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Boiling Point Measurement of a Small Amount of
Brake Fluid by Thermocouple and Its Application

ABSTRACT: Thisstudy describes anew method for measuring the boiling point of asmall amount of brake fluid using athermocouple and a pear
shaped flask. The boiling point of brake fluid was directly measured with an accuracy that was within approximately 3 C of that determined by the
Japanese Industrial Standards method, even though the sample volume was only a few milliliters. The method was applied to measure the boiling
points of brake fluid samples from automobiles. It was clear that the boiling points of brake fluid from some automobiles dropped to approximately
140 C from about 230 C, and that one of the samples from the wheel cylinder was approximately 45 C lower than brake fluid from the reserve tank.
It isessential to take samples from the wheel cylinder, asthisis most easily subjected to heating.
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Hydraulic brake systems are used in passenger cars, cargo-
carrying vehicles, etc. Braking force, caused by depressing the
brake pedal, is transmitted to the piston of the master cylinder and
converted into brake-fluid pressure. The brake-fluid pressure is
then transmitted through the brake pipes and hoses to the wheel
cylinders and disk brake units that are installed on each wheel, and
the brake linings and pads are pushed against their respective brake
drums and disk rotors.

Among the many different types of automobile accidents, some
accidents are caused by failures in these hydraulic brake systems.
In order to clarify the causes of these accidents, we have conducted
forensic examinations and inspections on every part and element in
these braking systems. In these forensic investigations, boiling
point measurements of brake fluids are performed.

Brake fluids possess hygroscopicity since their main ingredient
is diethylene glycol ether. Therefore, one of the characteristics of
a brake fluid is that its boiling point drops sharply when a small
amount of moisture is absorbed. When a brake fluid with a low
boiling point is used in brake equipment and the brakes are oper-
ated with a high degree of frequency, the temperature of the brake
fluid rises, vapor bubbles form in the pipes and hoses, and, ulti-
mately, conditions that can lead to a vapor lock can easily de-
velop.

For this reason, when an accident has been caused by the brak-
ing system failure, it is necessary to measure the boiling point of
the brake fluid in order to investigate whether the cause of the ac-
cident was due to the low boiling point of the brake fluid or to
driver error and so on.
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A standard method to measure the boiling point of a brake fluid
isprescribed in J'S (Japanese Industrial Standards) K 2233 (1). Ac-
cording to this standard, the volume of brake fluid that is required
to perform a measurement must not be less than 60 mL. When a
traffic accident occurs, however, it is often the case that the pre-
scribed volume of material cannot be obtained. In these instances,
the indirect measurement of the boiling point of a minimum
amount of 7 to 8 mL of brake fluid by means of a relative-
permittivity method has been suggested by Hara et . (2,3). How-
ever, depending on the automobile that has been involved in the ac-
cident, it sometimes happens that only a very small volume of
brake fluid can be collected. In addition, from the standpoint of
measurement errors, there is the problem of not being able to de-
termine the boiling point directly due to the analytical curve
method.

This paper introduces a new measuring method to determine the
boiling point of break fluid that uses pear shape flasks as contain-
ers and performed temperature measurements by means of thermo-
couple. This new method was applied to obtain actual measure-
ments of the boiling points of vehicular brake fluids.

Materials

The tests conformed to JISK 2233 (BF-3) aswell as to the Fed-
eral Motor Vehicle Safety Standard (FMVV No. 116) and used a
non-ferrous oil-based brake fluid for automotive use (Toyota
2500H) that has passed the BF-3 requirement that is equivalent to
DOT 3. Asshown in Table 1, the specifications for the properties
of this brake fluid require a boiling point of not less than 205°C.
Furthermore, in order to assure that an identical brake fluid was
used in each test, the brake fluid was dispensed from the same 18-
liter-capacity container and used in all of the tests. Finaly, BF-4
brake fluid was used in some of the tests for purposes of compari-
son.
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TABLE 1—Specifications of brake fluid.

Class Specification
Item BF-3 BF-4
Balanced reflux boiling point (°C) 205 min 230 min
Wet boiling point (°C) 140 min 155 min
Kinematics viscosity mm?/s (—40°C) 1500 max 1800 max
PH value 7.0t0 115

M ethods
Measurements of Brake-fluid Boiling Points

The Measurements of the brake-fluid boiling points were per-
formed by using a container that is specified by JISK 2233 and the
method outlined below that conforms to the corresponding mea-
suring method.

