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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - General

LONG-LIFE AUTOMOTIVE ENGINE COOLANT
ANTIFREEZE CONCENTRATE - ETHYLENE GLYCOL
GM6277M

1 SCOPE. This specification covers glycol type com-
pounds intended primarily for protecting automotive engine
cooling systems from corrosion and freezing for extended
change intervals. The requirements are intended to insure that
coolants give satisfactory performance when used at recom-
mended concentrations.

1.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). By 1997 start of saleable vehicles, all materials
supplied to this specification must comply with the require-
ments listed in GM1000M, "Restricted and Reportable
Chemicals."

2 REFERENCED STANDARDS.

GM1000M ASTM D1123 ASTM D2570
GM1825M ASTM D1176 ASTM D2809
GM6043M ASTM D1177 ASTM D3321
ASTM D1119 ASTM D1287 ASTM D4340
ASTM D1120 ASTM D1384 ASTM E202
ASTM D1121 ASTM D1881

ASTM D1122 ASTM D1882

3 CHEMICAL PROPERTIES. Coolants furnished to -
this specification shall contain none of the following materials:
nitrite or ethanolamine-containing salts or additives. Materials
furnished to this specification shall have the following compo-
sition in percentage by weight.

Ethylene glycol.........oorrrreneimesnnennnceesensens 85 min
Other glycols.... veereresee s en 10 max
Water (including water by hydration

[NOTE 1]) covvnrrersismsimsmssesnsnrsissssnisssssssessesssenees 3 AKX
Ash....... .5 max
CHIOTIAE ...oreecerneircrrrenrresrasareesnsrsessisssrsssaeeses 25 ppm max
Silicon [from Silicate] 10 ppm max
Phosphorus.........csiiniesenesceseressneesssesens 10 ppm max
BOTOM c.oviieirincrceniniisiesnesseseresenannrverssrenes 10 ppm max

NOTE 1: Water may be used to aid the dissolution of inhibitor
salts, but the amount must be controlled so that the finished
product conforms to the limits specified for freezing point.

4 PHYSICAL AND PERFORMANCE PROPERTIES.
It shall have the following additional properties as determined
by methods specified under Tests.

4.1 SPECIFIC GRAVITY.
(15.5/15.5°C)....... e 111-1.14

4.2 RESERVE ALKALINITY. Report the titration curve
taken under conditions of ASTM DI1121. Decrease (to end-
point pH 4.5) during 1000 h simulated service corrosion test
25% max.

4.3 pH (one part concentrate plus 2 parts distilled water, by
volume) 7 - 11,

4.4 EQUILIBRIUM BOILING POINT -  149°C min.

4.5 FREEZING POINT: 50% concentrate plus 50% distilled
water by volume. No higher than -37°C.

4.6 COLOR. The color of the concentrated coolant shall be
distinctively orange. The dye used for the color of the concen-
trated coolant shall be 100 parts per million Orange Il (Acid
Orange 7) [NOTE 2], and 10 parts per million (as powder)
Intracid Rhodamine WT (Acid Red 388) [NOTE 3].

NOTE 2: Dye available from Crompton & Knowles Corp.,
CAS 633-96-5.

NOTE 3: Dye available from Crompton & Knowles Corp.

4.7 STAINING CHARACTERISTICS. (Change in reflec-
TANCE)..cucsisirnnersranerensinensisessssseranessosssnsessanssonseseeresnesenes 3% max.

4.8 EFFECT ON NONMETALLICS. Solutions of the mate-
rial as normally used in cooling systems shall have no
deleterious effects on hoses, gaskets, coatings, and other cool-
ing system components and materials. Before an engineering
source approval is generated for a material to this specifica-
tion, testing for material and component compatibility shall be
conducted at the direction of the GM Materials Engineer issu-
ing the approval.

4.9 FOAMING CHARACTERISTICS. Increase in volume
during aeration....50 mL max @ 88°C, 125 mL max @ 23 +
3°C.

Foam break after aeration is stopped within 5 s @ 88°C and
within 15 s @ 23 £ 3°C.

4.10 STORAGE STABILITY IN 50 V/0 DILUTION.
Samples of the coolant concentrate shall show no separation or
precipitation when diluted with a synthetic hard water and
tested as follows. Prepare the hard water by adding 0.275 g of
CaCl, to 1 L of the synthetic water described in ASTM
D1384. Mix 100 mL of the coolant concentrate plus 100 mL
of the synthetic water (room temperature) in a 250 mL beaker,
and allow to stand in the dark 24 h. Make a second mixture, as
above, heat to 82°C and allow to cool to room temperature and
to stand in the dark 24 h. Slight cloudiness is permitted; but
formation of a precipitate is considered sufficient to interfere
with bulk storage and use of the mixtures.

4.10.1 Storage Stability in Concentrate. Allow an undiluted
sample of the coolant to stand for 24 h. Any separation into
phases shall disqualify the antifreeze for factory-fill but does
not prevent its use as a package item, provided the package
states that it should be well shaken before adding to the cool-
ing system. Some minor separation, not sufficient to form a
continuous film over the entire surface, is to be considered
normal.

