UNCLASSIFIED

1233661

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

®

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the ssid drawings, specifications, or other
data is not to de regarded by implication or other-
vise as in any manper licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



Cy -V

COATING and CHEMICAL

LABORATORY
o )

. 433661

CCL REPORT NO. 155

NEW CORROSION INHIBITORS FOR ANTIFREEZES m

BY

CATAL i v
AS

CHARLES B. JORDAN

el

AMCMS CODE NO. 50Z5.11.803
DA PROJECT |-A-0-24401-A-109 2o 9 1964

16 JANUARY 1964

ABERDEEN PROVING GROUND
MARYLAND

DESTROY; 0O NOT RETURN



DDC AVAILABILITY NOTICE

Qualified requesters may obtain copies of this report
from the Defense Documentation Center, Cameron Station,
Alexandria, Virginia.

Copies Available at Office of Technical Services, $ 0.50

THE FINDINGS IN TH{S REPORT ARE NOT TO BE CONSTRUED
AS AN OFFICIAL DEPARTMENT OF THE ARMY POSIT!ON.




JABLE OF CONTENTS

Page No.
TITLE PAGE .+« v veneeeneeenennerunnereneesannen e ier e eiereaen i

ABSTRACT .+« vvevrnerenrneeenenanns Creene e Cererrreenereeaeas eoo i
INTRODUCTION: «cveveransaans Ceeerrerenes Cireeeeerreeectenerenernsens ]
DETAILS OF TEST+:vveveceonsens R Ceeenenes cereen e 1 -2
RESULTS OF TESTSe:ceeoses Ceeeereree e aiieas et reereceireaas veer 2.
RECOMMENDATIONS. ¢« v v vveeenenannnn. e eree e cereenen Ceveeeeee. 2
REFERENCES« c+veevnenanss Cereenens ettt erreateetieeiereaioean ceeer 3
APPENDIX A.eevs.. Cereeroenees Ceeevnanes P .4
TAb1e leeeevenerneacrennecacnnsceancns ceraareacanen tetertecncscase § = 12

DISTRIBUTION LISTecoecrcccns ecoecesossse sosac seecesssssssacevcovsonse 13 = 14



UNCLASSIFIED
Report No._ CCL # 155

Copy Number

NEW CORROSION INHIBITORS FOR ANTIFREEZES

By

Charles B. Jordan

16 January 1964
AMCMS Code No. 5025.11.803
Dept of the Army Project No.

1-A-0-2L401-A~109

U.S. Army Coating and Chemica! Laboratory
Aberdeen Proving Ground
Maryland

UNCLASSIF IED

\
AUTHOR: ‘ REVIEWED BY: W@v M
CHARLES B N, Chemlst viraito. HATCH, Chief

Automotive Chemical Branch Automotive Chemical Branch

APPROVED BY: éW

C. F. PICKETT, Technical Directer
U.S. Army Coating and Chemical Laboratory



ABSTRACT

The object of this study was to conduct a preliminary investigation of
newly developed corrosion inhibitors and inhibitor combinations for use in
automotive coolants.

Bench corrosion tests were conducted on the following inhibitors in
waterrand ethylene glycol/water solutions: sodium tetraborate/propylene
glycol condensate, the double condensate of sodium tetraborate with pro-
pylene glycol and butynediol, and Specification 0-1-490 inhibitor modified
by adding disodium phosphate and increasing the mercaptobenzothiazole
content.

Many combinations of these inhibitors performed satisfactorily in the
bench corrosion tests. Dynamometer tests and field tests are warranted.
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I. INTRODUCTION

Aberdeen Proving Ground, Maryland, was authorized by AMC Program
Directive, AMCMS Code 5025.11.303, dated 15 October 1962, to investigate
improved antifreeze mixtures. One area being studied is the inhibitor
system of Specification 0-A-548a materials.

A sodium tetraborate/propylene glycol condensate (CCL Reports Numbers
76 and 86, U.S. Patent No. 3,087,953) and a newly developed double condensate
of sodium tetraborate with propylene glycol and butynediol (CCL Report No.
113, patent pending) appeared to have application in antifreeze compounds.
Also, a modification of the Specification 0-1-490 (nhibitor, Corrosion
Liquid Cooling System involving the addition of disodium phosphate was studied.
Bench corrosion studies were conducted on these materials, with and without
other additives, as a means of screeming satisfactory combinations. Distilled
water and a 50/50 (volume) mixture of ethylene glycol/water were used as the
coolant media.

