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Inorganic Salts in

A series of mahogany su'fonate rust inhibitors
used in compounding qualified petroleum hydraulic
fluids was studied in connection with the inopera-
bility of tank hydraulic systems after shor? storage
periods of six to nine weeks. Examination of the
disassembled hydraulic components showed severe
staining and rusting in valving areas having ex-
tremely critical tolerances.

Analyses of the sulfonates indicated the presence
of inorganic water sofuble salts (caled. as calcium
chloride and calcium culfate) ranging from 0.02 to
0.19 per cent. It was found that the hydraulic fluids
wsed in the tanks which did not perform satisfactorily
contained sulfonates having a relatively high chlo-
ride salt content of 0.1Z per cent, while the use of
hydraulic fluids with suifonates containing less than
0.03 per cent of the halide salt permitted satisfactory
operation. Data are also presented which show that
the concentrations of inorganic solts found in the
commercial muhogon;\ suifonates studied do not ap-
pear to significantly affe<t the rust prevention proper-
ties of the sulfonctes but their presence does pro-
mote corrosion due to galvanic action.

A correletion was established between laboratory
galvanic corrosion tests and performance tests in
tank and mock-up systems.

INTRODUCTION

The use of corrosion preyventive additives for lubricat-
ing oils has been practiced for many years (1.2) and the
literature reveals many types of compounds which are ef-
{ ctive corrosion inhibitors (3.4,5). These additives. how-
ever. are generalh associated with automotive crankcase
lubricants, with little emphasis given to corrosion inhib-
iters for use in lubricating oils for military hvdraulic and
instrument systems. This has been notably apparent to
the military since it has been observed that many in-
struments and hvdraulic units of fire control systems would
not fuaction due to severe deficiencies in rust protection of
the lubricants used (6.7.83. Thus, 4 great deal of work
was begun on the study and development of rust inhibi-
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tors. Among the materials studied and found to be effec-
tive were the high molecular weight petroleum suifonates,
naphthenates, long chain fatty acids, and amines (6,9,10,
i1,12,13). Of particular interest were the mazhogany
sulfonates because of their effectiveness, relatixelv low cost
and availability as by-products of white mineral oils. The
mahogam sulfonates are now extensively used by the mil-
itary in petroleum and svathetic lubricating oils to provide
rust protection for fuzes (MIL-L-11734), instruments
(MIL-L-6083), hvdraulic svstems (MIL-H-13919, MIL-
H-6083), aircraft (MIL-L-7870), and weapons (MIL-L-
14107, MIL-L-644).

Recently, however, the use of one of the nist-inhibited
petroleum-base  hydraulic  fluids meeting  Specification
MIL-H-6083B, "Hydraulic Fluid, Petroleum Base, Preserv-
ative” currently or the list of qualified products for
military hyvdraulic systems, was found to cause iroperabil-
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ity of MISA2 tanks T (MIL-B-0083B . Indiauhe find
is used by the Ay as both a presensatine and an opera-
tional fhad s Darng nannbacture of the tanks. two qual
tficd MIL-H-6055B fhads, A and B, were used in the hy-
drauhe svstem for storage purposes. After short penods
(six to mme weekhsi, it was noted that a large numbe
of the wts would not function It was tound that all of
the tanks with flud A m the hndianhe system were mop-
crable, while all of those using flund B performed satistac-
torily. Disassembly and exanmmation of the hydraubc sys-
tems Jubricated with fluid A revealed estensive stammg
and conosion on critical areas of those components which
control movement of gun and tunet A schematie dinggam
of the hydraulic svstems of the MASA2 tak 15 illustrated
in Fre. 1L Frzures 2 and 3 are photographs of some of the
rusted components of the hvdradic swstem Jubneated with
the MIL-H-6053B thud which cansed moperability of the
tanks after a storage penod of onlv siv weeks. Since ma-
hogany sulfonates are used «s rust inhibitors i fonmulating
MIL-H-6083B fluds, st appeaied 1easonable to consider
such compounds as possible suspects - pennitting the rust-
mg and staimng of the components which caused mopera-
bilitv of the tanks

