Other proporties are given in Tadble 1.

3. Di-n-dutyl 3,5 5-trimethylhexanephosphonate . chlgpo(oq,!@)?

The 3,5,5trimethylhexyl derivatives already prepared and
dascrided bave gshowvn good axidation and corrosiol characteristics. To study
s compound vith this group attached directly to tbe phosphorus atam, tributyl
phosphite bas deen reacted vith 3,5, 5-trimethylhexyl dramide. The method
used vas the lov prassure techrdque descrided in Technical Report V, page 5.
The properties of ihe product are given in Table 1.

. - - S e TN b B
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b, Bls(3,3,5trimethylhexyl) bengensphosphonate.
CeHsPO(0CqH) 9)n

An additioual tyrimsthylhexyl derivative was obtained by
reacting benzensphosphonic dichloride with 3,5,5-trimethylhexancl., The
Iubricants and Fusls Department will compare the properties of this ester
with thoss of the bie (3,5,%-trimethylhaxyl) "isooctens“phosphonate given in
the last report.

The method used in the synthesis of this ester was similar to that
dsscribed in this report on page 2. Properties of the compound are given
in Table 1.

5. Di-n-butyl “styrens“phospiucuate. (CyHg0)oPOCE®CECghs

This monophosphonate was prepared both as a distilled and as
a "bottoms-product”, being made from n-dutyl alcohol and "styrene “phosphonic
dichloride. 7he properiies of the ester are given in Table 1.

B. Polyphosphonates

Prior work has shown that the diphosphonates shov marked superiority
over ths monophosphonates with regard to low flammability. An additional
mmber of this c¢lass of campounds bas been synthesized along with a triphos-
phonate and a polymer.

1. Bis-1,2-[2-(d1-n-butyl phosphono)ethoxy Jothane.
((CyB0)p-P0-CoB,0CH,- 32

It is well known that the polyethers of ethylene glycol have
good viscoeity indices, and that the sther linkages are quite stable. To
incorporate this into a diphosphonate, a reaction between tribdutyl phosphite
and triglycol dichlorids hes been carried out. The campound is described in
Tadls 1.

In this experiment, vhere the Arbuscy reaction vas
being carried out with a chloro derivative, it vas
necessary to heat tbe reaction at 230-260°C in order to
split out butyl chloyids. From a charge of 187 g.

(1.0 moles) of triglycol dichloride (Cl.CHo-CBp-0-CHp-
CHo:0.CHp-CHp:Cl) and 750 g. (3.0 moles) of tridutyl
phosphite was recovered, 327 g. of product doiling at
150°C at 0.017 mm.

2. Bie P-[v16(3,5,5- trimethylhexyl) phosphonolethyl] ether.
((CoByg0)5-PO-CoBy 20

A sample of Mg [2-(41-b-butyl phosphono)ethyl] othor has been
ovaluated and found to possess ohe ssrious druwdack in that it is oot miscidls
with Acryloid viscosity index improvers. In an attempt to reasdy this, we

S ARG
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have synthesized bis [2- [(bis (3 ,5,,-trimothylhefyl) phosphono]ethyl] ether by
reacting tris (3,5,5-trimethylhexyl) phosphite3) with bis (2-bromoethyl) ethsr
at 180° to 200°C and 17 mm. pressure. The product, aistilling at 182-184°C
at 0.011 m., was formed in a yield of over 95 per cent and ic described in
Table 1.

3. Bie [4-(ai-n-dutyl phosphono)butyl] ether.
[(Cuﬁgo)a-m'chﬂe]g‘)

Another poseibls method of improving the diphosphoro ethers
described above is to replace the diethyl ether portion of the moleculs with
dibutyl ether. This was accomplished by reacting bvis(4-chlorobutyl) ether
with tributyl phosephite.

The bis(k-chlorobutyl) ether, (Cl-CHe-CQ-CBQ-EHQ)go,
vas preparsd by the method of Alexander and Schnieppt)
vhich consisted in treating tetranydrcfurans with phos-
phorus oxychloride in the presencs of sulfuric acid.

2-CBp-CHo-CBp-CHo-C- + POC13 —> CL.(Chg)y-0-(CH2)y Cl

It was found that this dichlorobuty: sther reacted very
slowly with tributyl phospnite below 250°C and rapidiy at
265-275°C. The bis-phosphonate, after distillation and
treatmeut with 1 N sodium hydroxide, was a lignt, oily
liquid with an acid mumber of less than 0.1. Its other
properties are given in Table 1.

k. Bigs(2-(di-n-butyl phosphonoc)ethyl] bengenephosphonate.
0685-P0 [0%-%-?0(001‘%)2]2

In order to inveatigate the properties of a campound containing
three phosphorus atams we bave synthesized a triphosphonate. By reacting
tributyl phosphite (263 g., 1.05 moles) with bis(2-bromoethyl) benzene-
phosphonate (130 g., 0.35 Bolss) at 160°C and reduced pressure there was
formed 145 g. of the desired product. The trisphosphonate was an oiiy liquid
bYoiling at 168-190°C at 0.014 mm. pressure. In Tebls 1 are given ths otlsr
properties of the compound.

5. Chloroparaffinphosphonats. Cl, - R - PO(O0CyBglo

It should e possidle to prepare a somevhat different type of
phcephorate by reac-ir, a long chain chlorinated paraffin with either tridutyl
phosphite or sodium Afbdutyl phosphite. If all of the chlorine atoms reacted,
then oune would obtain a polyphosphobate, otherviee a chlorine-containing
rroduct would result. One experiment bas beend performsd by reacting a
chlorinsted paraffin, coutaining 30 per ceat chlorine, with sodium dibutyl

prosphite.

3] This compound 1s described on page 2 of this report.
M) J. An. Chem. 8oc. J0, 1839 (1948).
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A aolntion of scdium dibutyl phosrhite wus prepared

by ddesolving 19 g. [0.82 moles) of sodium in 19k z.
(1.2 moless) of didbutyl phouphit» in 100C cc. of tcoliuens,
To this solution, at 105-112°C, was ad?ad 235 g. (2.0
gwatoma of chlcv'ine) of Chlcrofin 15.-) Aftoy refluxing
Zez 2k boars, Wwater wac adied to dissclve the sodlum
chloride which had eoparated. The water layer wae
digcerded, and after washing twice with water, the
tocluena was flasi-distillsd to recuve» 307 g. or &8
yollow cil. Tc¢ i»move any free acidity and saslly
hydrolyeeble impurities, 291 g. of this oll waa refluxed
for £ hours with 300 cec. of 1.0 N sodium hydroxide.
The recover:d product weighed 256 g. after drying and
had at acld number of 0.02.

