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The quality of the materials used shall be such that the fesulting product wil
5 of these specifications and ensure uniformity of performance.

nts

Reflux Boiling Point (ERBP)—Brake fluid when tested by the procedure spec
librium reflux boiling point not less than 230°°C (446 °F).

rium Reflux Boiling Point—Brake fluid“when tested by the procedure specified ir
Im reflux boiling point not less than.155 °C (311 °F).

Brake fluid when tested by. the procedure specified in 5.3 shall have the foll

(—40 °F)—Not more than 1800 mm?/s (1800 cSt)
(212 °F)—Not{ess'than 1.5 mm?/s (1.5 cSt)

Brake fluid"when tested by the procedure specified in 5.4 shall have a pH value
b than, 115,

A 19428-2959.

dure

conform to the

fied in 5.1 shall

5.2 shall have a

pwing kinematic

not less than 7.0

e

HIGH-TEMPERATURE STABILITY—When tested by the procedure specified in 5.5.1, the equilibrium reflux
boiling point of the brake fluid shall not change by more than 5 °C (9 °F) increase or decrease.

CHEMICAL STABILITY—When tested by the procedure specified in 5.5.2 the test fluid mixture shall show no
chemical reversion as evidenced by a change in recorded temperature of more than 5 °C (9 °F) increase or

decrease.
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4.6 Corrosion—See Table 1.

4.6.1

4.6.2

4.7 Fluidity anc

4.71

4.7.2

TABLE 1—CORROSION TEST STRIPS AND WEIGHT CHANGES

Maximum Permissible
Weight Change

DRY FLUID
corrosion
contact sh
discolorati
°F). No cr
strips. The

The rubbe
sloughing

BRAKE FLY
shall not c
strips are
staining of
°Cx5°C
surface of
The fluid/v

The rubbdg
sloughing
cup shall
decrease
volume by
in volume

Test Strips(!) RM Number (mg/cm? of surface area)
Tinned Iron 6A 0.2
Steel 7 0.2
Aluminum 8 0.1
Cast Iron 9 0.2
Brass 10 0.4
Copper 11 0.4

1. Obtainable from the Society of Automotive Engineers, 400 Common-
wealth Drive, Warrendale, PA 15096-0001.

(As RECEIVED)—Brake fluid, when tested by the procedure specified 'in 5.6.1,
bxceeding the limits shown in Table 1. The metal strip outside of the ‘area where
all neither be pitted nor roughened to an extent discernibleto\the naked eye
bn is permitted. The fluid at the end of the test shall show n@ gelling at 23 °C + §
ystalline-type deposit shall form and adhere to either the glass walls or the surf
fluid shall not contain more than 0.10% sediment by voltime.

r specimens at the end of the test shall show no disintegration, as evidencs
ndicated by carbon black separation on the surface of the rubber cup.

ID WITH WATER—The brake fluid containing water, when tested by the procedure s
Ause corrosion exceeding the limits shown in Table 1. The metal strip outside of th
in contact shall neither be pitted nef roughened to an extent discernible to theg
discoloration is permitted. The fluid/water mixture at the end of the test shall shov
(73.4 °F + 9 °F). No crystalline<type deposit shall form and adhere to either the ¢
the metal strips. The fluid/water mixture shall not contain more than 0.10% sedi
ater mixture shall have a pH of not less than 7.0 and not more than 11.5.

r test specimens atthe end of the test shall show no disintegration, as evidenc
indicated by carbon black separation on the surface of the rubber cup. The hard
not decrease<by~more than 15 IRHD and the hardness of the EPDM rubber sp
by more thaf’+0 IRHD. The SBR rubber cup shall not decrease in volume and shg
more than 16%. The EPDM rubber specimen shall not decrease in volume and s
by metrethan 10%.

shall not cause
the strips are in
but staining or
°C(73.4°F =9
hce of the metal

d by blisters or

pecified in 5.6.2,
b area where the
naked eye, but
no gelling at 23
lass walls or the
ment by volume.

ed by blisters or
hess of the SBR
pcimen shall not
Il not increase in
hall not increase

| Appearance at Low Temperatures

AT —40 °C (-40 °F)—When brake fluid is tested by the procedure specified in 5.7.1, the fluid shall show no
stratification, sedimentation, or crystallization. Upon inversion of the sample bottle, the air bubble shall travel
to the top of the fluid in not more than 10 s. Cloudiness is permissible, but on warming to room temperature
23°C +5 °C (73.4 °F = 9 °F), this fluid shall regain its original uniformity, appearance, and clarity.

AT =50 °C (-58 °F)—When brake fluid is tested by the procedure specified in 5.7.2, the fluid shall show no
stratification, sedimentation, or crystallization. Upon inversion of the sample bottle, the air bubble shall travel
to the top of the fluid in not more than 35 s. Cloudiness is permissible, but on warming to room temperature
23°C +5 °C (73.4 °F = 9 °F), the fluid shall regain its original uniformity, appearance, and clarity.
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4.8 Water Tolerance

4.8.1

AT —40 °C (-40 °F)—When the humidified brake fluid is tested by the procedure specified in 5.8.1, the black

contrast lines on a hiding power chart shall be clearly discernible when viewed through the fluid in the

centrifuge

tube. The fluid shall show no stratification or sedimentation.

tube, the air bubble shall travel to the top of the fluid in not more than 10 s.

4.8.2

Upon inversion of the centrifuge

AT 60 °C (140 °F)—When brake fluid is tested by the procedure specified in 5.8.2, the fluid shall show no

stratification, and sedimentation shall not exceed 0.05% by volume after centrifuging when fluid is tested for
qualification, or shall not exceed 0.15% by volume for a commercial packaged fluid.

