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Claim
Use of an additive composition comprising an amine phosphate

which is the reaction product of at least one n-heptyl acid phosphate
with at least one aliphatic amine having at least 9 carbon atoms, to
improve antiwear, corrosion resistance or extreme pressure properties
in an industnal fluld comprising a mineral base oil or a natural or

synthetic ester base fluid.
Use according to any one of claims 1-9, wherein the amine

phogphats component of the additive comgosition is present in an.
amount of from about 0.09 to about 0.17 weight percent, and the

irdustriai fluid is intended for gear oil use.

Use of an industnal flud comprising a mineral base oil or &
natural or synthetic ester base flud and the additive composition
defined in any one of claims 1-8 as a lubricant in close proximity with a
rietalworking fluid; the lubricant being capable cf being separated from

the metaiworking fluid.
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(57) Abstract

A zine-free anti-wear additive composition for an industrial fluid comprises as an active anti-wear ingredient at least one novel amine
phosphate which is the reaction product of at least one n-hepty! acid phosphate with at least one aliphatic amine having at least 9 carbon

atoms.
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AN INDUSTRIAL FLUID

This invention relates to industrial fluids such as hydraulic fluids

and gear oils.

It is known that zinc-based additives can be included in
industrial fluids, such as gear oils, comprising a mineral base oil or a natural
or synthetic ester base fluid, to impart high performance wear resistancs.
However, it is desired to move away from the use of materials containing zinc
which cause problems in use, such as hydrolytic stability, to additives which

are zinc free and ashless.

US-A-3.425 815 discloses a fuel having improved deicing and
detergent properties. The fuel comprises from 5% to 95% by weight of an
alkyl phosphate salt of an N-alkyl-diaminoalkane and from 5% to 85% by
weight of an alkyl phosphate salt of an alkyl-moncamine.

EP-A-0 460 317A discloses the use of (a) at least one
sulphur-containing antiwear or extreme pressure agent, (b) at ieast one amine
salt of at least one partally esterified monothiophosphoric acid, and (c) at
least one amine salt of at least one partially estenfied phosphoric acid, to
.. wase the wear resistance and improve the extreme pressure properties of
polyalkylene glycol based lubricants (see the first thres paragraphs on page
2).

WO 95/06094, which was published on 2nd March 1985,

discloses a lubricant composition containing an amine phosphate.

The present invention is concerned with the problem of
improving anti-wear, extreme pressure and ¢orrosion protection properties of
an industrial fluid comprising a mineral base oil ot a natural or synthetic ester

- ~Dase fluid, without the use of zinc based additives.
SO\
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Iin accordance with the present invention there is provided use of
an additive composition comprising an amine phosphate which is the reaction
product of at least one n-heptyl acid phosphate with at least cne aliphatic
amine having at least 9 carbon atoms, to improve antiwear, corrosion
resistance or extreme pressure properties of an industrial fluid comprising a
mineral base oil or a natural or synthetic ester base fluid.

In accordance with the present invention there is also provided
use of an industrial fluid comprising @ mineral base oil or a natural or synthetic
aster base fluid and the additive composition defined above as a lubricant in
close proximity with a metalworking fluid; the lubricant being capable of being

separated from the metalworking fluid.

The n-heptyl acid phosphate may be the monoheptyl phosphate
or diheptylphosphate or a mixture thereof, suitably a mixture of about 50%

mono and 50% diheptyt phosphate.

The aliphatic amine preferably has at least 12 carbon atoms.
The aliphatic moiety is preferably an alkyl, atkenyl or alkoxyalkyl group. The
amine is preferably a p-amine. Suitable amines are the C_,, alkylamine

available commercially as "Primene 81R" from the Rohm and Haas Company

AMENDED SHEET
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or the C,, alkenylamine of formula H,N(CH,). = (CH,),, available commercially
as "Armeen O" from Akzo Chemie Nederland BV, or "Radiamine 6172" from
Petrofina s.a., Belgium. Ailternatively, an alkoxyalkylamine such as

3-isononyloxypropylamine (available from Hoechst AG) may be employed.

