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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

ELECTROCHEMICAL TEST FOR EVALUATING ETHYLENE GLYCOL
ENGINE COOLANTS FOR CORROSION INHIBITION
AT ALUMINUM HEAT-REJECTING SURFACES
GM9066P

1 SCOPE. This electrochemical test was developed by
the GM Research Laboratories to evaluate ethylene glycol
engine coolants for the corrosion protection they afford to
aluminum heat-rejecting surfaces of engine heads. This test is
only a screening test, and other tests that offer greater stress
on the cooling system should be run to determine total
protection.

2 REFERENCES. ASTM .G5 — Standard Reference
Method for Making Potentiostatic and Potentiodynamic
Anodic Polarization Measurements, Part 10, ASTM Book of
Standards.

ASTM G59 — Standard Practice for Conducting Potentiody-
namic Polarization Resistance Measurements, Part 10,
ASTM Book of Standards.

ASTM D1384 — Standard Method for Corrosion Test for
Engine Coolants in Glassware, Part 30, ASTM Book of
Standards.

3 EQUIPMENT.

3.1 Electrochemical instrumentation is shown schematically
in Figure 1. The measuring system requires a test cell,
potentiostat, and X-Y recorder. The requirements of the
electrochemical equipment are given in ASTM Method GS5.

3.2 A photograph of the test cell used to make polarization
resistance measurements is available upon request from
Engineering Standards. The multinecked test cell is a modifi-
cation of the polarization cell described in ASTM GS5. An
additional neck with an o-ring joint has been added to the
bottom where the heat-rejecting aluminum specimen is
clamped in place. It is sealed to the neck with a silicone-
rubber o-ring. The platinum reference electrode mounted on a
Stern-Makrides holder is described in ASTM GS5. A platinum
basket counter electrode or equivalent (e.g., a spectrographic
carbon electrode) is used as a power electrode. A water-
jacketed condenser is placed in one neck to control solution
level. A thermometer is placed in another neck to measure
solution temperature (see NOTE 1).

3.3 The aluminum heat-rejecting specimen is made from a
bar of 319 aluminum alloy that is as pore free as possible. The
specimen is a disk, 50 mm dia and 15 mm thick. A 5 mm hole
is drilled 10 mm deep and tapped in the center for insertion of
a Smm threaded projection at the end of the aluminum
heater sleeve. A small hole, approximately 20 mm deep, is
drilled in the side of the specimen about 3 mm from the top
for insertion of an iron-constantan thermocouple. Another
hole is drilled and tapped in the center of the specimen side
for a threaded metal screw which remains there permanently
as a contact point for a metal clip when making electrochemi-
cal measurements.
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FIGURE 1 - DIAGRAM OF APPARATUS USED
TO MAKE POLARIZATION RESISTANCE
MEASUREMENTS

3.4 The aluminum heat-rejecting specimen is heated with a
785-W cylindrical cartridge heater, 140x 12.5 mm, that is
inserted in the base of the heater sleeve, 145 mm x 30 mm,
through a hole that is just large enough to accommodate the
heater (Figure 2). A variable transformer is used to adjust
input to the heater. A potentiometer or digital thermometer is
needed to measure the temperature of the heat-rejecting
surface through the thermocouple.

NOTE 1: An aluminum or other metal specimen can be
mounted on a Stern-Makrides holder, ASTM G35, and
inserted through the extra neck opening to obtain a corrosion
rate under solution-heated conditions at the same time the
heat-rejecting measurements are being made.

APRIL 1989

PAGE 1

9066P

Documents


http://www.avadocuments.com/doc/gm-gm9066p-0
http://www.avadocuments.com/doc/gm-gm9066p-0

9006379 0003103 58T 3

GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

ELECTROCHEMICAL TEST FOR EVALUATING ETHYLENE GLYCOL
ENGINE COOLANTS FOR CORROSION INHIBITION
AT ALUMINUM HEAT-REJECTING SURFACES

GM9066P
80
NO. 18
ALUMINUM SILICONE 3 R
HEAT-REJECTING RUBBER » LOW CORROSION RATE -
SPECIMEN O-RING Al 1.2pA
2 - AE  50mV m
0 P~
ALUMINUM mv o
HEATER THERMOCOUPLE
SLEEVE—\ w0 f
-20 =~
HIGH CORROSION RATE
8 Al 60 uA
-30 —
HEATER —_=
EATE T LE  15mV
[~ -40 -~
80 [ S S N DN HV SR B
N\ 20 12 4 4 -12 20 -28 36 -4« 82 -8
HA

FIGURE 2 - ASSEMBLY OF HEATER AND HEAT
- REJECTING SPECIMEN TO NECK OF FLASK

4 TEST CONDITIONS.

4.1 Test Solution. 15% by volume ethylene glycol coolant
diluted with ASTM corrosive water (100 ppm each of CI-,
HCO;3, and SO, added as sodium salts to distilled water) —
ASTM D1384.

4.2 Temperatures. Bulk solution, 102 C (boiling), and the
heat-rejecting surface, 130 * 2C.

5 POLARIZATION RESISTANCE MEASUREMENT.
A polarization resistance measurement is obtained by scan-
ning a potential range within 10 to 20 mV of the corrosion
potential, while measuring the corrosion current. A detailed
discussion of the method is shown in the Appendix and in
ASTM Method G59. A representative plot of current versus
change in potential, from an instrument in which the voltage
change is done in steps, is shown in Figure 3.

6 PROCEDURE.

6.1 Wet polish the specimen surface with 240 grit silicon
carbide paper, rinse with water and then with alcohol, and air
dry. Determine the area of that portion of the specimen
surface that will be exposed to the test solution. (Inner dia of
o-ring.)

6.2 Assemble test cell and add solution. Attach electrical
leads to electrodes and measuring instruments. Turn on

FIGURE 3 - EXAMPLES OF REPRESENTATIVE
POLARIZATION RESISTANCE CURVES

heater and adjust variable transformer to provide proper
temperature at aluminum heat-rejecting surface. Check solu-
tion temperature after boiling occurs.

6.3 The electrical system can be checked at this time, if it is
thought necessary, to ensure that it is operating properly by
following the procedure in ASTM GS59.

6.4 Turn off heater after 5h and allow to cool overnight.
Turn on heater again the next morning. Make the electro-
chemical measurement about 5h after the solution reaches
temperature the second day. Record time, temperatures, and
corrosion potential.

NOTE 2: Electrochemical measurements can be made any-
time after the temperature is reached and the specimen
potential becomes stable. A comparison of corrosion rates at
various times during the total test period may provide
information about the manner in which the inhibitor system
functions; this information can be helpful in developmental

programs.

6.5 Determine the slope of the current-voltage plot and
calculate the corrosion rate at the aluminum heat-rejecting
surface as shown in the Appendix. The antifreeze coolant is
considered satisfactory if the corrosion rate is 25 um/y or
less.

7 GENERAL INFORMATION. This standard was issued
in November 1981. The latest revision was April 1989.
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