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ABSTRACT 

The object of this investigation was to study thew ter absorpti on 
characteristics of variou type of hydraulic brake fluid at contro l l~d 
humi di i 

Thre se ri es sts were conducted us ing wide 
fluid typ expo e~ relat i v humidities rang ing fro 
Rates an d amounts of water ab sorption were determined. 
bration per eta were obta ined. ~oi l ing poin pre 
lat ed wi th water cone nt r tion. 

c pe of b rak 
20% to 80 %. 
Moisture equ i I i -

i on was corr -

All f l uids t sted w re found to absorb wate r to v ryi ng degre s o r 
the entir Boil in oi nt s w re drastica l ly reduced li t 
only small amount. f w ter. Fluids equilibrated at one relative humidi 
w r foun sorb ,acer when exposed to a lower humidi ty . 
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I . I NT RO DUCT I ON 

The U. S. Army Coating and Chemical Laboratory wa. authorized by 
AHC Directive AHC Code 5025.11.802, dated I August 1966, to cor.1uct 
research on hydraulic brake fluids. 

One area of investigation concerns the hygroscopic tendencies of 
all fluids. It was known the brake fluids absorb water at varying rates, 
and to varying degrees. This water absorption result s in de pre sion of 
the boi 1 i.,g point, often to a temperature wel I below th at actually 
reached in operational systems. In addition, certain other properties 
of the fluid are altered (see CCL Report No. 198). 

In three series of tests, several fluids were expos d to a range of 
controlled relative humidities. The water absorption was tudied, and 
the results are the subject of this report. 

II. DETAILS OF TEST 

A. Tests conducted 

I. Hyg roscopicit) test. Three 200 ml . samples of each fluid 
tested were placed in 100 x 50 rmi. crystal l izing di shes . These di sh s 
were placed in desiccators maintained at 20, 50, and 80 p rcent relativ 
humidities by means of saturated salt solutions. The ini t ial water 
content was determined by the Karl Fischer method and subsequent sampl s 
were analyzed periodically for the duration of the te t. 

After equilibration of all the fluid s , dishes from th 80 
relative humidity atmosphere were moved to the 20% des iccators. Wate r 
desorption was measured, again by the Karl Fischer method. 

2. Water determination. ~ater content was analyzed by Karl 
Fischer titrati on. A small sampl e (approximately 200 mg.) of brake 
fluid was introduced into a 50 ml. flask, and an exces f Karl Fisch r 
reagent was added. This was then back titrated with standard water­
methanol solution, containing one mg. of water per ml. of soluti n. 
This titration was compared to a blank and the water content was c 1-
culated from the equation: % water• A-B/W x 100 

where A is the volume (ml.) of standard to titrate the blank B is the volume (ni 1.) of standard to ti t rate the ample, and w is the weight (mg.) of the s mpl . 
J. Boi 1 Ing point 

A 50 ml. sampl of the brak fluid was pla ed i a 100 ml. 
round bottom flak, fitted with a th rmometer and wat r 
condenser. The temperature of the f!uid after refluxin fo r fiv 
utes at a rate of one-two drop per cond was record d as the 
point. 
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B. F 1 u ids tested 

Series 1. Five fluids were tested In this series: 
type JORI fh,.d with a modified castor oil base, commercial 
types JORI and 70R3 with polyoxy-glycol bases, a conmercial 
proposed type 70R4, and a commercial low hygroscopic fluid. 
range in boiling p~int from 329°F. to 533°F. 

a commercial 
flu Ids of 
fluid of 
ThesE fluids 

These fluids were placed in the desiccators and water absorption 
was measured over a period of four weeks. At the end of each week, a 
50 ml. sample was withdrawn for bolling point determinations. This re­
sulted in a considerable change in volume in the test samples. 

Series 2. Two fluids were included in this seri s; a second 
commercial low hygroscopic fluid, and a fluid meetin~ Composition 1 of 
MIL-P-46046. In order to minimize upsetting the only small 0.5 ml. 
samples were drawn once every 7 days for water determinations. After six 
weeks, the samples exposed to 80% relative humidity were moved to a 20% 
relativ~ humidity atmosphere. The water content was then checked periodi­
ca 1 ly for the next seventeen days. 