0f interest 1s a comparisol of properties of the
original chloroparaffin and the chleroparaffinphosphonata,

Chlorofin 15 | Chloroparaffinphosphonats
vis. c¢s. 100°F ok.8 29.2
vis. ¢8. 210°F 10.5 5.17
Vi 10l 119
g Cl 30.0 19.1

RN AN A b S v T s S

Other properties of the chloroparaffinphosphonate are
alven in Table 1.

b ],

6. Pclypnosphouate from 1,5-Pentansdlol and Bengene-

hesphonic Dichlorids.
-0+ {CEp)5-3 B{0){CqH5)-0- (CBp)5-0-JF(0) (CgEs)

One experiment has heen made to obtain a polyphusphcvete by
: reacting & glycol with an allanephosphonic dichlorids. From 1,5-poutanediol
4 and bengensphosphonlce dichloyids was cobtained a very thick, viscous product
{ that wouid hardly pour st room temperaturs. The molscular weight of the
. product indicates it to be a tetremer. Murther work is planeved in order to
ottaln a less viscoue material,

:
i
§

Iv. 'Bottcma-Products”
A, B48(},3,5-trimethylhexyl) benzevophosphonats. CeHsPO(0CoE;g)s

B. Bis >=trimethylbexyl} “isoocctensphosphonate.
Cgli5t0{0CoH g2 .
C. Dibutyl bensensphosphonate. CgHsPO(OCLEg)y

D. Dibutyl "styrene'phosphonate. 063503-63:90(06)‘59)2

57 Chlorofin 15 was purobased irom Hooker Elsctroohemical CO. ARd Contasned
30 pex cent ctlcidive,

PR = B Ll ) ] AR R




har s

-T- Report No. 8-13255

E. B -nathyl-4-thiasoctyl) besnzeusphosphonate.
'c"mljd;rw“gwgll)z

F. PMe[£-(di-n-butyl phosphono)ethyl] ethsr. Rchngo)amc%cnzjgo
- G. Bie-1,6-(di-n-butyl phosphono)hexane. ([C}Hq0),POCEy-CHy~CBp- 1
Ar thie contract goes into its second year it is now plauned that

eh ircreasiug mmber of the beet laboratory products will be gynthesized on &
larger scale fov more complete evaluation by both the Motor Laboratory and

-the Faels and Jubricants Department. As has been described in the earlier

Tecanical Reports, the materials evaluated by bench scale wers purified at
ons gten by meane of a distillation--often in & molecular still., This would
probab.y present same difficulty on large-scale menufacture beceuse of the
high boiling points ard the necessity of keeping the acid numher low.

¥ith the possibility that those producte chosen to be tasted on a
larger scale could be prepared as undistilled ('bottoms") products, we have
rade & number in this manner for comparative, bench-scale testini. The
compounds were prepared by one of two mathods:

(a) Reaction of an alkanephosphonic dichlorids with
an alcohol in the presence of pyridine, or

(b) The reaction of {tributyl phosphite with a dihalide.

Typicel expsriments are described below and the properties of all
of tke botioms-producte are given in Table 1.

Bis{3,5,5-trimethylhexyl) "isooctene '"phosrhonate.

Into a flask equipped with a gtirrer and surrounded
vith a cooling bath were charged 575 g. (4.0 moles) of
3,5,5~trimethylhexanol, 237 g. (3.0 moles) of pyridine
and &8 & diluent 1000 cc. of toluens., To this cooled
solution (0°-5°C) waas slowly added 231 g. (1.0 moles)
of "iscoctens"phosphonic dichlorids. When addition wae
complete, the resction was hsated at 95-100°C for 3
hours, and then the product waa recovered by diluting
with water to dissclve the pyridine hydrochloride. The
wvater layer wes saperated and the tolusue solution again
washed with water. The toluene was distilled off and
the reaction mirture was stabilized by heating at 180°C
at 5 mn. pressure. 70 order to remove any acide or
easily hydrolyzable impurities, 436 g. of this atabllized
residue was refluxed at atmospheric pressure ,102°C) wit
%00 co. of 1.3 N sodiwa hydroxids solution. The aqueous
vhage wvae 2:2ined and 300 co. of benzene was added to the
profuct. This bsuzens solution was washed three times
with bot water and after flashing off the benzens, the
bis(3,5,5-trimethylhexyl) “"iscocteus'phosphodate was
drisd at 1%0°C and % mm. pressure.

(Tabls 3 follows.)
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This ester was very light yellow in color (Garduer
Color 1) and had an acid numder of 0.10. From this treat-
ment was recovered 387 g. (0.87 moles) of product which
represented an 87.0 per cent couversion to product based
on the charged "iscoctene'"phosphonic dichloride.

Bis L_2: (di-n-butyl phosphono)ethyl] ether.

Into a kettle attached to a fractionating colvmn was
placed 750 g. $3.0 moles) of tridutyl phosphite. After
heating to 160°C at 40 mm. pressure, thexe vas slowly
added 232 g. (1.0 moles) of bis(2-bromoethyl) ether. The
butyl bromide formed during this Arbuzov reaction was
recovered in a cold trap. When uo further butyl bromide
vas liberated, the reaction mix*ture was stabilized by
heating to 156°C at 5.0 mm. pressure. A ssxple of 482 g.
of this crude product was heatod under reflux with 500 ce.
of 1.2 N scdium hydroxide., After refluxing for 2.5 hours
(when intermittent titrations showed that no further
caustic was being consumed), the agueous phase was
separated and the product washed with hot water. The
b4 sphosphonate was dried ty heating at 150°C and 5 mm.
pressure. There was recovered 392 g. of product which
had an acid number of 0.09 and a Gardner Color of 2.

This repressnted an 85.5 per cent couversiod bazed ou the
charged bis(2-bromoethyl) ether.

V. Catalysts for the Ardbuzov Reaction.

It 1s well known that in general the ease of reaction between an
alkyl halide and & trialkyl phosphite depends to a large extent on the naturs
of the alkyl halide. Thus, in the n-dutyl halide eeries, n-butyl iodide
reacts easier than the bromide which in turn reacte easier than the chloride.
So far during this program a number ~f alkyl chloridss bhave been reacted with
certain phosphites and thies has required the use of high temperatures and
long reaction times. Am a consequence of these reaction conditions, ylelds
of product from the Arbuzov reaction using chlorides have been found to be low.

Witk tha possidility that, the Arbuzov reaction could be catalyted by
the use of certeir metal salts to such an extent that 1t would be poesidble to
employ the lens-expensive chlorides, the following tests were carried out:

Tridvtyl phosphite has been reacted with 2-ethylhexyl chloride alone
aud in the presctce of certain metals. The experiments were carried out by
heating the reactauts to 200°C in a ksttle attacked to a fractionating columm.
Any dutyl chloride foxmed during the reaction was recovered and measured in
order to follow the course of the reaction. Prom the data shown in Figure 1
1t may Le seen that 2-ethylhexyl chicride undsrwent substantially no reaction.
The addition of potassium iodide, copper bromide or copper iodide to the
mixture (2 g. catalyst for 100 g. reacianta) caused the reaction rate to
increass, copper iodide being the most effective. However, it may be seen
that nove of the catalysts caused the 2-sthylhexyl chloride to react as
rapidly as 2-ethylhexyl bremids.

