- ,‘ p

.o
AUTHORS
v 4.8, BLAKE

6. A.llcnuosoﬁ
"G.F. DEEBEL _

- BUREAU OF SHIPS ~aRaS
DEPARTMENT OF THE NavY. -, = ., T/
WASHINGTON 25, D.C, - .~ > oo

» - ..
. .

- '
N - 3 I

LI T

i Ll
> 5
I
i

MON SANTO RESEA RCH CORPORATION

A IUBSIDIARY or MON'AN'!‘O COHPANY

L DAYTONS TN
' L ABORATORY

DAYTON, OHIO 45407 I ;

. -

| poo4p3I5048
- RRGANVEGSry -




ABSTRACT

D 'mg‘! 4‘9&%
Syntheses ok.égé he pHésﬁﬂé $~&sters and ester salts

and numerous intermediates are reported.

The ability of organlc phosphorus electrolytes, as
water-soluble pdur-point depressants, toc satisfy the
tentative specifications of this contract 1s charac-
terized by measurements and comparisohs of solubility,
flammability (AIT, Flash, Fire), hydrolytic stabllity,
sonic shear stabllity, compatibility with commercial
thickeners (35), sea water, paint, Buna N, and corros-
ivity to eight metal alloys. Some flammabllity property
~ compari sorﬁ";\s

;taining ‘boron, nitrogen and sulfur are made.

f phosphorus compounds with compounds con-

ff'This'study supports the premise that for the additive

‘; L package of‘éWWater-base fluid to have an AIT >900°F.,
the thickener must also possess an AIT in the 900°F.
range.
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I. INTRODUCTION

Serious surface shipboard explosions in 1953 and 1954, attributed
to flammable hydraulic fluids, precipitated a research program by
the Navy to develop fire-resistant hydraulic fluids. The program%
resulted in the development of water glycol-based'hydraulic fluid:
for hydraulically operated catapults,‘and aryl phosphate ester- |
type fluids for elevator hydraullc systems, for which better load:
carrying capacity was required. The adequate performance of the
phosphate ester-type fluid in the elevator hydraulic systems'of
surface ships led to a strong effort to adapt the fluid to sub-
marine use. After an extensive testing program by the Navy, an
éryl phosphate ester fluld was employed on a submarine.

This installation of an aryl pnosphate fluid on a submarine has
now been withdrawn and replaced with flammable petroleum oils.

The failure of MIL-H-19457 type fluids in submarine use, in spite:
of previous success in aircraft carriers, is attributable to the -
more complex énd extenslve hydraulic systems on submarines compae
to the more localized, less comprlicated systems on the carriers.
The multitude of devices and complex interconnecting systems on a
submarine make total elimination of leakage practically impossible
This unavoidable leakage results in an intolerable housekeeping
problem and is considered responsible for at least one steering ar

( 1,2 )

'diving system failure resulting from attack on 2lectrical

insulation by the fluid.

Moreover, the solvent and plasticizing ability of the phosphate
fluids for certain gaskets and O-rings makes them difficult to
contain in the hydraulic system, and the resultant spills cause
" deterioration of electrical insulation, paints, vinyl deck tile,
'soles of crewmen's shoes, etc. The need, therefore, for a fire-
resistant hydraulic fluid that is more manageable and compatible




with insulation, paints, gaskets, etc., 1s strongly recognized by
the Navy as a high-priority project.

To qualify for this urgent Navy application, a molecule must satisfy
a myriad of parameters. It must meet simultaneously at least ten
bounding properties; namely, specified viscoslity; fire resistance;
low vapor pressure; hydrolytic stability; compatibility with spec-
1fic seals, gaskets, and Ji.coatlllng; noncerrcsivity; nontoxicity;
and, in some degree, oxidation resistance. |

In the contract work (1962-1964) to develop an organic bass fire-
resistant hydraulic fluid the Navy suggested certain guidance values
for viscosity and fire resistance in additicn to compatibility with
paint and elastomers. The suggested guidance values were much im-
proved in viscosity over MIL-H-19457 and were as follows:

Viscosity, c¢s. ASTM Micro
at °F. Slope AIT Flash
28 150 100°-210°F, °F. °F. Density
Suggested 868 25-31 ~0.65 >1000 >500 ca. 1.6
Guidance _ (max.)
Values
MIL-H-19457 3500 13 0.97 1045 500

In the period 1962-1964 the Bureau of Ships sponsored six contracts
for the development of an orgzanlc base fire-resistant hydraulic
fluid. These contracts were with Olin-Mathieson Chemical Corpora-
tion (3), Monsanto Research Corporation (u), Stanford Research
Institute (3) and I. I. T. Research Institute (6).

The major research effort in all of these contracts was directed
toward the development of molecules containing a h.gh percentage of
fluorine. 1In Monsanto Research Corporation's two contracts, the
fluorine content was consldered critical if the organic base fluid
was to be compatible with alkyd base palnt and elastomers such as




Buna N, neoprene and polyvinyl chloride. As a result of the first
year's contract (NObs 86749) effort in which five chemical classes
were investigated, the polyfluoroalkyl-substituted aryl phosphates.
and polyfluoroalkyl-substituted aryl alkyl phosphonates appeared
to afford the optimum potentlal for the development of a fire-
resistant hydraulic fluid base stock for submarine use. 1In the
second year's effort (NObs 90095), phosphoramidate compounds were
syrtheci_.cd that pussess properties superior to the currently
available MIL-H-19457 fluid (trixylyl phosphate). For example,
phenyl 1H,1H,TH-dodecafluoroheptyl N-methyl-N-(2-cyanoethyl) -
_phosphoramidate (Cpd. 512) and 3-trifluorophenyl 1H,1H,7H-dodeca-
fluoroheptyl N—methyl—N-(2-cyanoethy1)phosphoramidate (Cpd. 515)
have better ASTM slopes and far superior paint and elastomer com-
patibility, while retaining comparable fire resistance.

Viscosity, o ' -
cs., °F. ASTM AIT Micro Flash, Micro Fire,
28 150 Slope °F. °F. °F. :
Cpd. 512 4000 22.8 - 0.89 1020 532 No fire to
. : , 671
Cpd. 515 L6oo 24.0 0.89 1005 511 No fire to
. _ 662
Guidance 868 25-31 ~0.65 >1000 >500 -

Values

These molecules, although superior to MIL—H—19M57,'do not satisfy
the suggested viscosity guidance values and they are relatively‘ex-
pensive to produce, as are all organic molecules containing a high
" percentage of fluorilne.

Therefore, the broad objective of this Water Rase Hydraullc Fluid
Program (Contract NObs 90270) 1s the development of a hydraulic
fluid in which the nonagueous phase is fire resistant. Hopefully,
such a fluid should be more economical to produce than the organic-
based fluids descrited above and the viscosity guidance values more




readily met by the use of appropriate'thickeners.

To have the nonaqueous phase fire-recistant 1s important in systems
operating at 5000 psi where the aqueous phase in certaln segments
of the system may, under certain circumstances, evaporate, thereby
leaving a hazardous explosive residue or where spray leaks may
develop explosive flammable residues to ignition sources.

Presumably a water base fluid would contaln 30% or more of water,

a pour puint depressant, a thickener to obtain the desired viscosity,
and corrosion inhibitors. Specifications for the most part are the
same as that of the organic base fluld except that the AIT 1s spec-
ified as greater than 900°F., pour point 0°F. (maximum), with sta-
bility to =-20°F. and compatible with 10% sea water.

Here agalin, we believe that a water-soluble organic mclecule as a
pour point depressant must contain either halogen cr phosphorus or
both with a minimum of aliphatic content to possess a high degree
of fire resistance. Also, unless the taickener has an AIT of
>900°F. the pour point depressant must be above this value,.

In this c~ntract the greatest amount of synthesis effort was in the
search for a pour point depressant with a 900°F. AIT or bet.er al-
though & great number of commercial thickeners were investigated
and some corrosion studies were made.
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II. SUMMARY
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Synthesis was essentially confined to water-soluble phosphorus d
pounds 1in a search for a pour point depressant with an AIT of 9d
or better. | o
In the broad class of organic phosphorus acid salts, the dialkyi
potassium phosphates, alkyl potassium alkylphosphonates and
potassium dialkylphosphinates in concentrations of 30-40%, all :
produce freezing points of -20°F. or becter, These compounds To

||
i
The monopotassium aroylated phosphorus compounds, as exemplified
by potassium alkyl arylphosphonates, potassium aroxyalkyl phos-ﬂ
phates, and potassium diaryl phosphates, although somewhat highé
in AIT than the above alkyl compounds (850°F.) do not possess

sufficient useful solubility. | S

essed AIT's in the 850°F. range.

Dipotassium alkyl phosphates and dipotassium alkyl- and aryl- -
phosphonates have much higher AIT's than the monopotassium salté'
of close analogs, but were eliminated because of their severe

f

attack on copper and aluminum,
Triesters of phosphoric acid, diesters of phosphonic acid and Jh
aryl esters of either acld were not used as depressants because
of their hydrolytic instability. The alkalil dialkyl phosphates

and alkali alkyl alkylphosphonates and the dialkali alkyl phosphé.
all pass the "coke bottle" hydrolysis test. However, in this te:
the dipotassium alkyl phosphates and alkylphosphonates show seve:

attack on copper.