4.9 CompatibiIiLy

(40 °F)—When brake fluid is tested by the procedure specified in 5.9.1;.the blg

ck contrast lines

on a hiding power chart shall be clearly discernible when viewed through the fluid ip-the cenfrifuge tube. The

491 AT-40°C
fluid shall
49.2 AT60°C

stratificatidg

4.10 Resistance
shall not ca
extent disce
shall be dep
not change
0.3 mg/cmz.

4.11 EffectonR
4.11.1 Rubber b
hardness,
evidenced
Volume in
4.11.2 Rubber b
hardness,
evidenced
Volume in

4.11.3 Rubber sl

show no stratification or sedimentation.

140 °F)—When brake fluid is tested by the procedure specified in 5.9.2, the flu
n, and sedimentation shall not exceed 0.05% by volume after.centrifuging.

to Oxidation—When the humidified brake fluid is tested by the procedure spg
ise the metal strips outside the areas in contact with the tinfoil to be pitted or

osited on the test strips outside of the areas in,contact with the tinfoil. The alum
h mass by more than 0.05 mg/cm? and the:¢€ast iron strips shall not change in m4

ibber

ake cups (RM-3a) subjected {o brake fluid as specified in 5.11.1 shall show
shall not decrease in hardhess by more than 10 IRHD, and shall show no
by blisters or sloughing'indicated by carbon black separation on the surface of
Crease shall not be lessithan 1% or greater than 16%.

ake cups (RM-3a) subjected to brake fluid as specified in 5.11.2 shall show
shall not decrease in hardness by more than 15 IRHD and shall show no
by blistersyor sloughing indicated by carbon black separation on the surface of
Crease shall not be less than 1% or greater than 16%.

bb-stock (RM-69) subjected to brake fluid, as specified in 5.11.3, shall show

d shall show no

cified in 5.10, it
oughened to an

Fnible to the naked eye, but staining or discoloration is permitted. No more tham a trace of gum

num strips shall
ss by more than

no increase in
Jisintegration as
the rubber cup.

no increase in
lisintegration as
the rubber cup.

no increase in

YT =Y !

hardness,

I} T ! H 1 Il 1 1 4.0 1 Tl 1
ofldall IIUt acuicastt 1T Tialulicss Uy TTUIT tllall U 1My, diia osliall Srow 110

lisintegration as

evidenced by blisters or sloughing indicated by carbon black separation on the surface of the test specimens.
The test specimens shall not decrease in volume and the increase in volume shall not exceed 10%.

411.4

Rubber slab stock (RM-69) subjected to brake fluid, as specified in 5.11.4, shall show no increase in

hardness, shall not decrease in hardness by more than 15 IRHD, and shall show no disintegration as
evidenced by blisters or sloughing indicated by carbon black separation on the surface of the test specimens.
The test specimens shall not decrease in volume and the increase in volume shall not exceed 10%.



https://saenorm.com/api/?name=d5b96f1cd72b68ac093f801ac69c4e4f

SAE J1704 Revised APR2004

5.

5.1

Test Procedures

with the following exceptions:

5.1.1

5.1.1.1

APPARATUS

Thermometer—ASTM E 1, 76 mm immersion, calibrated. Use ASTM 3C or 3F thermometer.

boiling below 300 °C, ASTM 2C or 2F thermometer may be used.

5.1.1.2

ataa [

Equilibrium Reflux Boiling Point—Determine the equilibrium reflux boiling point of the fluid by ASTM D 1120

For fluids

Heat Source—Use a suitable variac-controlled 100 mL heating mantle designed to fit the flask, capable of

jer: GLAS COL

supplyi
Apparat
5.1.1.3 Boiling

5.1.1.4 Prepara

condeng
stand, h

NOTE—

PROCEDUH

E12N bhagt vrao erad o anfarm-ta-th. apaaifiad-bastina—aind—rafher [@FET-N-
rrCTeat TCUqUTT U TO— OO (U~ T SpPelmouUTecatT g aria TCTTOATAatC ST (OUPP

s Co., Terre Haute, IN. Serial number: 135464. 230 W, 135 V [max.])

Point Stones RM-75

fion of Apparatus—6.4 Thoroughly clean and dry all glassware befofe use. Attac
blding the whole assembly in place by a clamp.

Place the whole assembly in an area free from drafts or other types of sud
changes.

such a ratg that the fluid is refluxing in 10 min = 2 min at arate in excess of 1 drop/s. Immed

input to o
Maintain g

ptain a specified equilibrium reflux rate of(1*to 2 drops/s over the next 5 min
timed and constant equilibrium reflux rate of 1 to 2 drops/s for an additional 2

h the flask to the

er. Place the mantle under the flask and support it with a suitable-ring clamp andl laboratory-type

jen temperature

E—7.1 When everything is in readiness, turn on.the condenser water and apply he¢at to the flask at

ately adjust heat
+ 2 min period.
min; record the

average value of four temperature readings taken<at 30 s intervals as the equilibrium reflux boiling point.

5.1.2.1 Report

accepta
5.2 Wet Equilib
5.2.1  HUMIDIFIC/
matched t
into the d
place one
Place a s
monometh
the TEG
Fischer a

forced ventilation oven set at 50 °C = 1 °C (122 °F + 1.8 °F

he boiling point to the nearest degree Celsius.
ble for averaging (95% confidence level).

Duplicate runs which agree

rium Reflux Boiling Point—Humidify the fluid and determine the boiling point.