PRESSURE ACTUATING CYLINDER - -
REGULATOR FLUID 7
RETURN i
RESERYOIR = ‘
OECK CLEARANCE
ACCUNULATOR VALVE <
FLUD CHECX
PRESSURE VALYE
<
N
e E
! TRAVERSE |
PXESSURE GAGE MOTOR LOCK vaLve
HYDRAULIC GUNNERS CONTROL

MCTOR
Fig. 1 — M48A2 Teonk Hydroulic System

The woik 1eported here describes studies on \MIL-E-
G0S38 hyvdraulic fluids formulated with commercial ma-
hogany sulfonates. and data are presented to show that
the water solubte inorganic salts found as impurities in
the rust inhibitors are a primary cause of the rusting and
staining of the hyvdraulic components. Since dissimilar met-
als (steel. iron, copper and aluminum) are present in the
hydraulic system, the inoperability of the tank hyvdraulic
svstem is considered to pe associated with the phenome-
non of galvanic corrosion.

EXPERIMENTAL AND TEST RESULTS

Preliminary studies in determining the cause of the rust-
ing and staining of the components were directed toward
evaluating the mst preventive properties of the qualified
MIL-H-60538 Indrautic fluids. All of the lubricants (in-
cluding the MIL-H-6C53B fluid which permitted the stain-
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Fig. 2 — Hydraulic Components M4BA2 Tonk, Elevation ond
Traverse Spools

ing and rustng of the componentsi were found to pass
the 160-hour rust protection requirement, using the JAN-
H-792 humidity cabinet. To further determine the abil-
ity of fluid A or B to provide protection against rust of the
h)'dmnlic components, an immersion storage test was con-
ducted using the lock valves which have estremely close
tolerances (0.00016 in.). Fom valves were placed in four
separate beakers, two were covered with flnid A and two
with fluid B. At the end of nine weels’ storage, an exam-
ination of ¢ach valve indicated no evidence of stain or
rist. These results confirm the previous exposure tests in
the humidity cabinet, indicating that fluids A and B pro-
vide the hydraulic steel components with adequate pro-
tection against rust.

Altentitn wis then directed toward evaluating the qual-
ificd fluids for compliance with the other requirements of
the specification. It was found that all of the hvdraulic
fluids were essentially within specification limits. These
initial studies indicated that perhaps the present require-
ments covering  MIL-H-6083B fluids are not entirelv
sutisfactory and that the inoperability of the tank svstems
may be due to some deficiencey not covered by present
requiremerits.

l

fig. 3 — Hydraulic Components MABA2 Tenk, Superelevation
Actuator Assembly




\ somewhat sl contesion poblem with the use
of msttument-lubnicating ol mecting Specthcetion Mil.-
L-60S5 “Lubricattme Odf. imstiument. Auctaft Low Vol
atility,” had boen olsened in the 1930 when ot was noted
that consderable contosion of steel balls and 1aces
brasseretainer hall beatings took place dunng storage This
problem was studied (151, and the conmion of the Lall
bearings was attributed to gahanic action A test device,
consising of an SAE 32100 steel dise % inch thek
x inch in dimeter) and « Muntz-metal tallov of 607
copper & 402 zine) specimen (% inch  wide, 1%
nches long, and 1 61 inch *hick), was developed and
utilized in the laboratory to measure the ability of lubiicat-
ing oils to promote galvanic corrosion. (This method has
been adopted by the military and i now desenbed as
Federal Standard Test Method 3322T ) Since the tank hy-
drawmie system contains dissumilar metals, this test device
was used in evaluating *he galvanic corrosion property of
the qualified MIL-H-6083B hydrandic fluids (A to Fi. The
results are given in Table 1.

