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Standard Test Method for
Vapor—lPhase Rust-Preventing Characteristics of Hydraulic
Fluids

This standard is issued under the fixed designation D 5534; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 3. Summary of Test Method

1.1 This test method covers the ability of hydraulic fluidsto 3.1 This test method is divided into two parts:
prevent the rusting of steel in the vapor phase over the 3.1.1 Part A is used only for fluids where water is the
hydraulic fluid and water. continuous phase. Examples of such fluids include water-

1.2 The values stated in Sl units are to be regarded as ttgycol hydraulic fluids and high-water-content hydraulic fluids.
standard. The values given in parentheses are for informatioDo not use Part A to evaluate invert emulsion hydraulic fluids.
only. 3.1.2 Part B can be used for both water-containing fluids

1.3 This standard does not purport to address all of theand completely water-free fluids such as petroleum based
safety concerns, if any, associated with its use. It is théwydraulic fluids, except phosphate esters. Int Bama small
responsibility of the user of this standard to establish appro-beaker of water is present to provide water vapor to cause
priate safety and health practices and determine the applicaeorrosion in the absence of a vapor-phase inhibitor in the fluid.

bility of regulatory limitations prior to use. Part B is the appropriate procedure for evaluating invert

emulsion hydraulic fluids.

2. Referenced Documents 3.2 In both Part A and Part B, a steel specimen is attached
2.1 ASTM Standards: to the underside of the cover of a beaker containing the fluid
A 108 Specification for Steel Bars, Carbon, Cold Finishedunder test. The apparatus and specimen are identical to those of

Standard Quality Test Method D 3603. The fluid is brought to a test temperature

A 240 Specification for Heat-Resisting Chromium andof 60°C (140°F).
Chromium-Nickel Stainless Steel Plate, Sheet, and Strip 3.3 In Part B, the test specimen is exposed to the vapor from

for Pressure Vesséls the fluid for 30 min prior to the introduction of water. A beaker
D 91 Test Method for Precipitation Number of Lubricating of water is then placed in the undercarriage of the cover.

Oils* 3.4 After 6 h, the apparatus is disassembled and the speci-
D 665 Test Method for Rust-Preventing Characteristics oimen is rated visually for the presence of rust.

Inhibited Mineral QOil in the Presence of Water 3.5 Since the apparatus and test conditions are identical,
D 1193 Specification for Reagent Water Part A can be completed simultaneously with Test Method

D 3603 Test Method for Rust-Preventing Characteristics oD 3603 by adding the vapor-phase specimen to that procedure.
Steam Turbine Oil in the Presence of Water (Horizontal

Disk Method$ 4. Significance and Use
E 1 Specification for ASTM Thermometérs 4.1 Procedures such as Test Methods D 665 and D 3603
2.2 Other Standards: assess the ability of new or unused hydraulic fluid to prevent
IP 60/80 Specification for Petroleum Sgirit rusting on wetted steel surfaces but do not address the

prevention of rusting in the vapor space above the fluid. This
procedure addresses the latter question under one set of test
1 This test method is under the jurisdiction of ASTM Committee D-2 on conditions and need not be app|icab|e to some service condi-

Petroleum Products and Lubricants and is the direct responsibility of SubcommitteﬁOnS Since used fluids have not been cooperatively tested in
D02.N on Hydraulic Fluids. ' p y

Current edition approved Apr. 15, 1994. Published June 1994, this procedure, its utility for in-service monitoring has not been
2 Annual Book of ASTM Standardgol 01.05. established.
2 Annual Book of ASTM Standardgol 01.03.
4 Annual Book of ASTM Standardéol 05.01. 5. Apparatus
5 Annual Book of ASTM Standardgol 11.01. . . L.
& Annual Book of ASTM Standardeol 05.02. 5.1 Oil Bath, a thermostatically controlled liquid bath ca-
7 Annual Book of ASTM Standardgol 14.03. pable of maintaining a temperature in the oil sample of:60
8 Available from Applied Science Publishers, Ltd., Ripple Road, Barking, Essex,
England.
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1°C (140+ 2°F). The bath shall have holes to accommodate — o6
the test beakers. A Zf(é'.lg)) :1 .
Note 1—The bath used for Test Method D 665 can be used with a — (3) Holes 7.9 {5/16) Dia. |

13.5 (.53)

Both Grooves ‘ |

95.2

slight modification, that is, the centers of the beaker holes are moved from
6.4 mm to 18.3 mm¥iuto 2%32 in.) from the axis of the stirrers.

