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CORROSION OF MATERIALS BY ETHYLENE GLYCOL-WATER

J. D. Jackson, P. D. Miller, F. W. Fink, and W. K. Boydx

SUMMARY

Solutions of ethylene glycol are being con-
sidered as heat-transfer media for radiators in
manned space capsules, Most available corrosion
data, however, are based on automotive and diesel
engine coolant systems,

In the presence of oxygen, solutions oif
ethylene glycol at €levated temperatures tend io
decompose into glycolic and formic acids, The
presence of such decomposition products tends to
increase the corrosion rates of most metals in
glycol solutions, It is, therefore, recommended
that ethylene glycol systems be designed as
closed nonaerated systems,

In space applications, the lighter metals
such as aluminum, magnesium, beryllium, or
titanium would be candidate materials of con-
struction. Of these metals, titanium would be
expected to be highly resistant. Corrosion rates
of aluminum in uninhibited solutions would be of
the order of 1-2 mpy, while magnesium probably
would have low corrosion rates only with an
inhibitor added. Rates of attack for beryllium
would be somewhere between those for aluminum
and magnesium,

Heavy metal iong such as copper would be
expected to increase attack and cause pitting of
aluminum, berylliurn, and magnesium unless
adequately inhibited, The light metals should not
be coupled to dissimilar metals in ethylene glycol
solutions.

In uninhibited glycol solutions, the corrosion
rates of all metals studied were found to be con-
stant with time or to decrease. When the glycol
solution was continuously renewed, the corrosion
rate of copper, brass, steel, cast iron, solder,
and aluminum was constant, In 40 percent glycol
at 160 F, the corrosion rate is about 10-20 mpy

for steel and cast iron, and 1-2 mpy for the others.

Without solution renewal, the rate of attack on
steel and solder was nearly c nstant; while that
for copper, brass, and aluminum decreased to a
low value, At a pH of 6-10, all metals evince a
nearly constant rate of attack. Above pH 10, the
corrosion rate of steel and caet iron decreased

rapidly, while brasa and copper increased slightly,

and aluminum and solder increased rapidly. The
corrosion rate of steel decreases as the glycol
concentration increases. An increase in tempera-
ture causes increased attack on all metals. Aera-
tion or oxygen increases the attack of the metals
studicd, as does the chloride ion,
* Research Chemical Engineer, Research Assocé-
ate, Fellow, and Chief, Corrosion Research

Division, Battelle Memorial Institute, Columbus, .

Ohio,

Galvanic attack can occur in glycol solutions,
increasing the attack of the less resistant of two
coupled metals, Steel is the least resistant
followed by cast iron, aluminum, solder, brass,
and copper. Pitting can sometimes occur on
aluminurm when coupled to other metals,

No velocity effects were found for a clad
aluminum alloy up to a velocity of 3000 ft per
minute, Under conditions of heat transfer, the
corrosion rate of cast iron increased.

With the addition of suitable inhibitors to
glycol solutions, the corrosion rates of most
metals can be reduced to a negligible value,
Some inhibitors, however, are specific to certain
metals and will increase the attack on others, In
addition, ions from one metal can increase the
corrosion of another even though the two are not
in direct contact, Thus, in cocling systems
where several different metals are present, a
combination of compatible inhibitors is often re-
quired for adequate protection,

Among the most common corrosion inhibi-
tors which have found successful use in ethylene
glycol solutions are:

(1) Borax, usually with additives

(2) Sodium benzoate-sodium nitrite

(3) Triethanolamine phosphate (TEAP)-
sodium mercaptobensothiasole (MBT),

A number of patented inhibitors, based on borax,
are listed,

An inhibitor systemn used by the U, S.
Military consists of 1,8 percent borax and 0, 024
percent MBT. In recently revired specifications,
scdium phosphate is added to protect aluminum
alloys. This inhibitor is 1.7 percent borax,

0.10 percent MBT, and 0, 06 percent sodium

phosphate,

A common British inhibitor contains 1.5
percent sodium bensoate and 0, ! percent sodium
nitrite, The benzoate protects mild steel,
aluminum, and solder, but not cast iron, The
nitrite inhibits attack on cast iron as well as
copper and brass but causes attack of solder,
The combination prevents attack of both cast iron
and solder, as well as mild steel, copper, and
brass, Corrosion on aluminum has been found to
increase when the pH rises from 8 to 1, The
inhibitor may also cause some deterioration of
neoprene rubber.




Another British inhibitor contains 0,19 per-
cent phosphoric acid, 0.4 percent triethanolamine,
and 0,041 percent MBT. TEAP by itself causes
corrosion of copper and of aluminum and steel, if
copper is in the same system. MBT prevents
" this attack. Of several metals tested, only nickel
seemed adversely affected by this inhibitor system.

Soluble oils have been suggested as inhibi-~
tors for glycols but not all perform satisfactorily,
Many soluble oils which are excellent metallic
corrosion inhibitors have a detrimental effect on
rubber,

Chromates may also be adequate inhibitors
for glycol systems in the absence of light and when
properly maintained, Their use is not recommend-
ed, however, without additional investigation,

Various other inhibitors are suggested for
specific uses such as potassium sulfide for
magnesium,