4.10.2 Hot Storage Stability in Concentrate. 100 mL of the
coolant concentrate is placed in a 200 mL Erlenmeyer flask,
covered with a watchglass, and stored 336 h @ 60 + 2.5°C.
After being cooled to room temperature for 30 minutes, the
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coolant is centrifuged. The precipitate is washed with three 20
mL portions of methanol, then dried 2 h @ 120°C, cooled in a
desiccator, and weighed. No more than 10 mg of residue is
allowed from each 100 mL portion of coolant,

4.10.3 Storage Compatibility. The storage criteria of 4.10,
4.10.1, and 4.10.2 must in addition be met by 1:1 volumetric
mixtures of the test coolant with each of the long life coolants
previously released under this specification.

4.11 GENERAL CORROSIVITY. This material shall be so
inhibited that it will provide protection against metal corrosion
in normally functioning systems for at least 5 years or 100 000
miles. This performance is indicated by compliance with 4.11 -
4.14 of this specification. The material will satisfy the follow-
ing corrosion limits (maximum weight loss per specimen in the
test indicated). The glassware test is to be run both at the stan-
dard O°F freezing point and at S0 v/0. The simulated service
test is to be run at 44 v/0 coolant concentrate. ASTM D1384
weight losses are also to be reported for high lead solder (97%
Pb, 2.5% Sn, 0.5% Ag), run either by repeating the test with
high lead solder replacing the standard solder or by using a 7
metal coupon bundle containing electrically coupled high lead
solder, copper, standard solder, and brass specimens.

4.12.2 Coolant concentrate shall be tested under conditions
outline in the ASTM D2809, Cavitation Erosion Test. A rating
below 8 is considered basis for rejection.

4.13 CORROSION INHIBITION AT ALUMINUM HEAT
REJECTING SURFACES. Material shall provide protection
against corrosion of aluminum heat rejecting surfaces. Testing
should follow the procedures of ASTM D4340, with the fol-

. lowing additions:

Test Solutions: In addition to the standard ASTM D4340
test solution (25 v/0 coolant concentrate, 100 ppm chioride
{as NaC1] in complete test solution), further duplicate tests
should be run in 50 v/0 coolant concentrate in deionized
water.

Cleaning Procedures: Weight losses, of both test samples
and blanks not exposed to coolant, should be measured at
2 points in the cleaning procedure: (1) after the sample has
been vigorously rinsed with a flow of deionized water (re-
moving any loose solids via gentle wiping with a plastic
gloved finger), rinsed with acetone, dried in the oven, and
cooled in the desiccator; and (2) after subsequent treatment
in the standard acid cleaning solution specified in ASTM
D4340. Both water cleaned and acid cleaned results should
be reported, each corrected for the weight loss/gain of a
similarly cleaned blank specimen.

Corrosion | Copper & | Solder | Steel & | Aluminum

Test Brass Cast Iron Maximum allowable ASTM D4340 (modified) weight losses
Glassware 10 mg 20 mg 10 mg 20 mg (mg per sq. cm in 1 week), as averages of duplicate tests.
(ASTM Formation of a trace of solids in the test solution is permissi-
D1384) ble, but generation of enough solids to completely cover
Simulated 20 mg 40 mg 20 mg 40 mg sample upon cool down is cause for rejection.
Service W —
(ASTM . ater ci
D2570) Test Solution Cleaned | Cleaned

25% Concentrate, 100 ppm Chloride 0.3 1.0

4.11.1 The above limits apply to the average of triplicate 50% Concentrate, Deionized 1.0 20

determinations. Single high values exceeding twice the mean
value shall be discarded and replaced by other determinations.

4.11.2 General Corrosion Compatibility with Other Coolants.
The test coolant will meet the above glassware (ASTM
D1384) standards when tested in 1:3, 1:1, and 3:1 volumetric
mixtures with (1) each other coolant previously released under
this specification and with (2) a coolant satisfying formula
specification GM6043M or, at the option of the GM Materials
Engineer issuing the approval, another coolant satisfying per-
formance specification GM1825M.

4.11.3 Excessive pitting and crevice corrosion are indications
of inadequate corrosion inhibition, whether or not the weight
loss exceeds the value shown.

4.12 CAVITATION AND EROSION.

4.12.1 There shall be no pitting, cavitation, or erosion of
metal components of the water pump, beyond a fairly uniform
surface roughening, on conclusion of 1064 h in the Simulated
Service Corrosion Test.

4.13.1 Compatibility with Other Long Life Coolants in Hot
Aluminum Corrosion. The test coolant must yield water
cleaned and acid cleaned values not to exceed 0.5 and 1.0 mg/
sq. cm, respectively, when tested under standard ASTM D4340
conditions (25% total coolant concentrate, 100 ppm chloride)
in 1:3, 1:1, and 3:1 volumetric mixtures with each of the long
life coolants previously released under this specification.
Results of single tests, rather than duplicates, may be accepted
as fulfillment of this requirement.

4.13.2 Tolerance of Silicated Coolant Topoff in Hot
Aluminum Corrosion. Standard ASTM D4340 conditions (25
v/0 coolant concentrate, 100 ppm chioride) will be run with
the test coolant for 48 + 1 h, at which point the heater(s) are
turned off and the timer stopped. The test liquid is allowed to
cool below the atmospheric boiling point. 25 v/0 of the test
solution is removed and replaced by an equal volume of a
standard ASTM D4340 test solution (25 v/0 coolant concen-
trate, 100 ppm chloride) prepared from coolant meeting
formula specification GM6043M or, at the option of the GM
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