TION PROCEDURE—LUbricate the ground-glass joint of a 250 mm ID bowl-form d
ibulated glass cover and fitted with a No. 8 rubber stopper. Pour 450 mL + 10 mL
pssicator andinsert a perforated porcelain plate (Coors No. 60456 or equivalen
open RM#A49-corrosion test jar containing 350 mL + 5 mL of the test brake fluid int

within 3 °C are

esiccator having
of distilled water
t). Immediately
o the dessicator.

bcond, epen RM-49 corrosion test jar containing 350 mL + 5 mL of TEGME (
yl ethér; brake fluid grade - Appendix E) (RM-71) into the same desiccator. The
Eccontrol fluid at the start of exposure shall have been adjusted to 0.50% + 0.059

).

iethylene glycol
water content of
by weight (Karl
145, Type Il A,

Periodically, during oven humidification, remove the rubber stopper from the desiccator and, using a long
needle hypodermic syringe, quickly sample the control fluid and determine its water content. When the water
content of the control fluid has reached 3.70% + 0.05% by weight, remove the dessicator from the oven and
seal the test jar promptly using a screw-cap lid (RM-63). Allow the sealed jar to cool for 60 to 90 min at 23 °C
+5°C (73.4°F+9 °F).
5.2.2  WET EQuILIBRIUM REFLUX BOILING POINT—Humidify the fluid as described in 5.2.1 and determine the boiling
point as described in 5.1.
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5.3

5.3.1

Viscosity—Determine the kinematic viscosity of the fluid by ASTM D 445.

acceptable for averaging (95% confidence level).

5.4

Report the viscosity to the nearest mm?/s (centistoke). Duplicate runs which agree within 1.2% relative are

pH Value—Mix the fluid with an equal volume of an 50% ethanol/50% distilled water mixture neutralized to a

pH of 7. Determine the pH of the resulting solution electrometrically at 23 °C + 5 °C (73.4 °F + 9 °F) using a pH
meter equipped with a calibrated full range (0 to 14) glass electrode and a calomel reference electrode, as
specified in ASTM D 664.

5.5

Fluid Stability

5.5.1 HIGH TEMR
+ 2 °C (36
determine

boiling poi

brake fluid.

5.5.2 CHEMICAL
B (RM-66
specified i
in excess
observed

15 min +

equilibrium reflux rate of 1 to 2 drops/s for an additional 2,min; record the average value of

readings t

by the deq

reflux boili
5.6 Corrosion
5.6.1 DRy FLUID
having a s
thick). Dr
exception
or P400 w
are remov|
the strips,

and place
1 h.

ERATURE STABILITY—Heat a new sample of the original test brake fluid to a temps
5 °F + 3.6 °F) by the procedure specified in 5.1 and maintain at that temperatu
the boiling point of this brake fluid as specified in 5.1. The difference betwee
nt and that previously determined in 5.1 shall be considered as the change in bg

STABILITY—Mix 30 mL of brake fluid with 30 mL of SAE Compatibility Fluid descr
05). Determine the equilibrium reflux boiling point of this fluidsmixture by use of th
h 5.1, applying heat to the flask at such a rate that the flGid is refluxing in 10 min
of 1 drop/s. The reflux rate shall not exceed 5 drops/s,) Record the maximum f
juring the first minute after the fluid begins refluxing at a rate in excess of 1 drop
1 min, adjust and maintain the rate of reflux to.1'to 2 drops/s. Maintain a tim

bken at 30 s intervals as the final equilibriumireflux boiling point. Chemical revers
rease in temperature between the maximum fluid temperature recorded and the
hg point.

(As RECEIVED)—Prepare two sets of strips from each of the metals listed in Ta

Il a hole between 4_and*5 mm in diameter and about 6 mm from one end of eac
pf the tinned iron strips, clean the strips by abrading them on all surface areas wi

bd from the strips, using a new piece of carborundum paper for each different typs
including(the tinned iron, with isopropanol or ethanol and dry the strips with a cle
strips in-a desiccator containing desiccant maintained at 23 °C + 5 °C (73.4 °F =

rature of 185 °C
e for2 h. Then
in this observed
iling point of the

bed in Appendix
e test apparatus
- 2 min at a rate
uid temperature
5. Over the next
bd and constant
our temperature
ion is evidenced
final equilibrium

ple 1, each strip

urface area of 25 cm? +5 cm? (approximately 8 cm long, 1.3 cm wide, and not npore than 0.6 cm

n strip. With the
h 320A (RM-29)

aterproof carbarundum paper and isopropanol or ethanol until all surface scratchés, cuts, and pits

of metal. Wash
an lint-free cloth
9 °F) for at least

T ) ! £ £ Lo 4 .l v " H b
Handle thU SUTPS WILINT CITAlT TOTUCPUS altTT PUNSTIITTY TU avOUIU THITYCTPTINT CUTTIATTINatiort.

Weigh each strip to the nearest 0.1 mg and assemble each set of strips on an uncoated steel bolt (RM-61) in
the order tinned iron, steel, aluminum, cast iron, brass, and copper, so that the strips are in electrolytic
contact. Bend the strips, other than cast iron, so that there is a separation of at least 3 mm between adjacent
strips for a distance of about 6 cm from the free end of the strips. (Immerse strip assemblies in isopropanol

or ethanol

to eliminate fingerprints and then handle only with clean forceps.)

Use two SBR cups (RM-3a) and two 25.4 mm x 25.4 mm (1 in x 1 in) EPDM rubber slab stock (RM-69) test
specimens as described in Appendix C and Appendix D, respectively.
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5.6.2

Obtain two straight-sided round glass jars, having a capacity of approximately 475 mL and inner dimensions
of approximately 100 mm in height and 75 mm in diameter (RM-49). To the RM-49 corrosion test jar, apply
four wrappings of 19 mm (3/4 in) Teflon tape around the jar threads allowing a 3 mm (1/8 in) height above the
top of the jar. Place one SBR cup (RM-3a) with lip edge facing up, in each of the two glass jars. Use only
tinned steel lids vented with a hole 0.8 mm + 0.1 mm in diameter (RM-64).

Insert a metal strip assembly inside each cup with the bolted end in contact with the concavity of the cup and
the free end extending upward in the jar. Place one EPDM rubber slab stock (RM-69) test specimen flat on
the bottom of the test jar.