Since the hydraulic fluids (A to F) contained 1+ ahogans
sulfonate rust inlubitors, it appeared probuble that the re-
sults given in Table 1 (fluid A fails. fluids B to F paso)
may be associated with diffcrences in the sulfonates used.
Accerdingly, analyses of several of the commercially avail-
able sulfonates were determined. The test method used
was ASTM DI1216-56, modified to include quantitative
methods for the inorganic salts content. The chlorides were
determined as follows: a 30 ¢ = 0.50 g sumple . the sul-
fonate was placed in a 250 ml beaker. Fifty ml of eth;l
ether were added. with stirring, until the sample dis-
solved. The solution was transferred to a 250 ml separatory
funnel using an addition 50 ml of ethyl cther. Twen-
tv-five ml of HNO, (1 acid:9 water) was added, with
shaking. The mixture was allowed to settle and the acid
L yer was collected into another 250 ml separatory funnel.
The chilurides were then determined, using Volhard's meth-
od (16).

The sulfates were determined in accordance with the
method described in (17). The data are given in Table
2. (The sulfonate compounds A-1, B-1, and C-1 are the
same rust inhibitors used in formulating MIL-H-6083B
hyvdraulic fluids A, B, and C, referred to in Table 3.)

Tanrr 1 — CALVANIC CORROSION DATA ON
MIL-H-60538 FLUIDS-

ANALYSES OF COVIMERC AL,
SULFONYTES

Pamey 2

CoatrostnioN, ¢ COMMERCUIAL SULFONALTES

Al B-1 C-1 D-1r
Carboxy laie 0.69 .19 0o} 0.50
Sulfonate J3.61 36101 28.85¢ 36.40¢
Chlorider 12 0.03 0.03 0.01
Suifate! 007 0.12 0.08 0.01
Water 1.00 3.60 0.10 0.26

Mineral Oil 61.51 39.24 69.91 62.82

*Determined by ASTM Method DI216-56 except for chlo-
rides and sulfates. The latter were determined by using
test methods desaibed in references (16, 17,

*Same as A-1 eacept that this sulfonate was treated to re-
move soluble inorganic salts. Punfied sulfonate cur-
rently used in formulating MIL-H-6053 fluids.

<Caled. as caleium suifonate.

4Caled. as barium sulfonate.

«Caled. as calcium chloride.

{Caled. as calcium sulfate.

Calvanic corrosion tests on the sulfonate samnples listed
in Tuble 2 showed that samples B-1 and D-1 were satis-
factory, while sample A-1 exhibited corrosion and C-1 was
considered borderline. Samples were then prepared in the
laboratery in which a sufficient quantity of calcium chlo-
ride was added to the B-1, C-1, and -1 samples to make
up a total of 0.12 per cent chloride (same quantity of
chloride found in the sulfonate used in b--draulic fluid A,
which cansed ir.aperability of the tank). The galvanic cor-
rosion test results are fiven in Table 3. Photographs of
discs typical of a s.lfonate containing 0.01 per cent and
0.12 per cent caleim chloride are illustrated in Fig. 4.
(C-1 sulfonate was considered borderline, since many tests
on many different batches showed only one or two smail
rust spois on the steel disc. This is in contrast with the sol-
id mass of rust usually noted with sulfonates wkich pro-
mote galvanic corrosion as is evident in Fig, 4.)

Tanre 3 — CALVANIC CORROSION DATA ON
COMMERCIAL SULFONATES CONTAINING
CALCIUM CHLORIDE®

MIL-H-6083B Fuuwp ResuvLt SuLroNaTe Resvur
AY Fail A-1 (0.12 per cent chloride, 25 reccived) Fail
Be Pass B-1 (0.03 per cent chloride, as received) Pass
C Pass B-2 (chloride content of B-1 increased to
D Pass 0.12 per cent) Fail
E Pass C-1 (0.03 per cent chloride, as received) Borderline
F Pass C-2 (chloride content of C-1 increased to

aFed. Std. Tcst Method 53227

vMIL-H-69838 Fluid which caused inoperability of the
tank hydraulic system.