All of the phosphates, phosphonates and phosphinates (HO% soluti¢
are compatible with sea water.




Dipotassium alkylphosphonates show sevére attack on aluminum,
Potassium dialkyl phosphates showed no attack on aluminum on heating

at 200°F. for two weeks.

A series of compatibility tests were run on elght specified alloys
using a phosphate, phosphinate and phosphonate as depressants in a

. tentatlive water base fluid formulation heated U8'hrs. at 200°F.

The monopotassium salts of the ethyl analdgs were used since they‘
were previously shown to be less corrosive to metals and more com-
patible with certain thickeners.

Some general conclusions on the corrosivity of the three formula-
tions toward metals can be drawn from these data: (1) the silver
base, nickel-copper and aluminum alloys were not attacked by any

of the three formulations; (2) copper and copper alloys with a

high percentage of copper acquired a heavy tarnish in the vapor
phase indicating a need for a vapor phase inhibitor with these mate-
rials; (3) the phosphonate and phosphinate formulations attacked
copper alloys more severely than the phosphate formulation; (4)

the phosphate formulation appeared to attack steel alloys the most
severely of the three formuiations with the phosphinate formulation

showing no attack.

Aqueous solutions (40%) of alkall alkyl phosphorus compounds soften
paint sufficiently so that 1t can be scratched with the finger nail
while wet. On drying, there appears to be little if any paint

damage.

Potassium diethyl phosphate was the pour point depressant of choice
because cf its solubility, hydrolytic stability, better average com-
patibility propertles, ccst, and its AIT approached 900°F. (850°F.).

The generic classes of thickeners tested were the polyvinyl alcohols,
polyethylene oxides, polyethylenimine, polyacrylates, polyvinyl-
pyrrolidone, guar éum, polyoxypropylene-polyoxyethylene copolymers,




ethylene diamine/polyoxypropylene/polyoxyethylene copolymers, and
hydroxyethylcellulose. 4 o g

The Elvanols (polyvinyl alcohol) and‘Acrysols (polyacrylates) wenr
eliminated because of gellation by electrolytes; the PVP-series j
(polyvinylpyrrolidone) is hydrolyzed by alkali; the Jaguars (guah
gum), being natural products, would be subject to bacterial degri
tion; the Pluronics (polyoxypropylene/polyoxyethylene copolymers)
and the Tetronics (ethylenediamine/polyoxypropylene/polyoxyethylei
copolvmers) formed stable foams; the Q-P series (Cellosizes;
hydroxyethylcelluloses) were pltuitous and did not dissolve com-
pletely. | a

The polyethylene oxide polymer class of thickeners was the most e
patible with the potassium diethyl phosphate and specifically the
WSR N-series was considered the most promising because of complet{
‘water-solubility, and superior viscosity-temperature properties,.

A tentative water-base fluld formulation containing potassium di-?
ethyl phosphate as the depressant (39.1%) and Ucar Polyox resin
WSR N-80 (5.85%; average m.w. 175,000-200,000) as a thickener, ex-
hibited very poor sonic shear stablility. This sonic shear instabi
ity at this molecular welght was not unexpected and suggests a low
molecular welght thickener such as WSR N-10 in a higher percentage'
but with a concomitant greater detrimental effect on AIT. |

The attack on Buna N of the tentative water-base fluld described
above was tremendously improved over MIL-H-19457 but slightly in-
ferior to BuShips 2110-H. This small fnferiority to 2110-H could
probably be corrected by additives. |

This study supports the premise that for the additive package of
‘a water-base fluid to have an AIT of >900°F. the thickener must
also possess an AIT in the 900°F. range. To improve shear stabil-
ity of the thickener, the molecular size must be kept to a minimum




" and therefore a higher concentration is required which further in-
dicates a need for fire-resistance in the thickener.
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III. PHYSICAL TESTING K

The suggested, tentative specifications for a water-base hydraul
fluid, in which the non-aqueous phase 1s fire-resistant, are: :
AIT >900°F.; flash point >450°F.; fire point >550°F. The non-
aqueous phases of currently-used, water-base hydraulic fluids

consist of two major components: (a) a flammable pour point de-
pressant, to meet the low temperature specifications; and (b) ‘

flam?able polymeric thickener, to meet the viscosity specifica
7) |

Therefore, for thLe non-aqueous phase of a water-base hydraulic

" fluid to be fire resistant (AIT >900°F.) the pour point depressa

must possess sufficient AIT to compensate for any lowering from
additives and/or the thickener must be fire-resistant. Initiall
it appeared that the best approach was to use a commercially ava
able flammable polymeric thickener in conjunction with a non- fl&
mable freezing point depressant. ‘

The lower alkyl potassium phosphorus'ester-salts were investigaﬂ
first as non-flammable pour point depressants because of their
high solubility, and hopefully, a fire resistance of 900°F. or
above. Flammability data on a variety of alkyl and/or aryl
potassium phosphorus ester-salts are listed in Table I.

Table II gives the flammability data on blends of commercially a
able thickeners and alkyl and/or aryl potassium phosphorus ester
salts. ‘ .

Table III contains flammability data on miscellaneous_compounds,
including boron and nitrogen-containing compounds, which were te:
in the program. | ' :
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A, FLAMMABILITY PROPERTIES

1, PHOSPHORUS COMPOUNDS (Table I)

To possess an AIT appreciably above 900°F. (Table I), two
broad generalizations on molecular structure can be made regarding '
phosphates and phosphonates: (a) an organic phosphate can contain
no alkyl molety (compare Cpds. 25, 26, 27 and 28 with 39, 1 and 9),
and (b) an aromatic phosphonate or lower alkyl phosphonate aiid
their salts can contain no alkyl ester groups (compare Cpds. 33,

35 and 39). Several water-soluble compounds (Cpds. 10, 20, 30, 33
and 39) had AIT's which approached or slightly exceeded 900°F., but
t'éy offer little advantage economically over diethyl potassium
phosphate (Cpd. 3). It is noteworthy that the AIT's of the ethyl
and methylphosphonic acids (compare Cpds. 30 and 31, 34 and 35),
were materially‘increased on conversion to the dipotassium salts.

The AIT of an alkall dialkyl phosphate can be raised by admixing
with a phosphate which has a much higher AIT (see Cpds. 3, 27, 49,
50 and 51). However, the fire point of the mixture 1s considerably
beiow that of the compound with the lowest fire point. If one
compares Compounds 51, 52, 53 and 54, it appears that the AIT of
certaln blends is raised by the addition of water.

| ‘
Incorporation of stabilized aliphatic halogen into an alicyclic .

phosphate failed to raise the AIT significantly (compare Cpds. 15

and 16).

The introduction of two beta a-pyridyl groups into diethyl potassium
phosphate did not alter the AIT (compare Cpds. 3 and 24); two beta
phenoxy groups (Cpd. 20) and presumably two phenyl groups (Cpd. 18)
raised the AIT 40-50°F.

10



’1 .',

Compound
No.

1

10

11

18

15

16

rt
<

19

20

21

MRC
437
881

468

502

488

455

843

668

121

433

640

637

691

Table I

PHOSP.IORUS COMPOUNDS

Compound

(C2H50)3P0-
, (ClCHZCH20)3?0

(CEHSO)?P(O)OK

40% (C2H50)2P(0)0K
602 1,0

(C,H;0) ,P(0)0Na
(C Hg0) ,P(3)0K
CZHSOP(b)(OK)2
LCH30) 3P0

.(CH30)2P(O)0K

CHBOP(O)(OK)Z

(HOCY,7H OCHECHEO)?P(O)OK

22

NN
* (0)on
CHi/C\CHEO/ ’

cicii )
N AH “p(3)0K

1y ey

(;3 cn20)390
) . ..
( OC::Z(,,lzr)ap 3
(@ )C':!(J‘,HZ’J)EP’J
(@OCszﬁiiZOZE’(S)DK
no:( )‘
@oc:izc.:zo ‘.,P(o)or:

(X KA
<

11

_AIT

lIme .

