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(57) ABSTRACT 

The present invention provides a coolant composition hav 
ing a glycol as a main component, Which prevents iron and 
aluminum from being corroded, and in particular, has excel 
lent corrosion preventing properties for aluminum and alu 
minum alloys at high temperatures, and the coolant compo 
sition is characterized by containing: (a) 01-10% by Weight 
of at least one component selected from among aromatic 
monobasic acids and the salts thereof; (b) 0.000l-0.l% by 
Weight of at least one component selected from among 
strontium compounds, magnesium compounds and calcium 
compounds; and (c) 0.0l-l.0% by Weight of 2-phospho 
nobutane-1,2,4-tricarboxylic acid or the salt thereof. 
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COOLANT COMPOSITION AND METHODS OF 
USE THEREOF 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a continuation-in-part of 
copending international patent application PCT/JP2003/ 
016647 entitled “Liquid Coolant Composition” ?led Dec. 
24, 2003, Which claims priority to Japanese Patent Appli 
cation No. 2003-342715 ?led Oct. 1, 2003, Which applica 
tions are hereby claimed as priority documents and are 
hereby incorporated herein by reference. This application is 
related to US. patent application Ser. No. 11/121,358 ?led 
May 4, 2005 and US. patent application Ser. No. 11/330,015 
?led Jan. 11, 2006. 

TECHNICAL FIELD 

[0002] The present invention relates to a coolant compo 
sition Which is used for a coolant mainly for internal 
combustion engines. In particular, the invention relates to a 
coolant composition Which is excellent in preventing cor 
rosion of iron and aluminum, speci?cally, corrosion pre 
venting properties for aluminum and aluminum alloys at 
high temperatures exceeding 1500 C. 

BACKGROUND ART 

[0003] Metals such as aluminum, aluminum alloys, cast 
iron, steel, brass, solder and copper are used in cooling 
systems for internal combustion engines. Particularly in 
recent years, a large amount of aluminum or aluminum 

alloys have been used for parts in cooling systems, for the 
purpose of reducing the Weight of vehicle. 

SUMMARY AND DETAILED DESCRIPTION OF 
THE INVENTION 

[0004] These metals are corroded through contact With 
Water or air. In order to prevent this, coolant compositions 
Which are applied to cooling systems of internal combustion 
engines, include a metal corrosion inhibitor, such as phos 
phate, amine salt, borate, nitrite, silicate or an organic acid. 
In particular, phosphate has excellent corrosion preventing 
properties for iron and aluminum, and therefore, is used in 
many coolant compositions. 

[0005] HoWever, phosphate reacts With hard Water com 
ponents and creates precipitate, and therefore, When diluted 
With hard Water, a large amount of precipitate is created. 
Creation of precipitate reduces the corrosion preventing 
performance of the coolant, and in addition, the created 
precipitate settles along the circulation path of the cooling 
system, and thus, there is a risk that a state Where the cooling 
system is clogged may be caused. 

[0006] Meanwhile, borate tends to corrode aluminum and 
aluminum alloy, and silicate is inferior in stability in liquids 
and is easily gelled, that is, easily separates in the case Where 
the temperature or pH changes, or When another salt coex 
ists, and thereby, a problem arises, such that the corrosion 
preventing performance is reduced. 
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[0007] As for amine salt and nitrite, there is a possibility 
that nitrosamine, Which is haZardous for human body, may 
be generated When these coexist in the coolant. 

[0008] As described above, substances Which are knoWn 
as metal corrosion inhibitors that are effective for preventing 
corrosion of iron and aluminum all have various problems 
When used, and therefore, development of a corrosion 
inhibitor exhibiting excellent corrosion preventing proper 
ties for iron and aluminum has been desired. 

[0009] As a corrosion inhibitor solving the above 
described problems, 2-phosphonobutane-1,2,4-tricarboxylic 
acid and the Water soluble salt thereof have been proposed. 
This corrosion inhibitor exhibits excellent anti-corrosion 
against contact betWeen different kinds of metals, in par 
ticular, contact corrosion betWeen aluminum alloys, cast 
iron and solder and other kinds of metal, and furthermore, 
has excellent anti-corrosion performance against corrosion 
of heat transfer surfaces of aluminum. In addition, this 
corrosion inhibitor has only a small risk of causing eutrophi 
cation in rivers and is loW in toxicity, and thus, is a corrosion 
inhibitor causing little pollution. 

