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Subject 

A 

Additives See also Inhibitors 
in antifreezes, 3, 78, 189, 249 
depletion factors, 194 
in diesel engine coolants, 189 
organic, 3 

Alloys 
A 03190 aluminum, 113, 256 
AA3000 series, 11, 27 
AA6951, 11 
AA7072, cladding, 11, 17, 27 
aluminum-tin, 27 
aluminum-zinc, 27 
K805, cladding, 27 
solder, 144 

Aluminum 
cavitation, 99, 179, 231 
corrosion, 1 l, 27, 44 

by antifreezes, 79 
by coolants, 86, 88-92, 99, 256 
high heat transfer induced, 99, 

225 
inhibitors of, 99, 162, 231,256 

phosphate of, 44 
scale deposition, 3, 44 
transport deposition, 44 
use in construction of, 

automotive radiators, 11, 27, 44 
heat exchangers, 11, 27 
heavy-duty diesel engines, 189 
thermostat housing, 99 
water pumps, 11, 99, 107, 208, 

231 

281 

Index 
Antifreezes See also Coolants, engine 

acidity function, 162 
additives for, 3, 78, 189, 249 
commercial, 3 
environmentally safe, 3, 61 
ethylene glycol-base, 216 
for heavy-duty diesel engines, 189 
inhibitors for, 162, 189, 216 
life expectancy, 191 
MIL-A-46153/53009, 78 
propylene glycol-base, 61 
reuse of, 78, 189, 249 
U.S. Army, 78, 249 

ASTM Committee D-15 on Engine 
Coolants, 1 

ASTM Standards 
D 1384: 9, 44, 78, 86, 89, 148, 163, 

179, 201,208 
D 1881:203 
D 2570: 9, 78, 100, 179, 201,208 
D 2758:45 
D 2809:87,208,231 
D 3306: 198, 213 

ASTM STP 705: Engine Coolant Test- 
ing: State of the Art, 1 

Automotive cooling systems See also 
Radiators, automotive 

aluminum transport deposition, 44 
corrosion inhibitor tests, 86, 99, 189 
dynamometer tests, 44 
electrochemical test methods, 99 
European test methods, 176 
heavy-duty diesel, 189 
scale and sludge deposition, 3 
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B 

Benzotriazole, 16, 163 
Bloom corrosion, 123, 144 
Boiling 

nucleate, 220 
transition, 220 
vapor, 220 

Borax, 86, 224, 231, 251 
Brass 

in automotive radiators, 11, 45, 123 
corrosion of, 48, 54, 79, 99 
engine coolant inhibitor tests, 99, 163 
solder alloy tests, 145 

Cathodic protection, 27 
Cavitation 

aluminum, 86, 99, 231 
ASTM Standard D 2809: 87, 208, 

231 
chamber for testing, 176 
cylinder head/crank-case/motor block 

material, 176 
electrochemical measurement of, 99 
ethylene vs propylene glycol cool

ants, 61 
European tests, 

FFV, 176 
MTU, 176 

Ford Laboratory Test BL3-1, 231 
effect of pump revolutions, 86 
effect of temperature, 86 

Chlorides, 11, 138 
Cladding alloys, 11,27 
Coolants, engine See also Antifreezes 

additive degradation, 189 
AL3, 218, 221 
and aluminum deposition, 44 
ASTM STP 705, 1 
chloride content, 11, 138 
concentration effect, 86, 231 
contamination of, 3, 189, 195 
demineralized water, 218, 221 

environmentally safe, 61 
ethylene glycol-base, 61, 99, 162, 

216 
foaming of, 189 
glycol, 27, 162 
Glysantin, 180 
inhibitors in, See Additives; Inhibi

tors 
and metal effects, 86, 162, 216 
pH of, 86, 162, 251 
propylene glycol-base, 61, 162 
summary of worldwide need, 1 
use in, 

heavy-duty diesel engines, 189 
military vehicles, 78, 249 

Copper 
and brass radiators, 11, 45, 123 
cavitation, 231 
corrosion of, 48, 54, 79, 88-92 
effect on inhibitor action, 231 