Lag
oF. . Sec.
840 5
850 3
850 7
850 Ao
830 9
535 a7
880 24
725 13
gus 2y
925 18
730 12
750 33
803 10
845 13
600 12
LU LI
929 3]
30 2
700 22

Mlero Flarmh,
°P,

Mlern Five,

2

518

547

493

e

522

Aok

do fipe

He fire

ot et e
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Table I, Continued 8
AIT
Compnund MRC Lag Micro Plash, Micro Pire, i
No. No. Compound op. Sec. ) °P. ’ °r. ii
22 680 B B
Br? . . .
‘ ( @ocuzcuzo)3ro 825 1 - .- b
! N o . T
) 23 % () ) o
W ICH,CH ,0 /3P0 850 7 - , - o
24 692 (,l ) ‘ ‘ Co
anzcuzo ,P(0)0K 855 21 - - |
25 833 ‘
’ 3 @op(o)(omz 1165 4 370 No firs 682 b
2% 63n v I3
@ono)(ou;)z ii50 8 - . - ¢
2 591 . ' ‘
,7 Ql@O)zP(O)OK 1270 5 NO No fire 752 - ‘ 1
28 677 (@0) 20 1200 5 - -
WA ,
29 486 €,HgPL0)(OC,Hg)0K 860 14 590 No fire 752
30 a76 C,H-P(0)(OH), 910 2 750 No fire 752
3 490 CHgPLOY (3K), 1080 19 NO " Mo fire 752
' %
32 467 CH3P(0)(OCH3)2 700 22 - - ‘ !
;
33 885 CH,P(0)(OTH,)0K 890" 15 707 No fire 752 ;
34 48T . CH,P(0)(OH), 1075 & - -
35 489 CH4P(0) (0K), 1180 17 NO No fire 752
16 4y NCCH,CH,P(0) (OCH,CH,C1),  80% 5 . 507 No fire 581
37 wut CH, =CHP{0) (OCH,CH,C1), 745 6 : - - f
8 651
3 @r(o)(omz 1175 18 - - ;
631 ¢ :
¥ @p(m(oczus)ox 895 27 - -
‘ !
4o 749 (cu3)2r(0)on 825 18 - - 2
|
41 43k ( ) _
@ ,P(0)OH 1160 4 594 No fire 7u3 j
N2 438 (HOCH,) 4P0 625 4 468 500 1
. Ed
3 023 LcHy) NP0 485 9 265 360 ;
us w2 [(CHy) N T,P(ON0CH 895 5 - - {
12 '
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Tadble I, Continued

AIT
: ‘ LIS i Compound  MRC ’ Lag Micro Flash, Miero Pire,
N 3 ) No. No. Compound °F. Sec. t & °op,
860 (CH3) ,NP(0)(OCH,), 500 10 - -
. 0 .
* _ L] 739 H NPCO) (OCH,), 680 10 - -
a7 766 ' : L
@NP(O)(OCHz)OK 820 271 - o -
3 :
" T (cua)zuno;(“@o)ox 820 22 - ' -
49 619 358 (C,H 0),P(0)OK ,
1015 9 541 563
(d
65% Q:l@u)zP(O)OK
50 620 508 (C,Hg0),P(0)OK S
\ 995 15 543 567
508 (cl@o,zp(omx '
51 625 655 (C,H,0),P(0)OK
925 25 505 550
35% (m@o)zi’(o)ox
52 7843 208 (C,H;0),P(0)OK
108 ¢ 950 &S - -
’ lg)?(o)(oczus)ox
708 H,0
. 53 788 . 208 (CZHSO)ZP(O)OK
10% Ql@O)ZP(O)ox 1215 7 - : -
708 H,0 S
5t 743 208 (C,H50),P(0)OK
10% (CHB)ZNP(Gfl@O)OK 950 22 - -
708 H,0 -
55 753 (CH3)2P(0)0K 1075 34 - -

13




Replacement in a dialkyl potassium phosphate of an alkyl group by
a secondary amido group appreciably lowers the AIT (compare Cpds.
3, and 43 thru 48, inclusive).

2. PRELIMINARY BLENDS NF PHOSPHORUS COMPCUNDS WITH REPRESENTATIVE
COMMERCIAL THICKENERS (Table II)

Flammability properties of some preliminary blends of commer-
clal thickeners and ester potassium phosphorus salts are described
in Table II. The data represents an attempt to‘gain insight 1into
the concentration effect of various types of flammable thickeners
on the AIT of diethyl potassium phosphate., Diethyl potassium
phosphate was chdsen as a model compound because 1its AIT approached
900°F., and it could be readily and cheaply synthesized, In general,
the polymer councentration, rather than the chemical constitution,
appears to have the greater effect on the flammability properties
of the blends of commercial thickeners. '

The poor flammability properties of thickeners synthesized from the
lower polyglycols and phosphorus oxychloride were discouraging
(mixtures 14, 15 and 16). This suggests that for the phosphorus

to be effective in irparting fire resistance to a phosrhorus-contain-
ing thickener, a critical ratio of phosphorus to aliphatic content

must not be exceeded,

The data 1In Table II further points up a definite need for a fire-
resistant thickener if an AIT >900°F. is to be realized in the
presence of an appreciable concentration of thickener. The desir-
able phosphorus-containing pour point depressants tested (Tables I
and II) do not have an AIT sufficient to compensate for the lower-
ing by flammable thickeners. Such fire-resistant thickeners would.
require a synthesis study, since none are available commercially.

14




Tadble 11

PLAMMABILITY PROPEATIES OP PRELIMINARY BLENDS OF PHOSPHORUS COMPOUNDS AND

WATER-SOLUBLE POLYMERIC THICKENERS

AIT .
Time Viscosity,

Mixture MRC Composition . Lag cs., °P,
No. No. . 3 ! Mixture b S Sec! b1 AL 1)
1 662 56.5 (e Hg0) ,P(0)OK .

7.5 Gelvatol 20-30% 85 a9
36.0 H,0
2 666 39.8 (C,Hg0) . )oK : I ;
45,3 Carbows  400° 780 10 820  18.5
15.1 H,0
3 756 %0.0 (CHs)zP(O)OH :
80.0 Carbowax 600 820 3
20,0 H,0
) 759 36.1 (€,H50) ,P(0)OK
27.1 Carbowax 4000° <900 ' (2)
2.1 Urea
27.7 H0
] 748 34,1 (C,H0),P(0)OK i
9.8 Cl
C:)P(o)(oczus)ox 860 32
2.4 qr-39
53.7- H,0
6 682 40.6 (€,Hg0) ,P(0)OK
: 0.5 WP-4400 850 a7
58.9 H,0
7 731 40.7 (1,01 (00K | :
0.5 WP-Uk00 870 63
58.8 Hy0 .
8 689 39.0 (CH50) JP(0IOK ;
2.4 W3SR-20% Bas 9
58.5 H,0
9 675 37.2 (C,H0) ,P(0)OK
3.0 WSR-205
2.9 Co(00CCH ), 860 6
56.9 . H0
10 764 8.1 (C,Hg0) P(O)OK |
' 3.5 wSR H-750 865 36
56.4 H,0
11 765 39.2 (CH;0) ,P(0)OK
1.8 WSR N-750 905 25
59.0 H,0
12 767 39.8 (CHg0) POION
1.5 WSR_N-750 890 32
2.6 Pei®
54.5 H,0
13 768 39.4 (02H50)29<0)ox
21 ek S
53.8 H,0
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Table I, Continued : . o

‘ e Viscosity,
°F

: Mixture = MR( Compesition, ] tag, es. . : Ceod
. No. No. 4 Mixture °P. Sec. 3 A 1) .
14 679 Neat Partially hydrclyzed (KOH) '
2 CH,OF(-4)C]. /3HDCH ,CH OCH ) 675 24 S
3 ¢ e 2’2
reaction product :
1% 672 Neat Partiilly hydrolyzed {(KOH) ¢
¢ J(HOCH CH . OCH ,CH L) ,N/2 POCY 750 44
P AN et 3
reaction product
16 668 leat Partially hydrilyzed (KOM) :
excess HUCH)CH,OPH(CH?HN/MN3 730 32

' reacticn product

Notog!
2 F.lyvinyl alconel contalning +2u$ restdual pelyvinyl acetate;
v Polyethylene glycol numbep average molecular weight 600;

¢ Polyethylene glyenl: numter average molecular weight 4000;

e

Hydroxyethyl cellulase; low viscostty;
® Polyethylené oxlie; high molecular welght;
f Polyethylene oxide, hish molecular weignt;

Folyetnylentmine,

16




3. MISCELLANEQUS COMPOUNDS (Table III) g

Table‘III lists the flammability properties of‘ébmpounds of
elements other than phosphorus, such as boron, nitrogen and sulﬁ
which elements have a negative flame coefficient and thus should

impart fire resistance.

From the data it appears that neither organoboroh nor orgénic
nitrdgen compounds possess fire resistance equal to'organic
phosphorus compounds. For example: (a) phenylboronic acid (Cpd
6) has an AIT 400°F. lower than that of phenylphosphonic acid (C;
7); (b) triethanolamine borate (Cpd. 4), a compound containing .
both boroniand nitrogen, has an AIT over 200°F. lower than trietf
phosphate (Cpd.. 5), and 65-100°F. lower than a glycol (Cpds. 1 al
2); (c) methylphosphonic acid appears to be about equal to bori:
acid in imparting fire resistance to triethanolamine as shown by
the AIT (see mixtures 10 and 11). However, methylphosphonic acii
. has the advantage of being infinitely more water-soluble than ,
boric acid which 1is eliminated as a pour point depressant becaus:
of its low solubility. | ;

Incorporation of sulfur as a sulfonic acid in an aromatic molecui
raised the AIT by 55°F. (compare Cpds. 8 and 9). The utility as
a pour poi?t depressant of this class from the corrosivity and st¢
bility properties has not been investigated. Polyglycols such a
Ucon Hydrolube CP-150 are not promising thickeners for use with

diethyl potassium phosphate because of their low contribution to
solution viscosity and their lowering of the AIT (see Cpds. 12 ar
13). The AIT of boric acid, 10% in polyglycol 2000, was too low
to be of any interest (Cpd. 14). : !

Compounds 15 illustrates that the aliphatic portion of any molect
must be kept to a minimum if the AIT is to be above 900°F.