Add 400 mL of fluid to cover the metal strip assembly in each jar. Tighten the lid and place the jars in an

Intat dat 100.°C . 0 o0 (N4 0 o . D o O\ £ 1200 kL . 2 kL ALl
oven maintatheaat—Too—oc =+ 1= T T U0 1) Ot [=

at23 °C+5 °C

wethao oo + P-V-V-N
LIY“=\V i [ e = LILE) LA L SN EA>] JOIIO LAY Aa v v
(73.4 °F |9 °F) for 60 to 90 min. Immediately following the cooling period, remove the met
jars by usg of a forceps, removing loose adhering sediment by agitation of the metal strip

bl strips from the
assembly in the

fluid in the|jar. Examine test strips and test jars for adhering crystalline deposit, disassemblef the metal strips,
removing adhering fluid by flushing with water, and clean individual strips by wiping with a ¢loth wetted with
isopropangl or ethanol. Examine the strips for evidence of corrosion and pitting« Place strigs in a desiccator
containing a desiccant maintained at 23°C = 5 °C (73.4 °F + 9 °F) for at least 1 h. Weigh|each strip to the
nearest 0.1 mg.

Determing the difference in weight of each metal strip and divide {he difference by the tota surface area of
the metal ptrip measured in square centimeters. Average the mieasured quantities of the dlplicates. In the
event of a|marginal pass on inspection, or of a failure in only. ohe of the duplicates, anothef set of duplicate
test samples shall be run. Both repeat samples must meet.all the requirements of 4.6.

Immediatgly following the cooling period, remove the rubber cups from the jars by use of a fgrceps, removing
loose adhgring sediment by agitation of the cup in the fluid in the jar.

Rinse the [rubber specimens in isopropanol or, ethanol and air dry cups. Examine the rubbgr specimens for
evidence ¢f sloughing, blisters, and other forms of disintegration.

Examine the fluid in the jars for gelling. Agitate the fluid in the jars to suspend and urfiformly disperse
sediment and transfer a 100 mL portion of this fluid to an ASTM cone-shaped centrifuge tube and determine
percent sgdiment as described in\5.2 of ASTM D 91.

CORROSION TEST ON BRAKE FLUID WITH WATER—Same test procedure as 5.6.1 except the test is performed
on a brakg fluid contajning 5% by volume water.

Prepare two sets<of.strips from each of the metals listed in Table 1 (see Appendix A), eag¢h strip having a
surface arpa of 25:cm? + 5 cm? (approximately 8 cm long, 1.3 cm wide, and not more than 06 cm thick). Drill
a hole betveen 4 and 5 mm in diameter and about 6 mm from one end of each strip. With|the exception of
the tinned4 Ps; i ; ; P400 waterproof
carborundum paper (RM-29) and isopropanol or ethanol until all surface scratches, cuts, and pits are
removed from the strips, using a new piece of carborundum paper for each different type of metal. Wash the
strips, including the tinned iron, with isopropanol or ethanol and dry the strips with a clean lint-free cloth and
place strips in a desiccator containing desiccant maintained at 23 °C = 5 °C (73.4 °F £ 9 °F) for at least 1 h.

Handle the strips with clean forceps after polishing to avoid fingerprint contamination.
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Weigh each strip to the nearest 0.1 mg and assemble each set of strips on an uncoated steel bolt (RM-61) in
the order tinned iron, steel, aluminum, cast iron, brass, and copper, so that the strips are in electrolytic
contact. Bend the strips, other than cast iron, so that there is a separation of at least 3 mm between adjacent
strips for a distance of about 6 cm from the free end of the strips. (Immerse strip assemblies in isopropanol
or ethanol to eliminate fingerprints and then handle only with clean forceps.)

Use two SBR cups (RM-3a) and two 25.4 mm x 25.4 mm (1 in x 1 in) EPDM rubber slab stock (RM-69) test
specimens as described in Appendix C and Appendix D, respectively.

Determine the weight of the cups and rubber slab stock in air (m4) to the nearest 1 mg then determine the

apparent welght of the cup and slab stock |mmersed in distilled water at room temperature (m2) Quickly dip

each spegis
hardness

NOTE—

Obtain twg
of approxi
four wrapp
top of the

bf each specrmen by the procedure speC|f|ed in ASTM D 1415 usmg the Standar

ASTM D 2240 may be used for quality control and routine tests whenya type
pquipped with a fixture for keeping the plane of the pressure foot on the duromet
plane of the cup face during measurement.

straight-sided round glass jars, having a capacity of approximately 475 mL and i
mately 100 mm in height and 75 mm in diameter (RM-49). e the RM-49 corrosi
ings of 19 mm (3/4 in) Teflon tape around the jar threadsallowing a 3 mm (1/8 in)
jar. Place one SBR cup (RM-3a) with lip edge facingtup, in each of the two glas

tinned ste¢l lids vented with a hole 0.8 mm + 0.1 mm in diameter (RM-64).

Insertam

btal strip assembly inside each cup with the bolted end in contact with the concavi

the free end extending upward in the jar. Place one EPDM rubber slab stock (RM-69) test

the bottoni

Mix 760 m

of the test jar.

L of fluid with 40 mL of distilled water.

Add 400 npL of the mixture to cover the metal strip assembly in each jar. Tighten the lid and

an oven m
(73.4 °F =
jars by us
fluid in the
removing

isopropan
containing
nearest 0.