Corrosion 
aluminum 

cladding alloys, 11, 27 
cylinder head, 44 
metal specimens, 11, 27, 44, 88-

92, 256 
radiators, 11, 27,44, 86 
water pumps, 87, 99, 107, 208, 

231 
brass, 48, 54, 79, 99 
cast iron See Iron, cast, corrosion 
copper, 48, 54, 79, 88-92 
in crevices, 227 
diagram of, 256 
dynamometer test of, 44 
electrochemical measurement of, 99 

162, 256 
ethylene vs propylene glycol in cool

ants, 61 
European tests, 

FFV, 176 
MTU, 176 

fatigue, 224 
galvanic, 162, 223 
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glassware tests, 17,27 See also ASTM 
Standard D 1384 

graphite iron, 224 
heat exchanger, 11, 27 
metals, 

in contact, 223 
various, tables of, 48, 54, 88-92, 

169 
prediction of, 123 
simulated service tests, 27, 86, 99, 

144, 162, 176 
ASTM Standard D 2570, 100 

sludge products of, 3 
solder, 11, 123, 144 

Park's index, 123 
steel, 48, 54, 79, 88-92 
stress cracking, 224 
transport deposit, 44 
vibration induced, 226 

Coupon specimens, 27, 44, 99, 176 
Cylinder head, 44 

D 

Diesel engines, 144 
Dynamometer tests 

ASTM Standard D 2758: 45 
Ford Laboratory BL2-2, 44 
various metals, tables, 48, 54 

E 

Elastomer compatibility, 189 
Electrochemical tests, 99, 162, 256 
EMPA test, 179 
Ethylene glycol See Glycols, ethylene 
European tests, 176 

F 

Failure 
corroded metals, 224 
soldered joints, 144 

Field repair, cooling systems, 141 
Field survey 

solder bloom corrosion, radiators, 123 

Field tests/trials 
aluminum radiators, 11 
antifreeze, military vehicle, 78 
ethylene glycol coolants, 99 

FFV cavitation-corrosion test, 176 
Foaming 

ASTM Standard D 1881: 203 
Ford Laboratory tests, 44, 87, 231 

Glassware tests, 17, 27 See also ASTM 
Standard D 1384 

Glycols, 162 
ethylene glycol, 61, 162, 216, 231, 

249 
ASTM Standard D 3306,198, 231 

propylene, 61, 162 
Gravimetric vs electrochemical tests, 

172 

H 

Heat exchangers, 11, 27 
Heat-rejection surfaces, 44, 99, 113 
Heat transfer, 11, 44, 61, 99, 189, 216 
Hysteresis loop, 256 

I 

Index, Park's Solder Bloom Corrosion, 
123 

hihibitors, 86, 162, 224-225, 231, 249, 
256 See also Additives 

borax, 224, 231, 251 
phosphates, 44, 86, 88-92, 113, 163, 

169, 225, 235, 251, 264 
screenmg of, 99 
silicates, 44, 78, 86, 231 
sodium benzoate, 86, 88-92, 171, 

231 
sodium carbonate, 224 
sodium chromate, 224 
sodium mercaptobenzothiazole, 78 
sodium metaborate, 78 
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sodium molybdate, 89 
sodium nitrate, 86, 88 
sodium nitrite, 88-92, 204, 263 
sodium sebacate, 163 
sodium tolytriazole, 88-92 

Iron 
cast, 

cavitation, 182 
corrosion, 48, 54, 79, 88-92, 104, 

117, 162, 189 
scale deposit, 3 

graphite, 
corrosion fatigue, 224 

Joint, soldered, 11, 123, 144 

Laboratory tests See also ASTM Stan
dards; Dynamometer tests; 
Electrochemical tests; EMPA 
test; European tests; FFV test; 
Ford Laboratory tests; MTU test 

aluminum, 
radiators, 11, 27 
specimens, 88-92, 257 
water pumps, 231 

antifreezes, 
commercial, 3 
MIL-A-46153, 78 

brass, 88-92 
cladding alloy, K805, 27 
copper, 88-92 
inhibitors, 162 
iron, 88-92 
joints, solder, 144 
metals, cooling system, 88-92, 99 
solder, 88-92 
steel, 88-92 