The concentration of the amine phosphate ingredient will be
selected dependent on the base fluid chosen and the intended use of the
fluid. It has been found that, for hydraulic use, using a minera! base fluid, a
preferred concentraticn is at least about 0.05 and preferably at least 0.09
percent by weight, while for gear oil use, the preferred concentration of amine
phosphate is at least about 0.09 and preferably at least 0.17 percent by
weight. The upper limit of a satisfactory coricentration range can be ‘
established dependent on economic considerations and required

performance.

The additive composition may contain a wide variety of additives
in addition to the amine phosphate. Thus. dependent on the end use, the
compaosition may coritain a polysulphide load carrying and anti-wear material.
Other additives which may be used include dialkylhydrogen phosphite or
tri-alkyl or tri-aryl phosphates (for the purpose of load carrying and anti-wear},
copper passivators, such as alkyl dithiadiazoles and benzotriazole derivatives,

alkyl p-amines (for the purpose of corrosion inhibition and anti-wear), antifoam

Sy ot AMENDED SHEET
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agents such as silicon based or non-silicon Mobilad C402 and anti-oxidats
such as 2.6-di-tert-butyl-4-methyl phenol, Additin 10 from Rhein Chemie
Rheinau Gmbn and irganox L57 from Ciba-Geigy Industrial Chemicals. The

exact composition will depend on the intended use and nature of the base

fluid.

The amine phosphate may be prepared by directly reacting the
amine with the N-heptyl acid phosphate (preferably in substantiaily equimolar
proportions), followed by cocling of the reaction mixture which is exothermic.
The product is then incorporated with the other additive components to

produce an additive composition for incorporation at appropriate concentration

in the base fluid.

Alternatively, the amine phosphate may be prepared'in_sty by
separately adding to a suitable diluent the acid phosphate and the amine and
blending, suitably at elevated temperature, for exampie, about 60°C before
adding the remaining additives, thus avoiding any problems of exothermicity.
The diluent may be the, or one or more of the, major components of the
composition, suitably a polysulphide component but it will be appreciated that
the diluent may be, for example, the ultimately intended base fluid, such as BP
base fluid. Preferably the composition includes a dialky!l hydrogen phosphite
which is suitably added after the other additives such as copper passivators,

corrosion inhibitors, ant-foam agents and antioxidants.

The invention will now be illustrated with reference to the

following examples.
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4.
Example 1 Preparation of C., ,,-amine n-heptyl phosphate
Projected

Formula: rRQ_ ,0 - ? \"
R HaN-C—C
(RorHYO O o /
or
2- +
RQ , 0 c
. R H3N‘?""C
c O c
2
R = C-Hyy C= C«[g - Cyqrange

Pnmene 81R (a C..,, amine avaiable from Rohm and Haas)
was added to a glass hneg (or stainless steel) vessel. n-Heptyl acid
phosphate (availabie from Albnght and Wilson) or Elf Atochem was added
slowly with stirnng. The two reactants were employed in the ratio of 53.7%

n-heptyl acid phospate to 40.3% Pnmene 81R.

The reaction was exothermic. Blending was continued for at

least 30 minutes and the reaction mixture allowed to cool.

The resulting product was a light yellow hqud which was
charactensed by the infrared spectrum (measured by KBr disc) given in Figure

1 and the analytical data below:

Phosphorus 6.80 to 8.48%
Nitrogen 2.8210 3.23%
Density (20°C) 0.96 g mi approx.

Fiash point (PMC) g2'C min
Viscosity {100°C) 48 mm* sec (typical
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Example 2 Preparation of additive composition.

An additive composition suitable for use in a hydraulic fluid or

gear ol was prepared by the following alternanve methods:

A) To a warmed sclution of polysulphide (TPS 32 available from
Elf Atochem' to which was dissolved the antioxidant (Additin 10). there was
added the n-heptyl amine phosphate prepared as descnbed in Example 1
above and other additives as given below follovred by blending for a minimum

of 30 minutes and cooling.

B! Po'vsulphide and Additin 10 were added to a blend vessel to
which was further added n-heptyl acid phosphate at 6.23% and Pnmene 81R
at 4.20%. The reaction mixture was heated to a maximum temperature of
60°C and blending continued to homogenetty and unti all the antioxidant

“(Additin 10) was dissolved. The remaining additives. as given below. were

then added. blending continued for a minimum of 30 minutes and the mixture

cooled.