Corrosion inhibitors become rapidly de-
pleted under conditions of a rusty cooling system,
high-speed engine operation, or excessive aera-
tion, Protection of a system may be maintained
for a few months to over a year, ox 2000 to
20,000 miles, depending on the inhibitor system
and the operating conditions, The measurement
of pH is not necessarily a good indication of the
corrosiveness of the coolant,

e e e
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INTRODUCTION

Solutions of ethylene glycoi and water have,
for a long time, been important i cooling systems
for land vehicles employed by the Army and
amphibious vehicles employed by the Navy, Such
solutions are now being considered as heat-transfer
media for temperature-control systems in manned
space capsules, In the latter, it is desirable to
use light metals such as magnesium, berylliumn,
titanium, and aluminum. Consequently, knowledge
of the compatibility of these metals with glycol-
water r.ixtures is important not only to this appli-
cation hut to other aerospace or military applica-
tions where thermally efficient, light-weight com-
ponents are required in heat-transfer systemns thut
operate in the range of -50 F to 250 F,

At the outset of this task, it was recognized
that comprehensive corrosion data for ethylene
glycol solutions are not available in the trade
journals or literature, This derives from the
fact that the information concerning corrosion
inhibitors and other additives which have been
developed for commercial antifreezes is largely
proprietary, Consequently, to obtain further )
information on the effects of these ingredients on
the corrosion aspects of glycol-water mixtures, a
fairly comprehensive patent search was included
as a part of this survey., The resulting summary
presents what DMIC believes to be an accurate and
fairly comprehensive picture on the corrosion
behavior of various metals and alloys in glycol-
water mixtures, both with and without inhibitors,

PHYSICAL AND CHEMICAL PROPERTIES

Diethylene glycol or glycolis a colorless
liquid which melts at 3.9 F and boils at 387, 3 F
at atmospheric pressure, Its formula is
CH,OH' CHOH and molecular weight is 62,07,
Its density at 66 F is 1,113 g/cc and its heat-
transfer coefficient ia 1, 86 Btu/hr sq ft F/in, at
32 F. In a concentration to give a freesing point
of =20 F, its expansion from 40 to 180 F is 4.6
percent compared !ﬁ's. 5 and 6. 75 for methanol and
ethanol -olutions.( Water would expand 3,0
percent,

The freexzing points, boiling points, and den-
sities of Prcatone** antifreeze (97 parcent glycol)
are shown in Table 1, A comparison with other
antifreese gsolutions is shown in Figures 1, 2, and
3,

Decompoaition of Glycol

Under conditions of high temperature and
in the presence of oxygen, ethylene glycol tends to
decompose, Collins, et al,'?/ gtate that the acide
which can be formed in a glycol cooling system
are as follows: carbonic, sulfurous, or sulfuric

*References are given on page 14,
¢*Commercial Antifrecze, Trade Mark of Union
Carbide Corporation,

TABLE 1,

ANTIFREEZE(Z,3)

FREEZING AND BOILING POINTS AND
DENSITY OF PRESTONE COMMERCIAL

Density,{2) Freezing Boiling
Wt% Vol% 60 F, g/cc Point, F(2) Point, F(3)
10 9.2 1,013 25.6 213
15 13.8 1.019 22.0 214
20 18.3 1,026 17.8 215
25 23.0 1.033 12.8 216
30 28.0 1.040 6.8 217
40 37.8 1,053 -8.2 219
50 47.8 1.067 -28.8 223
60 58. 1 1,079 -56.7 -
100 100 1.113 3.9 387.3
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The boiling-point temperatures on this chart
decresse nearly & F for each 1000-feot sleva-
tion above sea level,




EFFECT OF AERATION RATE ON
FREE ACID FORMATION IN DI-
ETHYLENE GLYCOL®)(5)

TABLE 2,
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‘TIONS(3)

from combustion gases, or glycolic, jlyoxylic,
oxalic, or formic acid from the oxidation of the
glycol. Analysis, however, of many usad anti-
freese solutions has not indicated the presence of
acids from combustion products. Neither have
glyoxylic or oxalic acids been detected. On the
other hand, glycolic and formic acidas huive been
detected and measured, (4)

Lloyd, et al,{5) have shown quantitatively
the amount of {ree acid decomposition products as
s function of temperature and oxygen concentra-
tion. See Tables 2 and 3. The data include {ree
acids only (excluding estsrofied acida), and the
total acid formation is consideradbly greater,

Oxygen Rate, Free Acid,
Gas ml/min/100 ml glycol meq/liter
N, 0.0 0.0
COZ 0.0 2. O(b)
H,S and O, 1.0 13
0, 5.0 27
Air 19.0 45

(a) 48-hrrefiux tests 95% glycol-5% water at
295 F,
(b) Probably HZCO3.

TABLE 3, EFFECT OF TEMPERATURE ON
FREE ACID FORMATION IN DI-
ETHYLENE GLYCOL(3)(5)

Aeration Rate, Free Acid,
std cu ft/day Temp, F megq/liter

1.7 392 172

1.7 295 145

1.8 241 83

1.7 203 45

1.9 176 33

1.8 81 0.4

(a) 24-hr aeration tests, undiluted glycol,

In terms of corrosion, this means thata
closed nonaerated system is preferred, There
should be less attack on the metals in a closed
system. In automobiles, mechanical defects such
as loose or leaky heac gaskets, air leakage at the
suction or input to water pumps, or looJs hose
connections should be prevented. lLocal hot spots,
operation of the coolant at consistently high
temperatures, and large amounts of copper or
copper alloys in the system are also suggested as
promoting oxidation of glycols in service,

CORROSION BY ETHYLENE GLYCOL

The published corrosion data for ethylene
glycol are generully concerned with engine-
coolant oxporiezcc. Factors which may influence
corrosion are:(8)

(1) Coolant flow

(2) Aaration

(3) Operating temperatures

(4) Water composition variables
{5} Corrosion by-producte

{6) Antifreese characteristics
{7) Couples of dissimilar metale
{8) Exhaust gas leakage into coolant
{?) Metal hot spote

(10) Metal stressss

(11) Operating conditivns,




The most common materials of construction
exposed in glycol are those found in an engine
cooling system, i,e., cast iron, mild steel,
copper, brasses (70Cu-30Zn, 85Cu-15Zn), solder
{(70Pb-30Sn), and aluminum [usually unalloyed,
but sometimes Type 3003 (1,2Mn, 0, 70Fe, 0, 60Si)
or silicon cast aluminum]. Data on other metals
and alloys are presented in the tables where
availabie,

The test procedures used to obtain the cor-
rosion data for uninhibited ethylene glycol and
several inhibitor systems for ethylene glycol are
described in the Appendix.