Lead, 144 
Loads, joint, 11, 144 

M 

Mercaptobenzothiazole, 78, 163 
Metals See Alloys; Aluminum; Brass; 

Copper; Corrosion, metals; Iron; 
Lead; Steel; Tin 

Military vehicles, 78, 259 
MIL-A-46153/53009 antifieeze, 78, 249 
MTU test, 176 

Park's Solder Bloom Corrosion Index, 
123 

pH, coolant, 86, 251 
Phosphate 

aluminum, 44 
coolant inhibitors, 44, 88-92, 113, 

163, 169, 225, 231, 233, 251 
Pitting, 

aluminum, 162, 256 
brass, 99 
cladded alloy K805, 27 
crevice, 228 

Plastic tanks, 11, 249 
Polarization 

anodic, 99 
linear, 99 
resistance, 99, 256 

Propylene glycol See Glycols, propy
lene 

R 

Radiators, automotive See also Auto
motive cooling systems 

aluminum, 11, 27, 44, 86 
brass, 11, 45 
cast iron, 86 
copper and brass, 11, 45, 123 
force-ranking of, 123 
Ford Motor Company, 11 
mechanical vs brazed assembly, 11 
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miles-in-service, 123 
military vehicle, 249 
months-in-service, 123 
tube and fin design, 11 
vacuum-brazed, 11, 27 

Reinhibitor, 78 
Rubber, antifreeze effect on, 61 

Scale deposition, 3, 195, 225 
Service simulation tests 

ASTM Standard D 2570: 100 
automotive radiators, 176 
cladding alloy, 27 
engine blocks, 176 
glycols, 162 
inhibitors, 86, 162 
metals, coolant system, 99 
soldered joints, 144 

Silicates, 44, 78, 86, 88, 92, 231 
Silicon, 44 
Sludge, coolant system, 3 
Sodium benzoate, 88-92, 90, 171, 231 
Sodium carbonate, 224 
Sodium chromate, 224 
Sodium mercaptobenzothiazole, 78, 163 
Sodium metaborate, 78 
Sodium molybdate, 88-92 
Sodium nitrate, 86, 88 
Sodium nitrite, 88-92, 204, 263 
Sodium sebacate, 163 
Sodium tolytriazole, 88-92 
Solder, corrosion of, 11, 48, 54, 79, 

88-92, 123, 144 
Soldered joints See Joints, soldered 
Steel, corrosion of, 48, 54, 79, 88-92 
Stress 

cracking due to, 224 
cyclic, 224 
rupture, 144 
tensile, 224 

Supplemental coolant additives (SCA) 
See Additives, in diesel engine 
coolants 

Tension-peel specimens, 144 
Tests See ASTM Standards; Dynamom

eter tests; Electrochemical tests; 
EMPA test; European tests; Field 
tests; FFV test; Ford Laboratory 
tests; Glassware tests; Labora
tory tests; MTU test; Service 
simulation tests 

Thermostat housing, 99 
Tin, 27, 144 
Transport deposition, aluminum, 44 

Vacuum brazing, radiators, 11, 27 
Vibration, 14, 226 
Volatility, zinc, 27 

W 

Water 
analysis of, table, 6 
corrosive, 162 
demineralized, 216, 218 
European vs North American, 178 
in glycol coolants, 162 
hardness of, 3, 176 
and heat transfer surfaces, 216 

Water pumps 
cavitation 

ASTM Standard D 2809: 87, 208, 
231 

Ford Laboratory Test BL 3-1, 87, 
231 

corrosion, 87, 99, 107, 231 

Zinc, 27 