The resulting additive composition can be used (depending on

the application) as follows in terms of a percentage range (by weight):

Range Example
Polysulphide 50t0 75 61.35
Amine phospate 41028 10.43
Dialky!l hydrogen phosphite  41to 28 6.14
{e.qg. dibutyl hydrogen phosphite)
Copper passivator 60 17 3.68
{e.g. thiadazole passivator)
Alkyl p-amine 41028 ~.06
Ant-foam agent Q0to 1 0.30

(e.g. Mobilad C408)
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Antioxidants Qto 12 11.04

(e.g. phenolic:aminic mixture)

The aaditive composition was obtained in both methods as a

yellow amber oily liquid. homogeneous, clear and bnght. The infra red

spectrum for the product from methods A) and B) 1s given in Figure 2.

Exampile 3

The analytical data is:

Phosphorus 1 5310 1.94%
Nitrogen .83 to 1 30%
Sulphur 17.210 23.3%
Density 0.88 g mi {typicalh

Fiash Point (PMC)  50°C (min)
Viscosity 100 40°C 10.143¢ St

Use of Additive Composition in Hydraulic Qils
The additive composition described in Example 2 above was

blended into base fluids as given in Table 1 below to give two ISQ VG 46 to 68
hydraulic oils and subjected to a seres of standard tests as given in the Table.
It is to be noted that the test results are of the level not narmally expected for

zinc free ashless compositions. The additive compasttion has provided a high

standard hydrauhc oil performance and. in particular, very low wear rates in

the Vane pump test.



PCT GBYSNOO14R

WO 98205892
TABLE 1
Base Flu Test Ret Fad 1 Fua 2 Flud 3
82 Virgin BP \argr Re-refineq
mine-g o
Additve Comg 0sowt % fosowt e [osowt s |
Vscosiy ot & 40°C P 473 68 46
Stee Coromon P35 Fass A-B Pass A-B Fass a+B8
Coppe- Corosion IP15d 1 1o ib
TOST (100 b DEF STAN
MG ron g™ increase! 038Q 57 T - 023
Foam t msmis & sec P 14g Q o Q
2 - xo&s 200€3 noéas
3 - Q 2
Tuwnxen Q K Lead (ib) IP 240 5G s -~
FZ3 stage CeC Dass 11, - rass 12
L-07-A-85 2 12
Vane Pump iP 218 i
R'pg wt. r0ss mg S {120 man) - s ’
Vane wt loss mg 3 8 (30 max} |- 16 4
Wi loss. mghr Py Q00238 - 0.15

* This tormulation contained an additional 0. 1% antioxidant

# Additive composition of Example 2 plus additional 0.1%. antioxidant.

Example & Use of Additive Composition in Gear Quls

The additive composition descnbed in Example 2 above without

antioxidants was blended into base fluids as given in Tables 2 and 3 belaw to
qive gear olls in the 1ISO 100 to ISO 320 rarige  The blends were sub ected o

a senes of standard tests as given in the Tables
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TABLE 2
Test [Lres [iSONG 100 IS0\ G 150 IS\ G 200 [1SO \ G 320
Rust Test, iP 1358 NC Rus? - - Ao Rust
Baseg on ¥ 45% wH
4 ball Wear Test,
1P 239 1.45% wt
1n7 20 a3 1800 © §
AASD o 228 ¢ 32 23 a2t
ISL A3 130 120 160 110
We's Pors ixa 220 220} 252 250
1 e 204Q 1B T
MWSD ! Q.35 030 . -
ISt 53 132 1ns} - -
Waed Part X3 240 NE Y - -
1.55% wt
1 h?. 2D Rz ‘80 o,
MWV SD Xg 035 eIl - -
SL kQ 140 140 . .
WedPor Q! 240 240 .

It will be seen from the above Table that there was proviaded
satistactory gear oil performance at an additive combination of 1.45% for ISO