Uninhibited Ethylene Glycol

The factors which affect corrosion of metals
in ethylene glycol can best be described by data
from the uninhibited and pure system, The factors
are discussed briefly in the following sections,

The corrosion data are presented in Table 4, which
has been divided into sections for easy reference.

Time Dependence

No data are presented in Table 4 for the
effect of time, this factor can be summarized as
follows:

The corrosion ratc < representative
metals in ethylene glycol were found to be constant
with time or to decrease with time.!7) When the
glycol solution was continuously renewed the cor-
rosion rate of copper, brass, steel, cast iron,
solder, and aluminum was constant, With non-
renewal of solution, results are erratic and the
solution became more acid, Steel maintained a
nearly constant rate, however, since its corrosion
is nearly constant over the pH range of 4 to 11,
Solder also showed about the same rate in unre-
newed as in renewed solution. Copper, brass,
and aluminum had a high initial corrosion rate
which dropped to a negligible rate without solu-
tion renewal, With copper and brass, the differ-
ence in corrosion rate was found to be dependent
on the copper ion concentration.

When copper and aluminum were in the same
solution, the copper tended to precipitate out on
the aluminum, causing increased attack of the
;luminum.(n’ See also, Galvanic Corrosion,

Effect of pH

The effect of pH was shown by using high-
purity ethylene glycol and adjusting the pH with
oxalic acid and sodium hyd oxide. Of the metale
tested, all showed a nearly constant rate of
attack between pH 6 and 10, {7) Below pH 6 the
rate of attack increased rapidly for all metals
tested., Above pH 10, the corrosion rate of steel
and cast iron decreased rapidly, whiie brass and
copper increased slightly. Aliminum and solder
are attacked rapidly at the higher pH, (See
Sactions A and B, Table 4,)

Effect of Conceniration

No consistent change in corrosion rate was
noted for any metals except steel with increasing
glycol concentration. (7) (See Section C, Table 4,)
Contrary to popular opinion, the corrosion .ate
of steel is 20 times less with 60 percent glycol
tkan with watevr at 160 F,

Effect of Temperature

In general, an increase in temperature
caused an increase in corrosion rates of the metals
studied. (1,7,9,10) (See Sections D, E, and F,
Table 4.) The greatest increase, however, was
in the corrosion rate of steel, which went from
0.5 mil/year at 80 F to 39 mil/year at 220 F.(D
It is reported that ethylens glycol solutions at
normal temperatures produce negligible attack on
magnesium or magnesium coupled to steel, At
240 F, the normal corrosion rate increases to
scme extent and galvanic corrosion will occur
unless the solutions are inhibited, (12)

Effect of Aeration

Aeration had a pronounced effect on the
metals studied with constant solution renewal
except for steel at pH 4 and aluminum at all pH
levels. (7} The corrosion rates were much re-
duced in the absence of oxygen, The oxide film
on aluminum was found to be protective in the
absence of oxygen even when chloride ions were
present to 20,000 ppm (compare Sections A and
B, Table 4).

As mentioned previoully,(s) ethylene
glycol decomposes to acidic compounds in the
presence of oxygen, This tends to increase the
rate of attack on most metals.

Effect of Chloride lon

The addition of chloride ion to ethylene
glycol solutions tends to increase the corrosion,
In solutions containing up to 200 ppm chloridc,
the most severe increased attack occurred on
steel and cast iron.(6:7) The corrosion of
solder also increased somewhat. {7} In solutions
containing 2 g/1 NaCl and 1 g/1 N1280‘, copper
and brass, a8 well as steel and cast iron, ehowed
an excessive increass in corrosion, (6) Magnesium
also showed & hi~-h rate of stteck in chloride-
containing nurnz) (compare Sections G and I,
Tabie 4, to appropriate parts of Sections A, C,
or D).

Galvanic Corronion

When dissimilar metals are in contact,
corrosion of the less resistant metal is increased,
thus further protecting the more resietant member
of the couple. In general, this is alao true with
ethylene glyco! solutions at room temperature. (6)
The daia show that steel is least resistant, fol-
lowed by cast iron, aluminum, solder, brass,

R e Ty
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TABLE 4. UNINHIBITED ETHYLENE GLYCOL CORROSION