This report contains the results of this preliminary investigation.
1l. DETAILS OF TEST

A. Bench Corrosion Tests

Bench corrosion tests were conducted in accordance with the
procedure outlined in LSD Report No. 205, dated 26 February 1954. This
procedure involves the immersion of a set of six metal test specimens
(cast iron, aluminum, copper, brass, steel, solder) in a glass flask
containing the test solution. The solution is aerated and refluxed at
180°F. for 192 hours, after which the metal test specimens are examined
for evidence and extent of corrosion.

B. Test Solution

A 50/50 (volume) mixture of ethylene glycol/distilled water was
used as the coolant medium. Comparative tests were conducted on distilled
watar.

C. Inhibitor Combinations

l. Sodium tetra borate/l,2-propylene glycol condensate - This
material was developed (CCL Report No. 76) as a soluble corrosion inhibitor
for brake fluids. |ts chemical composition suggested a reserve alkalinity
and potential solubility desirable in antifreeze solutions. |t performed
satisfactorily in storage tests with ethylene glycol mixtures (CCL Report
No. 86). Quantities added are listed in Table | Appendix A.

2. Double condensate of sodium tetraborate with |,2-propylene
glycol and 2-butyne-l,k-diol - This material was developed as a single
inhibitor for brake fluids (CCL Report No. 113). It possesses both
alkalinity and antioxidant properties desirable in multi-metal systems,
suggesting possible antifreeze application. Quantities added are listed in
Table I, Appendix A.




3. Modified 0~1-490 inhibitor - This inhibitor has the following
composition (weight):

Sodium tetraborate decahydrate - 70.0%
Mercaptobenzothiazole (MBT) - 14.0%
Disodium phosphate heptahydrate - 16.0%

This material was developed because of the potential use of aluminum
in cooling systems. 0-1-490 inhibitor would not be completely satisfactory in
some instances, such as would be encountered in vehicles with cast iron blocks
and aluminum radiators. The phosphate is known to be a good inhibitor for
both cast iron and aluminum. The increased amount of MBT provides a better
coating on the metals and affords increased protection against erosion and
corrosion attack- Quantities added are listed in Table I, Appendix A.

L. Additives -~ Many combinations were prepared by adding small
percentages of sodium tetraborate, disodium phosphate, MBT, or sodium MBT to
the basic inhibitor formulations under study.

D. Numerical Rating System

A numerical rating system has been devised (LSD Report No. 205)
which allows a comparison of bench corrosion test results based on weight
loss and visual evidence of corrosion of the metal strips. An arbitary
value of 21 has been selected as the point of demarkation between satis-
factory and unsatisfactory resuits. An overall value of 6 would indicate
that each of the 6 metal test strips were perfect. Material supplied under
0-A-548a, Type | and MIL~C-11755A usually rate about 16 - 8.

I1. RESULTS OF TESTS

Results of tests are listed in Table |, Appendix A. Conclusions which
can be drawn are as follows:

1. Ethylene glycol/water solution are easier to inhibit than water.

2. All inhibitor systems studied can be improved by the addition of
MBT.

3. Most inhibitors modified with MBT can be further improved by
disodium phosphate.

L. Both condensates and the modified 0-1-490 are superior to 0-1-490.

5. The single condensate appears useful and superior to the double
condensate.

6. If these inhibitors are used, it may be possible to package glycol
antifreezes containing MBT.

IV. RECOMMENDATIONS

It is recommended that further screening of these inhibitors be
accomplished by dynamometer tests in simulated service circulating units.
Should the simulated service tests prove satisfactory, field tests should
be planned.

It is further recommended that findings in this report be considered
in the revision of Specification 0-1-490.
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TABLE |

RESULTS OF BENCH CORROSION TESTS

Test Number 1 2 3
Coolant 50/50 ethylene 50/50 ethylene 50/50 ethylene
glycol/water glycol/water glycol /water
Inhibitor 7.0% single 7.0% single 7-0% single
condensate condensate condensate
1.0% borax 0.96% borax
0.08% sodium MBT
pH Before 7-34 7-38 7.40
pH After 7-35 7.35 7.40
RA Before 8.80 i4.00 14.30
RA After 8.60 13.70 13.95
Results Wt loss Wt loss Wt loss
mg/sq cm Visual mg/sq cm Visual mg/sq cm Visual
Aluminum .04 Stain .05 Stain .15 Stain
Copper + .01 Stain +.02 Very .00 Very
slight slight
stain stain
Solder .26 0K B 0K .02 0K
Brass + .01 Very + .01 Very + .02 Very
slight slight slight
stain _ stain stain
Steel .00 0K .01 0K .01 0K
Cast Iron .00 0K .07 0K .01 0K
Remarks
C&CL Rating VAR ©110/10 . 110/10