V G. 150 and above and an add tive treat rate of 1.50% for iSO V.G 100Q.
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TABLE 3
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S T, U
Test Mermoa LS GearO VG VG Lt
TR e 1 5%
Agditive
cormpesd o0
v scosh atdlC = RN 103013381050
h\fs‘e&n at 120 =l St | 13 -
!\g SO0S N\ INCex te 278 - 3F 83
i%r Retase vawe. 3T =33 ‘rrms f 31118 max
! 2a™ Seqeerce 1 - "= 128
Tancency ms r T3 max
State n jmis » S Trace maa
S.ash Pomt, PMC IF 34 < 198 | *32 mee
Su otur cartert Ty ‘% 124 .
Shosphoms contant CE 2a . 203 -
| Sonper Cooser o354
Shsal *0C f . . to jCass3Imax
Sust Test © 1338 - No Rust No Rust
Oveaton @ 2T ASTM D2833
‘ Ihcrease n b sgosh at feg a4 |6 max
100°C
4 Bar Wea- Test P -;239
T e, 20 R 100 o
' AWSD | mm 2350 35 max
ISL A3 130 -
We d Pomt AS 25 250 men
FZ3. Fa Stage DN S35 - ~12  [1ICmn
T rwer O (03l 23 s £ |80~ s
- N .
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Example § Use of Mod fied Additne Compositions

Further test flnids were prepared contaiing add the
compostitions prepared using the methods descnted in Exarples * ana 2 and
vsing two altematn e aming phosphates ene prepared using ARMEEN O and
one prepared using 1so-nonyloxypropyiamine) and poh sulphide and or diatkyt
phospate adatinees in an amount of 1 853 09 and 0.1°%: The compostons
were tested for ant-wear performance in accordance with 1P 239, The
compasitions and resulls are grven in Table 3 below. The base fluid was B P.

153 Swertneutra..

TABLE 4

1) n-heolyaag
ahosohate - b - . -

SINCAY OXy¥-
t

AT
o0y @708 W e

3} n-heptylaca
chosphate - g+ 1T - - -
+ ABMEENCT
wi T}

0 ysuohice 10 1O 10 1Q |10 ¥ 0 Y2

wt %)

-’

3| - . . 210

]
(o]
&%
<
b
o
[}

ohesph 1@ (wh S a1

TeA™ Wear s83”

Ja~—ewerirm

L%}
(]
L)
0)
5]

0320 {0322 ja312 o

o

'3

2
[
[
+)
0
r)
)

)
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It can be seen from the above results that the prepwration in
Example 1, together with a dialkyl hydrogen phosphite and an amine phospate
prepared using ARMEEN O and isononyloxypropylamine produce low
anti-wear performance in the IP 239 Shell 4-ball test.

Example 6§ Use of Additive Composition in Synthetic Ester Hydraulic Fluids
The additive composition described in Example 2 above was

blended into synthetic ester base fluids of the grades given in Table 5 below

and subjected to a series of standard tests as given in the Table.

TABLES
Grade HE - 32 46 68 Limits
ISO Viscosity Grade VG 32 46 68 32/46/68
Pour Point, °C max -87 -51 -51 -18/-15/-12
Steel Corrosion, max (OIN Pass Pass Pass Class 0-Meathod A
51585)
Copper Corrosion 1b 1b 1b Class 2-3
max {DIN 51759; hours at 100°C
A Release 50°C mins, max (DIN] <0.5 <0.5 1.7 5/10/10
51381)
Demulsibility, $4°C. mins, max 1 | 30 45 40/40/60
(DIN 51549) 7
F2G, A8.3/90: Load Stage 512 512 >12 10
Fall. min
Vane Pump Wear, mg, max (1
-‘(DIN 51389/2)
Ring} © 250 hours (1) 2.5 <120 120
Vanes 7.1 <30 30
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Baader 95°C @ 3 days (DIN {2) (2) (2) (2)
51554/3)
Viscosity change @ 40°C.°o max | 0.7 0.6 27 +20
mqg KOH/gm change, max -0.15 0.07 -0.08 +0.08
SRE-NBR 1 - seals (DIN 3538/1)
Volume change, °> max 10 10 10 /410
TS
Hardness change, max -9.7 -2.6 -9.4 il 10
Foam Volume, mi/ml @ sec. max
(DIN 515868)
at 20°C 80/0@35 0 150/0@ 120
at 395°C 0 40/0@120| 75/0@120
at 25°C (after 95°C) 60/0@29 0 150/0@ 120
Neutrafisation Number 0.34 0.38 0.37
mgKOH/gm {DIN 51558/1)
Brugger, N/mm?, min 43.8 45 >30 30
Biodegradability (CECL33T82), | 95 >95 585 70
% min
Viscosity Index 151 172 184 -
Copper Corrosion (DIN 517539A) 1b 1b 1b Class 1
@ 125°C, max
Steel Corrosion (DIN 515858) Pass Pass Pass Pass
4-Ball (ASTM D2783) Weld
Point, kg 200 200 240
Load wear index, kg >45 82 49.5 45
1 hr wear @ 30 kg, MWSD. mm | >0.35 0.330 0.360
Seal Tests @ 168 hrs
(i) Medium NBR @ 80°C
Volume Change, % 6.6 6.4 6.0 -3/+10
Hardness Change 7.3 7.0 6.9 -10/+10
(ii) Flurocarpon @ 100°C
Volume Change, %o 1.3 1.5 1.2 -3/+10
Mardness Change -1.7 2 Y -10/+10
(i) Polyurethane & 80°C
Volume Change, ®e 8.2 8.0 7.8 -3/+10
Hardness Change -10 -8.0 9.5 -10/+10