Note 2—To indicate the temperature, a thermometer conforming to thé-* ¢
requirements of ASTM Thermometer 9C or 9F, or IP Thermometer 21C, NI VAL  Bm
as prescribed in Specification E 1 should be used. T H 85.7

18.3(71) B33
5.2 Beaker a 400-mL, Berzelius-type, tall-form heat resis-
tant glass beakérapproximately 127 mm (5 in.) in height
measured from the inside bottom center and approximately 70
mm (&4 in.) in inside diameter measured at the middle, and
without pourout (see Fig. 1).
5.3 Beaker Cover (Fig. 2) and Specimen Holder (Fig—3

flat beaker cover of 4.8 mn¥{ein.) methyl methacrylate resin -5
or other fluid-resistant material, kept in position by a suitable A
groove. Three holes, 7.9 mn¥46 in.) in diameter, shall be
provided. Two are located on any diameter of the cover, one for
a stirrer 18.3 mm3¥s2 in.) from the cover’s center, and the
other for the vapor-phase test specimen 7.9 r#imi(.) from
the center on the opposite side. The third hole, for a thermomMethod D 3603 are also suitable for supporting the water beaker in this
eter, is located 27 mm {s in.) from the center on a diameter test method. The undercarriage design is not considered to be critical.
perpendicular to that of the other two holes. The undercarriage 5.4 Stirrer, a stirrer constructed entirely from stainless steel
is a Test Method D 3603 specimen holder suitably attached tin the form of an inverted T (Fig. 5). A flat blade 25.4 by 6.1
the beaker cover, used here to support the water beaker (spg 0.6 mm (1 by 0.24 by 0.024 in.) shall be attached to a 6.1
5.7) used in Part B. One suitable undercarriage (the one used ifim (0.24 in.) rod in such a way that the blade is symmetrical
the round-robin) is shown in Fig. 1. An undercarriage must bewith the rod and has its flat surface in the vertical pane.
present even for Part A, to prevent vortexing. The holding rod,
appropriate for this apparatus, is depicted in Fig. 4.

——

7.9(.31)

Note 1—All dimensions are in millimetres (inches).
FIG. 2 Beaker Cover

Note 4—A suitable material is an 18 % chromium, 8 % nickel alloy
steel conforming to Type 304 of Specification A 240, or SAE No. 30304,

Note 3—Other holders suitable for supporting the specimen in Testor BS 970: Part 1: 1983: 302531.
Note 5—If stainless steel is not available, stirrers made of heat resistant
glass and having approximately the same dimensions as the stainless steel

° British Standard 2, 1965 Section 5, or equivalent, may be used. stirrers can be usel.
5.5 Stirring Apparatus—any convenient form of stirring
10/32 SS Nuts ﬂ— 6 (0.24) Dia. apparatus capable of maintaining a speed of 18080 rpm.
Stirrer 5.6 Grinding and Polishing Equipment a 150- and 240-
Beaker Cover grit metalworking aluminum oxide abrasive cldthclosed
= coat on a jeans backing, a suitable chuck (Fig. 6) for holding
L U the specimen, and a means of rotating the specimen at a speed
oS Fogs | ™ of 1700 to 1800 rpm.
™ 5.7 Water Beaker for Part B-a flat-bottomed beaker made
———|— specimen from 30 mm (1.2 in.) outside diameter standard wall glass
tubing, 50 mm (2.0 in.) high. It should fit snugly in the
undercarriage of the specimen holder.

127 (5.00)
Inside

6. Reagents and Materials
Specimen =

Holtder S 6.1 Cleaning Agents-One of the following shall be used.
7/ 6.1.1 ASTM Precipitation Naphthaconforming to Test
Method D 91.

Note 6—Warning: Precipitation naphtha is flammable and a health
hazard.

6.1.2 Isooctane conforming to Annex A2. on Reference
Materials and Blending Accessori€sPreviously used, un-

6 (0.24)

*(0?958)* rusted specimens shall be stored in this reagent.

l«—— 70 (2.75) Inside

Note 1—All dimensions are in millimetres (inches). 10 Borosilicate glass is satisfactory for this purpose.
FIG. 1 Rusting Test Apparatus * Annual Book of ASTM Standardéol 05.04 (gray pages).
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Note 1—All dimensions are in millimetres (inches).
FIG. 3 Specimen Holder

NoTe 7—Warning: Isooctane is flammable and a health hazard. Note 9—When making a check test, the steel coupon that showed rust
6.1.31P Petroleum Spirif conforming to IP shquld nqt be _reused.. Steel coupons that repeatedly show rust |n'test'_s of
. various oils might be imperfect. Such coupons should be used with oils
Specification 60/80.

known to pass the test. If rusting results, the coupons should be discarded.