¢ The thermometer shall be inserted from the side tube, sealed
up tightly with thick rubber tube and fixed so that itslower end
isabout 6.5 mm high from the center of flask bottom.

e 60 mL of sample and 3 pieces of boiling chipsshall be put into
the round bottom flask.

e The sample shall be heated for 10 = 2 min so as to effect a
reflux of 1 to 5 drops per second. Next, the heating shall be
regulated to keep the balance reflux speed of 1 to 2 drops per
second for 5 = 2 min. While this condition is further main-
tained for 2 min, the temperature shall be read to the nearest
0.5°C every 30 s 4 times, and the average value shall be taken
as the measured temperature.

Although the standard mentioned above specifies that approxi-
mately 2 mm size of well-dried and clean carborundum is to be
used as the boiling chip, glass boiling chips that are generally used
in chemical experiments were used in these tests. And a mantle
heater with a slidak transformer for controlled and input voltage
was used for heating.

Measurement by Means of Thermocouple

The balanced-reflux method was used to measure the boiling
pointsin order to confirm the amount of error in the indications be-
tween the thermometer and the thermocoupl es at the same time that
the measurements were performed.

The special-made flask used in this test had a diameter of ap-
proximately 60 mm, a round bottom, and three necks. The mea-
surements of the boiling points of the brake fluid were carried out
while a pre-calibrated thermometer was inserted in the side neck
and a thermocouple was installed in the other side neck. A water-
cooled condenser was installed in the middle neck.

And 0.3 mm-diameter copper and constantan (C. C.) wires and
0.65 mm-diameter chromel and alumel (C. A.) wireswere used for
the thermocouple materials. No protective tube was used on the hot
junction of the thermocouple. Instead, the thermocouple wires
were passed through an insulator tube and fastened in position
when the hot junction had been exposed by approximately 3 mm
and so that the junction was just in light contact with the spherical
section of the thermometer. The cold-junction side of the thermo-
couple was maintained at 0°C inside a thermos bottle containing
ice water.

Additionally, adigital voltmeter which was capable of providing
minimum readings in wV units was used to measure the thermo-

electromotive force from the thermocouple and a voltage-time pen
recorder was used to record and monitor the thermo-electromotive
force.

Reflux Speed

JIS K 2233 specifies, “Heating shall be regulated so that a bal-
anced reflux speed of two drops per second ismaintained.” In other
words, it is prescribed that heating shall be performed with the in-
terval between each drop being maintained at 0.5 to 1.0 s. We
therefore investigated the influence on the boiling point of the heat
that was input to the brake fluid by using pear shape flask with
three necks and round bottom. In thistest, aslidak transformer was
used to regulate the voltage to change the heating conditions, and
the interval of the drops was measured in a balanced reflux state
and when the thermometer indication was approximately constant.

Measurement of a Small Amount of Brake Fluid

We confirmed the minimum amount of brake fluid necessary for
the measurement of boiling points and investigated the relationship
between the volume of the sample and the boiling point. The brake-
fluid boiling points were measured by using special-made pear
shape flasks with two neck and capacities of either 30 mL or 50 mL
as containers, and athermocoupl e to perform the temperature mea-
surements. Anillustration of the test equipment is shownin Fig. 1.

Measurements of Boiling Points of Brake Fluids that Contain
Water

Since brake fluids are hygroscopic and their boiling points drop
when water is absorbed, vapor locks become more likely to occur
as more water is absorbed. We added distilled water to the brake
fluid and investigated the relationship between the percentage of
water in the brake fluid and the boiling point. After the prescribed
amount of distilled water was added to the brake fluid, a mag-
netic-stirrer was used to stir the brake fluid and the water thor-
oughly for a period of approximately 3 min and the resulting
mixture of brake fluid contained water was then used as a sample.
The brake-fluid boiling points were measured by using special-
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FIG. 1—Schematic illustration of boiling point test equipment by ther-
mocouple.



made pear shape flask with two neck and capacities of 10 mL as
container.

Testing of the Absorbed and Stirred Brake Fluid in Air

Brake fluids possess awater-absorbing property and become un-
desirable for practical use when their boiling points drop sharply
after alargeincreasein the amount of water that has been absorbed.
Brakefluid wasstirred in air to force the absorption of moisture and
then investigated the extent of the drop in the boiling point.