(Pigure 1 follows.)
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re 1. REACTION OF 2-ETHYLHEXYL CHLORIDE WITH TRIBUTYL

PHOSPHITE IN THE PRESENCE OF CERTAIN CATALYSTS
Reaction Time 7 hrs.
Reaction Temp. 200°C
(The 2 -ethylhexyi bromide was reacted 1.5 hours)
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BENCE SCALE EVAIUATIONS

I. Introduction and Sumary

As the synthesis progream on new compouads begins to taper off and
certain materials show promise for further evaluation in larger gquantities
ca. 5 gals.), there has been an increase in effort toward the investigation
of thickeners and inhibitors to improve the already attrective properties of
the selected organo-phosphorus compounda.

For the preparation of technical grade or bo’ tams-products,
ccmpounds were chosen from several visccsity levels anu types of structure.
Thus, a monophoaphonate of fairly low viscosity but good nonflammapility vas
selacted together with ssveral mohophosphotv.tes with longer alkyl chaine.
Several bisphosphobates, comparabls in viscisity to same of the long chain
monophosphonates, were also included. The emphasis on the phosphonatng and
possibly bisphosphates has been continued in this period. Although the
bisphosphonates appear attractive, certain problems of preparation oo a
larger scele have delayed their study in favor of some of the more viscous
moucphosphonates. In general the technical grade preparations have commpared
very favorably with the earlier, moleculerly-distilled products. Howsver,
the two technical grads bisphosphonates so far prepared had poor thermal
stability, wvhile all preparations of moncphosphonates were satisfactory on
this score.

Amoug the new molecularly-distilled preparations with attractive
properties were bias [i-(didbutyl phosphono)butyl]ether, bis[2-(dironyl
phoephoty, Jethyl]ether, bis(2-(dibutyl phosphono)ethyl] dbeuzenephnantonate,
tis-1,2- [2-(d*butyl phosphono Jethoxyjethane and dibutyl nonanephosphonate.
A sampls of pentamsthylene tetra-n-butyl diphospbate from Victor Chemical
Works also had scme outstanding properties.

I. Evalmstion

A. Summaries of Specific Properties ou New Compounds

The data obtained ot the Nev compounds are sumarized in Table 2
using the same form amployed in previous reports. They are discussed under
the epecific properties shown in the heading of the tadle. Of the new
campounds sexamined, there were four mohophosphotates, one monophosphinate,
and one bisphosphinico, ohe trisphosphono and three bisphospholo campounds.

A tev preparetion of dioctyl "styrente"phosphobate, of very low acidity, and

a diphosphate, both from Victor Chemical Works, were also inoluded in the
bench-scals ovaluations. Im addition, six bottoms or techniocal grede products,
in addition to the one technical preparation ;reviounly discussed in V have
also beed evaluated.

1. Acidities

Most of toe compounds had acidities less than 0.10 mg. KOH/g.
The sxceptioche weye bis-2-chloroethyl bengsnephospaouate, acid bo. * 0.49, and
bis[2-{4&1utyl phosphono)ethyl] bdengenephosphonate, acid no. = 0.80. Seversl
othere Mad bdordsrline acidities of 0.10.

2
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2. Pour Points

. The majcrity of the compounds had low pour points, -65°F or
lower, and are not further discussed. Includsd in the few which had high
pour points were chloroparaffiuphos;honate, +20°F, and bis/2-(butyl
p-chlorobeanzenephosphinico)ethyl/ether, +15°F. The viscous bis/2-(dinonyl
phosphono)ethyl/ether had 2 pour point of -30°F but the lsss viscous (but
negative VI) samples of bis-2-chloroethyl bengenephosphonate and butyl
p-chlorobenzene (butane jphosphinate had pour points of -3%5 and -45°F. The
highest pour point of the technical grede preparations vas -55°F, wvhich is
still fairly satisfactory.

3. Viscosities

Viscoeities were dstermined at 100°F and 210°F on all the
eemples, and at -L0°F on those with pour points of -45°F or lower. Since the
majority of the viscosities at -LO°F were rather lirge (only three were less
than 1000 ce.), viscosities at lower temperatures (such as -60°F) were not
attempted on this series.

The sample of loweat viscosity was the dibutyl benzenephosphonate,
bottoms-product. The pure dibutyl nonanephosphonate was only slightly more
viscous a* 100°F and 210°F. However the -40°F viscosity of the latter was
almoet double that of the dibutyl bdenzenephosphonate. These two products are
similar in flammability, oxidation, corrosion and thermal stability charac-
teristics. They differ considsrably in wear in the k-ball apparatus.

The moet viacous prodrct was the bis/2-(butyl p-chlorobenzene-
phosphinico)ethyl/ether which falls in the SAB range. Unfortunately, the
high pour point, negative VI and poor thermal astabdility are serious liabilities
and do not offsst the excellent lcw flammadility and interesting viscosity of
this compound. The Daxt-most viscous compound in Table 2 was the bis/2-
(dinonyl phosphono)ethyl/ether which falls in the SAR 20 range. This compound
locks much more attractive from the standpoint of flammability, thermal
stability, inhiditor susceptidility, miecibility with polymers (Acryloid) and
vear. The correspcnding "octyl" dsrivacive has bdeen prepared for early
evaluation, All of the remaining preparetions in the tadls have viscosities
at 100°F bdetween 12 and 30 cs.

The viscosities which vere measured at -L0°F ranged from 363 cs. for
the didbutyl bengensphosphonate o 82,230 cs. for the dutyl p-chlorodenszens -
{butane phosphinate. The new batch of dioctyl "styrene"phosphonate (Victor
Chemical) bad & viscoeity of T7,8%0 cs. at -kO°T.

b. Yiscosity Ipdices

The higheet YI (192, Dean and Dnvie) i0 the tadls was displayed
by the Victor pentamethylsbe teti=“»tyl diphcspbate which incidentally alsc had
8 very lov pour point (belov ~65°F). The pext highest VI, 140, was showvn vith
the bdis/h-(&ibutyl phosphotio)tutyl/ether which also had & very lov pour point,
-80°r. other preparations md viecosity i1adices adove 100, ranging from
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113 to 128. 0f the aix preparations having viscosity indices of O or lower,

all contained either halogen, aromatics or both. Five other preparations had
viscosity indices bestween 70 and 90 and of these, three were benzenephos- ;
phonates. The presetce of ons bengens ring doec nNot therefore necessarily
result in a lov VI. However, all of the "styrene'"phosphonates had low VI.

The H.rdiman and Nisaan viascosity indices were also determined and
are given in Table 2. For the ve:~ low viscosity samples (less than 3.2 cs.
at 210°F) the H:rdiman and Niesan V. is appreciably higher than that of Dean
and Davis, vhile in the higher viscosity ranges, with a few exceptions, the
H. and N. VI is usually lower than tha D. and D. VI.