[0010] The present applicant has proposed a coolant com 
position using 2-phosphonobutane-1,2,4-tricarboxylic acid 
having such excellent performance. This coolant composi 
tion is characterized by including phosphate, nitrate, ben 
Zoate and triaZole, together With 2-phosphonobutane-1,2,4 
tricarboxylic acid or the Water soluble salt thereof (see 
Japanese Unexamined Patent Publication H7 (1995) 
173651). 

[0011] HoWever, there is a problem With this coolant 
composition, such that the amount of corrosion Was high in 
the testing of corrosion properties of heat transfer surfaces of 
aluminum at high temperatures exceeding 1500 C. 

[0012] The present invention is made in vieW of the above 
described situation, and an object thereof is to provide a 
coolant composition Which is excellent in preventing iron 
and aluminum from being corroded, in particular, corrosion 
preventing properties of aluminum and aluminum alloys at 
high temperatures. 

[0013] In order to achieve the above described object, 
according to the gist of the present invention, a coolant 
composition having a glycol as a main component, charac 
teriZed by containing: (a) 0.1-10% by Weight of at least one 
component selected from among aromatic monobasic acids 
and the salts thereof; (b) 0.0001-0.1% by Weight of at least 
one component selected from among strontium compounds, 
magnesium compounds and calcium compounds; and (c) 
0.01-1.0% by Weight of 2-phosphonobutane-1,2,4-tricar 
boxylic acid or the salt thereof, is provided. 

[0014] As the glycol Which is a main component of the 
coolant composition (hereinafter simply referred to as com 
position) according to the present invention, ethylene glycol, 
propylene glycol, 1,3-butylene glycol, hexylene glycol, 
diethylene glycol, glycerine and the like can be cited, and 
from among these, ethylene glycol and propylene glycol are 
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desirable, from the point of vieW of chemical stability, ease 
of handling, price, availability and the like. 

[0015] The composition of the present invention contains 
the above described three components (a) to (c) in the above 
described main component, so that effects of preventing iron 
and aluminum from being corroded, particularly, effects of 
providing excellent corrosion preventing properties for alu 
minum and aluminum alloys at high temperatures exceeding 
150° C. are gained as synergetic effects of these three 

components (a) to (c). 

[0016] As the aromatic monobasic acid or the salt thereof, 
Which is component (a), benZoic acids, such as benZoic acid, 
nitrobenZoic acid and hydroxybenZoic acid, alkyl benZoic 
acids, such as p-toluic acid, p-ethyl benZoic acid, p-propyl 
benZoic acid, p-isopropyl benZoic acid and p-tert-butyl ben 
Zoic acid, alkoxy benZoic acids of Which the general formula 
can be represented by ROiC6H44COOH (R is an alkyl 
group containing any of C1 to C5), cinnamic acid, alkyl 
cinnamic acid and alkoxy cinnamic acid, of Which the 
general formula can be represented by RiC6H4i 
CH=COOH (R is an alkyl group or an alkoxy group 
containing any of C1 to C5), as Well as alkali metal salts, 
ammonium salts and amine salts of these, can be cited as 
examples. From among these, benZoic acid, p-toluic acid 
and p-tert butyl benZoic acid are excellent in corrosion 
preventing performance in aluminum and aluminum alloys, 
and it is desirable for at least one from among these to be 
included. 

[0017] Component (a) is included in a range from 01-10% 
by Weight. This is because in the case Where the content of 
component (a) is outside the above described range, su?i 
cient corrosion preventing performance cannot be gained in 
aluminum and aluminum alloys, or use thereof becomes 
uneconomical. 

[0018] As the strontium compound, Which is component 
(b), strontium oxide, strontium hydroxide, strontium chlo 
ride, strontium ?uoride, strontium iodide, strontium sulfate, 
strontium nitrate, strontium titanate, strontium borate, stron 
tium tungstate, strontium phosphate, strontium dihydrogen 
phosphate, strontium formate, strontium acetate, strontium 
propionate, strontium butyrate, strontium valerate, strontium 
laurate, strontium stearate, strontium oleate, strontium 
glutamate, strontium lactate, strontium succinate, strontium 
malate, strontium tartrate, strontium maleate, strontium cit 
rate, strontium oxalate, strontium malonate, strontium seba 
cate, strontium benZoate, strontium phthalate, strontium 
salicylate and strontium mandelate can be cited as examples, 
and from among these, strontium nitrate, strontium sulfate 
and strontium phosphate are particularly desirable. 