Measurements of the Boiling Point of Brake Fluid Taken from
Automobiles

We extracted as samples approximately 50 mL of brake fluid
from the reserve tanks and rear-wheel cylinders of automobilesthat
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FIG. 2—Relationships between temperature by thermocouple and by
thermometer.
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were operated during automobile inspections or while receiving
maintenancein garages. Then, using thisnewly introduced method,
measured the boiling points of approximately 30 mL of the brake
fluid.

Test Resultsand Considerations
Comparison Between Thermocouple and Thermometer

Figure 2 shows the thermocouple temperature-dependent char-
acteristics. The horizontal axis shows the values obtained from the
pre-calibrated thermometer readings and the vertical axis shows
the temperatures as converted from the values of the thermo-
electromotiveforce of the thermocouple. In Fig. 2, the symbol “O”
represents the values from the copper-constantan thermocouple
and the symbol “@” representsthe values from the chromel-alumel
thermocouple. The differences between the indicated temperature
values between both thermocouples and the thermometer were
within 1.5°C at maximum. Significantly, the difference was 0.0°C
when the temperature of the brake fluid was approximately 250°C
and the brake fluid wasin aboiling state in which the generation of
bubbles was continuous and convection conditions were severe.

It was thus confirmed that the temperature measurements by
means of the thermocouples were accurate. And it was subse-
quently decided to use the chromel-alumel thermocouple for test-
ing purposes.

Confirmation of the Boiling Points by Means of a Thermocouple

In order to study how to judge the boiling state by means of a
thermocouple, a 60 mL-capacity round-bottom flask with two
necks was used as the container. Figure 3 shows an example of the
thermo-electromotive force of the thermocouple. A mantle heater
performed heating and the temperature of the brake fluid was
slowly raised. In regard to the state of the brake fluid during heat-
ing, small bubbles began to form at approximately 220°C and
larger bubbles formed continuously from approximately 230°C.
Dripping started from the bottom end of the water-cooled con-
denser at approximately 235°C and the continuous generation of
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FIG. 3—Temperature record conformed to JISK 2233 standard. Arrow shows an inflection point.
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bubbles became pronounced at approximately 240°C. We were
able to confirm that a boiling state had been established when the
constant state was achieved at approximately 250°C. An inflection
point, which is indicated by the arrow in Fig. 3, was abruptly dis-
played from approximately the level of 250.5°C, after which an al-
most constant temperature was maintained.

When the thermo-electromotive force had attained this constant
state, we were able to conclude: (1) that the brake fluid was in its
boiling state and, furthermore, (2) that the temperature value of
250.5°C, asindicated by the thermocouple, was the boiling point of
the brake fluid in view of the fact that balanced reflux was estab-
lished.

Reflux Speed

The relationship between the intervals of the drops (reflux
speed) and the temperatures obtained from the thermometer and
thermocouple is shown in Fig. 4. It can be assumed that the errors
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FIG. 4—Relationships between temperature and interval of drops.

caused by the reflux speed on the brake-fluid boiling points were
on the level of —0.5°C on the minus side and +1.0°C on the plus
side. It was considered that the boiling points of brake fluids was
measured within =1°C accuracy even though the brake fluid was
boiling state, and reflux speed will not affect intensely the boiling
point of the brake fluid in this experiment.

Boiling Points of Small VVolumes of Brake Fluids

The boiling points of small volumes of brake fluid were mea-
sured. In this test, 30 mL- and 50 mL-capacity pear shape flasks
were used and the volumes of brake fluid samples were reduced in
stages down to a minimum quantity of 2 mL. Figure 5 shows an ex-
ample of the results when the 30 mL-capacity pear flask was used,
the boiling point of a2 mL sample was measured, and the thermo-
electromotive force of the thermocouple was aso recorded. The
temperature of the brake fluid was gradually increased over time
and achieved a constant temperature. The temperature of 253.3°C
at this time was then considered to be the boiling point. It thus be-
came evident that boiling points can be measured even when the
volume of the sample of the brake fluid isas small as2 mL. In ad-
dition, it was found that the intervals of the drops were not depen-
dent on the capacity of the flask. The interval was from 3 to 100 s
when the sample volume was more than 10 mL. Direct dripping
from the bottom end of the water-cooled condenser could not be
observed when the volume was less than 5 mL, however, since the
brake fluid was carried to theinner wall of the flask when reflux oc-
curred.