S AL e g il 00 A . iyt

The ratio of viscosity at 100°F, in cs., to viscosity at 210°F has
also been given in Teble 2. The retio corresponds more closely to the
viecosity index in the Eardiman and Nissan system than to the Desan and Davis
VI. For example, the lowest viscosity samples, dibutyl benzsne- and didutyl §
nonanephosphonate, rated high in both ratio and H. and N. VI. PFurther, if
the nineteen compounds in the table are listed in sequence according to their 3
viscosity-temperature behavior as reted by these three methods, the ratio
agrees (within 3 units of same reting) with the H. and N. VI in 14 cases and
with the D. and D. VI in 10 cases. The two VI methods agree in 15 out of
19 cases.

5. Flammabdbility

The semi-micro open cup (ses III-18 for description) and the
pipe-clsaner test (II-15) have been used to test flammability of the pure
compounds, ccumerci®l products and technical greds preparetions. In two cases
the sample size was insufficient to run the semi-micro flash and fire points,
Except for the greater variation in fire pocinte with the current data, plots
relating flash ané fire points in either test are similar to Figures 1 and 2
- of Technical Report Fo. IV. Geveral samplss, including the halogen-coctainiug
phosphonates and phoephinetes as well as the triasphosphonate, give better pipe-
cleaner fire poiuts than would be expected from their micre-open cup behavior.
All of the campoutds in Tadls 2 have flammabilities in the pipe-clsaner test
@qual to or bettsr than HR-1, the flmmmability reference in AMB-3150A. The
ha logen~-containing organc-phosphorus compouids are sapecially good in this
rogard but their cther gqualitise make them gederally unattrective for use as
hydreulic fluids. The very viscous biaﬁ-(huWI p-chlorobentenephosphinico)
ethyljether hed the highest pipe-cleater results obtained to date ou any

organo- phosphorus campound.
6. Thermal Stability

O N ST oL~ s, I T 3 8 O L 39 K 503 602 1ol 3 06 Bt ikt

It is significant that moat of the ‘echnicai grads or bottomes-
produots bad satisfuctory thesrmml stadbility vhereas ths previcus first
technical preparation of the dis-1,6- (didutyl phoapbobo)hexars (dottcms) bed
poor thermal stadility (see Tabls 2 of V). Howsver, the therwelly stable
bottoms-products are all motophosphotates aBd the only additional bdiephos-
phonate in this clsssificaticd was slso unstadls. The bia/Z-(butyl p-chloro-
beuzetephosphitdco)ethyljether and bis B-(81butyl phosphodo)ethyl/sther
(bottcma-prod&nct) had poor therwal stability vhile the Vvis/e-(&% 1
pbosphono Jethyl/ deciensphosphonate was dordsriine.

(Tebls 2 follovs.)
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Several others, which gave less than five per cent change in
viscosity at 210°F, exhidited appreciabls changs in VI, although this may
indicate an errcheous viscosity at 100°F either before or after the test.

T. Corrosion and Oxidation Stadbility

As usuval, the compounds bave run the gamuv from very stabls to
vory unstable in the small-scale oxidation-corrosion teest.

AN

The compounds which gave satisfactory stability wvithout inhibitors
were didbutyl 3,5,5-trimsthylhexanephosphonate, a Newv sample of dicctyl
"styrene ‘pbosphonato from Victor, dibutyl tengenephosphonate (bottoms),
dibutyl "styrene"phosphonate, both pure and bottoms-products, and bis
[5-(didutyl phoaphono)butyl']ethar.

Compounds with intermadiate cxidation and corrosion stability were
the bisfZ-(didutyl phosphono)sthyl/ether (bottums), tie-1,2-/2-(dibutyl
phosphono)ethoxy/ethans, bis/2-{butyl p-chlnrobomemphocphinico)othyﬂethar
and bis(7-methy -4-thiaoctyl) betzenaphosphonate.

DN A

Two of the nonyl dsrivatives, bis/2-(dinonyl phosphono)ethyl/ether
and dinouyl "iso~ctene "phosphovate, gave low corrosion dbut very high oxidation,

Compounds exhiditing both high oxidation and corrosion were butyl
p-chlorobenzene (dutans Jphosphinats, pentamethyisne tetra-o-rutyl diphosphate
(from Victor Chemical ), "chloropsreffis phosphonate, bis/S-(dituiyl phosphono)
othyl/ benzersphosphonate, bis(2-chloroethyl) benzenephosphonate and the
dinonyl benzonephoephomtoa, both pure and bottoms-products.

In ths section ob inhibitors it will be shcwn that the high degree
of oxidationL and corroeion sxhibited by tho last compound in the above list
can de coutrollsd.

8. Wear anid Mriction

The 4-bdall wear éaia ot the compounds in Tadls 2 alov a
cotsiderable spread in wear vith caly a small variation in friction coeffi-
cient., The lowett wear of any compound in this table was found for the nev
batch of dioctyl "styrene "phosphontte with the divonyl "isooctens "phoaphonate
(bottame) and didutyl nonanephosphonate only slightly higher in wear. As
previously noted, all of the bisphoaphodates and the triephosphonate in thie
tadble gave high wear with ote exoeption. This axception was the dle
[Z-(dinonyl phosphoto)ethyl/ether where the longer alkyl cbain on the ends of
the molascule ie apparently critical. Long chajines between the phospborus aloms
have dot deend betelicial 1D reducing wear in0 the campoudtds so far studied.
This &ifferedce 1u chail langth is also apperent in the modophosphotates {f
ohe compares the wear from didutyl benseiwphosphouate with that from the
correaponding dinonyl bedzetephoaphotats, Also the wear for didutyl notiane-
joosphotate falls betwren that for didutyl n-octanephosphonmte and dibutyl
2-sthylbsxabepbosphotate previocusly reported (see Tadls 2, V). The nonyl or
potans group referred to in this vork fa the 3,5,% trimethiylbexyl or -bexans.
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Therefore, the chain length is, of course, the same as that of the 2-ethyl-
hexyl group but the added methyl side chain appears to have a beneficial
effect also.

The high wear found for bis(7-methyl-4-thiaoctyl) benzenephosphonate
appears out of line since the corresponding "isooctene'phosphonate gave low
vear (see Table 2, V).

The wear with the two dibutyl "styrene'"phosphonats samples was
intermediate detween the high wear of dibutyl bengenephosphonate and the low
wear of dioctyl "styrene'phosphonate. The "chloroperaffin'phosphonate,
prepared by reaction of Chlorofin 15 (Hooker Electrochemical) containing 3¢4%
chlorine with tributyl phosphite, gave much higher wear, 0.67 mm., than that
for the original batch of Chlorofin 15, which gave a scar diameter of O.bhk,
The residual chlorine content in the reaction product may dbe contridutory to
the wear observed.

The coefficieut of friction valuss for most of the preparations vere
between 0.10 and 0.13. The bis(2-chloroethyl) benzenephospghonate gave a lov
frictvion value, 0.07, as did the product obtained from this intermediate, the
bis /2 -(dibuty) phosphono)ethyl/ benzenephosphonate. On the other hand,
bis /2-(dibutyl phosphono)ethyl/ether (bottoms) and bie-1,2-/2-(Gibutyl
phosphono)ethoxy/ethane were slightly above average in friction coefficient.