TABLE |

RESULTS OF BENCH CORROSION TESTS (CONTINUED)

Test Number L 5 6
Coolant 50/50 ethylene 50/50 ethylene 50/50 ethylene
glycol/water glycol/water glycol /water
Inhibitor 7.0% single 7.0% single 7:0% single
condensate condensate condensate
1.0% 0-1-490 0.08% sodium MBT 0.06% disodium
phosphate
pH Before 7.38 7.38 7-35
pH After 7.38 7.38 7.30
RA Before 15.00 9.10 10.75
RA After 14. 80 9.10 10.45
Results Wt loss Wt loss Wt loss
mg/sq cm Visual mg/sq cm Visual mg/sq cm Visua!
Aluminum .15 Stain .13 Stain .00 0K
Copper +.06 Stain +.03 Very +.01 Slight
slight stain
stain
Solder .05 oK .02 oK 15.09 Very
silght
stain
Brass +.07 Very +.04 Very .00 Very
slight slight slight
stain stain stain
Steel .00 oK .04 Stain .00 0K
at
contact
Cast Iron .01 0K 4 Stain .00 Stain
at
TN contact
Remarks
C&CL Rating 9/10 10/11 19/18




TABLE |

RESULTS OF BENCH CORROSION TESTS (CONTINUED)

Test Number 7 8 9
Coolant 50/50 ethylene 100% water 50/50 ethylene
glycol /water (distilled glycol /water
Inhibijtor 7:0% single 7.0% single 7.0% double
condensate condensate condensate
1.0% modified
0-1-490
pH Before 7.35 8.58 7-32
pH After 7.30 8.58 7.20
RA Before 14.75 8.80 8.00
RA After 14.20 8.60 6.50
Results Wt loss Wt loss Wt loss
mg/sq cm Visual mg/sq cm Visual mg/sq cm Visual
Aluminum .00 OK 3.70 Stain .03 Stain
Copper +.01 Very +.08 Stain 2.09 Stain
slight
stain
Solder .02 0K .00 Stight 2.48 Slight
stain pitting
Brass +.01 Very +.15 Stain .01 Slight
slight stain
stain
Steel .00 oK .14 Stain .61 Slight
stain
Cast Iron +.01 0K +.20 Stain 1.68 Slight
stain
Remarks ’ Unsatisfactory
C&CL Rating 8/8 19/19 35/33




RESULTS OF BENCH CORROSION TESTS (CONTINUED)

TABLE |

Test Number

Coolant

Inhibitor

pH Before
pH After
RA Before
RA After

Results

Atuminum

Copper

Solder

Brass

Steel

Cast Iron

Remarks

CsCL Rating

10
50/50 ethylene
glycol/water
7.0% double
condensate
1.0% borax
7.38
7.35
12.60
11.50
Wt loss
mg/sq cm Visual
.00 Stight
stain
2.54 Stain
3.53 Pitting
.12 Stain
.00 Very
slight
stain
+.02 Slight
stain

Unsatisfactory

26/27

50/50 ethylene
glycol/water

7.0% double

condensate
0.96% borax
0.08% sodium MBT
7.32
7-32
13.10
12.60
Wt loss
mg/sq cm Visual
.00 Stain
.00 vVery
slight
stain
+.03 0K
+.02 Very
slight
stain
+.02 oK
+.01! 0K
9/9

12

50/50 ethylene
glycol/water

7.0% double
condensate
1.0% 0-1-490
7-32
7-32
14.30
13.80
Wt loss
mg/sq cm Visual
.10 Stain
+.01 Stain
+.01 Very
slight
stain
+.01 0K
.00 0K
9/9




TABLE |

RESULTS OF BENCH CORROSION TESTS (CONTINUED)

Test Number

Coolant

Inhibitor

pH Before
pH After
RA Before
RA After

Results

Aluminum

Copper

Solder

Brass

Steel

Cast lron

Remarks

CsCL Rating

13

50/50 ethylene
glycol/water

7.0% double
condensate
0.08% sodium MBT

7-38
7.38
8. Io
7.90
Wt loss
mg/sq cm Visual
.00 Very
slight
stain
.01 Very
slight
stain
.00 0K
.00 Very
slight
stain
.0l 0K
.01l 0K
12/9