17




Table III
FLAMMABILITY PROPERTIES OF MISCELLANEOUS MATERIALS

L Compound o _AIT
. or . Time
Mixture MRC Composition, Lag,
No. No. % Compound or Mixture °F. Sec,
1l 650 - (HOCHZCH20CH2CH2)2O 690 5‘
2 648 - ‘ Polyglycol P-2000 725 4
, 3 6u5 - (HOCH20H2)3N 6;0 26
CH20H20\
L h ‘ 224 - N:CH2CH28;5 625 8
. CHZCH2
5 437 - (C,H50) ;PO 840 5
6 681 - @B(OH)Z 775 7
7 651 - @P(O)(OH)2 1175 14
8 752 - @5033-1120 1085 19
CH
3 ,
s 9 687 - 1030 60
CH
-
10 646 15.0 CH3P(O)(OH)2
40.0 ) 750 4
25.0 (HOCHZCH2)3N
60.0 : H20 »

18




Table III, Continued

Compound AIT
- or
) Mixture MRC Composition, 4 Lag,
No. No. Compound or Mixture °F. Sec.
- 1n 644 16.C  H3BOg - 1
55.0 750 . 26
39.0  (HOCH,CH,) N |
45.0 H20
12 702 - Ucon Hydrolube CP-150 830 45
13 703 40.0 (CZHSO)ZP(O)OK S 820 at
60.0 Ucon Hydrolube CP-150 :
14 649 10.0 H3503 715 37 |
90.0 Polyglycol P-2000 :
15 497 70

- OCH.,CH-CH.,OH 175
OH . |
s r _ ‘ .

19




B. VISCOSITY AND ELECTROLYTE COMPATIBILITY STUDIES

The proposed tentative specifications for viscosity are 850
cs. (maximum) at 28°F. and 25-31 cs. at 150°F. These values cor-

respond to an ASTM slope (~0.61) which is equivalent to a currently=-

‘used glycol-water base hydraulic fluid (MIL-H-22072; ASTM slope
0063)0

The proposed viscosity-temperature properties cannot be achieved

in a water-base fluid without a thickener. It seemed advantageous
to first qualitatively determine the viscosity properties, solublil-
ity characteristics, thickening ability, foaming and gelling ten-
dencies, pituitousness and electrolyte compatibility on a number
of commercially available, water-soluble thickeners. The results
are shown in Table IV. |

The thickeners which appeared most promising in the preliminary
screening were then further evaluated in blends containing 2lectro-
lytes and other additives, with emphasis on viscosity properties.
The data are given in Table V.

1. WATER-SOLUBLE POLYMERS (Table IV)

Preliminary observations on aqueous solutions of a number of
commercial thickeners are shown 1n Table IV.

The viscosity apprailsals in this initial screening were made by
visual comparisons with mixture 32 (MRC 666). On this screening
test, the three most promising thickener candidates were: the
Gelvatols, (polyvinyl alcohol/polyvinyl acetate copolymers, mix-
tures 1 to 4, inclusive); the WSR N-polymers (polyethylene oxides,
mixtures 29 and 30); PEI (polyethylenimine, mixture 31). Of these
three types, the WSR N-series was the most promising because of
complete water-solubility and superior viscosity-temperature prop-
erties. PEI was of interest for comparison with the polyoxy-

20
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5
IS

Mixture
No.

10
11

12

13
14
15
16

17

18
19
20
21
22
23

24

MRC

No.

658

655

656

657

‘700

701

Tadble IV

BROPERTIES OP AQUEOUS SOLUTIONS OF WATER-SOLUBLE POLYMERS

Mizture

Gelvatol 1-60%
0 :
Gelvatol 20-30°
0

Gelvatol 1-30°
0

Gelvatol 20-30
K0

Elvanol (Med, Vis.; type A)d
H0

Elvanol (Med. Vis.; type A)
n,o .

PVP (Type NP-K20)°
0

"PYP (Type NP-K20)

K0

PVP (Type NP-K20)
H20

Acrysol ASE-GOr
H20

Acrysol ASE-60
Hzo

Acrysol ASE-60
H20

Jaguar 8068
HZO

Jaguar 807 °
uzo

Jaguar 807

H20

Jaguar 808
H20
Jaguar 808
Hao

h
Jaguar J-25-1

H20

Jaguar A-20-D
HZO

Plurcnics P-881
H20

Pluronics P-88

H20 .
i

Pluronics P-88

HZO

Tetronic 701J

”20

Tetronte 908%

HZO

Parts by

Welght, £.

8
192

8
192

vz:cg;§;¥, cs.,

Remarks

Coupo;ttion,

8 7%
96

» 11
96

] 8
96

19 1390
81

5 87
95

10 2008
90

10 .
90

‘v -
8o

30 59
10 .
0.01 .
99.99

1.15 -
98.85

0.50 -
99.5

2.60 -
97.4

0.65 -
99.35

5.60 -
ob. 4

2.80 -
97.2

0.01 -
99.99

6.015 -
99.98

10.0 -
90.0

20.0 -
8C.0

30.0 -
70.0

20.0 -
80.0

20.0 -
80.0

TP O —————

.0

.10

i 4

El

£l

\

' |
Gelled with alk
potasslium phasp
solutinn, I

Viscosity too
tended to cel
se.

EERRVRE - B SRR

Moleculsr weini
this PVI too le

Viscesity Léo |

Visecsity oo 1

|
Precipitated or
ing alayl potad
phesphate, !
Not completely:
soluble, L

f
Conslderable un
solved material

Sollds preclpkﬁ
!

Viscosity toco d

i
Heavy wel=ilar’
¢ipitate came o
on stand!mr.

Undlsznlvel mat
rial still prox

Same as J-00--
Pormed svabls f

Permed .tonte f
]

Formed atghls ¢
Added Lec) (30 f
sftable foam L.y

Added Lavl i f
foam bycke < of




o i«

Mixtupre
No.

25
26
27
28
29
30
3

32

Notes:

2 o

Ll - I T )

MRC
No.

666

Polyvinyl alecohol containing

Polyvinyl alcchol containing

Polyethylenimine;

Mizture

QP-3
HZO

QP-3
H,0

QP-300
H20

QP-300
H20

W3R N-10
Hzﬂ

WSR N-750
H20

per?

H20

Carbowax 600

(C2H50)2P(0)0K

Polyvinyl alcohol containing 1%
Corporation).

Polyvinyl alcohol {(du Pont).

Guar gum (Stein, Hall and‘ Company).

Table 1V, Continued

Viscosity, ¢s.,
28°p.

Remarks

Parts by Composition,

Welght, g. 3
0.500 10
h.50 90
0.150 3
4,85 97
0.250 5
.75 95
0.120 2.40
k.75 97.6
1.00 10.9
9.00 90.0
0.380 3.80
9.62 96,2
2.0 20.0
8.0 80.0
3.7% 8.3
1.2% 15.1
3.30 39.8

Cationic Guar gum (Stein, Hall and Company).

22

Polyvinylpyrroilldone, low molecular welghe (ueneral Aniline and Film).

molecular weight 30,000-40,000 (Cary Chemical Corporation).

820
18.5 ¢
150°P.

208 residual polyvinyl acetate {(Shawinigan R.sin Corporation).

*~1.5% residual polyvinyl acetate (Shawinigan Resin Corporation).

Acid-contalining, croaslinked acrylic emulsion chpolymer (Rohm and Haas Company).

Polyoxypropylene base witn polyoxyethylene end groups (Wyandotte Chemical Corporation).
Polyoxypropylene-ethylenediamine with 10-20% polyoxyethylene (Wyandotte Chemical Corporation).
Polyoxypropylene-ethylenediamine with 80-89% polyoxyethylene (Wyandotte Chemical Corporation)}.

Viscosity toc high;
contained undis~
solved solids.

Viscosity estimated
corpect; contalined
undissolved sollds.

Viscosity too high;
pitultous; not
completely dissalyed,

Pitultous; not

completely dissolved.

Molecular welipght
too low; viscosity
9.8 es. & 1%0°F,

Molecblar weizht tos
high; viscosity
54 ¢cs. 8 150°F.

Molecular welgnt
toc low.

Viscosity at 13)°F,
somewhat lov

residual polyvinyl a~etg*e; medium high molecular weight (Shaiwinigan PResin



‘ethylenes and the polyglycols as a polymeric nitrogen analog. Thé
Gelyatols were of interest because of the C-C chain backbone whicr

presumavly would contribute to shear stability. ‘ é
?.

The Elvanols (polyvinyl alcohol) and Acrysols (polyacrylates) were
eliminated because of gellation by electrolytes; the PVP-series .
(polyvinylpyrrolidone) is hydrolyzed by alkali; the Jaguars (guai
gum), being natural products, would be subject to bacterial degraé
ation; the Pluronics (polyoxypropylene/polyoxyethylene copolymeré
and the Tetronics (ethylenediamine/polyoxypropylene/polyoxyethyler
copolymers) formed stable foams; the Q-P series (Cellosizes; ?
hydroxyethyl celluloses) were pituitous and did not dissolve com—f
pletely. ‘

2. MIXTURES OF WATER-SOLUBLE POLYMERS AND PHOSPHORUS SALTS
(Table V)

The most promising of the commercial thickeners was'determiné
by preliminary screening in section 1 (Table IV). The compatibili€
of these candidate thickeners with aqueous ester phosphate salt |
solutions was then determined as the finished fluid must contair
a high percentage of the fire-resistant pour point depressant in ‘
order to achlieve the desired low temperature properties. Table V;
gives the viscosity and compatibility data on aqueous solutions of
candidate polymeric thickeners in the presence of high conéentra-¥
tions of fire-resistant pour point depressant electrolytes. Di- |
ethyl and dimethyl potassium phosphates were chosen as the model
electrolytes as a result of the properties previously discussed.
This afforded some comparison of the compatibility of the ethyl an
methyl homologs with various thickener .ypes. i

If a comparison is made of mixtures No. 14 and 15; 17, 18 and 20;
38 and 39 there appears to be a marginal difference in the compaté
ibility of the methyl and ethyl analogs with the polyethylene oxid‘

23




HHetupe

"3

e

No.