Series 3. In series 3, four fluids ranging in boi 1 ing point 
from 330°F. to 420°F. were tested; a commercial polyoxy-glycol base 
JORI fluid, two commercial polyo'xy-glycol base 70R3 fluids, and a fluid 
meeting Composition 3 of MIL-P-~6046. Fluis were completely equilibrated 
in this series. Tests were run at the lnwnidl ties used in the previous 
serie~. During the first thirty-five days, small samples were taken 
every two-three days to determine the rate of absorption. During the 
remainder of the test period, the fluids were stirred regularly to bring 
them to equilibrium, a small amount (0.5 to 1.0%) of water was added. 
If they were at equilibrium this added water would be lost to the atmos­
phere. This was continued until all fluids were found to be at equili­
brium. 

After equilibrium was re~ched, the samples from the 80% relative 
humidity desiccators were placed in the 20% atmosphere. Water content 
was analyzed periodically as in series 2. 

Boiling point determinations were run on all equilibrated brake 
fluid samples. 

Ill. RESULTS OF TESTS 

A. Water absorption 

All of the fluids tested were found to absorb water when exposed 
to a moist atmosphere. In series 1 and 2 the tests were not run to a 
point where it was possible to be sure equilibrium had been reached. The 
data Is useful, however, in determining the relative rates and amounts 
absorbed by the different fluids (tab! ~~ I-IX). 
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In series 3, all the fluids reached equilibrium, with the ex­
ception of Composition 3 which formed a ~ediment (reported in CCL Report 
No. 222) after 4.5% wat~r was absorbed. The equilibrium amounts of 
water for the other fluids were 20.6%, 17.0% and 16.2%. 

When the water absorption was plotted against time of exposure, 
a smooth curve was obtained (see graph 1-4). By plotting the same data 
versus the square root of time, a straight line resulted (graphs 5-8). 
The slope of this line will P e rate constant u , ,i i II be dependent 
upon the physical properties of the fluid and the activity of the water 
(relative humidity). 

After the fluids had reached equilibrium, those from the 80% 
relative humidity atmosphere when moved to the 20% desiccators. ThesP. 
were found to lose moisture to the atmosphere (table XI). A plot of 
water content versus time resulted in a smooth curve (graph 10). 

B. Boiling points 

Even very small amounts of water were found to lower the boiling 
points of the fluids tested. A comparison of original boiling points and 
depressed boiling points after equilibration can be found in table X. 

The fluids tested cover a wide range of initial boiling po int s , 
however, after equilibration the range is narrowed considerably (graph 
9). The only exceptions to this are the low hygroscopic brake fluids, 
which boil slightly higher than the others after equilibration. 

IV. DISCUSSION AND RECOMMENDATIONS 

From the data presented, it can be seen that absorption alone can 
account for sufficient water in a brake system to lower the fluid boiling 
point to a dangerous level. In fact, no fluid tested was found to main­
tain a boiling point above 300°F. when equilibrated at a relative humi­
dity of 50% or higher. 

Possible methods of dealing with this problem are to develop closed 
brake systems which would not be vented to the atmosphere; or to develop 
brake fluids which are less hygroscopic, or whose boiling points are less 
sensitive to water content. 

V. REFERENCES 

1. Authority: AMC Directive, AMC Code 5025.11.802 dated 24 Jul y 1964. 

2. Federal Specification VV-H-910a, Hydraulic Fluid, Non-Petro eum 
Base, Automotive. 
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3. Military Specification HIL-P-~046A, Preservative Fluid, Auto­
motive Brake System and Components. 

4. Specification ]ORI, Society of Automotive Engineers, 485 Lexing-
ton Avenue, New York, New York. 

5. Spe ci fication 70R3, IBID. 

6. Proposed Specification 70R4, IBID. 

7, CCL Report No. 198, Effect of Water on Hydraul ic Brake Fluid, 
dated Hay 1966. 

8. CCL Report No. 222, Study of Solubility of Ternary Mixtures of 
Water/3-He t hoxybutanol-l/Sodlum Tetra Borate·Diol Condensates, dated 
January 1967. 