B. C son between Properties of Pure Compounde and
Technical Grade Products.

Since the larger-scale production of the more promising compounds
developed under this contract must necessarily eliminate some of the steps in
pceparation of the pure compounds, such as the molscular distillation, a group
of products has been prepared as technical grade or bottams products. The
impurities in these preparations may include umreacted initisl ingredients,
(1f sufficiently high bolling), as well as polymers or sids-reaction products.
The effect of such contaminants on physical end chemical properties may be
shown by the data in Tadls 3.

In general ths bottoms-products compared closely with the pure
compounds 4D regard to viscoeity, V1, pour poiuts, flammability, and thermal,
axidation, and corroeion etadilities. One exception was the technical grads
dinonyl “isooctens "phosphouate which had a higher viacosity, lower Vi and
mich higher oxidation than that for the pure ccmpound. Another excepticnh vas
10 regard to the flash point in the pipe-cleaner test. This property vas
congistently lower for all boticms-procducts even though other types of
Tlammadility tests, including the pipe-cleaner fire point, showed Do systematic
variatioas batwesn the puve and technical ccompounds.

In several ingtances tho oxidation and corrosich statility of the
bostoma-products was better thab il:t of the pure campourds. IR the case of
the didutyl denzanephosphorste vhere this vas trus, the pure campound ves a
Freparation fsam Yiotor Chemical Works. It had an acid mmber of O.ak and
this Ay accoudt for its poor axidatici-corrosion test.
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The dinonyl bengzene~ or "iscocteus "phoaphonates and didutyl "styrene'-
phiosphonates appearad to give lower wezr thati the other campounds shown ia
this tabls.

The improved flammability of the vigphoaphots compoutids over the
monophosphoniates is §llustreted with the bis/Z-(dibuty) phosphono)ethyl/sther
1u corvarisen with dlbutyl "styrene’phosphonate or his(7-methyl-k-thisoctyl)
benzonepkosphonate (which has comparable viscosiiy at 100°F} in ths micro
opeL-cup flash and fire points. The corrslation between pipe-cleansr aud
cpen~cup apparatus with these ccmpounds is not aqual to the earlier results
previously reported.

In genera. the very similar oxidstion-corrosion results with either
pure or bottome product was very gralifying. The extreme difference in
oxidation stabliliy with the twe divnonyl "isooctene "phosphonats preparations
18 difficult to explain asincs the corroaicn data are quite comparsble. The
good oxidation and corrosict stebility for the dibutyl "styrene"phosphonates
ig similay to that for the dibutyl benzenephosphonate.

The viscosity st -40°F was generzlly lower for the Lottume or technl-
cal grade product than for the pure product. The two sxceptions were the
dnonyl "isooctene"phosphonate and to a legser extent, the dibutyl benzene.
phosphonate where the pure products were less viscous at all temperatures.

In three ceses tho viscosity at ~LO°F was considerebly lower for the tachnical
grade although the viscosities at 100°F or 210°F were very similar. In the
other ingtance, with qibutyl "styrene’phosphonats, the viscosity at -4o°F,

i00°F and 210°F were almost identical for both types of preparation.

C. Additive Studles

1. Thicksners and VI Improvers

Since many of the compounds prepared undsr this contract have
relatively low viecosity but low flammability, the effect of thickenhers or
Vi improvers has teen gtudied.

Compounds of very low viscosity (lees than 10 cs. at 100°F) have been
blended with Acryloid (alkylated methacrylate polymer or copolymsr) to bring
the viscosity up tc the aircraft hydraulic fluid range (MIL-0-5606 requires
10 cs. at 130°F or about 15 cs. at 100°F). Correspondingly, campounds of
higher visc.eity (20-25 cs. at 100°F) have been thickened to dring them up
to SAE 10 and SAR 20 gredes. The data aro given in Tables 4 and 5.

The example of the first type above wae dibutyl benzenephosphonate,
technical-grads, vhich has a viacosity of 5.17 ce. at JOO°F. To thicken thie
product to the aircraft hydraulic fluid renge required l0%w Acryloid HP8125.
The VI of this blend was 238, which is higher than that for a mineral oil
hydravlic fluid formulated to MIL-G~5606 specification. Corrosion and oxida-
tio:® of this thickened phosphonate blend, without inhibitors, were moderately
lov. However, an undesirable feature was the poor miscidility of the polymexr
with the 11butyl bengenephosphonate at temperatuves below about 0°F. It was

(Ta®les 4 and 5 follow.)
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impossible to obtain a viscosity at -#0°F on ttis bhland since when the blend
wes held at thip temperature, tne polymer precipituied out aud pluggsd the
capillary of the visccmeter. i 10% dlend of Santodex (alkylated styrens
polymer) in this same stock was not miscible at room temperature. It was
subsequently lcaimed that, to assure adsquate miscidility with polymer at
low temporature, the alkyl chain must be longer than butyl.

An sttempt to improve the low temperature miscibility betweel
polyzer (Acryloid) and dibutyl benzerephouphonate was made by adding a mutual
solvent such as dioctyl sebacate (Plexol 201). However, the blend (FW-1698)
containing about 15% of Plexol 201 in the thickened dibutyl benzeLophosphonate
(FW-1690), was stili not sufficlently improved in lov temporature uisc.bility.

Both dinonyl benzenephosphonate or dinonyl "lsooctene"phosphchate
vere readily thicksned with Acryloid HP-8125 was shown by the data in Tables U
end 5. Five per ceut Acryloid HF-8125 brought both into the SAE 10 range and
10$ Acryloid increased the viacoeity into the SAE 20 range. Although the VI
of the "isooctene"phosphcnate bage licuid was slightly higher than that of the
benzensphosphonate (89 comparod wiwn 84), reiative VI's of the blends with
Acryloid were reversed {144 snd 138; compared with 150 and 14€). Iucidentally,
the viscosity sud VI of the 104 blends are in tr: same ranges as those for
the Prestons motor oil (alkylsne oxide polymers).

As pointed out in the previous report, the bis/Z-(dibutyl phosphono)
ethyljether 1s not miscible with Acryloid. However, the longer chain length
end group it bis/?-(dinonyl phosphono)ethyl/sther Zoes provide satisfactory
miscibility with Acryloid. Five per cent Acryloid HP-6125 in this product
increased the viscosity from SAE 20 to SAE 30 while raising the VI fram 117

to 132.
2. Corrosior and Oxidation Inhibitors

As mentioned previously (see V), some inhibitor studies were
made on dioctyl "styrene'phosphonhate. Although this compound gave a low level
of oxidation and corrosion without inhibitors, 1t is sufficiently corroeive to
cause some coucern. Howsver, since only a limited improvement ves obtainable
with this base, a similar Victor product, dloctyl "isooctemne "phosphonate,
vhich gave a high level of oxidation and corrosion, was thus dsemed more
snitable for inhibitor studies. Accordingly, a large number of phosphorue
compounds as well as a few conveutional inhibitors were tested in this dase
stock using the small scale oxidation corrosion test at 250°F (described in
III). In general, each compound was first tested at Ifiw concentration and
those which looked promising were then tested at lower concentration, The

data are given in Table 6.