Corresion, ails per yoar
_ Glycol, Terp, Cast .
Secton % F pH Aewtion Referece Cu  Brass Steel  bon  Sokder Al Ss G P S W N O ANT I O
A0 80 4 Y (A R I | % 23 1
0 160 7 Yes 7 15 L1 0 o 0.5
0K 9 Y 7 12 0 18
0 60 1 Yes 7 27 30 ol u o0 5
8 0 160 & N 7 Gon NI 19 w13
080 7 K 1 Gaa Kl 25 9 10
P I I R ™S 7 Nt Gin Gl 0 1
€0 160 7 Yes 18 Nl Nl 1934 0 03 22
B 607 Yes 7 5 L 22 14
0160 7 Yes 7 15 181 04 68 3 Aland NIAICHSi-2Za casting
60 160 7 Yes 7 W 13 1 27 03
nooIm Yes 1 ' 3 09 2
D0 A0 7 Yes 7 Gain  Gain O 02 oM 0®
0 80 7 Ye 7 Wil 05 a3 Nl
0 W 7 Yes ! 02 8 o4 Nl Al and B3A1-ICU-4Si-22n casting
0 80 7 Yes 7 MW~ 04 1 ‘
0 2 1 Y 7 17 29 e 1
E 0 -0 3 0.00)
20 9 02 o 807 Wil Nl 03 8 NI 43w w oW 03®
007 9 s
10 Yes 69 2 07 8 TR Y BT 2)
50 10 Q2 )
500 284 10 19 2
Fool00 14 N <@ @ 2 < < 2050 <€) < <2 <2, Augagh
0w s 1 < < n? wT
0 2 i <? <tV py, By,
7 9% 12 11 note: Ng6ALL2W T
% %l 12 12 Noe: M8 SALLSZa 02
¢ o gr 7 it >25of!)
o 80 7 Yes 7 12 08 u 29 14 A ane B3A1-9Cu-4S122n casting
0 10 75 Yes 6 a0 M U A5
00 100 15 ves 6 W 18 8 6 21 161 Typ300
W osw® RT 74 N Ml o g 40 1.0
s RT T4 Ne wif™ Nk s g0 ax®

o) RT 4 N

6
! §
s RT 4 Mo 6
! 6
560 RT 74 Mo 6

9 RT 75 No 6
PN RT 13
n® o "
e e Yes 3
) %@ g8 Yes IS
P LT Yes 15
s 180 Yes 15
s 180 Yos 15
K 2 1% Yes 1
20 176 Yes ]
0% Yo I
0 1% Yes 1§

200 08 o)

i ) gt og)  gzw

il o wifld g
sphmap)

o.5(Li) o) 0.02\m

i gqw

LY L X

04 05 2460 150 oo
Nittmi) 250 9.8

A
O .
54t No. 100 with AL-Zn cied
>l
0
ngv)
> logkY)
220060.)

2500 f and SOAILL20w-0.90-1 Fo-2.35-0. g costing

(a) Galvanized stesl.

(b) Silicon iron, 811 concentrations.
(c) 12Cr, 17C:, 188, Type 316,

(d) Ni-esist, Monel, nickel, Inconet,
{e) All concentrations tn 212 F.

() Coupled to steel,

(g) Tap water.

(h) 200 ppm chioride in wates .

(i} Tapwater plus 2 ¢/1 NaC! and 1 ¢/1 N3,50,.
(i) Coupled to aluminum.

{k) Coupled to brass,

(1} Coupled to copper.

(m) Coupled te cast iron.

(n) Coupled to soider,

{0} Solder joint broke after 5 months.

(p) Pitting sttack depth of pits in mils in ten months.

(q) On copper,

(1) On stest,

(s) Simulsted service, hested 8 he/dey.

(1) 1-1/2"dia Alclad disk rotated ot the following velacities
tospaciively: static, 2900, 3300 and 4700 ft/min. Nols. flow
in automodile radiator is 300-400 W/min,

{u) Hest transfer tough specimen ~ 76,000 Bte/ir g ft.

(v} Brass pump in system,




and copper. Brass and copper have about the
same resistance. Aluminum coupled to other
metals except steel becomes pitted. The range
is from 5 to 17 mils after 10 months, the deepeat
pits occurring when the aluminum is coupled to
copper, In general, it is best not to couple
aluminum or magnesium to dissimilar metals
(see Section H, Table 4),

Effect of Velocity

The effect of velocity on a clad aluminum
alloy has been investigated using both tap water
and synthetic waters(15) (see Section J, Table 4),
This work showed that up to a maximum disk
velocity of about 3000 ft/min little effect of
velocity was found, Above this velocity, pitting
and severe attack occurred, The velocity through
an automobile radiator is of the order of 300-400
ft/min, Thus, velocity eifects would not be
expected to be a problem with aluminum in any
systems now contemplated,

Effect of Heat Transfer

Heat transfer was studied through cast iron

tubes in a laboratory simulated test apparatus,
The results show that under conditions of aera-

tion and fluid flow, the corrosion rate increased
from 220 to about 710 mils/year with a heat flux
of 76,000 Btu/hr sq ft. When a Lrass pump was
used in the system, the corrosion rate increased
seven times (see Section K, Table 4).

This experiment shows that hot spots
(estimated as high as 400 F)(b) or high heat-
transfer rates in a cast iron engine can increase
the corrosion significantly, This would not be
true in a radiator which is at the coolant tem-
perature and is transferring heat to the cooler
eir, In this case, the corrosion rate might be
lower.

Inhibited Ethylene Glycol

Inhibitors may be used to reduce the rate of
attack by a solutior: on metals. One way in which
an inhibitor acts is to interfere with the electro-
chemical reation between the metal and the
solution,

The anodic reaction in a corrosion cell is
the formation of metal ione, p.g,:

M---> M* +e.

The cathodic reaction can be the formation of
hydrogen or hydroxyl ions, thus:

2HY+2e¢ --->H,
1/20, + HO 4+ 2 ¢ ---->2 OH" .