«MIL-H-6083B Fluid which permitted satisfactory opera-
tion of tank hydraulic system.

0.12 per cent) Fail
D-1 (0.01 per cent chloride, as received) Pass
1)-2 {chloride content of D-1 increased to

0.12 per oent) vail
*Fed. $td. Test Method 3322T
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An over-all anabsn of the data o this pont i o
study showed that to resohe this tans moperabnhty prob-
lem, many tosts on the tank indrauic sstemns woud be e
quired I order to avord costh espenditares n the use ol
L.
up of the tanh hvdiauhe svstam for Liboratony tost pn-
poses The parts wsed e the construction of the mock-up
were the same as those skown m the schematic diagiam
of Fig { The mock-up umt, therefore, contamned the iden-
tical major components found m the MA5A2 tank indian-
lic svatem. Two units were constiucted. Tests were con-
ducted on the moe ups m dupheate, with all of the qual-
ified MIL-H-60838 hyvdrauhie fluids listed in Tac'e L
Incladed alvo m the mock-up tests was a fhad formulated
to meet MIL-H-6083B wing sulfonate D-1 tsame ay A-1
except that this sulfonate was ticated to remove soluble
inorganic salts by repeated washings with warm water at
60C saturated with secondary butyl alcohol).

It was found that fluds B to ¥ and the hydiaulic fluid
made with sulfonate 1-1 permitted .\dll.\f.lclox'\ operation
of the mock-ups after « storage period of nine weeks, Af-
ter cach test, all of the components were disassembled.
and eaaminations icheated no rust or stams on amy of
the pats with flud A, however, after mne weeks stor-
age the sock-ups woild not start and the eomponents
were found to be badly rusted. Viguie 3 shows typical
rusted lock satve spools. gandes. and balls: The results on
the mock-ups using hvdranbe flnds A and B corroborated
field test data on MISA2 tanks using these same fluids
after six to ume weeks of storage.

A study of the sulfonate analyses (Table 23 indicated
that sulfonate A-1 used m hvdraulic fliid A (which caused
inoperability of the tank and mock-up) also contained a
relativelv high 0.12 per cent chloride salt. while the chlo-
ride salt content of sulfonate B-1 used in fluid B (which
was satisfactory m the tank and mock-up) was found to be
only 0.03 per cent. The galvanic corrosion data also corre-
lated with the field test data: ie.. fluid A — tank inoper-
able: promoted gahanis corrosion: fluid B — tank opera-
blt- did not promote gahvanic corrosion. The data {Tables

1. 2, 3y also showed that hvdraulic fluids using sulfonates
B-1 and D-1 contanung 0.03 and 0.01 per cent chioride
salt. respectivelv, were satisfactory in the mock-ups.
showed no corroston on Indraulic parts, and did not pro-
mote galvame corrosion The tests on hadraulic fluid C

- s r L. P | TR S Y TTTYE
LAIINS TOr test PUIPONES G0 Way Gl (6 S

] TR

CALCIUa SULFONSTE Q125 CALQIU« CHLORIDE!

CALCIYM SULFONATE 1234 CALCIUw CHLORIDE
Fig. 4 — Galvanic Corrosion {Fed, Std. Test Mcthod 5322T)
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Fig. 5 — Hydroulic Components MABA2 Tonk

which contained sulfonate C-1 gave satisfactory performance
in the mock-up but. as noted previowsly, was considered
borderline in the galvanic corosion laboratory test.

An over-all evaluation of these data indicated that the
inoperability of the tank svstems was associated with the
use of commercial mahogany sulfonates which contained a
relatively high quantity of chloride salts. Since the inop-
erability of the tank and mock-up due to rusted compo-
nents also, in general, correlated with the galvanic corro-
sion laboratory test (Federal Standard Test Method 5322
T it would appear that the lztter test can be used as a
screening test in evaluating the ability of hvdraulic fluids
to permit galvanic corrosion due to the presence of solu-
ble chloride salts.