[0019] In addition, as the magnesium compound, inor 
ganic acid magnesium compounds, such as magnesium 
chloride, magnesium oxide, magnesium hydroxide, magne 
sium carbonate, magnesium nitrate, magnesium sulfate, 
magnesium titanate, magnesium tungstate, magnesium 
borate, magnesium phosphate, magnesium dihydrogen 
phosphate, magnesium ammonium phosphate, magnesium 
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chromate, magnesium permanganate, magnesium ?uoride 
and magnesium iodide, and organic acid magnesium com 
pounds and the like, such as magnesium formate, magne 
sium acetate, magnesium propionate, magnesium butyrate, 
magnesium valerate, magnesium laurate, magnesium stear 
ate, magnesium oleate, magnesium glutamate, magnesium 
lactate, magnesium succinate, magnesium malate, magne 
sium tartrate, magnesium hydrogen tartrate, magnesium 
maleate, magnesium citrate, magnesium oxalate, magne 
sium malonate, magnesium sebacate, magnesium benZoate, 
magnesium phthalate, magnesium salicylate and magnesium 
mandelate can be cited as examples. 

[0020] In addition, as the calcium compound, formate, 
acetate, propionate, butyrate, valerate, laurate, stearate, ole 
ate, glutamate, lactate, succinate, malate, tartrate, maleate, 
citrate, oxalate, malonate, sebacate, benZoate, phthalate, 
salicylate, mandelate, oxide, hydroxide, permanganate, 
chromate, ?uoride, iodide, carbonate, nitrate, sulfate, titan 
ate, tungstate, borate, phosphate, dihydrogen phosphate and 
the like can be cited. 

[0021] Component (b), Which is made of at least one 
compound selected from among the above described stron 
tium compounds, magnesium compounds and calcium com 
pounds, is included in a range from 0.0001 -0.l% by Weight. 
In the case Where the content of any of these compounds is 
beloW 0.000l% by Weight, su?icient effects of “preventing 
iron and aluminum from being corroded, particularly, of 
effectively suppressing corrosion of heat transfer surfaces of 
aluminum and aluminum alloys at high temperatures” can 
not be expected, and in the case Where the content exceeds 
0.1% by Weight, no extra effects are gained for the exceeding 
amount, and use of the compound is uneconomical. 

[0022] 2-phophsorobutane-l,2,4-tricarboxylic acid or the 
salt thereof, preferably sodium salt or potassium salt, Which 
is component (c), is a component Which provides effects of 
preventing aluminum and aluminum alloys from being cor 
roded, particularly, effects of increasing, corrosion prevent 
ing properties at high temperatures, and component (c) 
Works to suppress corrosion of aluminum and aluminum 
alloys, together With the above described component (b). 
Furthermore, component (c) Works to suppress creation of 
precipitate as a result of reaction betWeen phosphate and a 
hard Water component in the liquid When phosphate coex 
ists. 

[0023] This component (c) is included in a range from 
0.0l-l.0% by Weight. This is because content outside this 
range does not provide the above described effects or makes 
the use of the component uneconomical. 

[0024] It is desirable for the composition of the present 
invention to adopt such a form as not to contain silicate or 

borate. This is because borate is corrosive against aluminum 
and aluminum alloys While silicate is inferior in stability in 
a liquid, so that it is easily gelled, that is, easily separates in 
the case Where the temperature or pH changes or When 

another salt coexists, and as a result, a problem arises, such 
that the corrosion preventing performance is loWered. 
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[0025] Furthermore, in the case of the composition of the 
present invention, such a form as not to include molybdate 

can be adopted. In this case, there is the merit that a negative 

effect, such that oxidation and deterioration in glycol are 
accelerated by the molybdate, can be prevented. 

[0026] The composition of the present invention can adopt 
such a form as to contain phosphate in addition to the above 

described three components (a) to (c). As the phosphate, 
orthophosphate, pyrophosphate, trimetaphosphate and tet 
rametaphosphate can be cited, and one or tWo or more from 

among these is included, and thereby, corrosion preventing 
properties for iron and aluminum, particularly, aluminum 
and aluminum alloys, are further enhanced. As for the 
content of phosphate, it is desirable for phosphate to be 
included in a range from 0.01-2.0% by Weight. 