In a corrosion cell, electrons flow through the
metal from the anode to the cathode, In solutiun

the current normally is conducted by ions, Sup-
pression of the azodic reaction is called anodic
polarization and suppression of the cathodic re-
action is called cathodic polarisation. A combina-
tion of the two, mixed polarization, can also
occur,

In ethylene glycol systems, the corrosion is
controlled by the cathodic reaction, Reducing the
anodic areas does not reduce the overall current
flow (corrosion) but rather the attack of the re-
maining anodic areas is intensified and the result
can be pitting, Therefore, anodic inhibitors must
be used with care and in sufficient amount to
ensure complete protection and freedom from pit-
ting. For this reason anodic inhibitors are some-
timer referred to as dangerous inhibitors,

Typical anodic inhibitors are:{18) porax
{Na,;B8407), disodium hydrogen phosphate
{(NazHPOy4)}, potassium and sodium dicaromates
(K,Cr,04), sodium benzoate (CcHgCOONa),
sodium hexametaphosphate (NaPO3)¢, sodium
nitrite (NaNO,), and sodium silicate (NaZSiO3).
Cathodic inhibitors such as salts of zinc, nickel,
manganese, and chromium are used for iron in
neutral solutions while salts of arsenic antimony
and mercury are used in acid solutions,

Organic inhibitors in general do not under-
go chemical changes during inhibition as do many
inorganic inhibitors. Polar organics such as
amines, mercaptans, and others are con-
sidered cathodic inhibitors and cause inhibition
by adsorption on the metal surface, One example
is mercaptobenzothiazole,

In a study on the polarisation of steel, data
are given for several inhibitors in 30 percent
ethylene glycol at room temperature. ) The
data indicate that the following behave as anodic
polarizers:

(1) Borax (1.0, 2,0%)

{2) Sodium nitrite (1/0, 1.%%)

(3) Sodium chromate (0.1, 0,25%)
{4) Sodium silicate (0, 8%)

(5) Sodium benzoats (1, 5%)

(6) Tricthanolamine (1. 5%).

Although amines are gonerally considered as
cathodic polarizers adsoriing at cathodic areas,
the data indicate that tristhanolamine is pri-
marily an anodic polariser in tap water and 30
percent glycol, Mercaptobensothiasole {0, 1%)
tunctions as a cathodic polariser in an alkaline 1%
borax solution, Sodium citrate {1, 5%) and
hydroquinone (0. 5%) were found to be corrosion
accelerators,

Cominercial Inhibitors

The most common corrosion inhibitors
which have found succeseful use in ethylene
glycol solutions are listed below:




{l1) Borax, usually with additives

(2) Sodium benzoate/sodium nitrite

(3) Triethanolamine (TEA)/sodium
mercaptobenzothiazole (MBT),

These correspond somewhat to U, S, mili-
tary and British standards:

FS O-A-548a) Borax 1,7, MBT 0.10,
FS O-1-490a sodium phosphate 0, 06

BS 3152 Borax 0, 54

BS 3154 Sodium benzoate 1.2,
sodium nitrite 0,1

BS 3150 TEA 0.4, phosphoric acid

0.19, MBT 0,041,

The U. S. antifreeze is based on 50 percent
glycol while the British is based on 20 percent,

Many patented inhibitor systems issued
since 1958 are based on the berax or borate
inhibitor, Table 5 lists a number of these sys-
tems which may be in commercial use today.
Note that many contain an addition of sodium
mercaptobenzothiazole, No corrosion data have
been included for these systems,

The following sections and tables discuss
various inhibitor systemsa and give representative
corrosion data,

Borax-Base Inhibitor

Borax-base inhibitors have been and are
being used satisfactorily in ethylene glycol
systems, Borax or sodium borate are not so
effective alone as when combined with other
inhibitors (see Table 6 for corrosion data).

A concentration of about | percent is gener-
ally used for effective inhibition by borax and
sodium borate. In this concentration they are
considered satisfactory for copper, brass, and
solder but not acceptable for aluminum, steel,
and cast ircn, (6,10,36) severe pitting of alumi-
num occurred when coupled or uncoupled to other
metals at room temperaturs, ) The British
formulation BS 3152 (0. 54 percent borax) is not
considered to be as effficient as TEAP/MBT or
sodium-benzoate /sodium-nitrite systems dis-
cussed later. (32,33)

Experiments have shown that borax is
actually a corrosion accelerator at room tempera-
ture and below for galvanized steel. (9 Cadmium,
brass, and magnesium aleo show increased cor-
rosion rates in borax at 20 F. The attack on
solder is slightly increased, copper is unaffected
and lead is decreased at 20 F, Aluminum, steel,
stainless steel, nickel, silver, tin, and titanium
do not corrode appreciably in glycol or borax-

inhibited glycol at 20 F, -

A simulated "commercial® antifreese con~
taining borax, sodium bensoate, and sodium. ritrite
evinced fair protection of cast iron, aluminum,
and bronse when nonaerated, When aerated,
however, attack was severe, )

The U, S, Militarr uses a borax inhibitor
for their vehicles, The concentrated antifreeze
(FS O-A-548a) contains .'. 5 percent borax,

When diluted to 50 percent with water, an addi~
tional inhibitor (FS O-I-490) is added at a rate

of 1/2 oz per quart of water This inhibitor

is 95.5 percent borax and 3,5 percent MBT.

This makes the inhibitor content of the antifreese
about 1,8 percent borax and 0, 024 percent MBT.

A new specification, FS O-1-490a, calls
for the addition of disodium phosphate to
give added protection tc sluminum in cooling
systems, This inhibitor contains 75 percent
borax, 15 percent MBT, and 10 percent disodium
phosphate, and is added at the rate of 10 ox to
21 qt of water, This gives a concentration of
about 1,7 percent borax, 0,10 percent MBT, and

0, 06 percent NayHPQy.