APPENDIX A 

TABLE I 

Series l 
Water Absorption at 20% Relative Humidity 

% Water 

Comme re i al Commercial 
Modified Commercial Commercial Po lyoxyg lyco l 

Days Castor Oil Polyoxyglycol Polyoxyglycol Base (Pro- Commercial 
Exposed Base ( 70R l) Base (JORI) Base (70R3) posed 70R4) LHF 

0 0.06 0.34 0. 11 0.07 0.31 ., 
0.81 0.88 0.44 0.27 0.40 

2 0.97 0.89 0.59 0.46 0.27 

3 1. 12 1.18 0.67 0.59 0.24 

4 1.27 1. 18 0.99 o.83 0.54 

7 1. 50 1.35 1.07 0.85 0.46 

14 1.53 1.90 1. 76 1.58 O. c;8 

21 1.80 2.57 2.05 1.91 0.36 

28 2.01 2 .40 2.30 1.96 0.54 
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TABLE 11 

Serles 1 
Water Absorption at 20% Relative Humidity 

% Water 

Commerci a 1 Cormiercial 
Modified Com.,te re i a 1 Commercial Polyoxyglycol 

Days Castor Oil Polyoxyglycol Polyoxyglycol Base (Pro- Commercial 
Exposed Base ( 70R I) Base (70.!!J_ Base (70R3} posed 70R4) LHF 

0 0.06 0.34 0. 11 0.07 0.30 

o. 72 0,93 0.19 0.60 0.51 

2 1.09 1.28 0.94 1.02 0.65 

3 I. 29 1.37 1.22 1.18 0.86 

4 1.58 2.04 1.59 I. 74 1.01 

7 1.95 2.41 2.07 1.89 0.98 

14 3, 15 4.30 3,58 3,65 1.53 

21 4.27 5,90 5,32 4,79 1.59 

28 4.71 6.92 6.70 5.80 1.80 

83 5. 15 7,98 7,72 6,97 

102 5,65 8. 11 8.12 7. 11 
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TABLE 111 

Series 1 
Water Absorption at 80% Relative Humidity 

% Water 

Commercial Commerci a 1 
Modified Commercial Comme rci a I Polyoxyglycol 

Days Castor Oi I Polyoxyglycol Polyoxyglycol Base (Pro- Comme rcial 
Exposed Base (70RI) Base (70R 1) Base (70R3) posed 70R4) LHF 

0 0.06 0.34 0. 11 0.07 0.23 

0.97 0.88 0.86 O. 75 

2 1.40 1.46 1.49 1. 13 

3 1.96 2.04 2.24 1.64 

4 2.42 2.65 3.06 2. 15 

7 3,38 4. 12 3,71 3.49 2.37 

14 5.64 8.46 1.00 5.30 3.36 

21 6.98 9.13 8.52 6. 75 3.80 

28 9.02 14.21 11. 10 9,77 3,93 

t.2 

49 13.20 16,90 14.50 12.82 

83 18. 16 

102 12.92 20.94 14. 91 
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Days 
Exposed 

0 

21 

28 

35 

42 

Days 
Exposed 

0 

7 

14 

21 

28 

35 

42 

TABLE IV 

Series 1 
Water Absorption at 20% Relative Humidity 

% Water 

Composition 1 
HIL-P-46046 

0.05 

0.59 

1.37 

1. 82 

1.87 

1.68 

TABLE V 

Serl es 2 

Comme rci a 1 
LHF 

0.05 

0.56 

0 .82 

1.01 

0.88 

0. 39 

Water Absorption at 50% Relative Humidity 
% Water 

Composition 1 Commercial 
HI L-P-46046 LHF 

0.05 0.05 

1. 72 0.94 

2.47 1.02 

2.69 0.99 

3.48 1. 79 

3.42 1.60 

3.26 1.40 
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TABLE VI 

Serles 1 
Water Absorption at 80% Relative Hurni di ty 

% Water 

Days Composition 1 Commercial 
Exposed HIL-P-46046 LHF 

0 0.05 0.05 

7 2.88 1.66 

14 4.43 1.95 

21 4.94 2.66 

28 6.08 3,35 

35 5.45 3.35 

42 5.28 3.21 
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TABLE VI I 

Series 3 
Water Absorption at 20% Relative !iumidity 

% Water 

Comnie re i a I Cr,mme r.: i a I Commerci a I 
Days 

(Days) 112 
Polyoxyglycol Polyoxyglyco l 1>0 lyoxyg lyco I Colll)OS i ti on 3 

Exposure Base (70Rl) Base (70R3) 13ase ( 70R3) Ml L-P-46046 

0 0 0.91 0.52 0.29 0.45 

1.00 1.20 0.99 0.60 o. 72 

2 1.41 1.64 I. 16 I. 12 0.64 

3 I. 73 1.73 1.51 1.30 0.86 

9 3.00 1.91 1.54 1.08 0.90 

10 3. 16 2.06 1.51 I. 38 0.57 

13 3.61 2. 14 1.59 1.42 1 . 11 

16 4.00 1.96 1.47 0.80 

22 4.69 2.36 1.85 I. 74 1.02 

28 5.29 2.50 1.83 0.96 0.92 

31 5,66 1.99 1.80 1.49 0.94 

37 6.08 2.24 1.43 1.55 1.02 

42 6.48 1.86 1.68 1.47 I. 17 

48 6.93 2.41 2. I 8 1.89 1.48 

76 8.83 2.86 2.52 2 .09 1.33 

87 9.3:s 2.75 2.36 1.99 1.30 

113 10.63 2.59 2.45 1.97 1.41 

Equ i 1 i b r i um 2.8 2.4 2. I 1.40 
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TABLE VII I 