It is both interesting and surprising that the more promising
inhibitoys in this etock of dioctyl “isooctens "phosphonate, PhO!Wl-a-naafhthf .
amine (PAN) and 2,6-d1-tert-bputyl-4-methylphenol (26BUMP) were of mo value in
dioctyl "styrene’pnosphonate (as previously discussed in V). Phenothiazine,
which was also unauccessful with dioctyl "styrene'phosphonate, was fairly

R R A Pl e SRR RS S Bt
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effective in the dioctyl "isooctens "phosphonate but inferior to FAN or 26BLMP.
On the otner hand, the combination of glycidyl phenyl ether and bis(methylsne
tolyl eunifids), which showed promise with dioctyl "styrene "phosphonate,
doubled the copper corroeion but did decrease the degree of oxidation,

Beveral of the nitrogen-conteining phosphorus compounds had a
beneficial offect at the 1% concentration level but the effectiveness dropped
off vapidly at lower concentrations. Examples in this group include dibdbutyl
2-diethyl-amincethansphosphonate, dibutyl 2-morpholincethansphosphonate, ethyl
bis/2-(dibutyl phosphono)ethyl/amine and (a non-phosphorus amine) bis(2-ethyl-
hexyi)amine. In scme of the above examples, corrosion was lower at the lower
concentration but oxidation was higher.

Tritutyl phosphite and dibutyl diisopropylamidophosphite reduced
oxidation but copper corrosion was more than doubled. Cther phosphites,
notably tris(7-methyl-4-thiaoctyl) phosphite, trinonyl phosphite and tris(2-
ethylhexyl) phosphite lowered both oxidation and corrosion at 1% coucentration
but were of questionable value at 0.5 concentration (high corrosion or
oxidation). Another phosphite, tris(2-chlorcethyl) phosphite, reduced oxidatim
but increased corrosion of maghesium end cadmivm as well as copper. This was
the only instance where corroasion of metals other than copper reached signifi-
cant values. Didecyl phosphite increased copper corrosion and had little
effect on oxidation.

Triphenyl phosphine reduced copper corrosion and oxidation although
not to the extent of the PAN,26B4 MP or phenothiazine.

The following compounds had little or no inhidbitor effectivensss in
dioctyl “"isooctene "phosphonate: diethylene glycol bis(dibutyl phosphono-
methanoate ), bis/{dibutyl phosphono)methyl ether, dinonyl "isooctene "phosphonate,
dioctyl diisopropyl phosphoric amids,tris(2-chlorcethyl) phosphate and dibutyl
benzenephosphonite.

Three of the ubove compounds which had showed some promise in
dioctyl "isooctene "vhosphonate were tested in the earlier dbatch of dioctyl
"styrene"puosphonate. All three compounds, dibutyl 2-diethylaminoethane-
phosphonate, bis-2-ethylhexylamine and trinonyl phosphite, not only failed to
juhibit oxidation or corrosion but actually increased one or both.

A new sampls of dioctyl "styreue "phosphonate, alsc fram Victor
Chemical, vhich had much lower acidity thau the eariier datch, shoved excellent
oxi&ationsand corrosion stability. The data for these tests are also given
in Table 6.

Inhibitor studies on the Emeryvills preparations of both molecularly
dictilled products and thes technical-grads (bottoms) semples have been
continued. The data are included in Tables L and 5. Iu many cases the
inhibitor was tested in the thickened oil provided that the pclymer was
miscible with the organoc-phosphorus compounds, The results were unpredictabdls.
Thus, 0.2% phenyl-a-naphthylamine in the 5% Acryloid HF-8125 blend in dibutyl
beuzenephosphonate (tech. grads) bad no beh. ficial effect over the uninhidited
blend IW-1682. In the thickened (%) dinonyl bengensphosphonate (tech. grads)
(FW~-1686) the addition of 0.%% PA. dropped both axidation and corrosiod 4o a

(Tadble § follows.)
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lov level. In the 10% Acryloid blend (FW-1€01) tia uddition of 0.5%w of
2,6-tert-butyl-h-methyiphenol had a similar effect although the copper corro-
sion and final acidity were somevhat highe:~ than the PAN blend with less
Acryloid. The use of 1% glycidyl phenyl ether and 0.1%% bis(methylsne tolyl
sulfide) in the same blend (FW-1691) had wery little beneficial effect (FW-
1702). Earlier work on the molecularly distilled dinonyl bensenephosphonste
(JW-197-61) had shovn excellent inhibition with either 0,5% PAN or 0.5%dibutyl
2-diethylaminocethanephosphonate. Oxidation was lower vith the latter, while
corrosion wvas lover with the PaN.

With the dinonyl "isooctens'phosphonate, technical grads, the
corrosion without polymer or ichiditor was much lower than with the corres-
ponding bengenephosphonate dut the -~xidation was very high. T™e blend
containing 10% Acryloid HF-8125 (M-1689) was used for inhibitor studies. In
this blend 0.% PAN or 0.% 2,6-di-tert-butyl i-methylphenol gave excellent
results but again the blend of glycidyl phenyl ethor and bis(methylene tolyl
gulfide) vas very poor.

In the bis/3-(dinonyl phospiono)ethyl/ether, tech. grade, however,
nobe of the above three inhiditors was effective; in fact, both oxidation and
corrosion were increased through the addition of the inhiditor.

In the bis/2-(dioutyl phosphono)ethyl/ether, molecularly distilleq,
the addition of 0.258 phenyl-a-naphthy:amine to the blend containing 5%
Acryloid HF-812% /Fi-1683) dropped tba oxidation a msall amount but corrosion
vas increased slightly, although possidly within the limit of reproducidility
of the test. Eowever, the low oxidation and corrosiod of the thickened blend
(IW-1683) 1n cauparison to the origital campould appears utususl since the
polymer usually increases axidation and corrosiod if there is any change .

Thus, the amine or phenol type inhibitors look promising for dioctyl
"{ gooctene "phosphobato, dinonyl "isocctene "phosphonate, dinonyl benzenephos-
phonate and bis/2-(dinonyl phosphono)ethylfether (ull containing relatively
large alkyl groups). They had littls or Do effect on *thickened didutyl
bengsnephosphonate while vith bis/2-(didutyl phosphono)ethyl/ether and dioctyl
"gtyrens 'phosphonate these inhibi were vorse than the utinhidited blends.
In these ingtances the alkyl group vas small (B-dutyl) or the arumatic portion
vas large ("styrene"), offsetting the effect of the larger slkyl group.