MRC
No.

698

662

663

664

665

666

790

737

732

Table V
PROPERTIES OF MIXTURES OF WATER-SOLUBLE POLYMERS AND PHOSPHORUS 3ALTS

Viscosity, cs.,

Parts by Composition, AlT
Mixture Weight, g. 3 °r. _20°r,  jsop.

Acrysol 05* 0.280 3.50 - ~2% v
4.18 61.8

(c:uboyzr(o)ox 2.38 38,7

Gelvatol 20-30° 10.0 8.3 - 1o -

H,0 62.0 51.7 -

(C,H,0) ,P(0)OK 88,0 %0.0

Gelvatol 20-30 0.750 7.50 - 738 -

H,0 3.60 3.0

(causn)ap(mox 5.6% 56.5

Getvatol 1-30° 0.750 7.50 - Gelled -

H.,0 3.60 36.0

(C,H50) ,P(O)OK 5.65 56.%

Gelvatol 1-30 0.600 7.%0 - - -

H,0 8,56 56.6

(CHy),P(0)OK 2.69 32.2

Urea 0.250 3.10

Carbowax 6009 4,75 57.3 - - -
0.250 3.0c

(C,H0) ,PO)OK 3.30 39.8

Carbowax 600 4.50 54,2 - Gelled -

0 0.500 6.00

(€,H50) ,P(0)OK 3.30 39.F

Carbowax 600 3.7% h5. 3 780 820 18.5

H,0 i.25 15.1

(C,H 0} ,F(O)OK 3.30 39.8

Carbowax 600 8. 79 53.5 - 2640 -

o 0.83 9.4

(C,H,0) ,P(O)OK 3.30 37.2

Carbowax 6000¢ 0.410 5. 34 - - -

,0 8,89 58.5

(C,H,0),P(0)OK 2.78 36.2

Carbowax 600 5.61 40.0 @90 - -
8,90 35.0

(CH ) ,P(0)OK 3.51 25.0

Carbowax 600 2.82 Mo .0 82n - -

H,0 1.81 20.0

(CH3) ,P(0)OK 2.81 %0.0

Carbowax 600 0.708 10.0 - - -

Carbowax 1540 1.08 1.0

H,0 2.12 30.0

(cua)?P(O)ox 2.81 0.0

HOCH 5CH,0H 0.352 5,00

Carbowax 15007 3.75 37.5 - 394 -

H,0 2.27 22.7

(C2H50)2P(”)OK 4,00 40.0

Carbowax 1500 4,00 6.4 - - .

H,0 .53 2.4

(CH;0) ,P(0)OK R I 38.9

24

Pour
Point,
op.

Remarks

~ald0

+14

Salted out at
28°P. - value
extrapolates,

Pour point sample
gol;eu on warming,

710 es. @ 2B8op,
after 24 hr, Four
point sample
gelled on warminge,

Made [or eompipe
tuon of flelvatnd
1=30 and 20- ¢
(6he) .

Mixtupe rlled ar
room tumperatype,

Carbowax cryi,taj-
lized from so)lu-
tion.,

Visccslty at
150°F, somewhat
low,

Thickening ac*1 o
not proportionai
to moleculnr
welipht ,

AIT too low.

AIT too Jow,

Minture o lled on
Looling; nteati.
feg,

Complete Inttlal
solution, Carbrw v
perdually ervor -
Hzed Prom sotutt.on,

neumpiete solutlone
prectpttate fv.
ercated on ctanitne,




Mixture
~No.

16

17

18

19

20

21

22

2]

24

a5

26

27

28

29

30

MRC
No,

733

736

759

695

696

Mixture

Carbowax 15408
H,0

(C2H50)2P(0)0K

Carbowax nooo”
H,0

(CK;O)zP(O)OK

Carbowax 4000
H,0

(€41 0) ,P(O)OK

Carbowax 4000
H,0

(CH;)EP(O)OK

Carbowax 4000
H.,0

(CZHSO)zP(O)OK
Urea

Carbowax 4000
H,0

(CZHSO)zP(O)OK
Urea

Cardbowax #8000
H20
(CZHSO)ZP(O)OK
Urea

Carbowax 6000°

~(CZH50)2P(0)0K

Carbowax 4000
H20
(czuso)zP(o)ox
Carbowax 6000
H,0

(CZHSO)ZP(O)OK

Carbowax 6000
H,O

(CEHSO)ZP(O)OK

Carbowax ©000

(c2H50)2?(0)0x

Carbowax b00V0
HZO
(Czﬂso)z?{O)DK
Carbowax 6000
H,0

(czﬂso)zP(n)cx

Carbowax 5100

(62H50)2P(0)05

Parts by Composition,
Welght, g.
3.85 3n.8
3.22 29.1
A.00 T 36.2
3.00 26.0
4.93 39.3
3.99 34.6
3.00 30.0
3.00 30.0
4,01 40.0
4,20 30.0
6.30 45.0
3.51 25.0
3.00 27.1
3.06 27.7
4,00 36.1
1.0} 9.10
.
3.85 35.0
2.21 20.0
4,00 36.2
1,01 8.80
3.54 32.0
2.52 22.
4.00 36.2
1.01 9.00
0.410 5.34
u.49 58.5
2.78 36.2
0.810 10.1
4.49 5.5
2.78 34,5
1.59 18.4
4.36 50.4
.70 31.2
2.12 25.3
3.86 46,1
2.40 28.6
3.32 34.6
3.86 4.3
2.4%0 25.1
2.5% 25.0
2.50 25.0
2.59 25.0
1.50 30.0
1.7% 35.0
1.75 35.0
2.50 25.0
5,00 50.9
5O 25

Table V, Continued

AIT
2%

Viscosity, cs.,

28?!. 150°P,
234 -
Cryst, -
350 -

1450 34.0

808 26.0
43.0 -
118 -
271.2 -

Gelled -
Gelled -
Gelled -
177 -

Pour
Point,
°p.

Remarks

-35,
s.c.

Solution remaln~dg’
c¢lear. )

y

Incomplete solunlé
precipitate in-
creaned on starnty

Complete initial

solution., Caruowg
gradually crystal.
1ized from snlutig

Mlxture sslidlery. g

Soluticn rermalio
clear; dietn/i
phosphates mrpr
compatible than
dimethyl pnoschats
(73%).

Carbowax 3l .aly
erystaiifzed
from sclution on
stanaing.

i

Mixture sclidifisd
on coolling.

Viscosity tou lgw,

Viscosity tco iqu;
Viscosity to 1oa.

Viscoslty too low,
mixture romalineu
clear.

Ceyotalit -« ¢

LoOn svaniin:s.,

Cry..a'll: 1
on atacdinet,

Qemadned Cluar
at room Lormpovie
ture,

Mixtae
cloary vio
L0 1w,




Mlxture

No.

n

3e

33

34

35

36

37

38

39

40

4]

42

113

4y

MAC
No.

T47

748

731

Mixture

Carbowax 6000
"20
(C2K50)2P(O)OK
Ures

Carbowax 6000
H,0

(C,H
Ures

5O)zP(O)OK

ap-3!
HEO
(C?HRO)QP(O)OK

Doy
P(O)(OCaHﬁ)OK

-3
H,0
(C?HBO)ZP(O)OK
ci
P(o)(oceus)ox

wp-3009

(cznbo)er(n)ox

WP-300
H,0
(CZHSO)PP(O)OK

aP-300
0

(CZH50)2P(O)OK

Wp-tiuoo

(CH 0)2P(O)OK

3

Wp-4400
H,0
(C,Hg0),P(0)0K

WP-4400
H50
(CzHgO)zP(O)OK

WP-4400
Hy0
(CPHSO)ZP(O)OK

WP-4100
H,0
(C,H0) ,P(0)OK

WP-4400
H,0
(CZHau)zP(O)OK

WP-b400
H,0
(C?HSO)ZP(O)OK

Table V, Continued

Parts by Composition,
Weignt, g.

3.50 35.0
1.50 ' 15.0
N, 00 40.0
1.00 10.0
3.50 31.8
2.50 22.7
4,00 36.4
1,00 9.1
0.50 876
5.50 52
3.50 33.3
1.00 9.53
0.2%0 2.44
5.50 3.7
3.50 34,1
1.00 9.77
0.19 3.02
3.60 57.2
2.%0 ® 39.8
0.19 2.5
6.60 70.2
2.50 27.9
0.07 1.13
3.60 58.3
2.50 40.%
0.031 0.5
3.619 58.8
2.500 40.7
0.19 .02
3.60 57.2
2.50 39.8
0.002 0.03
3.69 53.5
2.50 40.5
0.004 0.064
3.69 59.6
2.50 h0.4
0.007 0.113
3.69 59.5
2.50 40.3
0.014 0.226
3.09 . 59.5
2.50 40.3
0.021 0.338
3.69 5.4
2.50 40.3

AT Viscosity, cs.,

°r.  _28°p.
860 -
870 -

Pour
Point,
150°p. bt S Remarks
- - Mixture solidified,
- - Mixture solldificg,
- Cryst. Viscosity too iow,
«20
- Cryst. Cleared at 1“7,
«10 no fmprovemernt

i AlT over
(C2H50)2P(0)LA

wWould net all
dissolve.