Series 3 
Water Absorption at 50% Relative Humidity 

% Water 

Commercial Commercial Commercial 
Days 

{Days) l/2 
Polyoxyglycol Polyoxyglycol Polyoxyglycol Composit ion 3 

Exposure Base {70Rl) Base (70~1 ) Base {70R3) HIL-P-46046 

0 0 0.91 0.52 0 .29 0.45 

1.00 1.34 0.83 0.98 0.94 

2 1.41 1.90 1.54 1.06 0.99 

3 1. 73 2.38 1. 78 1. 58 1.42 

9 3.00 3.52 3.05 2. 73 2.32 

10 3. 16 3,94 3.01 2.63 2. 15 

13 3.61 4.45 3, 73 3.26 2.26 

16 4.00 4.61 3.99 3. 29 2 .21 

27. 4.69 5.54 4.80 4.31 3 .08 

28 5.29 5,34 4.52 3,84 3.08 

31 5.66 6.10 5.34 4.64 3.44 

37 6.08 6.37 5.48 4.84 3.44 

42 6.48 6.30 5.48 4.81 3. 16 

48 6.93 6.98 5.98 5.46 3,75 

76 8.83 8.99 7,74 6. 79 4.56 

87 9,33 

113 10.63 8.62 7,65 6.81 

Equ i 1 i b r i um 8.9 7.6 7. 1 4.2 
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TABLE IX 

Series 3 
Water Absorption at 80% Relative Humidity 

% Water 

Commercial Comme re i a I Conmerci al 
Days 

( Days) 1 /2 
Polyoxyglycol Po lyoxyg lyco I Po lyoxyg lyco I Compos l t l on 3 

Exposure Base (70Rl) Base (70R3) Base (70R3) MIL-P-46046 

0 0 0.91 0.52 0.29 0.45 

1.00 I. 70 1.44 O. 78 1.24 

2 I. 41 2.82 I. 70 1.52 1.52 

3 1.73 3.04 2.31 1.80 I. 71 

9 3.00 6.88 5,98 4. 12 3,96 

10 J. 16 7. 15 5.55 4.36 3.88 

13 3.61 8.81 7. 15 5.34 4.55* 

16 4.00 9.30 7.59 6.40 

22 4.69 12. 10 9. I 8 9. 17 

28 5.29 I 1.91 9.62 8.58 

31 5.66 12.86 10.57 10.35 

37 6.08 13.55 11. 29 10 .68 

42 6.48 13. 71 10.70 10.22 

48 6.93 14.98 12. 12 11.80 

76 8.83 19. 72 I 5. 7 I 15.52 

87 9,33 20.08 16.45 15.63 

113 10 .63 20.62 16. 11 16.20 

Equi 1 i brium 20.6 17.0 16.2 

*Separation occurs. 
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TABLE X 

Brake Fluid Boiling Point After Egui Ii brat ion 
I nit I a 1 20% R.H. 50% R.H. 80% R.H. 

Serles 1 

Commercial Modified Castor Oil 
Base (JORI) 329 270 234 221 

Commercl a 1 Polyoxyglycol Base ( 70 R 1) 335 270 239 219 

Comme re i a 1 Polyoxyglycol Base (70R3) 410 298 240 224 

Commercial Polyoxyg1ycol Base 
(Proposed 70R4) 533 300 236 219 

Commercial LHF #1 496 402 295 235 

Series 2 

Composition 1 HIL-P-46046 320 270 246 226 

Commercial LHF #2 540 353 278 246 

Series 3 

Commerci a 1 Polyoxyglycol Base (70R 1) 331 276 241 226 

Commercial Polyoxyglycol Base (70R3) 416 309 246 224 

Corrrne re i a 1 Pol yoxyg lyco 1 Base ( 70R3) 470 308 249 225 

Composition 3 HIL-P-46046 345 296 253 
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