Calvanic corrosion tests were aiso run on sulfonates B-
1. C-1. and D-1 to which were added sufficient calcium
chloride to varv the salt content from 0.01 per cent to
0.12 per cent. These tests were conducted in an attempt
to establish the cotical chloride salt content for initiation
of corrosion. i, 15 seen from the datx given in Table 4
that. in general. commercial suifonates did not initiate gal-
vanic corrasion when the chloride salt content was below
0.03 per cent.

Attempts were also made to detemmine the ability of
sulfonates containing chloride salts to promote galvanic
corrosion when added to petroleum ]llbric::ting oils of dif-
ferent visconities. 1Qils varving in viscosities from 2.2 cen-
tistohes to 380 centistokes at 37.8C were tested.) Tt was
found that in all instances. 3.0% or more sulfonate
i 100 per cent activer containing 0.12% calcium chloride
when added to the petioleum-base oil showed definite ev-
wence of galvanic corrosion. The method of test was that
desenbed e Federal Standard Test Method 5322T. The
resalts cleariy sadicate that sulfonates containing very small
quantities of himide <alts are deleterious to petroleum
lubricat.ng mls having & wide range in viscosity.




TasLe 4 ~ GALVANIC CORROSION DATA ON
SULFONATES CONTAINING VARYING AMOUNTS
OF CALCIUM CHLORIDE

SvLr¥oNATE  Carcivn CHiLormE, ¢ REsvLT

A-l 0.12+ Fail
B-1 0.12 FFail
0.10 Fail
0.08 Fail
0.05 Fail
0.04 Fail
0.032 Pass
C-1 0.12 Fail
0.10 Fail
0.08 Fail
0.06 Fail
0.04 Fail
0.03» Borderline®
D-1 0.12 Fail
0.1 Fail
0.08 Fail
0.06 Fail
0.04 Fail
0.02 Pass
0.01~ Pass

sCommercial sulfonate as received.
*One or two small rust spots on steel disc.

SUMMARY AND DISCUSSION

The primary objective of this vork was to determine
the cause cf the inoperability of the tank hydraulic svstem.
In the light of the performance tests conducted on the
tank and mock-up svstems, it was apparent that the inop-
erability was due to the staining and rusting of the com-
ponents of the hydraulic system.

The analvtical data (Table 2) on the commercial ma-
hogany sulfonates used as rust inhibitors in compounding
fluids meeting specification MIL-H-60838 revealed that
the combined inorganic chloride =nd sulfate content
ranged from 0.02 per cent in D-1 to 0.19 per cent in A-1.
It was demonstrated that the A-1 sulfonate containing
0.12 per cent chloride salt caused corrosion of steel in dis-
similar metal couples in laboratory tests and. also. was
found to cause staining and rusting of components with
ensuing inoperability of both the mock-up and tank svstems.
On the other hand. the use of sulfonate B-1 {C-1 border-
line) and D-1 with 0.01 o 0.03 per cent chloride salt did
not initiate corrosion, permitied ne rust on the components,
and mock-ups and tanks were operable.

Further, it was also shown that the per cent suifate
salt found in B-1 sulfonate (Table 2) was the same as the
per cent chloride salt found in the A-1 sulfonate (0.12 per
cent), vet the B-1 sulfonate did not promote corrosion
nor did it permit rusting or staning of the components
of the hydraulic system. These results indicated that the
deficiency of the hydraulic fluid meeting MIL-H-6083B
was associated with the mahogany sulfonates used as rust
inhibitors, and that tlie inoperability due to rusting and
staining was caused primarily by the presence of inorgan-

ic chloride salt. Since water (determinations on water con-
tent using ASTM D1744 showed that the qualified M1 -
H-60838 hyvdraulic fluids referred to in Table 1 ranged
from 0.08 to 0.18 per cent) is invariably present in hydrau-
hie fiwds, and dissmnilar metals with differences in poten-
tial are present, the corrosion can be deduced to be as-
sociated with galvanic action.