Determing

aintained at 100 °C + 2 °G (2912 °F + 3.6 °F) for 120 h + 2 h. Allow the jars to cog
9 °F) for 60 to 90 min., Immediately following the cooling period, remove the met
b of a forceps, removing loose adhering sediment by agitation of the metal strip
jar. Examine test-strips and test jars for adhering crystalline deposit, disassemble
hdhering fluid by flushing with water, and clean individual strips by wiping with a

bl or ethanol- Examine the strips for evidence of corrosion and pitting. Place strip
a desiccant'maintained at 23 °C + 5 °C (73.4 °F + 9 °F) for at least 1 h. Weigh
1 mg.

the'difference in weight of each metal strip and divide the difference by the tota

Measure the
S Tester

A durometer is
er parallel to the

hner dimensions
bn test jar, apply
height above the
S jars. Use only

y of the cup and
specimen flat on

place the jars in
[at23°C +5°C
bl strips from the
assembly in the
the metal strips,
Cloth wetted with
s in a desiccator
each strip to the

surface area of

the metal

- (] " & A ) ! i ) !
P T asurcu i syudic LCTIUITITCITTS. AVETaytT T TTITasuicu yudiititics U iric u

Uplicates. In the

event of a marginal pass on inspection, or of a failure in only one of the duplicates, another set of duplicate

test sampl

es shall be run. Both repeat samples must meet all the requirements of 4.6.

Immediately following the cooling period, remove the rubber cups from the jars by use of a forceps, removing
loose adhering sediment by agitation of the cup in the fluid in the jar.

Rinse the rubber specimens in isopropanol or ethanol and air dry cups. Examine the rubber specimens for
evidence of sloughing, blisters, and other forms of disintegration.

Within 15 min after removal from the fluid, weigh each specimen in air (m3), again to the nearest milligram,
then reweigh immersed in room temperature distilled water (m4) to determine the volume change after hot

fluid imme

rsion.
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Measure the hardness of each specimen. Volume changes shall be reported as a percentage of the original
volume, calculated as follows:

where:

(Mg —my)—(my—my)

x 100
(my—-m,)

% change in volume =

m4 = the initial mass in grams in air

m, = the initial mass in grams in water

mg = the mass in grams in air after immersion in test fluid
my4 = the apparent mass in grams in water after test

(Ea. 1)

Examine {he fluid in the jars for gelling. Agitaie the fluid in the jars o suspend and ur
sediment and transfer a 100 mL portion of this fluid to an ASTM cone-shaped centrifuge tub

percent s§
Measure t
5.7 Fluidity anc

571 AT-40°C

diment as described in 5.2 of ASTM D 91.
ne pH value of the corrosion test fluid by the procedure specified in 5.4.
Appearance at Low Temperatures

(—40 °F)—Place 100 mL of fluid in a glass sample, boitle (RM-59a) havin

approximgtely 125 mL, an outside diameter of 37 mm + 0.5 mm and an overall height of 16

Stopper th
+ 4 h. Re
isopropan
bottle and
the fluid td
as 4 h. EX
identical ¢

5.72 AT-50°C

e bottle with cork and place in a cold bath maintained at'—40 °C + 2 °C (40 °F +

bl or ethanol, and examine the fluid for evidence of stratification, sediment, or cry
determine the number of seconds required forthe air bubble to travel to the top o
warm to room temperature, 23 °C + 5 °C (78.4 °F + 9 °F); if necessary, allow to
amine the fluid for clarity and appearance:by comparing it to a sample of the origin
bntainer.

(-58 °F)—Place 100 mL of «fluid in a glass sample bottle (RM-59a) havin

approximgtely 125 mL, an outside diameter of 37 mm + 0.5 mm and an overall height of 16

Stopper th
+ 0.2 h. H
isopropan
bottle and
the fluid td
as 4 h. Ex
identical ¢

5.8 Water Toler

e bottle with a cork and place in a cold bath maintained at —-50 °C + 2 °C (-58 °H
emove the bottle fromythe bath, quickly wipe the bottle with a clean, lint-free clo
bl or ethanol, and examine the fluid for evidence of stratification, sediment, or cry
determine the number of seconds required for the air bubble to travel to the top o
warm to room‘temperature, 23 °C + 5 °C (73.4 °F + 9 °F); if necessary, allow to
amine the fluid-for clarity and appearance by comparing it to a sample of the origir
pntainer.

ANce

iformly disperse
e and determine

J a capacity of
b mm + 2.5 mm.
3.6 °F) for 144 h

move the bottle from the bath, quickly wipe the bottle with a clean, lint-free cloth saturated with

stals. Invert the
f the fluid. Allow
stand for as long
al test fluid in an

J a capacity of
b mm + 2.5 mm.
+ 3.6 °F) for6 h
h saturated with
stals. Invert the
f the fluid. Allow
stand for as long
al test fluid in an

5.8.1

AT —40 °C (-40 °F)—Pour 100 mL of fluid which has been humidified according to 5.2.1 into an ASTM cone-

shaped centrifuge tube described in 3(a) in ASTM D 91. Stopper the tube with a cork and place in a cold
bath maintained at —40 °C + 2 °C (40 °F = 3.6 °F) for 22 h + 2 h. Remove the centrifuge tube from the bath,
quickly wipe the tube with a clean, lint-free cloth saturated with isopropanol, determine the transparency of
the fluid by placing the tube against a hiding power test chart (RM-28) and observing the clarity of the
contrast lines on the chart when viewed through the fluid. Examine the fluid for evidence of stratification and
sedimentation. Invert the tube and determine the number of seconds required for the air bubble to travel to
the top of the fluid. (The air bubble shall be considered to have reached the top of the fluid when the top of
the bubble reaches the 2 mL graduation of the centrifuge tube.)
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5.8.2 AT 60 °C (140 °F)—Place the centrifuge tube from 5.8.1 in an oven maintained at 60 °C + 2 °C (140 °F =
3.6 °F) for 22 h + 2 h. Remove the tube from the oven and immediately examine the contents for evidence of
stratification. Determine percentage sediment by volume as described in 5.2 of ASTM D 91.