14

50/50 ethylene
glycol /water

7.0% double

condensate
0.06% disodium
phosphate
7.40
7.40
9.00
8.60
Wt loss
mg/sq cm Visual
.00 0K
.01 Very
slight
stain
6.03 Etched
.00 Very
slight
stain
.00 0K
.00 Very
slight
stain
17/18

Wt
mg

15

50/50 ethylene
glycol /water

7.0% double
condensate
1.0% modified
0-1-490
7.40
7.40
13.30
12.90

loss

sq ¢cm Visual

.0l oK

.00 Very
slight
stain

.01} 0K

.01 Very
slight
stain

.02 0K

.00 bK

9/8




RESULTS OF BENCH CORROSION TESTS (CONTINUED)

TABLE 1

Test Number

Coolant

Inhibitor

pH Before
pH After
RA Before
RA After

Results

Aluminum

Copper

Solder

Brass

Steel
Cast Iron
Remarks

CsCL Rating

16

50/50 ethylene
glycol/water

1.0% double
condensate
1.0% modified
0-1-490

7.40

7- 25

6.00

5.51

Wt loss
mg/sq cm Visual

.02 0K

+ .0b4 Very

slight
stain

.29 Slight
stain
.05 Slight
stain

.02 0K

.05 0K

9/9

17

100% water
(distilled)

7.0% double
condensate

8.53
8.52
8.30
7.80

Wt loss
mg/sq cm Visual

2.96 Stain
.86 Stain

+ .02 Very
slight
stain

.05 Slight
stain

+ .02 Stain
+ .07 Stain
Unsatisfactory

23/23

18

50/50 ethylene
glycol /water

1.0% modified
0-1-430
7-37
7-30
l+. |3
4.39
Wt loss
mg/sq cm Visual
.01 0K
.00 (114
.05 0K
.00 0K
.00 0K
.02 0K
7/6

10



TABLE |

RESULTS OF BENCH CORROSION TESTS (CONTINUED)

Test Number

Coolant

Inhibitor

pH Before
pH Af ter
RA Before
RA After

Results

Aluminum
Copper
Solder

Brass

Steel

Cast Iron

Remarks

C&CL Rating

19

100% water
(distilled)

1.32% modified

0-1-490
8.92
8.82
5.80
5.80

Wt loss
mg/sq cm

1.20
+ .02
.13
+.05

.01

.01

19719

Visual
Stain
Stain
Stain
Slight
stain
Slight
stain

Slight
stain

20

50/50 ethylene
glycol/water

1.0% 0-1-490

Wt loss
mg/sq cm

.02
.00
006

+.03

.03

.02

7.42
7-39
6.55
6.75

Visual
Stain
Slight
stain
0K
Slight

stain

Stain

at contact

Stain at
contact

11/12

21

100% water
(distilled)

1.5% 0-1-490

Wt loss
mg/sq cm

8.01
+.13
<62

+.19

+.20

+.20

9.10
9.08
9.00
9.00

Visual
Pitting
Stain
Stain
Very
slight

stain

Slight
stain

Slight
stain

Unsatisfactory

2

5/25




TABLE |

RESULTS OF BENCH CORROSION TESTS (CONTINUED)

Test Number

Cootlant

inhibitor
pH Before
pH Afrer
RA Before
RA After

Results

Aluminum

Copper

Solder

Brass

Steel

Cast lron

Remarks

CsCL Rating

50/50
glycol

1.25%

Wt loss
mg/sq cm

.00

.09

.55

.01

.29

b3

Border

22

ethylene
/water

borax
7.40
7-40
6.60
6.50

Visual
0K

Stain

Very
slight
etching

Very
slight
stain

Very

slight
stain

Very
slight
stain

line

22/21

23
100% water
(distilled)
1.25% borax
9.10
9.15
6.50
6.75
Wt loss
mg/sq ¢m Visual
6.56 Etching
stain
.02 Stain
.84 Etching
+.09 Stain
+. 14 Stain
+.14 Stain

Unsatisfactory

24/25

24

100% water
(distilled)

none
5.58
7.52
0.00
0.10

Wt loss
mg/sq cm

.33
.00

.12

8.45

16.02

Visual
Stain

Slight
stain

Stain

Slight

stain

Pitting

Pitting

Unsatisfactory

33/32

12
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