[0027] In addition, the composition of the present inven 
tion can adopt such a form as to include a triaZole having 

excellent corrosion preventing properties for metals, par 
ticularly copper. As the triaZole, benZotriaZole, tolyltriaZole, 
4-phenyl-1,2,3-triaZole, 2-naphto triaZole and 4-nitrobenZo 
triaZole can be cited as examples. As for the content of the 

triaZole, a range from 0.05-1.0% by Weight is desirable. 
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aluminum from being corroded, particularly, effects of pro 
viding excellent corrosion preventing properties for alumi 
num and aluminum alloys at high temperatures exceeding 
150° C. can be gained. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0030] In the folloWing, the composition of the present 
invention is described in further detail. The folloWing Table 
1 respectively shoWs an example Which includes three 
components (a) to (c) and does not include phosphate 
(Embodiment 1), as Well as an example Which includes three 
components (a) to (c) and includes phosphate (Embodiment 
2) as preferred embodiments, and an example Which 
includes only component (a) and does not include the other 
tWo components (b) and (c) (Comparative Example 1), an 
example Which includes tWo components (b) and (c) and 
includes an aliphatic monobasic acid instead of component 
(a) (Comparative Example 2), an example Which includes 
tWo components (b) and (c) and includes an aliphatic dibasic 
acid instead of component (a) (Comparative Example 3), 
and an example Which includes only component (a) and 
includes phosphate (Comparative Example 4) for compari 
son. 

TABLE 1 

Comparative Comparative Comparative Comparative 
Item Embodiment 1 Embodiment 2 Example 1 Example 2 Example 3 Example 4 

p-tert-butyl benzoic acid 4.0 4.0 4.0 i 4.0 

Pentanoic acid i i i 4.0 i 

Adipic acid i i i i 4.0 i 

Magnesium nitrate 0.01 0.01 i 0.01 0.01 i 

(hexahydrate) 
2—phophonobutane—1,2, 0.08 0 08 i 0.08 0 08 i 

4-tricarboxylic acid 
Phosphoric acid i 0.2 i i 0.2 

Tolyltriazole 0.3 0.3 0.3 0.3 0.3 0.3 

Potassium hydroxide (l) (l) (l) (l) (l) (1) 
Water 2 2 2 2 2 2 

Ethylene glycol Rest Rest Rest Rest Rest Rest 

Note: 

(1) indicates the amount that is required to neutralize the coolant composition so that the pH of each becomes up to 
8.0 

[0028] Here, the composition of the present invention may 
include an antifoaming agent, a coloring agent or the like in 
addition to the above described components. 

EFFECTS OF THE INVENTION 

[0029] The composition of the present invention contains 
(a) 0.1-10% by Weight of at least one component selected 
from among aromatic monobasic acids or the alkali metal 
salts there of; (b) 0.0001-0.1% by Weight of at least one 
component selected from among strontium compounds, 
magnesium compounds and calcium compounds; and (c) 
0.01-1.0% by Weight of 2-phosphonobutane-1,2,4-tricar 
boxylic acid, and therefore, effects of preventing iron and 

[0031] High temperature metal corrosion test Was per 
formed on the respective samples of the above described 
Embodiments 1 and 2, as Well as Comparative Examples 1 
to 4, and a change of mass (mg/cm2) Was con?rmed in each 
metal, and Whether or not there Was abnormality in the 
appearance Was con?rmed. The results are shoWn in Table 2. 
Here, metal corrosion test Was performed on the basis of the 
standard of metal corrosion property of JIS K 2234, and as 
the metals Which to be subjected to this test, respective test 
pieces of cast aluminum, cast iron, steel, brass, solder and 
copper Were used. In addition, test Was carried out under 
conditions of 1000 C. for 1000 hours With no ventilation in 
a pressurized air-tight container. 
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TABLE 2 

Comparative Comparative Comparative Comparative 
Item Embodiment 1 Embodiment 2 Example 1 Example 2 Example 3 Example 4 

Change Cast —0.03 +0.01 —0.12 —1.04 —0.31 —0.04 
of mass aluminum 
mgcm3 Cast iron —0.01 +0.02 +0.01 —18.6 —12.41 —0.06 

Steel +0.01 0.00 —0.01 —0.23 —0.36 —0.02 
Brass —0.04 —0.02 —0.03 —0.33 —0.24 0.00 
Solder —0.08 —0.06 —0.07 —15.40 —1.01 —0.08 
Copper —0.05 —0.04 —0.04 —0.23 —0.16 —0.04 

Appearance of No No cast Cast aluminum: Cast aluminum: No 
test piece abnormality abnormality aluminum: tarnish local corrosion abnormality 

local Cast iron: General Cast iron: General 
corrosion Corrosion corrosion 

Steel: local Steel: local 
corrosion corrosion 

Solder: General Solder: tarnish 
Corrosion 

[0032] It can be con?rmed from Table 2 that the samples 
according to Embodiments 1 and 2 both had excellent 
corrosion preventing properties for metals, particularly cast 
aluminum, and that change in the appearance Was small. 
Meanwhile, it can be con?rmed that all of Comparative 
Examples 1 to 4, excluding Comparative Example 4, Were 
poor in corrosion preventing properties. 