800 c8. at r.:m
temperature -
diss>lved witn
difficulty.

Pormed an in-
soluble ba:l,

Would not ali
dissolve. -

All dlssolved;
Gelrled at poo-
temperature,

Viscosity tco l.a.

Viscoslity to~ V.

Viscostty too loa.



Mixture

-No.

L} ]

46

114

48

a9

50

51

52
53
58
55

56

57
58
59

60 -

MRC

No.,

702

703

697

689

698

Mixture

WP-4N00
H;O
(CH;0) ,P(0)OK

Ucon Hydroiube

Ucon Hydrolube
(C2H50)2P(0)0K

.

WSR-35"
H,0

(czuso)ZP(O)ox

WSR-135
H,0
(02H50)2P(0)0K

WSR-35
H,0

(Czﬁso)zP(O)OK

WSR-35

H,0
(czuso)ZP(O)ox
Urea

WSR-205"
H,0
(cznso)zp(q)ox

WSR-205
H,O

(C,H50) ,P(0)0K

WSR-203
Hy0
(C2H50)29(0)0K

WSR-205
H20
(CZHSO)ZP(O)OK

W3R-205
H20
(C2H50)2P(0)OK

WSR-205
H.,0

(C2H50)2P(O)OK

WSR-205
H,0
(CZHSO)ZP(O)OK

WSR-205

HZO
(cznso)zP(O)ox
Urea

WSR-205
Cobalt-EDTA 11
(Czﬂso):P(O)OK

cp-1501

CP-150

.7% ag.

Table Vv, Continued

Parts by

Weight, g

0.031
3.69

2.50

0.4%00
§.55

3.06

0.400
10.55

7.06

0.363
6.000

4.000

0.255
4.820

3.212

0.234
4.783

3.186

0.0%
6.00

8.00

0.25
6.00

4.00

0.29
5.20

3.66

Composition,
3

0.510
58.8

80.6

100

5.00
56.8

38,2

2,22
58.6

39.2

AIT
°

850

830

820

8u5

Viscosity, cs.,

28°P.  150°P,
827 23.5
214 -
460 -
1734 -
1260 -
990 -
36 -
733 -
678 -
973.2 8
1648 -

Pour
Pglnt.

Remarkse

Molecular welynt)

too hign,

AIT low.

¢ nnot attain
sufficient vij..
cosity or AlG,

Viscasity <o
nizn,

Visecontyy o -
low; aotlg- -
eipitarey o
solutica,

Sollds rexqtn. .

undisselyod,

S0llds romyty o
undissolved,

Molezular Al e

too high,

Sollds set o

causingy vi- -
lowsring,

Viasconity ~on

HMad~ by 1

Yery pltuie

+
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Tabie V, Continued

Pour
ixture MRC Parts by Composition, alT Viscosity, cs., Point,
No. No. Mixture Weight, g. ] s 28°p, 150°p, op, Ramarus
61 675 WSk~205 0.16 3.60 860 - - - AlT not sufr!.
H,0 3.06 57.0 ciently impr-ved,
(CZHSO).‘,P(OJOK 2.00 2.90
Cobalt Acetate 0.1% 3r.2
62 - WSR N-10° 0.:12 6.00 - - - “ryst. Poured st -13°v,;
H,0 3.42 40.0 <40 bubtle fopmas! .
intepfered with
(€aHg0)PLOYOK 4.61 54.0 determinatison o
clear patne,
63 - WSR N-10 0.37 3.50 - - - - Solution cl,uty,
H,0 2.63 52.5 viscasity to .4,
(CQHSO)ZPtC)OK 2.00 uo.0
1] - WSR N-750P 0.190 3.27 - 400 18.8 - -
H,0 2.31 39.7
(C2H50):’(0)0K 3.32 57.1
65 - WSR N-750 0.380 4.57 - 1244 11% - -
H,0 , . k62 55.5
(C?HSO)ZP(O)OK 3.32 39.9
66 764  WSR N-750 0.190 3.50 865 565 48 Cryst. Clearsq a* 7°¢,°
H,0 3.07 wh.4 «20
(CZHSO)ZP(O)OK 2.18 4ol
67 - WSR N-750 0.199 4.55 - - - - Added soltd pot -
H.,O 2.31 55.5 assium sal*s =,
aquecus WIR N7
(CH40) ,P(0)0K 1.67 40.0 olutinns - pmrt
an insnluble ©a.l,
68 - WSR N-750 0.152 1.81 - - - - Added aques e
H,0 4,88 58.% o patassium
. aqueniia &7 L :
(C,H0),P(0)OK 3.32 39.8 v solutions 5 ian :
. tion remaires .
clear. ;
|
39 - WSE N=-750 0.19 4,75 - . - - Phosphrrus acld i
2.3 57.8 and AR N-7i0 ;
cenompatible; gty
(CH ) ,P(O)OK 1.50 37.6 , : caustls and ! |
scluble bail #oored }
1
170 - W3R N=7%0 0.08 2.02 - - - - Ajueous potas- -
H,0 1.65 56.2 salt aldrd t |
(aH.) ,P(O)OK 1.21 u1.2 $oltd Wik -
32 ¢ : formed ar fng-iue o
ball,
7 - WSR N-750 0.08 2.30 - - - - Aqueous 50148 -
H 0 2.37 67.8 potassium sa)
atded tn ajae
(CH4),°(0)0K 1.05 30.2 : WSP N-TSa: e e
fouselutle vo, 1,
2 - perd 0.50 .00 - - - - Vizessity v 0 .,
HPO 4.50 5u.0 molacualar we Do
too louw,
(C2H5O)2P(O)OK 3.33 4c.o
3 - PET 0.n% 2. 32 - - - - Mixture oome ety o
WSR N-T50 0.076 3.53 slient clowtl = os
H20 2.92 R 94.5
4 767 PEl 0.050 2.57 . 890 - - - Partial fns iatilit. !
W3R N-750 Q.068 .41 i
H,0 1062 5L.8 N
39.4

(CZHSO)ZP(D)OK 0.767




Table V, Continued ;

' . Pour ’ !
Viscosity, 3., §
1xty MRC Parts by Composition, AIT Point, .
" No. ©  No. Mixture Welight, K. ] °r. - 282r.  )S0°P.  OP. Remarks
-l 202 .
7% 768 Pl 0.100 5,18 890 - - - Parttal insolub
WSR N-750 0.053 2.72 S o
Ko . ‘ t 1,027 52,8 o : : ‘ ;
(C,Hg0) ,P(0)0K 0.767 39.4 :
e 76 - PEL 0.400 5.66 - - - - Partiai insolub
o . WIR N-750 . 0,190 2.69 : ;
: H20 3.37 a7.6 : i
(C,H:0) ,P{0)OK 32 4.1 {"
77 - PEL 0.400 5.27 - - - e  Copper caused |
WGR N=750 0.190 2.50 . separationr intsg
Hzo 3.37 45,3 ) i two layers.
Aquecus phnse
(C,H52) ,P(0)K 3.12 81,1 gradually bacas
Mepcagtohenzotniazole 0.016 2.10 blue,
Carbowax 600 0.530 6.58 2
78 - WS NeBO© 1.00 10.0 - - - - Vizcosity ton
HZO 9.00 90.0 . 800 c.. at 257
' 79 - WSR ¥-80 0.375 4,50 - 248 a2.c - Viscesity sligh
: H,0 k.62 55.3 : '  low. :
(CQHEO)ZP(O)OK 3.34 80,2
80 - W3R N-§0 - 7.50 534 55.0 - Viscosity siigr
. H,0 - 92.5 high; need +6.(
: W3R N-83.
81 772 WSk N-87, 2.50 5,87 865 466 k3.o Cryst. ASTM slope
. H20 22.5 52.8 -40 (100-210°F) ), ¢
(€ H 00 ,PIOIOE 5.7 39.2 : ) L o ;
RFenax 31 g.82 2.00 ) B !
Mercaptobenzothiazole ©0.08 0.20
KHOE : G.ou .10
K4PC, 8.91 0.025 i

Notes:
3 S.dium pelvacrylate (Rohm and laas Co.l. i
b Folyviny. alcohol containing ~20% residual polyvinyl acetate {Shawinigan Resins Corp.). . f
¢ Polyvinyl aleohol contalning ~1.5% residual polyvinyl acetaze {Shawinigan Resins Corp.). o \
a Polyethylene glyzol; numoer averaze molecular weight 600 (Union Carbide Corp.). ' .
¢ Polyethylene glycol; number average molecular welght 4000 (Unlon Carbide Corp.).
£ Polyevhylene giycoi; blend.or €qual parts carbcwax 309 and 1540 (Union Carbide Cer:p.).
g Polyethylene glycol; numbter iverage molecular welgnht 1549 (“'nion Carbide Corp.).
h Polyethylere glyccl; numper average molecular welzht 4939 {(Unton Carblide Corp.).
i Hydroxyethyl celiulose; low viscosity; fast dispersion grade (Union Carbide Corp.).
J Hvdroxyethyl cellulose; medlum viscesity (Union Carbide Corp.).
« Hydroxyethyl cellulose; medium nizh viscosity {Union Carbide Corp.).
1 FPire-resistant nydraullc fluld (Unlon “arbide Corp.).
m High molecular welghi polyethylene oxide; medtum high viscostsy (Unlion Carbide Corp.).
n High molecular welght polyethylene oxide, medium high viscosity {Unlon Carblde Corp.}.
° Polyethylene oxide; molecular weight intermediate bhetween the Carbowax serles and W3R seriss '‘ninrn Carbtlde
4 Polyethyiene oxlde; molecular welght lower tnar a3R-35, viscousity equlivalent to WSR-35 (Unlon Carti-de Corg.)
q Polyethylenimire, molecular welght 30,000-43,0007 (Capy Chemical Corp.). !
r

Polyetnylene oxide; numter average molecular weight 175,000-200,000 (Union Carbide Corp.).
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type thlckeners. The ethyl analog is the more compatible probably
lue to a difference in water and/or glycol solubility,‘and there-
fore was preferred as a depressant over the methyl analog.

