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 INTRODUCTION

This report deals with the evaluations of new materilals for base
stocks and suliuble additives for functional fluilds of potential
commerclal value. Shortage of raw materials and new industrial
applications 1nitiated an investigation to find new components
for functional fluids, which could make Monsanto independent of

the cresylic acid market and offer flulds possessing more desirable
propertiles.

SUMMARY

Limiting the study to hydrocarbon systems, mixtures of diphenyl
with HB-40, HB-20, Solvaloid C, naphthalene, Santodex, polystyrene
and Paratone N were found to be unsatisfactory, as a functional
fluld base stock, because of high melting points. Flulds of po-
tential interest as functional fluids can be obtained by the alky-
lation of triphenyl phosphate. Varlous solid and liquid phosphate
esters were dissolved 1in Arcclor in an effort to determine the
effects of different functional groups on the viscosity indices
‘of the resultirg forrulations. In an attempt to improve the cclor
stablllity of tricresyl phosphate several reagents were tested as

cooking agents for cresylic acid without accomplishing the desired )
results. -

‘ CONCLUSION AND RECOMMENDATIONS

Several alkylated triphenyl phosphates possessed good viscesity
and viscosity 1ndex properties and are worthy of more extensive
evaluation as functional flulds. A ternary of diphenyl, d-ter-
phenyl and m-terphenyl melts below room temperature and further
studies should be planned on this mixture.

PATENT STATUS

The direct alkylation of triphenyl phosphate and the utilizatiocn
of aryl 1sopropyl ethers in the synthesis of phosphate esters is
belleved to be novel and has been disclosed to the Patent Depart-
ment by Dr. M. W. Farrar.
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2,
EXPERIMENTAL AND DISCUSSION

A. Additives for Diphenyl

Some 1interest has arisen in diphenyl as a functional fluid base
stock. It was desired to reduc~ th« nour point, increase the
viscosity index, and increase .1e flash point. The additives
used were restricted to hydrocarbon materials.

Diphenyl has a crystallizing point of about 69°C. The first ob-
jective of the work was to try to reduce this crystallizing point.
Mixtures of diphenyl and HB-40, HB-20, Solvalold C {aromatic
petroleum fraction and naphthalene were studled. Data on cry-
stallizing points are as follows:

Crystallizing Point, °C.

% in Diphenyl Mixture  HB-HZO HB-20 Solvalold €  Naphthalene

0 66.5 £8.5 68.5 68.5
12.5 . 59.5
25 58.5 58 57 50.5
37.5 39.5
5C Ny 45 by 49.5
2.5 5
75 < 10 11 & 10 65

1C0 79.5

These data show that mixtures of diphenyl with HB-40, HB-20, or

~

Solvaloid C crystallized above room temperature unless the diphenyl

content was about 25% or less. wWith naphthalene, the lowest cry-
stallizing point obtained was 33°C. with 37.5% naphthalene in di-
phenyl.

It was thougnt that maybe hydrocarbon polymers might te used tc
depress’  the melting polnt of diphenyl and give a good viscosity
index to the resulting fluid. However, Santcodex (alkylated poly-
styrene), polystyrene, and Paratone } (polyisobutylene) depre3sed
the melting point but little 1in concentrations up to 15%.

The literature indicated that a terrary eutectic mixture of di-
rhenyl, o-terphenyl, and m-terphenyl has a melting point of about
19°C. Such a mixture was made up to contain 52% o- -terphenyl, 22%
m~terprienyl, and 26% diphenyl. Tne resulting material was fluid
) at room temperature and had the following viscosit es: 2.
{ af:r21°F“and 18. 97 ,c8, at 100°F. fox >
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°B. lated Tripheny

~-Sample§ of -various alkﬁlated'triphenyl phosphates were submitted
by Dr. M. W. Tarrar for evaluation as functional fluids. The re-
sults are as follows:

) ’ Viscosit cs. Viscosity
Jample Reference + 210°F. + IGG"?. Index

- . -

"Reactlion Product,
Ethyl Chloride and
Triphenyl Phosphate" A66007 4,61 28.85 + 71

"Reaction Product,

Ethyl Chloride,

AlCl; and Triphenyl . . -

Phosphate" ALES39 5.45 38.01 + 81

"Reaction Product,

Propylene and e ——

Triphenyl Phosphate" A-66040 4.39 34,72 - 33
"Isobutylene alky-

laced trlphenyl ’ -
whosphate’ ABECH6 4.80 33.52 + 49

‘ "Triphenyl Phosphate
Reaction Produced with
Isopropyl Chloride
and A1Cl1," ACCOL3 5.70 48.80 + 40

"Priphenyl Phosphate
Alkylated with

t-Butyl Cilorize" ackoro 7.82 995.37 + 12
Tri(isopropyl ohenyl}

phoaphate {JDS-AT1010)

prepared from cliylated (M.W.F.-

phenol AT70805) 3.82 23.A9 + 19
Tri(isopropyl phenyl)

phosphate prepared from

alkylation of phenol

and esterifying with (M.W.F.~ .