5.9 Compatibility

5.9.1

AT —40°C (—40°F)—Mix 50 mL of fluid with 50 mL of SAE Compatibility Fluid described in Appendix B (RM

66-05) and pour this mixture into an ASTM cone-shaped centrifuge tube described in 3(a) in ASTM D 91 and
stopper with a cork. Place centrifuge tube for 22 h + 2 h in a bath maintained at —40 °C + 2 °C (—40 °F +

3.6 °F).

At L1

nnnnnnnn E12N
e o 1c—

Snanakaiovw—ai-ih. fhud by oloaina b o
arrsSparcricy— U i ard— Iy prachtyg— oo taiotT

Remove the centrifuge tube from the bath, quickly wipe the tube with a clean, lint-free cloth

against a hiding

saturated

power tes

the fluid.
592 AT60°C
(140 °F
evidence ¢

5.10 Resistance
procedure s
uncoated st
lead, max.)

Place 30 ml
reagent grad
the bottle in

chart' (RM-28) and observing the clarity of the contrast lines on the chart wher
Examine the fluid for stratification and sedimentation.

140 °F)—Place the centrifuge tube mentioned in 5.9.1 in an oven maintained
3.6 °F) for 22 h + 2 h. Remove the tube from the oven and immediately examine
f stratification. Determine percentage sediment by volume as déseribed in 5.2 of

to Oxidation—Prepare two sets of aluminum and cast iron-test strips (as listed i
pecified in 5.6. Weigh each strip to the nearest 0.1 mg @nd assemble a strip of €

Iel bolt (RM-62), separating the strips at each end with.a)piece of tinfoil? (RM-27)

pproximately 12 mm square and between 0.02 and 0.06 mm in thickness.

e benzoyl peroxide and 1.5 mL + 0.05 mL distilled water to the bottle. Stopper the|
an oven at 70 °C + 2 °C (158 °F + 3.6:%F) for 20 min = 10 min, shaking every

solution of the peroxide. Remove the bottle from:theé oven, do not disturb the stopper, and cq

temperature

Place appro
of two test ty
tube. Place

23 °C + 5 °C (73.4 °F + 9°F) for 2 h,

imately 1/8 section of a standard SBR cup described in Appendix C (RM-3a) in th
bes about 22 mm in diameterand 175 mm in length. Add 10 mL of prepared test
a metal strip assembly in each tube with the end of the strips resting on the rub

covering abgut one-half the length-of the strips, and the bolted end remaining out of the solut

tubes with ¢
the tubes fo
remove and
saturated w
containing &
nearest 0.1

brks and store upright 22 h+ 2 h at 23 °C + 5 °C (73.4 °F = 9 °F). Loosen the st(

disassemble,the metal strips. Examine the strips for gum deposits. Wipe the s
th isopropanol and examine for pitting or roughening of surface. Place stripg
desiccant maintained at 23 °C + 5 °C (73.4 °F + 9 °F) for at least 1 h. Weigh

mg.

viewed through

bt 60 °C + 2 °C
the contents for
ASTM D 91.

n Table 1) by the
ach metal on an
99.5% tin, 0.5%

L+ 1 mL of fluid in a small glass bottle approximately 120 mL in capacity. Add $0 mg + 2 mg of

bottle and place
15 min to effect
ol in air at room

B bottom of each
fluid to each test
ber, the solution
on. Stopper the
ppers and place

F 168 h = 2 h in_.an’oven maintained at 70 °C + 2 °C (158 °F = 3.6 °F). After the heating period,

rips with a cloth
in a desiccator
pach strip to the

H . 1 L | N ) (a4 - - Lo £ L o | g L ) b
Determine corrostontoss Oy aIviamg—the—aiieTece T WeTgnt O eaciT metar Stip- oy tne—tota

each metal strip measured in square centimeters. Average the measured values of the duplicates.

surface area of
In the

event of a marginal pass on inspection, or of a failure in only one of the duplicates, another set of duplicate test
samples shall be run. Both repeat samples must meet all the requirements of 4.10.

1.

A suitable hiding power chart as described in ASTM D 344, Method of Test for Relative Dry Hiding Power of Paints, published by the American

Society for Testing and Materials, or in Method 4112 of Federal Test Method Standard No. 141, is obtainable from the Society of Automotive

Engineers, Inc., 400

Commonwealth Drive, Warrendale, PA 15096-0001.

2. Obtainable from the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-0001.

-10-
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5.11 Effect on Rubber—For test procedures 5.11.1, 5.11.2, 5.11.3, and 5.11.4, determine the volume of each

specimen in

the following manner:

Weigh the specimen in air (m4) to the nearest milligram and then weigh the specimen immersed in distilled

water at room temperature (m,) containing no more than 0.2% of a suitable wetting agent.

(BASF Wyandotte) or equivalent has been found to be acceptable.

Pluronic L-61

5.11.1 TEST AT 70 °C (158 °F)—Place two SBR cups (RM-3a) in a straight-sided round glass jar (RM-51) having a
capacity of approximately 250 mL and inner dimensions of approximately 125 mm height and 50 mm

diameter, and

(158 °F =
specimen
disintegrat

Within 15
then rewe
fluid imme

Measure t
volume, ¢4

where:

my 3
my
Mg 7
My 3

5.11.2 TEST AT 12
having a
50 mm dig
120 °C =
Remove th

cups for d

Determing
15 min aft

a tinned steel lid (RM-52a). Add 75 mL of fluid to the jar and heat 70 h + 2 h

5 from the jar, wash quickly with isopropanol or ethanol, and air-dry the cups. Exa
ion as evidenced by blisters or sloughing.

min after removal from the fluid, weigh each specimen in air (m3), again-to the n
gh immersed in room temperature distilled water (m,) to determingthe’ volume
rsion.

he hardness of each specimen. Volume changes shall be reported as a percenta
Iculated as follows:
(Mg —my) - (Mg-my)

= x 100
(my —my)

% change in volume

= the initial mass in grams in air

+ the apparent initial mass in grams in water

: the mass in grams in air after immersion in test fluid
E the apparent mass in grams in water after test

0 °C (248 °F)—Place two standard SBR cups (RM-3a) in a straight-sided round g
Capacity of approximately 250 mL and inner dimensions of approximately 125
meter, and a tinned steel lid (RM-52a). Add 75 mL of fluid to the jar and heat
P °C (248 °F = 3.6(°F). Allow the jar to cool at 23 °C + 5 °C (73.4 °F + 9 °F)
e cups from the jars, wash quickly with isopropanol or ethanol, and air-dry the cu
sintegration as-evidenced by blisters or sloughing.

the volume change as in 5.11.1. Measure the volume change and hardness of
br removal from the fluid.