In 50 percent glycol at the above concentra-
tion, excellent protection is given to all cooling
systems, including those containing aluminum
alloys. However, the data shows that incomplete
protection of aluminum and solder occurs if the
inhibitor is used in distilled or tap water, As
noted later, phosphates tend to cause sludge in
hard water, Thus, this inhibitor may be most
effective in soft or distilled w:ter,

It is interesting to note that the military
packages dry inhibitor for addition to make up
water for glycol solutions because of problems
that exist in prepackaging of antifreezes containing
MBT. (37 Apparently the low concentration of
MBT becomes depleted when stored in cans, It
is pointed out, however, that many commercial
antifreeses are packaged with the MBT added and
no difficulties are reported,

Sodium Benszoate-Sodium Nitrite Inhibitor

Sodium bensoate inhidits glycol attack of
mild steel, aluminum and solder but not cast
iron.“’ﬂd) The effectivenvss of sodium bensoate
is reduced considerably in the presence of high
concentrations of chloride and sulfate ions,
however{6) (for corrosion data see Table 7).

Sodium nitrite on the other hand, inhibits
the attack of cast iron, as well as copper and
brass, Hotevor, sodium nitrite increases attack
of solder, { ,10)

Severe pitting attack is caused by sodium
nitrite on aluminum, especially when coupled to
other metals. (6) Sodium bensoate also causes
pitting of aluminum when coupled to copper,
braes, or solder,
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TABLE 6. BORAX.SYSTEM-INHISITED ETHYLENE GLYCOL CORROSION

Corrosicn, mis por you
Giycol, Temp, Cast
5% F i Aention Inhibitor, % Refersce Cu Brass  Seel fon Sodw Al Se CO Po S Mg N AGTI In Ot
2 176 82 W Bomx,27 k") 02
X 1% 80 N Boax,054 2.8 10 $17 (ARICHOSIN-L5MLTSHLIF) 3 (vwuze)
% M0 Borax, 0.0M 10 2
02 Borax, 0.094 10 8 104038
00 M Borax, 0.04 10 1
50 .0 Borax, LO 9 1
% % Borax, 1.0 9 om  o0m ol IR ] 150
5 ] Bormx, 1.0 9 160
% 10 Yes  Bom, L0 69 05 02 <02 <02 03 27 .00
LY Yes  Borax, 1.0 6 15 55 & ) IR ¥
S0 180 74 Yes  Boax, L25 M0 o0z 005 03 08 27
9 RT 74 Mo Sodivmborate, 10 & Nl wik®  a6@ 240 afia)
0 BT 74 wo Ditto 6§ nif® nif 280 aged)
s RT 24 N . 6 N w  ou® 21® AN 25d®
W RT 4w . 6 oo gufd ple) o) 2paN
s BT T4 o . 6 00d® o o5 30 g pKed
el 180 Yes  Borax, 1S B Ml oM e ol ok L@
1 Yes  Borax 0.1 % 1)
¢ 180 Yes  Boax, L4 NBT,006 8 NIl NI NI NI 14 s
50 180 No  Boax, 13 MBT.004 M nil Nit 1102
1M No  Borax 18 MET.00N U il . 002
0 180 Yes Boax, L0 MBT,0024 M Nl NI 01 Wl Q3 82
i) 100 No  Borax, 15 Sodium B3 N Nt M N 0B il
phosphate, 0.03
D 1% 15 N Boax, 0.2 Sofiem 2 23 0.07 (AKICN0.6Mg-0.5M0-0.75i-0.4F ) 0.5 (tronae)
benzoate, 0.51;
NaNO, 0.12
A U6 15 Yes itte u n 1 7 (orows)
O 180 B9 Yes Boax, 10 MET 02, Y MM N ML 03 '
Sodium phesphats, 0.12
o e Yes  Boax, L0 MBT,02, )] NiE NIl TR TR ¥ ) n
sodium phosphat, 0.12
50 180 Yes  Borax, 1.7 MBT,Q10, K% N T Nil (1] Nl M 03
sodivm phosphate, 0.06
W No  Borax, LS MBT, 010, E MM W ML 0@ Wil
sodium phosphate, 0.06
50 180 %™ Borax, 15 BT, 009, % il nil n
sodium prosphate, 0.05
99 10 75 Ve Bom, L5 MBT, 010, L} Wi 0 mME 02 02 0m
sodive phosphate, 0.06
) 0 72 Y Boar,25 MBT, O Y moom Wm0 ol
sodium phoaphete, 0.12
(2) Gahveaized stol, {i) Coupled 0 0.

8) Top uwter pius 7 3/1 MaCl and | /1 NS0,

(¢) Coupled ® aluminem,
(6) Coupled to steel.

(0) Coupled to brass.

(1) Cowpied to coppet.
(g) Pilting.

(b} Cowpled to cast wom,

(j) Wilitary arctic-type antifreste.

(k) Yap woter, or wywihetic harcmter.

(1) 1-1/2° 4in Al clog disk rotated ot 4700 R/min. Mate
fiow rale in sutomobile radister 300400 ft/mia.

(m) Ducresses with time (10002000}

(n) 2000-b simuioted service.