Figure 6 shows the influence of the sample volumes on the boil-
ing points. The symbols “®” represent the use of the 50 mL-
capacity pear shape flask and it can be seen that the boiling points
rise from the position at which the volume of the sample becomes
lessthan 20 mL.. A boiling point of 257.8°C wasindicated when the
volume of the samplewas2 mL. Thisisavaluethat is 7.8°C higher
than the value of 250°C that is measured by the JIS measuring
method. The “O” symbols, on the other hand, represent the use of
the 30 mL-capacity flask. In this case, the boiling point was
253.3°C when the volume of the samplewas 2 mL. Asthe volumes
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FIG. 5—Temperature record obtained from 2 mL brake fluid using a 30 mL-capacity pear shape flask. Arrow shows a boiling point.
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FIG. 6—Boiling point dependence of volume of sample.

of the sampleswere reduced in thisway, higher measurementsthan
those conforming to the JIS method were obtained. For the small
volume samples (less than 20 mL), the boiling point was higher
than the value of 250 to 251.5°C that is measured by the JIS
method. The reason for this is thought to be that the mantle heater
may be heating the thermocoupl e even though the thermocoupleis
immersed in the brake fluid. It is also thought that the smaller the
container is when measuring the boiling points of minute volumes
of brake fluids, the closer will be the measured temperatures to
those that can be obtained by the J'S method.

In an actual automobile accident that is caused by trouble in a
hydraulic braking system, the volume of brake fluid that can be
collected for analyses is limited. For this reason, this method is
worthwhile and has ahigh practical value sinceit shedslight on the
vapor lock phenomenon by making possible the measurements of
the boiling points of minute volumes of brake fluidsin quantitiesas
low as2 mL at 3°C higher than those that can be obtained from the
boiling points that conform to the JIS method.

Compensating of Boiling Points for Atmospheric Pressure

Since boiling points change depending on the atmospheric pres-
sure, IS K 2254 (5) prescribes amethod for compensating for this
phenomenon. In this method, the measured temperature is com-
pensated by the compensation Eq (1) given below to the value for
the standard atmospheric pressure (101.325 kPa), and this com-
pensated value is then considered to be the measured result:

C = 0.0009 {(101.3 — P) (273 + t)} @
Where,

C: Compensation value (°C) added to measured temperature
P: Atmospheric pressure (kPa) at time of measuring
t: Measured temperature (°C)

During the period of these tests, the atmospheric pressure was al-
most constant at 101.5 to 101.7 kPa. Assuming the measured tem-
perature, i.e., the boiling point, to be 250°C, the compensation
value from Eq (1) is 0.19°C at its maximum. Since this value is
fairly small, no special efforts to compensate for the atmospheric
pressure were made during these tests.
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Percentages of Water Content and Boiling Points

Studies were conducted to determine whether or not this method
could be used to obtain the boiling points of brake fluids that con-
tain water. In these tests, a 10 mL-capacity pear shape flask was
used. The volumes of the samples were 5 mL and 10 mL, and the
percentage of water content in the brake fluid ranged between 0 and
10%. Additionally, boiling-point measurements were performed
with a60 mL volume of sample with around-bottom flask and the
measured values from these tests were considered to be the boiling
point for standards.

Figure 7 shows the boiling points of brake fluids that contain
various percentages of water. In the method prescribed by JIS
(symbolized by “ @”), the boiling point of pure brake fluid was ap-
proximately 250°C, but this dropped sharply to about 150°C when
the percentage of water content in the brake fluid was made to be 2
to 3%. It dropped further to approximately 120°C when the per-
centage of the water content was increased to 10%. In addition, al-
though the boiling points of small volumes of brake fluids contain-
ing water (as indicated by the symbols “O” and “A”") were
somewhat higher than in the method prescribed by JS, these also
dropped in asimilar way. The value indicated for the boiling points
of small volumes of brake fluids with percentages of water content
of 3% was approximately 12°C higher than that obtained by the JIS
method. In other words, it will be said that these values of the boil-
ing points of small volumes of brake fluids with percentages of
same water content were almost same in this experiment.

In order to investigate the effects of the volume of the sample on
the boiling point, we conducted tests with the percentage of water
content at 5% and used 10 mL- and 30 mL-capacity pear shape
flasks. As shown in Fig. 8, the boiling points rose as the volumes
of the samples decreased and the maximum difference was in the
range of approximately 20°C. Consequently, even when therisein
temperature was in this range, it could nevertheless be concluded
from the fact that the boiling points of small amounts of brake flu-
ids could be measured that this method poses no special forensic
problems from the standpoint of workability.