5.11.3 TEST AT 7(

at70°Cx2 °C
move the rubber
ine the cups for

parest milligram,
Change after hot

pe of the original

(Eq. 2)

lass jar (RM-51)
mm height and
or 70 h + 2 h at
or 60 to 90 min.
ps. Examine the

each cup within

°G (158 °F)—Place two 25 4 mm x 25 4 mm (1 in x 1 in) standard FPDM (BM-6

) test specimens

in a straight-sided round glass jar (RM-51) having a capacity of approximately 250 mL and inner dimensions
of approximately 125 mm height and 50 mm diameter, and a tinned steel lid. Add 75 mL of fluid to the jar and
heatfor70h +2 h at 70 °C + 2 °C (158 °F + 3.6 °F). Allow the jar to cool at 23 °C + 5 °C (73.4 °F + 9 °F) for
60 to 90 min. Remove the specimens from the jar, wash quickly with isopropanol or ethanol, and air dry.
Examine the specimens for disintegration as evidenced by blisters or sloughing. Determine the volume

change as in 5.11.1.

removal from the fluid.

Measure the volume change and hardness of each specimen within 15 min after

-11-
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5.11.4 TEST AT 120 °C (248 °F)—Place two 25.4 mm x 254 mm (1 in x 1 in) standard EPDM (RM-69) test

6.1

specimens in a straight-sided round glass jar (RM-51) having a capacity of approximately 250 mL and inner
dimensions of approximately 125 mm height and 50 mm diameter, and a tinned steel lid (RM-52a). Add
75 mL of fluid to the jar and heat for 70 h + 2 h at 120 °C + 2 °C (248 °F + 3.6 °F). Allow the jar to cool to
23°C + 5 °C (73.4 °F = 9 °F) for 60 to 90 min. Remove the specimens from the jar, wash quickly with
isopropanol or ethanol, and air dry. Examine the specimens for disintegration as evidenced by blisters or
sloughing. Determine the volume change as in 5.11.1

Measure the volume change and hardness of each specimen within 15 min after removal from the fluid.

Notes
Marginal Inglicia—The change bar () located in the left margin is for the convenience 0f'thg user in locating

areas wherg technical revisions have been made to the previous issue of the report.cAn (R) gymbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE BRAKE FLUIDS STANDARDS COMMITTEE

-12-
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A.1 See Table A1.

APPENDIX A

STANDARD CORROSION TEST STRIPS

TABLE A1—STANDARD CORROSION TEST STRIPS(V(

Corrosion Material
Test Strip Specification General Material Data Dimensions Surface Requirements
Tinned Iron ASTM A 624, Federal SR tin plate electrolytic, bright Approx. 8 cm long; 1.3 cm wide  As gheared. Clean and
RM-6a Spkcification QQ-T-425A No. 25, type MR Thickness: As purchased uniform tinning.
Temper 3, base weight 85 Ib Surface Area: 25 cm? + 5 cni?
Ferrostand and DOS oil
Steel SAE 1018 Low carbon sheet Approx. 8 cm long; 1.3 cmiwide  Edges machined to
RM-7 Cold rolled Thickness: Approx. 0.2 cm remmove shearing marks.
Hardness: 40 to 72 RB Surface Area: 25cm? + 5cm2  Clepn uniform surfaces.
Aluminum SAE AA2024 Wrought aluminum alloy Approx. 8 cmrlong; 1.3 cm wide  Edges machined to
RM-8 Temper T3 Thickness: - Approx. 0.2 cm remove shearing marks.
Hardness: 75 RB typical Surfac€ Aréa: 25cm2+5cm?  Clepn uniform surfaces.
Cast Iron SAE G3000 Soft automotive cast iron. Approx. 8 cm long; 1.3 cm wide  Surface grind 4 sides to
RM-9 Must be free from shrinkage cavities, _Thickness: Approx. 0.4 cm dimension using a well-
porosity, or any other defects Surface Area: 25cm? +5cm2  dregsed No. 80 Alundum
detrimental to specification use of the, whgel. Clean uniform
material. surfaces.
Hardness: 86 to 98 RB
Brass SAE CA260 Wrought alloy—yellow brass Approx. 8 cm long; 1.3 cm wide  Edges machined to
RM-10 Rolled sheet or strip; Thickness: Approx. 0.2 cm remove shearing marks.
half hard temper Surface Area: 25 cm? + 5 cm? Clepn uniform surfaces.
Hardness: 57 to 74RB
Copper SAE CA114 Cold rolled copper sheet or strip Approx. 8 cm long; 1.3 cm wide  Eddes machined to
RM-11 Half-hard temper Thickness: Approx. 0.2 cm remove shearing marks.

Hardness: 35 to 56 RB

Surface Area: 25 cm? + 5 cm?

Cle

An uniform surfaces.

1. Dirill hole betwe|

en 4 and 5 mm in a diameterand approximately 6 mm from one end of each strip. Holes to be clean

burrs. Hardness ranges are commercially\fer the designated metals. Hardness is not specified for the tinned iron bec:

sidered a pract
2. Obtainable fron

cal requirement.

the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-0001.

nd free from
huse it is not con-

-13-
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APPENDIX B
SAE RM-66-05 COMPATIBILITY FLUID?