(#) Moré waler contaieing 342 ppm CaCO,y.
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TABLE 7. SODIUM BENZOATE-SODIUM NITRITE INHIBITED mm.m oLycoL

Corrosion, mils por your
Teong, : Cast
FopH Awation inbplr, % Refsace Coppor DBrass Swel oo Sodw A Ta G4 M B Mg W AT 2 O
2 Sodiva beazosts, L0 9 : o
10 16 Yes Ditto § 19 27 <2 I 8y 05
m 4 Ye ' ¢ 7 12 6 1 28 1§
RT 76 Mo Sodivm benzoste, 1.0 8 wf® il g0 )
RT 76 Mo Ditlo 6 Nt @ 130 ke e 10N
RT 15 M . 6w w120 00 o.1en)
RT 16 M . ¢ W@ o) 190 1@ g0 b.J) R
RT 15 Mo , s N @ 200 wfd oD ‘
100 Yes  Sodimbenzoske,30 % 100
180 Yos  Sodiumbenzose,03 % >k
114 M Sodium aitrits, 0.1 | 08
1% N Sodiom uitrite, 1.5 3 ‘ o0
0NN Sodium nitsits, L0 9
so® 170 Ditto 6§ 05 02 <02 02 45  0S
0 178 . & a2 02 <02 04 33 05
T Sodium nitsite, 0.064 10 12 03
0 M Ditto 10 il 32 Al 318
500 M . 10 07 2
e jT 22 Sodivm nitite, 1.0 ¢ i@ oD wi® afad)
s jr 12 Ditto 8 00X} wif®  oa® o @ 0B
sde) jT 22 . ¢ oot apdd)  ooy® og® 24680
S0 g 2 . 6 oo i o5 wifd  as®h g5
we) jgT 102 . ¢ gl @ 068 o™ o5
o 1 Yes  Sodium itrite, 0.03 * 15h)
[ LT Yes  Sodium nitrite, 3.0 % v
20 No  Nene ') 2 2
) e No  Sodium Benzodle, L5 '] 04 10
o) s No  Sodium nitrite, 0.1 » (] 0.3
20 %™ g8 Mo Sodiombenzoste,lS 1M 02 03
Sodiwa nirite, 0.1 ,
00 ™ g4 No  Sodkm benzoste, LS ] 0.05(m) 0.1 031300 1 beonze
Sodium nitrite, 0.1 (12%4. 8.
o® o™ a5 Ko Sofimbenzae, 15 M Ol (1 o @ 015 0)
Sodium nitrite, 0.1
WY RT W1 N Sodivmbemzoats, 1S " nif® o)
Sodium nilrite, 0.1 .
W AT 81 No  Sodiumbdenzeate, 1S 1 Nifi! 0}
Sodium nitrite, 0.1
s AT RS N0 Sodiedeazcals, S0 B e sa® m wifd® nif8) AL aad BALLISHI2CH IFe-l. i g
Sodivm aitrite, 0.3
2 1™ &S Mo Sodium bearoste, S0 B s oo w ade® KD AL sad SALLIS-L20H-IFe AL 1N
Sodivm niite, 0.) .
(8) Gaivemized steel. () 1-1/2°4ia o, 100 Al-Za ciad disk rotated al 4700 fv/min.
(b} Tep water. Mol (iow rate ia suto radistor J00-400 t/min
(¢) Top waiw comtsinmg 2 ¢/ NaC! and | 3/) NaySO, {1} Wtarmittont hooting, spproxinately § ir/dey, § dayr/wh.
(4) Coopled 1o slunmum. {(m) 1 phes agitation,

(e) Couplad to steei.
(1) Coupled to brass.
{g) Coupled to coppey.
) Pittieg.

(i) Coupled to soldwr.
(1) Cowpied to cast ikom.

() Avic ot truch service tests 2300 miles, bost covpons re-
placed aransiats, corrosion listed as mils penstyetion.

{8) Corrosion incranse 23 pi rose from § o 11,

(p) On steel.

() Lond plate containing 20 percent tin on steel.

{t) Soow cerrosion.
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Sodium benzoate slightly increases the Triethanolamine Phosphate /Sodium
attack of galvanised steel at 20 F, the same way Mercaptobensothiazole System :
as the borax inhibitor {%) Under highwvelocity con- 5
dmons sodium benzoate is marginal and 3odmm Triethanolamine phosphate (TEAP) is k
nll-i accelera.tes attack of alummum obtained by adding about 2 parts of triethanolamine

(TEA) to 1 part phosphoric acid (H3PO ). TEAP

For effective inhibition of the steel and cast inhibits the corrosion of many metals but pro-
iron in engine cooling aystems, a combination of motes the corrosion of copper, (14,17) TEAP
1.5 percent sodium benzoate, 0,1 percent sodium stabilizes the copper ions formed so that they can
nitrite is used, (13,14,32,38,39] However, this diffuse through the glycol water system mixture
protection is conferred on cast iron only if the to deposit on steel or aluminum surfaces. This
solution is first heated, (13,38) Complete pro- deposit causes corrosion of both metals and
tection of the system is obtained for room- pitting of aluminum. It has been shown that
temperature exposure as well as engme-—cooling copper is not de oaxted on aluminum in a pure
system temperature if the concentrations are glycol syutem Thie effect of copper deposi-
raised to 5 percent sodium benzoate and 0, 3 per- tion would also be expected with other light
cent sodium nitrite, Less glycol is then needed metals such as magnesium (for corrosion data,
since the benzoate is about as effective as ’glycol see Table 8).
in lowering the freezing point of water,
Corrosion of aluminum was found to increaae TEAP, by itself, is not a very effective
slightly as the pH of the solution rose fyom 8 to inhibitor for cast iron, copper, aluminum,
11, Thus, complete protection of al‘ inum may or magnesium,

not be obtained with this inhibitor.
Sodium mercaptobenzothiazole (MBT)
It has been suggested that the 1,5-, 1 inhibitor inhibits copper and its alloys by the precipitation
causes deterioration of neoprene rubber, (32) of a chocolate-brown copper compound on the