Rnuneverastermmes e i
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Stear stability ®, max (DIN . -4.3 . %10
51382) 100°C 250 cycles, loss
(1) DIN 51389/2 @ 250 hours
(2) Replaces DIN 51587 used for mineral oil based fluids.

it will be seen from Table 5 that the fluids meet the Baader
oxidation test requirement for synthetic ester base fluid hydraulic lubricants
with very low viscosity and acid number increase after test. They meet the
following lubricant specifications where the oxidation testing used was that
developed for ester base fluids.

» DIN51524, pant2

» SEB181-222

>  Ford U.MC 006-8004

>  Brugger
The lubricants have been found to provide excellent corrosion

protection, extreme pressure and anti-wear with a passing result in the Vickers
104C 250 hour vane pump test and very high FZG load stage performance.
They are compatible with nitrile, fluorocarbon and polyurethane sealing
material and their high viscosity index, low pour point and good filtration

ensures that the lubricant properties are excellent.

It has been found that, when used with the applicants' water
based metalworking fluids the lubncants show excellent separation properties.
Their biodegradability of greater than 95°, for the ISO VG 32 and 46 grade
and greater than 85° for the ISO VG grade by CEC L33 T82 minimises their

impact on the environment as do the properties of being heavy metal, chiorine

free and ashless.

Example 7 Use of Additive Composition in Synthetic Ester Gear Qi
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The additive composition described in Example 2 above was
blended into synthetic ester base fluids of the grades given in Table 6 below
and subjected to a senes of standard tests as given in the Table.

TABLE 6

Grade CLP 46 68 100 150 220 Limits
46/68/
100/150/
220

SO Viscosity Grade VG 48 68 100 150 220 DIN
515550+
515621

Pour Point, °C, max (ISO -33 27 27 27 27 -15/-15/

3016) 12/-9/6

Copper Corrosion (DIN ib ib 1b 1b 1b

51759)

Steel Corrosion, max Pass Pass Pass Pass Pass | Class O

(DIN 51355A)

Ageing. Behaviour (DIN

51586)
Viscosity Increase @ 100°C <6 586 <6 <6 <5.7
max <01 <Q.3 < 0.1 <0.1 <0.1 0.1

Pracipation Number ml max

FZG A8.3/90: Load Stage
1 Fail min >12 >12 >12 >12 >12 |12
| Weight loss mg/kwh max 0.028 <0.3 <0.3 0.006 <03 0.3

SRE-NBR 1 - seais (DIN

53538/3)