It was of interest to note that in the absence of
dissimilar metals, such as the tests mentioned previously
JAN-H-T92 humidaty cabinet tests and storage tests with
the lock valves). no ecvidence of corrosion wa: apparent.
This showed that the concentration of inorganic salts
found in the commercial mahogany sulfonates studied did
not significantly aflect the rust prevention properties but
their presence, particularly the chloride salt, did permit
corrosion due to gaivanic action

The following is offered to describe the behavior of the
inorganic salts. In the galvanic couple used in this work,
the a~wmngement was such as to make the steel compo-
nemt anode. Under conditions where soluble inorganic
salt .esent. as in the commercial mahogany sulfonates
described here, it was to be expected that the anion cum-
ponent of the salt would take place at the liquid-metal
intesface. This has been amplv demonstrated. as is shown
in Fig, 4. The steel surface in the galvanic 2ell will orient
water molecules (due to the potential gradient of the svs-
tem) so that the oavgen component is adjacent to the
metal and the hydrogen portion farther away. It is quite
possible for metal cations. therefore, to move into positions
between the owwvgen atoms, thereby displacing from the
water molecules the appropriate number of hvdrogen jons.
This reacticn would leave solid oxide or hvdroxide on the
metal surface (78). When a laver of oxide or hydroxide
has been built up. water molecules will attach themselves
to the oxide or hvdroxide laver. The process then repeats
itself until the film is thick enough to prevent further
cations moving outward, thus providing a surface relative-
Iv passive to corrosion.

The sulfonates reported here (Table 2) were found to
contain both chloride and sulfate salts. According to the
adsorption theory (19). chloride ion adsorbs on the metal
surface in competition with dissolved oxvgen or hydroxide
jon. Once in contact with the metal surface. chloride ion
favors hydration of metal jons and increases the ease with
which metal ions enter into solution, opposite 1o the ef-
fect of absorbed oxvgen which decreases the rate of met-
al dissolution. From the point of view of the oxide film
theory (2021}, chloride ion penctrates the oxide flm
through pores or defects easicr than do other jons (e.g.
sulfate), or chloride ion may colloidallv disperse the oxide
film and increase its permeability (20). Sulfates not only
do nct penetrate oxide films readily, but form soluble cor-
rosion products to a much lesser extent than the halide
salts and are. therefore, not as corrosive as the halides
(22). The data (Table 2) indicate this to be the case
since the 0.12 per cent sulfate concentration of sulfonate
B-1, while the same as the chloride concentration of sul-
fonate A-1, vet permitted no comrosive action to take
place. Additonal tests were run in which the sulfate con-
tent of sulfonate B-1 was further increased to a total 0.-
20 per cent, and again no conosion was noted. On the
other hand, the chloride salt concentration of sulfonate
A-1 (012 per cent) cffectively demcnstrated that coumro-
sion will occur.
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Previowsh  at wan mentioned  that Baker ot ol (153
studied contosion of steel balls and races e brass 1o tamer
ball hesimee 1w o cmcindid “thae ln\«:n.\nu:u. it
punty w Gunulated enough vonture at the od et m
tethace o set wy Jocihized galvame conoson The et
way mote maaed o the presence of petiolean sultonate
st wlubitors thane e their absence, and was tentatively
attubuted to some constituent of these additnes ™ In the
hght of the data presented m this paper, st lughhe prob-
able that the consttuent of the sulfona ¢ addtnes indi-
ated m the above teference s morganie chlonde salt

The findmgs reposted w this paper ae extiemely mpor-
tant smce nhogam sulfonates we at present estensneh
wed @ nnt mlubitors by the miltany and indstin Ree-
ommendations are underway to permut the ise of mahog
am sulfonates as 1ust minbitors for lubricants tor militans
we onh f the soluble inogame chlonde sadt content
{ealad. as caleim chlotide s s not above 002 pa cont
and the aifate content ccalad, as calaum sulbate dos
not exceed 0.03 per cent. It is expected that other users
and or suppliers of these products will mntiate sindar rec-
ommendations.
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