S e WL 0
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MOTOR LABORATORY EVALUATIONS

T Y

I. Introduction ) 1

It wvas considered advisable to obtain preliminary operating e
o. perience with materials covering a wvider viscosity range than afforded by
the two reference fluids listed in Table 10 of V-28. Three other commercially
available compounds were selected, therefore, and are descrided, together

vith the original fluids and a second batch of dioctyl “"styrene phosphonate,

in Table 7, following:

Table 7. FROPERTIES OF FEFERENCK FLUIDS

1)
Viscoeity | V.I. Acid | pour Micro-
Name Fhuld | source (ce.) |(Dean g = re.| Point |¥iaeh| Fire
100°F1210°F|Davis) : (‘r) | (°?)
HVI 100 Neutral {K-1500| Shell {21.78]4.11 96 | ¢ +10 | hoo ks
011 Co.
Dioctyl "styrenewK-1%08| Victor [27.13}h4.02 <1 JO.TT | =55 | 435 | %05
phosphonate Chem.
(Batch 1)
Dioctyl "gtyrenetK-1526 " 129.35]4.20 o |0.02 | -55| 435 %0
phosphonate
(Butch 2)
Dloctyl "iso- |K-1530 v I11.91}2.73 | 66 | 0.31 | -70 | 385 | 465 .
octens "phos-
phovate
Tricresyl K-1517|Monsanto[29.35/4.08 | -39 | 0.09 | -15 | 510 | > 690
pbospbate Chenm,
Trioctyl K-1%42| cardbida] 8.22[2.26 | 90 | 0.20 [K-¥5 | A0 o
phosphate & Cardon g i
1]~ Procedure described 'u Neport T1i-4i5. ST

Nohe of the materials synthesited under the cottract has as yet been
evaluated it the Notor laboretory, dut the larger datch preparatiocds presently
underwvay iL Experimettal Plantg Department will make such studies poseidle.
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II. Orientation Studies cf Reference Materials

A. Peasco Gear Pump Tests

In the pump tests reported previcusly (V-28) a large wear differen-
tial vas noted between the mineral oil (low wear) and the phosphonate (high
vear) reference fluids. Following replacement of the moving parts of the i
pump, however, both the general wear lsvel und the wear differential were "
appreciably reduced (see Tcble 8). Possible differences in the composition ,
and Leat treatment of the gears may account for the change.

AN ke

The new reference fluids investigated, namely, tricreayl and i
trioctyl phosphates, and dioctyl "isooctene "phosphonats (Tests WI-163, 16k,
166 and 168, respectively) all gave low wear and littls change in physical
properties. Duplicate runs of the criginal reference materials HVI 100
Neutral and dioctyl "styrenme"phosphonate, produced arratic wear results (Tests
WT-161, 162, 165, 167, 169 and 170), although, again, the physical properties
of the fluids were little affected.

Two fact-rs probably contribute toward the appareat irreproduci-
bility of wear in the Pescc apparatus. The first is the rathsr short duration
of the test (13 hours), which allows wearing-in phencmena to exert undue
influsnce on the total wesr. The other factor is a probabls carry-over froz
one test to the next of the anti-wear effects of phosphorus-containing films
on the metal surfaces. Since extsnded irnvestigatior and correction of thess
problems are beyond the scope of the contrast, wear figures from this short-
time Peeco pump test will be considered to have little significance unless
very large differencos are observed.

With wear a sacondary factor, the main purpose of the Pesco pump
test vill be to detect evidences of fluid dsterioration by oxidation and shear
breakdown. In this regard the most significant fluid alteration occurring in
the ten tests reported in 'fadls £ was observed in Test WI-168, vhere dioctyl
- n{ gooctene "phosphonate increased %% Ir viscosity at 100°F (as opposed to
viscosity decreases in the nine other tests) and experiencel the only appre-
ciadble increase in acid number (0.31 to 1.39).

B. lauson Zngine Testa - Cold Conditions

The first of two test procedures employing a small, single-cylinder,
1iquid-cooled, four-stroke cycls gasoline engine (Lauson Model iF; bore 2.6 in.,
atroke 2.5 in.) is used to study the sffecta of moderately cold operation upon
both the lubricant and the engine. The test conditicms, undsr the designation
IA-FL1, are cutlined in Tadle 9. Upoe campletion of the M-hour test the
usad ludricant is examined analytically, and the oil ccasump*ion and the weight
loss of the counecting rod bearing (steel-bdacked coppor-lsad) are msasured. ;
The piston akirt is given a lacquer reting (using the scals 0 %o 10, vhere 10
represeats the clean or psrfect condition). Pieton ring sticking, scuffing,
and other pertinent phencmena are also reported vhen obdeerved.
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Since the considerable background of data that exists for this test
procedure was obtained with higher viecosity oils (approximateiy 130 centi-
stokes at 100°F), connecting rod bearing weight losses with the lower
viscosity reference fluids (20-30 cs. at 100°F) mighi reasonably be expected
to be greater than the rough acceptance level of 10 mg. customarily used.
Unless further tests indicate to the contrary, however, the 10 mg. vear
criterion will continue, particularly since a bearing wear figure of only
k.5 mg. vas obtained with the reference mineral oil, HVI 100 Neutral (Test
¥11-1306, Tabis 9). An attempt to run trioctyl phosphate, an 8.2 centistoks
fluid (at 100°F), failed after 1 hours by excessive wiping of th= ronnecting
rod bearing (Test FL1-1315, Table 9). The pietons rangsd from very dirty,
for dioctyl “"styrene “phosphonate (Test FL1-1310), to extremely clean, for
tricresyl phosphate (Teet FL1-1311). The connecting rod bearing weight loss
vag low, as mentionsd above, for the mineral bass reference oil, but high for
all the phosphorus compounds. The sharp drop in used oil viscosity reported
for the four tests that reached campletion is undoubtedly the result of _
crankcase dilution. Increase in acidity was more pronounced for the phos-
phorus compounds than for the mineral oil, thus correlating wiih dearing
waight loss.

C. lauson Engine Tests - Hot Conditions

For small-acale high temperature engine evaluation of crankcase
lubricants This laboratory cmploys the research version of the Iauson engine
(Model H2. bore 2-5/8 in., stioke 2-3/4 in.). Except for the different
operating conditions, as outlined in Tables 10, the test is conducted and
reported in a manner identical to that descrided previcusly for the cold
Iauson test.

Lubricants that survive the milder Cold Conditicns engins test
(1A-FL1) and appear promising in bench scale studies are subjected to the hot
test (LE-L1S). In the three referencs tests reported to date (Table 10), the
clesnsst pieton and the lowest connecting rod bearing weight loass were obtained
vith the newer batch of dioctyl "styrene "phosphonate (Test L1S-1kl). The fact
that the used fluid from this tesi showed the greatest increase in acid numbey
(from 0.02 to 32.5) is hardly compatidle with the lov bearing weight loss,
unless the dscamposition products formed & protective coating on the bearing
surface. The bearing weight losses sustained with the HVI 100 Neutrs) mineral
01l and vith tricreayl phosphate (Tebdle 10, Tests L1S-137 and iki} were higher
than the custamary acceptance lsvel of about 100 mg., established as in the

case of the cold lLauson test, wvith higher viscosity oils. The results of the

three tests reportsd in Table 10 vary vidaly and appesar to reve:rse many cf

the odeservations of the cold Lauson tests (Tadble 9). Some of the runs will de
repeated, therefore, in ordsr to check the validity of the limited dats
reported herein. Severe oxidation of the uged fluid occurred in all three
tests, as evidenced by substantial increases in used oil viscosity.