2 Volume change. ® 8.7 8.9 <8.9 <8.9 7.8
Hardness change -8 -5 <5 <-5 -4
Brugger, Nfmm®, min 56.1 51.9 >50 >50 66.6 50

Biodegradabilty, % (CE
33T82) max >95 »85 >80 >B5 »85 70

Timkin OK Load, lbs, min f
(ASTM D2783) >80 a5 >60 >80 >80 60

WWWMMMWJ
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TABLE 6 - Continued
4-ball (ASTM D 2783)
Weld Point, kg, min 260 280 >250 >250 260 250
Load Wear Index min 61.8 61.9 >45 | >d48 60.6 45
1 hr Wear @ 20kg MWSD, - 6.304 <0.35 <0.35 0.282 0.35
mm, max (ASTM D2266)
Steel Corrosion (ASTM Pass Pass Pass Pass Pass Pass
D665B)
Foam Suppression, mimi @
sec, max (ASTM D836 (1) 0 0 - - 0 ~50 @ 120
2) |7o0@1s [rome e | . . 200 @ 120|750 @ 120
3) 000812 (100 & 4 . ) 20086 §730&120
0
Viscosity Index 187 184 >184 >184 194
Coppér Caorrosion (DIN 1b ib 1b 1b ib VClass 2
51759) @ 125°C max
Timkin Weight Loss, mg, max
25 lbs 0.3 - - - - 6
30 ibs - 0.5 - - 6
351ibs . . . 0 ] - 6
40 lbs - - 0 - 0.4 6
Arr Release 50°C max (DIN | 3.3 4.1 - - 217 10/10/20
51381 30430
Demuisification 54°C min 23 28 <25 <25 25 40/60/60
(DIN51599) max @82°C [ &82C [e8C
Seal Tests @ 168 hrs max
(i) Medium NBR @ 80°C
Volume change % -1.9 -1.4 - - -0.8 +3/+10
Hard Change 1 2 - - 4 ~10/+10
(u) Flurocarbon & 100°C
Volume Change °s -G.9 0.2 . . 0 +3/+10
Hardness Change -8 1 . . 0 ~10/+10
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(it} Polyurethane @ 80°C

Volume Change % 0.2 08 - - 0 +3/+10

Hardness Change 0 -1 - - ~1 ~10/+10
Stear stabiiity e, max
(CEC-4-45-T-93:A} 100°C

1

loss <10 <10 <10 <10 -8.7 =10

it will be seen from Table 6 that the lubricants meet the following
internationally recognised specifications that were originally designed for
mineral oil based fluids.

> DIN51517, pant 3

>~ SEB181-222

>  Ford U-MC 002-8008

> U.S Steel 224

>  Brugger

We have found that the lubricants provide excellent corrosion
protection, extreme pressure and anti-wear performance with an FZG load
stage pass greater than 12. They are compatible with nitrile, fluorocarbon and
polyurethana sealing material and their high viscesity index, low pour point
and good filtration ensures that their lubncation properties are excellent.

Biodegradability of greater than 85° for the 220 grade and
greater than 95°%, for the lower viscosity lubricants minirmises the impact on the
environment as does the properties of being heavy metal, chlonne free and

ashless.




CLAIMS

Use of an additive composition comprising an amine phosphate
which is the reaction product of at least one n-heptyl acid phosphate
with at least one aliphatic amine having at least 9 carbon atoms, to
improve antiwear, corrosion resistance or extreme pressure properties
in an industrial ftuid comprising a mineral base oil or a naturai or
synthetic ester base fluid.

Use according to claim 1 wherein the aliphatic amine has at
least 12 carbon atems.

Use according to claim 2 wherein the amine is a p-amine.

Use according to claim 3 wherein the amine is a
C ... alkylamine, a C, alkenylamine, or an alkoxylalkylamine,

Use according o any one of the preceding claims wherein the
amine phosphate component is present as a monohepty! phoshpate or
a di-heptylphosphate or a mixture thereof.

Use according to any one of the preceding claims wherein the
additive composition further comprising additives selected from
polysulphides, dialkylhydrogen phosphites, tri-alkyl phosphates, tri-aryl
phosphates, alkyl dithiadiazoles, benzotriazoles, alkylp-amines,
antifoam agents and anti-oxidants.

Use according to any one of the preceding claims in which the
amine phosphate componant has been prepared in situ by separately
adding to a suitable diluent the acigd phosphate and the amine and
blending before adding the remaining additives.
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Use according to any one of the preceding claims wherein the
additive camposition inciudes a dialky!l hydrogen phesphite which has
been added after addition of other additives.

Use according to any one of the preceding claims wherein the
amine phosphate cornponent of the additive composition is present in
an amount of from about 0.05 to about 0.09 weight per cent, and the

industrial fluid is intended for hydraulic use.

Use according to any one of claims 1-9, wherein the amine
phosphate component of the additive composition is present in an
amount of from about 0.08 to about 0.17 weight percent, and the

industrial fluid is intended for gear oil use.

Use of an industrial fluid comprising a mineral base oil or a
natural or synthetic ester base flud and the additive compaosition
defined in any one of claims 1-8 as a lubricant in close proximity with a
metalworking fluid: the lubricant being capable of being separated from

the metalworking fluid.
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