Note 8—Warning: IP petroleum spirit is flammable and a health 7.3 Steel coupons, either new or from a previous test
hazard. (previously used coupons shall be stored in isooctane) shall be

T

7. Test Specimens and Their Preparation

7.1 The steel coupon, when new, shall be 30.2 m#fe(ih.) B
in diameter and 4.8 mn#{s in.) thick, with a 6.4 mm ¥ in.)
central threaded shaft 9.5 mis(n.) long (Fig. 7). Specimens
should be discarded when they reach a thickness of 1.6 mm L/Lﬂ
(Y16 in.) after repeated use. i,

7.2 Coupons shall be made of steel conforming to Grade r
1018 of Specification A 108, or to BS 970: 1955-EN3B.

TO €11
MACHI
f

#10-32 Thread Dia.

4.7
(187
{ Dia.
!
- [t i —~$— u ‘
t ! G
{c24),
19.0 12.7
.75 K — ~— G DIA.
t79) (50) (24
92.1 (3.625)
Note 1—All dimensions are in millimetres (inches).
Polish #180 Grit Emery Note 2—'?all over.
Note 3—All dimensions=0.5 mm (0.02 in.).
Note 1—All dimensions are in millimetres (inches). Note 4—Break all sharp corners.
FIG. 4 Holding Rod FIG. 5 Stirrer
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5251 TAP Rotate the coupon at a speed of 1700 to 1800 rpm and polish
(PR EQULIVY) . . . . . .
222 DR with a strip of 240-grit aluminum oxide cloth by pressing
N firmly against the cloth with the flat of the thumb and slowly
22. ¢ AfF 8.7 DIA.REAM . f
{gs L , (3447 ! moving it back and forth across the flat surface to produce a
K R e S uniform finely scratched surface free from straight scratches.
\,} ey T _ — 17 (ce Carry out the final stages of the polishing with new cloth. Use
— 2 —f—( i .
f f only the flat surface in evaluating the test. However, the edge
ver ernes =", Il dlesz and surface adjacent to the shaft should be rust free, not
' BE (29 necessarily polished, at the start of the test.
a2z -

Note 1—Tap dimensions are in inches. All others are in millimetres

(inches).
Note 2—*2% all over.

(88"

Note 3—All dimensions=0.5 mm (0.02 in.).
Note 4—Break all sharp corners.
FIG. 6 Chuck for Polishing Test Specimens

prepared as described in 7.4 and 7.5.
7.4 Preliminary Grinding—If the coupons have been used ware cleaned with chromic acid.

8. Procedure

8.1 Clean the beaker in accordance with good laboratory
procedure, rinse it with distilled water (see Specification
D 1193) and dry it in an oven. Clean the stainless steel stirrer
and plastic beaker cover and specimen holder assembly with
ASTM precipitation naphtha, isooctane, or 60/80 petroleum
spirit, and dry thoroughly at room temperature.

Note 10—In cases of dispute the parties are to agree on a glassware
cleaning procedure. However, the roundrobin was conducted with glass-

previously and are free from rust or other irregularities the g > geing careful to avoid fingerprints, attach the steel
preliminary grinding may be omitted, and they may be subq,hon py its threaded portion to the underside of the beaker

jecteq to only final pplishing as pres_,cribed in 7.5. If the ;o er The coupon can be threaded into a Test Method D 3603
specimens are new or if any part of their surfaces show rust Qfqtical specimen or plastic cap,¥a in.—20 UNC nut, a thin

other irregularities, clean them with ASTM precipitation naph- jia e of plastic with a 5-mm%e-in.) hole, or any other
tha or isooctane or IP 60/80 petroleum spirit and grind themy. . enient support. ’