The contrast in piston skirt clsanliness Detween a relatively éirﬁ
and an excepticnally clean piston 1s evident in the photogrephs of Figures 2
and 3, following, representing Tests L1S-137 and 11, respectively. '

(Mgures 2, 3, b and 5 follow.)

(Todles 9 and 10 follow.)
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Figure 2. DEVELOPED VIEWS OF PISTON SKIRT, SHOWN WITH
THRU ST SIDE AT TOP, FROM TEST LH-LIS-137
Lubricant: HVI 100 Neutra! Qil
Lacquer Rating: 3.47 {0 = completely b'ack!
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Figure 3. DEVELOPED VIEWS OF PISTON SKIRT, SHOWN WITH
THRUST SIDE AT TOP, FRCM T&ST LH-LIS-141

Lubricant: Dioctyl ""styrene' phosphonate {Batch 2}
Lacquer rating: 9.47 {10 = clean;
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D. 8pwr Gear Load Carrying Capacity Tests

The ability of & lubricant to prevent metal-to-metal contact
bstweon the mating surfaces of .oaded gears, and thus to prevent scoring, cen
be assesaed in the Spur Gear Machine, shown in Figure 4. The four-square
principis of loading is used, as depicted schematically in Figure 5, permit-
ting the joad transmitted through the gear teeth to be ralsed by measured
incremsnte until ecoring is cbssrved. The geer gacmetry and material
specificaticns and the operating conditions of the test are summarized in
Tabls 11, follosring:

Teble 11. I0AD CARRYING CAPACTTIES OF FLUIDS INVESTIGATED
IN THE SPUR GEAR LUBRICANTS TESTING MACHINE

Test Deasignation: G8-I1C2 Test Conditions: Shaft speed, 3000 rpm.
Gears: Diametral pitch, 6. Load increments, 5 lb. beam load.
Pressure angls, 20°. Duration of each load, 5 min.
Face width, 0.2%0 in. Test length, until scoring.
Center distance, 3 in. 01l temp., approx. 1CO°F.
No. of teeth, - 0il flow rate, 10 ml,/sec.
Pinion, 17. (il charge, 1000 ml.
Gear, 19,
Steel, SAE 3312.
Hardness, -

Cass, 32 Rockwell C.
Coxe, 30-40 Rockwell C.

Load at
Teat Fluid
% No Caupoettion  |ricivial Svoring Remarke
e N Lba. Beam
(G'S' ") (K') Load Hp'
T 1500 | BVI 100 Neutral 5 5.8 | Mineral oil reference
ml
LY 1526 | Dioctyl "styrene'- 20 23.3 | Commercial nhosphonate
phosplionate reference run.
(Bai 'k 2)
448 1500 | BVI 100 Neutral 2 2.3 | Repeat of Test 4k6 at
lowver starting load.
Llg 1517 | Tricresyl phos- 2 2.3 | Comercial phoephate
phate reference rum.
450 1542 | Trioctyl phos- 50+ %8.3+ | Incipient scoring at
phate load limit of gears.
451 1530 | Diootyl "iso- 1L 2.5+ | Bxtraneous bearing
' octene "phospho- failure stopped test.
nate

e v e S,
1}
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Minimm load carrying capacities (5 lb. beam load or lses) were
recorded for the HVI 100 Neutral oil and tricresyl phosphate, as shown in
Table 11, Tests 1C2-446 and kb9, Intermediate results were obtained from
dloctyl "styrene 'phosphonate (Test LC2-Lk7), while trioctyl phosphate and
dioctyl "isooctene ‘phosphonate both approached the strength limit of the gear
teeth with only incipient scoring noted. I might be expected that the more
corrosive materials would allow higher loads by forming low shear strength,
i.e., Extreme Pressure, corrosion products on the faces of the gear teoth.
Results of the Smail Scale Oxids’ion and Corrosion Test (as reported under
Bench Scale Evaluations) which show trioctyl phosphate and dioctyl "isooctene o
phosphonate to he markedly more corrosive than the other materials in Table 11,

offer substantiation for the E.P. hypothesis.

III. g_x_at_:gion of the Evaluation Program

The Motor lusboratory orientation program, prior to the evaluation of
specific contract preparations, is currently being broadened by 1) sutmitting
the reference materials, in the neat or uncompounded state, to a more diver-
sified test program &s indicated in III-26, 27 and, 2) instituting a limited
study of the reference fluids when used in conjunction with minor proportions
of such additive materials as oxidation and corroeion inhibitors, and

viscosity index ilmprovers.

iy William E. Vaughan
aas Coordinator

Appendices A, B and €
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APPENDIX A

On November 6, 1950, a conference on the Contract work to that date
was held at the Office of Naval Research, Washington, D. C. Present at the
conference were the following:

Admiral T. A. Solberg, USN, ONR, (Part time)
Measrs. 8. A. Ballard, Shell Development Co.
R. B. Fox, NRL
U. E. Hanninen, NRL
E. Margolin, AMC
C. M. Murphy, NRL
R. Roberts, ONR
F. Schulman, ONR
A. 8hinn, ONR
C. Singleterry,Bulir
K. Sutherland, Shell Development Co.
A. Tamnetit, NRL
E. Vaughan, Shell Development Co.
A. Zieman, NRL

rEHmow

The past work was reviewed and plans for the future (and the experi-
mental data justifying the plans) were discussed. The Navy's representatives
voiced constructive comment along several lines, including the following:

(1) Possible modification of the Bestian reaction for use in synthesis;

(2) Correlation of pipe cleaner and flash point flammabilities with oxygen
demand and spontaneous ignition temperatures; (3) Possibilities for applica-
tion in eircraft turbine lubricants; (4) REffect of the most promising cam-
pounds on materials of construction other than those used in the corrosion
tests, such as titanium and rutbers. Another conference will probably be held
in the Spring, 1951, as it was the consensus of opinion that the meeting was
highly profitablse. .
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APPENDIX C
PERSONNEL

Folloving is a list of the professionalpersonnel who have been :
actively associated vith the contract work of the quarter covered by this i
report (including botk full- and part-time participation): ;

Preparations: }

€. A. Ballard

R. C. Morris

J. L. Van Winkle

W. E. Vaughan, Coordinator

PP

Bench Scale Evaluations:

R. G. Larsen
W. ¥. Ross

S. K. Talley
¥. J. Watson

. Motor Laboratory Evaluvations:
A. G. Cattaneo

' A. R. Isitt |
J. B, Weigel i

Analytical Work:

G. ¥. Bord

F. R. Brooks
A. E. 0'Donnell
E. D. Peters

A e e