POCI, A70811) 5.96 62.25 - 2

Tri(isopro
A » ! - 'l ;

e

pyl phenyl)  (M.W.F.-
k% ) , i LAT0 SL :
3 .k
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These viscosity da é%how tua: the alky atio t phenyl ph -
- phate resulis in flulds which are orf potential value as runctional S
. fluids. . L

Sy

C. Evaluation of Solid Phosphates in Aroclor

Samples were prepared of tii (t-»t.-bu*vl phenyl) phosphate (A71008)

and tri (+ phenyl ethyl phenyl. phosphate (A71009) for evaluation .
as plasticizers and functional rluid constituents. They were ©
tacky solids and very difficult to isolate and purify. Viscosities -».;u,

were run on 25% solutions of these solid phosphates in Aroclor 1242

and compared with similar solutions of fluid phosphate esters in

an effort to determine the effects of the various functional groups

on the viscosity indices of the resulting formulations. =

The followlng table lists the viscosities of various solid and oy
liquid phosphate esters dissolved in Aroclor 1242.- ' y
Tris Pnosphates Viscositles of 25% Solutions (c.s.)
25% Soln. in Notebook Job ﬁQOBC 19%2 Job k?%él-;QEﬁ
Aroclor 1242 Numbers Q0 . F. 2 . b
3 Triphenyl 13.72  2.3% -127 ® I
L C:esyl diphenyl . 15.55 2.47 -1-,1 s T
Tri Cresyl A71018  20.12 2.73 -201 22.1% 2.85 -214
Trl (tert.-butyl B
phenyl) AT1017 36.71 3.75 =228 N 3
E Tri(« pheayl-ethyl- E
. phenyl A71018 60.33 4.52 -295
. Tri(para-tert-butyl 4
: phenyl) A71017 4o.20 k.37 -105 5
-~ Tri{para-cresyl) A7101% 20.50 2.76 -200 . 4
Cyclohexyl di- .
renyl A71014 12.29 2.7% =170 N i
ri xylenyl AT1015 40.05 3.02 -635 A
CHaPH( OCeHsCOOCHa ) 2AT1016 45.00 3.80 -430 - :
2 Zthyl nexyl 3 e
diplienyl AT101% 14.20 2.40 -120 b 3

In general, based on data preliminarily obtained, the trialkyl
phosphates have the highest viscosity indices and »he V.I, de-
creades as tvhe alkyl groups are repiaced by aromatic substituents.,
Adding side chailns to the alkyl or aryl groups cor"espondingly

lowers the VI's of the phosphate esters. The viscosity index of . 5
any given triaryl phosphate (A71017-18) increases as the amount
of the para isomer (A71014-A71017) is increased. Phosphonates
(AT101€) in Aroclor 1242 drastically lowers the viscoslty 1ndex
compared to s‘milar solutions of TCP or Santigiz r_l#l." e
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ester

(1) Pumarie Egta <
The distilled cresylic acid "B" was yellowish after cooking it
with fumaric acid at 125*C. v 1™ ,*C., fo. cne hour before the
vacuum take-over distillation (A7103%).

(2) Manganese Dioxide -

Cooking cresylic acid "B" with MnO, for 2.5 hours at 150°C. and
300 mm. gave a colorless distillate, except for a small yellow
. fraction at the end of the take-over distillation. Condensing this
_ cresylic acid with POCls nrocessed nicely but resulted in a very
dark finished product (A71035;.

(3) 2inc Treatment -

The color of the phosphate ester, made from phosphoric acid cocoked
cresylic acid "B", was cnl,"siigntly improved by treatments with — ]
metallic zinc, using hyd:iconhlaric acid cor acetic acid as a cata-
ivst (A71036).

E. Miscellaneous Exploravory Results

For the sake cf completeness the foliowing miscellaneous results
are recorded under this heading.

yi) A sample of tetra (2 ethyl-hexyl) hexane 2,5 diphosphate
(Dayton-A71019) gave a viscosity index of +148. Following are
the viscosities at the indicated temperatures:

at 100°F. = 16.44 2.3. at 210°F. 3.84 c.s.

l

12) The direct cnlorinatioy _of friphenyl phosphate (A71013) with
chlorine at 5C° to €0°C. zave cnly a 10% chlorine efficlenzy.
.2) A sample of lsopropyi tiphenyl (A71012) gave the following
viscosity:

at 100°F. = 5.26 2.s. at 210°F. = 1.57 c.s.
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