with medium 150-grit aluminum oxide cloth to remove all g 3 pyr 275 mL of the fluid to be tested into the beaker and
irregularities, pits and scratches, as determined by VisUgljace the beaker in the oil bath held at a temperature that will
Inspection. . ) maintain 60*= 1°C (140 2°F) in the oil sample. Insert the
7.4.1 Do not touch the specimen with the hands at any staggsaier into a hole in the bath cover so that the beaker is
after cleaning with naphtha or isooctane or the petroleum spiri§ snended with the rim resting on the bath cover. The oil level
(which precedes either preliminary grinding or final polishing), the hath shall not be below the oil level in the test beaker.
until the test is completed. Forceps or a clean lintless cloth may gwer the assembly into the oil sample until the cover rests on
be used- o . the beaker rim. Insert the thermometer in the beaker so that the
?.5 Final Pohshmg—Qust before.the te_st is to.be made, bulb is positioned approximately 20 mnda(in.) from the
polish the specimens with a 240-grit aluminum oxide cloth. Ify) o of the beaker. Place the stirrer in position so that it does
the preliminary grinding has just been completed, stop the,q: touch the coupons when turning and is within 2.0 mm (0.08
motor which rotates the specimen. Otherwise, remove the, y ot the hottom of the beaker. Start the stirrer and stir while

specimen from the isooctane (previously used unrusted speglkq temperature of the sample reachest60°C (140~ 2°F).
mens shall be stored in this reagent), dry with a clean cloth, and g 4 For part A tine 6 h from the time the temperature

place in a chuck. . reaches 6Q- 1°C (140+ 2°F).
7.5.1 Steel Coupoa-When polishing a steel coupon, ruba g 5 For part B, allow the sample to stir for 30 min after its
new piece of 240-grit aluminum oxide cloth across the flat tes{emperature reaches 60 1°C (140 + 2°F). Then stop the

surface until the entire surface shows visible straight scratchegiirrer remove the thermometer and raise the beaker cover.
Place the water beaker containing 25 mL of deionized water in

High Polish Required
This Side and 0.D.

Polish Sequence
80 Grit

4.8 (.188) -

Sharp Corner—

120 Grit
Finished 180 Grit - With Kerosene

14.3 (.56)

_1/4-20 UNC-3
Thread

1 Tﬂ i |
‘ Min. Useable Thread i

Note 1—All dimensions are in millimetres (inches).
FIG. 7 Steel Coupon

the undercarriage, replace the cover assembly, replace the
thermometer, start the stirrer and &mé h from that time.

8.6 After the 6 h has elapsed, stop the stirrer, disassemble
the apparatus, and remove the test coupon. Wash with ASTM
precipitation naphtha or isooctane or 60/80 petroleum spirit.
After the steel coupon is rated, it can be preserved for reference
by lacquering. If repeated polishing has not rendered the
coupon excessively convex, the degree of rusting may also be
archived by photocopying the coupon.

8.7 All inspections at the end of the test to determine the
condition of coupons shall be performed without magnification
under normal light. For the purpose of this test normal light is
considered to be illumination of about 646 Ix (60 fc).
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8.8 In order to report an oil as passing or failing, the testl0. Precision and Bias
must be conducted in duplicate. An oil shall be reported as

i : : .. - 10.1 Using the procedure of Part A, all nine cooperators
passing the test if both coupons meet the passing criterion in : : N LA
8.9. An oil shall be reported as failing the test if duplicatesuccessfully differentiated an inhibited from a noninhibited

coupons fail according to 8.10. If one coupon fails while thev‘/"’!ter'egCOI hydraulic fluid and high-water-content hydraulic

other passes, tests on two additional coupons shall be conqy' '

pleted. If either of these latter coupons fails, the oil shall be 10.2 Using the procedure of Part B, seven of eight coopera-
reported as failing the test. If neither of these latter coupon#ors successfully differentiated inhibited from noninhibited
shows rusting, the oil shall be reported as passing the test. petroleum-based and water-glycol hydraulic fluids.

8.9 If a coupon shows any rust spot or rust streak visible on 10.3 Since there is no other standard for judging the
the horizontal test surface (the surface facing the liquid) itoroperties measured by this test procedure, the results are not
should be reported as failing. Rust on other surfaces of thee|atable to known levels of vapor-phase corrosion protection
coupon should be disregarded. and the bias of this test method is, therefore, not definable.

9. Report 11. Keywords
9.1 Report results as pass or fail. For water-continuous yw

fluids, the report should indicate whether the procedure of Part 11.1 hydraulic oil; invert emulsion; rust-preventing charac-
Aor Part B was used. The procedure of Part B is understood fderistics; vapor-phase rust; water-glycol hydraulic fluid
non-water-containing fluids.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