Che dimethyl potassium phosphinate was of interest because of 1ts
11gh AIT. Although it was found incompatible with WSR N-750 thick-
:ner (mixtures 67, 70 and 71) and with Gelvatol 1-30 (mixture 5)

{t holds potential as a depressant for attainment of a water-base
"luid with an AIT >900° provided a compatible thickener can be
round.

'he properties of the WSR N-series thickeners (mixtures 62-66 in-
:lusive and 78-80 inclusive), in combination with diethyl potassium
vhosphate as a depressant, were superior to the other polymer thick-
mner candidates. WSR N-80 (mixture 81), an intermediary member of
‘he WSR N-series, was chosen as the thickener for a twoc-quart

.ample of a fire-resistant water base fluid.

.erysol GS (sodium polyacrylate, mixture 1) was incompatible with
he dlethyl potassium phosphate at low temperatures; the Gelvatols
polyvinyl alcohol/polyvinyl acetate copolymers, mixtures 2-5)
‘ormed a gel in the presence of the phosphate depressant.

he Carbowaxes, 1n general, are compatible with the diethyl potassium
hosphate. However, with the higher molecular welght carbi>waxes the
oncentration 1s critical and does not permit the incorporation of
ufficient thlckener to produce the desired viscosity. The lower
olecular weight carbowaxes, such as Carbowax 600, require the in-
orporation of over U45i to approach the desired viscosity which in
urn has an adverse affect on the AIT (mixture 8).

he QP-3 (hydroxyethyl cellulbse, low viscosity) was compatible with
combination of phosphate depressants (mixtures 33 and 34). Incor-
oration of the aromatlc chlorine-containing phosphonate depressant
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did not improve the AIT over the diethyl potassium phosphate. Th
class of thickener is worthy of some further investigation.

WP-300 thickener, as evidenced by.SOIubility and viscosity, has

 too high a molecular weight (mixtures 35, 36 and 37).

"The molecular weights of WP-4400 and of WSR 35 also appear too

high for a useful thickener (mixtures 38-45 inclusive, and mixtur

'52-61 inclusive, respectively).

Solutions of WSR-205 (polyethylene oxide) were pituitous (mixture

52-61 inclusive).

From these data, WSR N-10 (mixtures 62 and 63) and WSR Nl750 (mix
tures 64, 65 and 66), both should be usable thickeners with dieth
potassium phosphate, and WSR N-10 should be investigated further;
However, we corsidered the molecular weight of WSR N-10 (75,000 -

'100,000) somewhat low, thus requiring a sufficiently high concen-

tration as to adversely affect the AIT. The WSR N-750 (m w. ca.
350,000) is in the shear-instability range.

Polyethylenimine (PEI) appeared too low in molecular weigﬁt to

be used alone, and as a cothickener with WSR N-750 itkshowed some
partial insolubility. 1In addition, the solutions of PEI attacked
copper. : ‘|” :

Urea was added to some of the blends to prevent gellation due to

hydrogen bonéing, and to increase the solubility of the thickener
(mixtures 5, 20-22, 32, 51 and 59) but 1t was ineffectual. Like-
wise, the addition of cobalt salts did not raise the AIT (mixture‘
60 and 61). !
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C. LOW TEMPERATURE PROPERTIES OF AQUEQUS SOLUTIONS OF PHOSPHORUS
SALTS (Table VI)

The suggested tentative low-temperature specificatlions, in ad-
dition to viscosity, for a fire-resistant water base hydraulic
fluid are: pour point 0°F. (maximum); stable to storage at -20°F.
As previously mentioned in part A, these low~temperature properties
cannot be achieved in a water base fluid solely by the use of a
thickener but will require a freezing point depressant. To 1llus-
trate, 400 g. of ethanol, or 479 g. of ethylene glycol, or 1220
2. of a polyethylene glycol thickener (8 ), in 1000 g. of water,
ire required to give a freezing point of 0°F. The amount of a
ion-ionized material needed to produce a given freezing-point low#'
:ring, lncreases proportionately with molecular weight. The mole-
tular size of a non-ionized molecule which can be used as a freezing
yolnt depressant is therefore limited.

iince lowering of the freezing point 1s dependent upon the number
f particles in solutlon, 1t seemed that small highly-ionized mole-
:ules such as salts, should be investigated. Surprisingly, it was
‘ound that very few salts which are relatively non-corrosive, and.
mpart fire resistance; have adequate solubility for use as fire-
esistant freezing-point depressants.

ata on the broad class of phosphorus salts, some of which meets
he freezing-point depressant specifications, are shown in Table VI.
otassium salts were used because of their greater solubillity.

n concentrations of 30 to U40%, the dialkyl phosphates (methyl and
thyl), alkyl alkylphosphonates, alkylphosphonates and the dialkyl

hosphinatés all produce freezing points of -20°F. (Cpds. 1, 2, 3,‘
and 15). No advantage was evident 1n the use of mixtures of

ure salts (Cpds. 19 and 20).
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3 Ed
Tavie V1 .
¥ LOW TEMPESATURE PROPENTIFS N ALIENUS SOLITEANS 97 PROSPYOR!T CALTT ‘ :
i Compound : ' : :
: or . Preezing Melting  Solation
4 Wixture  MKC ¢ wnasition,  Pelint, Folin, Clepred, Storage Stabiiity
A ‘ e ) No, No. Miztupw i by °F. °F °F.__. Time Appeararcc hemargs
oy v ' 1 468 (€, 00, PLOYOK 50,0 o - -5 - Ce ; . .
i ) - &0.7 - -ih - - A40E aupsreoni v e
v 4.0 -4 -8 - i E3 . elear -
{ dnys T
g 40.7 -0 -1l - - - pH 7,995 comuatibie i
: } sey watur, :
i ’ : 40.7 30 -1l - - - NN . ;
4 : 29.9 20 - 24 - - - o
2 484 (CA(:U};,P(C)OK %0.0 -2h 16 -6 5 clear Sompatible alti g wnton
N days ’ . ;
i 3 A8, Gl gE(M) (CH 1K 31.9 -38 - -0 5 clear  Compat ' e alos wow w tnrh
) Jays . - . :
L » [ 48c  C.H, PLONINT 1 )UK 40,9 -36 - =2 5 els ap Comint Siin wie . P .
: o : days ‘ '
5 aer C!ij?(’_))(—‘,‘,l,\ g . 409 =25 -l -iQ b elear LSRN OUIA BE RS R AN
: day: W1 w0 auter.
' . 6 8490 ¢4, FI2M(OHY Bipgd -28 -18 .32 5 clear vt il winn o
3 . e - . days
30.0 15 - -k - -
! 7 488 C,LH OP(2}(0K) 33.9 -30 - ~16 5 cleap Comuat il al®o mow L0
% . 2°s 2 -
% days ‘ Lo o
} , \ ;
8 . 691 (@om?cn,o) F(MoR 4.0 © 430 - - - - ) e
i /1,
‘ s m{ey), X 4
v 3 59.9 - - - - . ;
. O {230n ) +59 1‘
) F] : :
3 » 10 750 @) P(0)OK 16,9 -5 . . . . . ;
; 2
; ' (CH,2) P70k 2.0
n . 181 (@)P(O)OK 15.9 «15 - +49 - - : ' -
. . ' (01,0 P3O 5.4 : .
12 754 (CH ), P(0I0K 19.3 (313 +18 1 < - .
(€,H,0) ,P(3)2K 10,4 ’
v i 13 71 (CH),PLC)K 8.40 0 + 2 0 - - Co.
(C.,Hait)?F(Q)v»’. 5.0 C .
13 - ) EK 16.8 -2 v P - - .
(€ H 00, F )2 0.4
> o 15 743 (CH ), F(9)OK 125 o1 12 16 - - .
32,7 el - - - - ) N

16 745 ING10) (06, VIR 10,2
" e -in - 0 - - -
(C?HDO):,?(C]CK jne

17 743 @) ACARPLIP LS 10.4
Cl'y s 0 +12 L] - -

E (C,H50) ,P(D)OK 20.3
12 - {erg),Pointd 40.2 ‘ - - - - ‘ . v -
13 - CLH FIDIE), ' 25
: ITL‘HHI'(3;(:.C,n())f)r. 20 -28 -18 - - - ' .
W 0 .