[0033] Next, high temperature cast aluminum transfer 
surface corrosion test Was performed on the respective 
samples of the above described Embodiments 1 and 2, as 
Well as Comparative Examples 1 to 4, and the change of 
mass (mg/cm2) Was measured, and Whether or not there Was 
abnormality in the appearance Was con?rmed. The results 
are shoWn in Table 3. Here, high temperature cast aluminum 
heat transfer surface corrosion test Was performed in com 
pliance With the standard of corrosion property of cast 
aluminum at heat-transfer surface of HS K 2234. The test 
temperature was 1600 C., and the heat-resistant glass cell 
Was replaced by a cell made of made of stainless steel. 

TABLE 3 

corrosion preventing performance of the coolant, and in 
addition, the created precipitate settles along the circulation 
path in the cooling system, and thus, there is a risk that a 
state Where the cooling system is clogged may be caused. 
The present testing alloWs for con?rmation of the extent of 
the performance of suppressing reaction With a hard Water 
component (hard Water stability), and synthetic hard Water 
Where 48 mg of sodium sulfate, 165 mg of sodium chloride, 
138 mg of sodium hydrogen carbonate and 275 mg of 
calcium chloride are dissolved in distilled Water of It Was 

used, in such a manner that the respective samples of 
Embodiment 2 and Comparative Example 4 Were diluted to 
a concentration of 50% With this synthetic hard Water, so as 

to be used as a test liquid, and Whether or not there is 

abnormality (precipitate) in the appearance of the test liquid 
after 24 hours at 880 C. Was con?rmed for this test liquid. 
The results are shoWn in Table 4. 

Comp arative Comparative Comparative Comparative 
Item Embodiment 1 Embodiment 2 Example 1 Example 2 Example 3 Example 4 

Change of mass mg/cm2 —0.3 —0.2 —0.8 —3.4 —6.4 —17.6 
Appearance of test piece No No No General General General 

abnormality abnormality abnormality corrosion corrosion corrosion 

[0034] It can be con?rmed from Table 3 that the respective 
examples of Embodiments 1 and 2, as Well as Comparative TABLE 4 
Example 1, had a small change of mass in comparison With 
Comparative Examples 2 to 4, and that speci?cally, Embodi 

Item Embodiment 2 Comparative Example ments 1 and 2 had an amount of corrosion so high as to 

exceed —0.5, and thus, had excellent corrosion preventing 
properties for the cast aluminum heat transfer surface at high 
temperatures. 

[0035] Next, hard Water stability testing Was performed on 
Embodiment 2 and Comparative Example 4, Which both 
include phosphate. As described above, phosphate reacts 
With a hard Water component so as to create precipitate, and 
therefore, When distilled With hard Water, a large amount of 
precipitate is created. Creation of precipitate reduces the 

Appearance of liquid after No abnormality Precipitation 

testing Deposition 

[0036] As is clear from Table 4, creation of precipitate Was 
observed in Comparative Example 4, While that there Was no 
precipitation and excellent hard Water stability Was observed 
in Embodiment 2. 
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1. A coolant composition comprising a glycol as a main 
ingredient, 

(a) 0.l-l0% by Weight of at least one ingredient selected 
from the group consisting of aromatic monobasic acids 
and salts thereof; 

(b) 0.000l-0.l% by Weight of at least one ingredient 
selected from the group consisting of strontium com 
pounds, magnesium compounds and calcium com 
pounds; and 

(c) 0.0l-l.0% by Weight of 2-phosphonobutane-l,2,4 
tricarboxylic acid or a salt thereof. 

2. The coolant composition of claim 1, Wherein essen 
tially no silicate and essentially no borate are present. 

3. The coolant composition of claim 1 Wherein said 
aromatic monobasic acid is p-tert butyl benZoic acid, 
p-toluic acid or benZoic acid. 
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4. The coolant composition of claim 2 Wherein said 
aromatic monobasic acid is p-tert butyl benZoic acid, 
p-toluic acid and benZoic acid. 

5. The coolant composition of claim 1 further comprising 
about 0.0l-2.0% by Weight of phosphate. 

6. The coolant composition of claim 2, further comprising 
about 0.0l-2.0% by Weight of phosphate. 

7. The coolant composition of claim 3, further comprising 
about 0.0l-2.0% by Weight of phosphate. 

8. The coolant composition of claim 4, further comprising 
about 0.0l-2.0% by Weight of phosphate. 

9. The coolant composition of claim 1, further comprising 
about 0.05-l.0% by Weight of triaZole. 