Testing of Absorbed Moisture

The test of absorbed moisture by stirred brake fluid was con-
ducted in an environment in which the humidity was set at 74 to
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FIG. 7—Boiling point dependence of percentage of water content by us-
ing 10 mL capacity pear shape flask for 5 mL and 10 mL samples.
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FIG. 8—Bailing point dependence of volume of samples with the per-
centage of water content at 5%.

82%, which is normal during the rainy season in Japan, and in
which the temperature was set at 27 to 29°C. As shown in Fig. 9,
the results made clear the fact that the boiling points for both BF-3
and BF-4 brake fluid dropped sharply to approximately 150°C
within less 10 h than of stirring time and to approximately 120 to
130°C after about 30 h of stirring time had elapsed.

Whereas a tendency for the boiling points to drop was indicated
as time elapsed, there were partial indications of somewhat high
measured values, but these were thought to be dueto the influences
of the humidity and the stirring conditions at the time of the test.
From the fact that the brake fluid was made to exhibit such a high
degree of hygroscopicity in this way, the necessity of designing,
properly maintaining and inspecting reserve tanks, etc., to assure
perfect seal ability became readily apparent.

Boiling Points of Brake Fluids Taken from Automobiles

Samples of brake fluids were taken from the reserve tanks and
rear-wheel cylinders of six automobiles. Since new brake fluid was
replaced for old during automobile inspection for automobiles No.
1 and 2, it was|earned from the records at that time that BF-4 brake
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FIG. 9—Boiling point dependence of stirring timein the air.

fluid was used for automobile No. 1 and that BF-3 brake fluid was
used for automobile No. 2. However, the types of brake fluid used
in the other automobiles are not known.

The results of the measured boiling points are shown in Fig. 10.
Although the boiling points of new brake fluids are assumed to be
at least 200°C, the boiling points of the brake fluids sampled from
the automobiles were found to have dropped to approximately
140°C.

Moreover, in regard to the sampling location, the brake fluids
from the wheel cylinders of some automobiles had boiling points
that were approximately 40°C lower than those of the brake fluid
taken from the reserve tanks. One of the causes of thisisthought to
be the presence of dirt in the brake fluid. In addition, the difference
in the percentage of the water content between brake fluid taken
from the wheel cylinders and brake fluid taken from the reserve
tank will reduce the boiling point.

Consequently, whileit is necessary to measure the boiling points
of brake fluid in order to prevent accidents, such measurements
must not be limited to brake fluids only from the reserve tank. Itis
also essential to take samples from the wheel cylinder since the
cylinder is most easily subjected to heating and boiling point of
brake fluid in wheel cylinder can differ from brake fluid in the re-
serve tank.

Conclusions

M easurements of boiling points of small volumes of brakefluids
were performed using pear shape flasks as containers and thermo-
couples to measure temperatures. This new method was applied to
mesasure the boiling points of brake fluid taken from automobiles.

It was demonstrated that there was a 1:1 correspondence be-
tween JIS-prescribed thermometers and the thermocouples when
the brakefluid wasin aboiling state. These tests measured the boil-
ing points of small volumes of brake fluid, down to 2 mL, with an
accuracy of approximately 3°C of the boiling points as determined
by the JIS method. Even when the brake fluids contained weter, it
was possible to perform boiling point measurements of small vol-
umes of brake fluid. Consequently, this method can serve as one
means that can be used to analyze the forensic causes of automo-
bile accidents.

When tests were conducted in which the brake fluid was stirred
to cause it to absorb moisture, it became evident that the boiling
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FIG. 10—Boiling point of brake fluid taken from automobiles.
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point dropped to approximately 130°C after approximately 30 h of of brake fluid in a small quantity. Report of the National Research Insti-
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tomobiles dropped to approximately 140°C. In addition, the boil- 4. Japanese Industrial Standards B7410. Liquid-in-glass thermometers for
ing points of brake fluids in the wheel cylinder of some automo- testing of petroleum prodtucts, 1982. o
biles were approximately 40°C lower than that taken from the 5. Japanese Industrial Standards K2254. Petroleum products-determination

of distillation characteristics, 1990.
reserve tanks.

Additional information and reprint requests:
References Kazunari Mogami, B.Eng.
National Research Institute of Police Science
1. Japanese Industrial Standards K2233. Nonpetroleum base motor vehicle 6-3-1, Kashiwanoha, Kashiwa city, Chiba
brake fluids, 1989. Japan, 277-0882
2. HaraM, Kusano H and Miyagawa T. A measurement of the boiling point E-mail:mogami @nrips.go.jp