20 -~ CH 31'{ RIS 20 )
€, FUIHGE) P -2y -1 <i - - - !
woea ut

H - < LD RN +19 * - - -
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C |

otassium alkyl arylphosphonate, potassium aroxyalkyl phosphate and ¢
otassium diaryl phosphates did not have sufficient solubility for i
se as freezing-point depressants (Cpds. 8, 9 and 21). | o T

ixtures of potassium aryl and potassium alkyl phosphorus esters
howed no improvement over the alkyl esters (Cpds. 10, 11, 16 and

7.

t 1s noteworthy that a 40%Z solution of a lithium salt could not
e obtained (Cpd. 18).

HYDROLYTIC STABILITY (Tables VII and VIII)

Hycdrolytic stability 1s an important property of a water base
ydraulic fluid. The non-aqueous phase of the water base fluid
ust be functional and stable in aqueous solution over the range v }
f the operating temperatures (+25 to 180°F.). The hydrolytic
tablility of the thickener and inhibitors, which were designed for
se 1in aqueous systems, presented no problem.

he hydrolytic stabiiity of the phosphorus ester freezing point
epressants was open to question. Triesters of phosphoric acid

nd diesters of phosphonic acid were eliminated for use as freezing
.0int depressants because of known ( 9,10,11,12) hydrolytic instab-
lity in acid, neutral or alkaline media. |

‘hanley (13) reports that monoaryl phosphates are stable to hydrol-
‘'sis at pH 8, while Plimmer (10) reports that all three, mono-, di-
:nd triaryl phosphates, are completely hydrolyzed by dilute acid

r dilute alkall.

'he data in Table VII tends to support Plimmer's contention, that
ionoaryl esters are hydrolyzed in acid or alkaline media. While

.t has been reported that diaryl phosphates are more hydrolytically
itable than the triaryl esters (12), they do hydrolyze very slowly
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in alkaline media.

The aryl esters were preferred over the alkyl esters because of their
ireater fire fesistance, but as cited above, they were eliminated
Jecause of inadequate hydrolytic stabllity. The aryl esters are also
~narginal in solubility. '

10, 9)

[t has been reported ( that mono- and dialkyl phosphates were
:xceedingly stable to alkaline hydrolysis.

Che hydrolytic stabllity of alkall alkyl phosphates and alkalil
1lkylphosphonates was investigated in the Coke Bottle Test. Results
ire shown in Table VIII.

111 compounds easily met specifications on total acidity and there-
“ore appear sufficiently hydrolytically stable to be used as fire-
*‘esistant, pour point depressants. However, copper corrosion may be
i problem with the dipotassium salts. '

’he welght change of the copper strip i1s assumed to be related to
sorrosion. Monopotassium alkyl phosphates (Cpds. 468 and 484) do
1ot appear to be especlally corrosive to copper, even without an in-
ilbitor and phosphonates are marginal (Cpds. 485 and 486). However,
‘he dipotassium aikylphosphonates (Cpds. 488, 489 and 490) have
[uestionable utility because of their severe copper corro;ion.

‘e COMPATIBILITY

) PAINT (Table IX)

It was assumed, based on some previous experience, that paint
nd elastomer compatibility were related and that preliminary eval-
ations on paint would serve as qualitative estimates of elastomer
apability. This contract did not require a paint test, but did
pecify that the fluid srall be compatible with Buna N rubber,
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MIL spec. MIL-P-5516. Paint test data are shown in Table IX. 

The order of increasing compatibility with paint appeared to be:

Aromatic-0-P(OH),<(haloaromatic-0),P~0O-alkali<aromatic-0-P(ali- :
phatic)ons’ 1) A11phat 1c-P(OH) ,<haloaromatic-P(0 aliphatic)0-alkali<
(aromatic)2P—O—alkaliéaromatic-O-P(O-alkali)2<<aliphatic-P(O- | 1
aliphatic)O—alkali;aliphatic-P(O-alkali)é:aliphatic-O-P(O-alkali)221
aromatic-P(O-alkali)zz(aliphatic—O)2P-O-alkali. Phosphorus com- %
pourds with free acid groups attacked the palnt severely. Aromatic
groups in general showed greater attack on paint than alkyl groups;
halogenation of aromatic groups increased paint attack. L

These data suggest (Table IX) that alkall alkyl phosphates are com-i
patible with paint, and probably elastomers. The difference, in ’
paint compatibility, between compound 273, a fluorinated organic

phosphorus compound, and compound 486, a potassium salt of an alkyl-
phosphonate estef, was minor. ‘ :

However, it should be pointed out that aqueous solutions of alkali
alkyl phosphorus compounds soften palint to the point at which 1t :
can be srratched with the fingernail, although only while the treate
spot is wet. Immediately after drying there appears to be no detect
able damage to the paint. In contrast, paint treated with MIL-H-
19457 (Cpd. 92) 1is permanently softened. |

2. SEA WATER _(Table X)

Compatibility of a water base hydraulic fluid with sea water
is important, for on occasion, the fluid must function satisfactor-
ily in the presence of as much as 10% sea water.

The investigation was carried out with natural sea water, obtained
offshore at Marblehead, Massachusetts. The data are listed in Table

x.
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Table IX

EFFECT OF PHOSPHORUS COMPOUNDS ON PAINT

(Formula 20L over Formula 116)

4
Concentration
Water
Compound Solution Effect
2110-H (Hydrocar R
hydraulic fluid) -
Q)F _@_) po(b) _ No apparent effect
2>(0Na)2 4o.0
P |
(C2H50)2POK 40.0 Very slight effect,
if any
OCH ™
CH 1/ 40.0
0 Slight effect
1
CGHSP(ONa)2 40.0 )
9 M
(CHBO)ZPOK 4o.o
2
CH3P(OK)2 40.0 > Slightly more damage
than above
c2H501>kox)2 39.9 )
O N
C, 5P(OK)2 40.0
0 OC.H S Slightly more damage
- 1,9CHs than above
C.,H_P 4o.o
25 Nok




Table IX, Continued

41

%
Concentration
MRC : (2) Water '
No. Compound Solution Effect
0 )
634 @-o}(owa)‘2 40.0 o
Paint softened;
; > light to moderate
) ' damage
510 06H50P(0Na)2 h6.0_/
N
511 (06H5)2P0Na 39.0 :
. Paint very soft;
’ easily scratched
92 MIL_H_lgus-T (b) - with fingernail
1,0C,Hg ~
631 AN 4 bo.o Moderate damage;
cid U ok paint could be
: - - removed with
- fingernail
-
9
339 C2H5P.(OH)2 40.0 Greater damage than:
, " 0 (b) > above; pleces of :
'1/OC6H5 paint easily removed
OH »,
?
591 Ql.—@— >2POK 4o.o Severe damage, some
‘ permanent damage;
- : paint grainy and
? swelled
433 CgHOP(OH), 39.8 ‘Test stopped after
two days; severe
damage; could remove
paint with gentle ’
wiping
(a) Listed in order of increasing attack
on paint.
(b) Compound used neat, not a solution.
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The samples were checked for precipitation at the boiling point,

as well as at room temperature, since calcium, barium, and magnesf
ium salts of phosphorus compounds often demonstrate "reverse" sol{
bility wherein they precipitate when heated. A very slight cloud;
iness appeared upon heating the solution of compound 490; other-j
wise the compounds were unaffected. ’ ' o

3. METALS (Corrosion)

It 1s imperative that the water base hydraulic fluid be com—'j
patible with the various metal alloys in the submarine hydraulic
system. Of the twenty-seven alloys originally included in the
contract target objectives, eight alloys were chosen by approval |
of t;é U.S. Navy Marine Engineering Laboratory as representative:f
Grade 1009 steel, QQ-S-698; electrodeposited, galvanized steel, |
QQ-Z-325a, Type II, Class 1; silver base brazing alloy, MIL-B-
15395A, Grade IV; copper, QQ-C-576b; nickel-copper, QQ-N-281,
Class A (Monel 400); bronze, MIL-B-16541A (WEP); phosphor bronze
QQ-B-750, composition A; and aluminum, QQ-A-250/4b. - |

Aluminum and copper were chosen for the initial preliminary‘cor-

rosion tests. Aluminum was chosen because of its sensitivity to

alkall, and copper was chosen because of its apparent reaction wit

alkali phosphates. |
I )

a. Aluminum

Prelininary corrosion tests were carried out for direct
comparison of diethyl potassium phosphate and methyl potassiﬁm
methylphosphonate using aluminum:
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pH

RC Before After (.
. Compound Heating Heating Remarks
9
68 (C2H50)2POK 8.24 6.56 No visible attack
9, 0cH,
85 CH3R\ 8.98 8.22 Aluminum heavily
OK stalned; precipitate

present in solution
a) heated at 200°F. for 336 hours (2 weeks).

ince aluminum was attacked by methyl potassium methylphosphonate
t pH 9.0, the effect of pH on corrosion within three classes of
hosphorus compounds was lnvestigated:

RC pH (a)
9. Comp