B.1 This fluid is a blend of six proprietary polyglycol brake fluids of fixed composition, in equal parts by volume.
The six fluids selected comprise five factory-fill and one aftermarket fluid, as follows:

Clariant Safebrake 9 M (DOT 4)
Delco Supreme 11

DOW 1000

Dow HD 50-4

Toyota BE2500H

Wagner 21 B

~ooo0o®

3. Obtainable from the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-0001.

-14-
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APPENDIX C

STANDARD STYRENE-BUTADIENE RUBBER (SBR) BRAKE CUPS FOR TESTING

SAE MOTOR VEHICLE BRAKE FLUIDS

C.1 Formulation of Rubber Compound—See Table C1.

C.2 Procedure for Mixing Rubber Compound—The rubber compound shall be mixed in accd

procedure g

C.3 Properties
described in

TABLE C1—FORMULATION OF RUBBER COMPOUND

Ingredient(") Parts by Weight

SBR type 1503 100

Oil furnace black (NBS 378) 40

Zinc Oxide (NBS 370) 5

Sulfur (NBS 371) 0.25
Stearic acid (NBS 372) 1
n-tertiary butyl-2-benzothiazole sulfenamide (NBS 384) 1
Symmetrical-dibetanophthyl-p-phenylene diamine 15
Dicumyl peroxide (40% on precipitated CaCOj5)®) 456

Total 153.25

1. The ingredients labeled (NBS xxx) must have properties identical‘with, those sup-
plied by the National Institute of Standards and Technology.

2. Philpreen 1503 has been found suitable.

3. Use only within 90 d of manufacture and store at temperature below 27 °C (80 °F).

ven in ASTM D 3185 for Formula 2B.

bf Rubber Compound—\ulcanizates cured for 12 min at 180 °C (356 °F) b
ASTM D 3182 shall meet the requirements in Table C2.

TABLE C2—PROPERTIES OF RUBBER COMPOUND

rdance with the

the procedure

Property Requirement ASTM Method
Harg¢iness 63+3 D 1415 or D 2240
Tensile Strength 17.5 MPa (2500 Ibf/in2, min) D 412
Ultihate Elongation 350% min D412
Tengile Strength after 70 h at125 °C (257 °F) 30% decrease, max D 865
Ultirate Elongation after 70 h at 125 °C (257 °F)  50% decrease, max D 865
Ha’r-rness after 70 1)at125 °C (257 °F) 0 to 10 increase D 865
Conppression set after 22 h at 125 °C (257 °F) 15to 20% D 395 (Method B)
Britjeness temperature —40 °C (40 °F), max D 746

C.4 Brake Cupsg

Prepared from Rubber Compound—Brake cups shaII be prepared from the r

bber compound
e dimensions of

the cups shall be suitable for the brake cylinders used to determine stroklng test procedure in 5.12. Cups may
be used for testing brake fluids within 60 months from date of manufacture when stored at temperatures under
23 °C (73 °F), out of sunlight (storage in dark preferred), and adequately protected from contaminants. Rubber
cups should not be stored under any strain and different parts should be stored separately to avoid migration of
constitutents. Lastly, rubber cups should be stored away from sources of ozone.

After removal of cups from storage, they shall be conditioned base down on a flat surface for at least 12 h at

room temperature in order to allow cups to reach their true configuration before measurement.

4. Obtainable from the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-0001.

-15-
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D.1

D.2 Procedure for Mixing Rubber Compound—The rubber.compound shall be mixed in accg

D.3

D.4

APPENDIX D

STANDARD ETHYLENE, PROPYLENE, DIENE (EPDM)
TERPOLYMER RUBBER SLABSTOCK (RM-69)

Formulation of Rubber Compound—See Table D1.

TABLE D1—FORMULATION OF RUBBER COMPOUND

Ingredient(!)

Parts by Weight

procedures

Properties

Zinc Oxide (NBS 370)

EPDM Type (Nordel 1320)1@

Qil Furnace Black (NBS 378)
Polymerized 1.2-dihydro-2.2.4-trimethylquinoline

Dicumyl peroxide (40% on precipitated CaCOs(S)

Total

100
5
43
2
10

160

27 °C.

piven in ASTM D 3182.

bf Rubber Compound—\ulcanizates:cured for 25 min at 175 °C by the proced

ASTM D 3182 shall meet the following requirements as in Table D2:

1. The ingredients labeled (NBS xxx) must have properties identical with
those supplied by the National Institute of Standards Technology (NIST)
formerly the National Bureau of Standards.

2. E.l. DuPont Nordel EPDM 1320.

3. Use only within 90 days of manufacture and store at a temperature below

TABLE D2—PROPERTIES OF RUBBER COMPOUND

rdance with the

Lre described in

Property Requirement ASTM Method
Hardness, IRHD 70+ 3 D 1415
Tensilg Strength, min 13.8 MPa D 412
Ultimdte Elongatian, min 225% D 412
Tensilg Strength, decrease after 22 h at 175 °C, max. 15% D 865
Ultimdte Elongdtion, decrease after 22 h at 175 °C, max 30% D 865
Hardlss, increase after 22 h at 175 °C 0to 10 D 865
Compression set after 22 h at 175 °C 20% max D 395 (Method B
Brittleness Temperature, max —54 °C D 746

Slabstock Prepared from Rubber compound—Test slabs approximately 50 x 150 x 1.9 mm shall be
prepared from the rubber compound by vulcanization under the conditions stated Section D.3. These slabs
may be used in testing brake fluids within 60 months from their date of manufacture, when stored in the dark at
ambient temperatures not exceeding 38 °C and adequately protected from atmospheric or other contaminants.

When stored at other than 23 °C + 5 °C, the material shall be allowed to stabilize at laboratory temperature
prior to measurements.
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