TABLE 8. TRIETHANOLAMINE PHOSPHATE, SODIUM MERCAPTOBENZOTHIAZOLR-INHIITED
ETHYLENE GLYCOL CORROSION

Cotrosion, mils pet year
Glycol, Tomp, Stalaless
[ F pH Aergtion Inhibitor, % Releonce Copper  Brass Steel CastFe Soidw Al Tia Cd Py Stesl Mg N N T I Othar
¥t o HPO, L0 TEA woL 22 WK ol 0 g6 g
{about 2.1) to make 3
TEAP at pH 7 (aboul I
k)] !
W  RT 7 Ko TEAPLD v L4 3 i
¥ ORT 1 N TEARLO v u 10 :
N U6 10 N HPODIS TEAOE B ' r N and 03A-SCo- 43 220 comting " 13 toenze |
® ™ Piastone antifreeze 12 o« (Mg-6A-0.2) i
(possibly TEAP type) ‘
w ™ Presione « NaF 0,1 i o) a2
% Al Ait Corps Prestons 1 60 (g 25154200 208
(TEAP type)
W8 1 98 Yo Sodum mercaplo- 6§ <02 M 02 LA 05 <08
banzothiazele
o™ iy TS S Nl <83
M 95 Ya  MBTLO (N I X <
W RT 9 M MBTIO "R LT LY o
W™ R eS wm wBTIO 6 nirf® 0 cu‘" 0¥ wW g gD
W' RT3 me wATIY 6 MY g u{" ot A
o™ RT 9% No  WATLO 9 nth n.ﬁ" T4 no"" widi® u('-')
oM RT 9% me  wETIO ¢ niD N wk) e
DG 1D N HPO0N TEARL RN \u 00 Sese s Mt (XD) sbene 004 bnaze
10.041
B m PO L TEAmZL W M o LU TN LAY
T2
. 23 -DALIS TER L6 W8TOD  ® <081 (SSMTE, BEHTE)
() Tog water, (%) Tap walee contining 2971 H3CI nd | /1 oy X0,
(3) intormitiont hestingerd v doy, S doyn'wenk, {1} Conpied o swnumm, ;
(<) On copper, {}) Couwpled Io beasy, :
{® On Qeed, {4} Coupled to capper. i
(0) Lond plate contuining 2 puoenl bn o8 steel, (1) Pitting, i
(1) Cowpiod 1o sieel. (w) Cowpled to so'der, :

() W galvamc sccrieraion whan Covpled to Shonl, (%) Coupled o cast 1ron,
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surface, (4) It is an effective inhibitor of capper,
brass, steel, solder, and aluminum, and a fair
inhibitor for cast iron, However, its eifective-
ness on steel and cast iron is seriously reduced
in very high chloride and sulfate water (2g/1
NaCl, 1g/1 Na;50 9. (6)

In galvanic tests at room temperature,
MBT caused severe pitting of aluminum when

~ coupled to copper, brass, stezl, and cast iron,

MBT is not very soluble in cold water and
sometimes precipitates on container walls. It
redissolves readily in hot water, Its upper
limit of solubility in 30 4percent glycol is sug-
gested as 0, 1 percent, (41)

" With the combination inhibitor, TEAP
and MBT, the corrosion of copper and its alloys
ie inhibited and the corrosion of aluminum,
lead, and iron in contact with it is much re-
duced. (14,32,41) Of the metals tested, alumi-
tum, brass, aluminum brass, leaded brass,
copper, solder, nickel, chromium, and stainless
steel, only nickel was adversely affected, (41

Soluble Qil

Soluble oil has frequently been suggested
as a corrosion inhibitor by itself(32) with
buffers(36) and with borax, (4) However , there
are many types of soluble oils which may behave

differently in various systams, Many soluble
oils which are excellent metallic frroﬂu :
inhibitors swell rubber severely. <)

One soluble oil was found to be a poor
corrosion inhibitor and caused pitting of alumi~
num, (32,33} Another was found to inhibit steel,
brass, co’pper, aluminum, and cast iron it not

solder. (6} At room temperature, severe pitting
of aluminum occurred when coupled tc copper,
brass, steel, cast iron, and solder'™ (see

Table 9 for corrosion data),

However, in high-valocity tests with
aluminum, a soluble oil was found to be quite
effecti\r?aedcept in high-chloride and high-alkaline
waters, When a buffer was added to the soluble
oil, an extremely effective inhibitor was obtained,

Chromate Inhibitor

Chromates have long been used as effective
inhibitors for water in diesel and other engines, (42)
However, considerable supervision is sometimes
required to maintain the concentration at safe
levels, For aluminum protection, concentrations
of 0,1 percent are recommended, With heavy metal
ions such as copper present, concentrations (43)
of 10 times that may be required for protection,
For magnesium in chloride water, a concentra-
tion of 10 percent of the chloride content is re-
quired for protection.

TABLE 9. SOLUBLE OIL-INHIBITED ETHYLENE GLYCOL CORROSION

Corrosion, mils per yeat
Glycol, Temp, Staiolest A
1) F  pH  Aeration Inhibiter, % Refwence Copper Bcass  Steel CastFe Solder Al Tin O PO Sieel Mg Wi Ag Ti Zn Ot
M B0 N *Duomus 0%, solbesil 5 ny ? W AL RIAHICH-Si-220 casting 0 tyonzs
W 10 83 Yes  Sohakoil, 1.0 02 0y <2 24 05 <05
o 18 ves Ditte § @2 03 <2 %4 07 <0S
569 RY 03 Mo Solblecil 10 ¢ a0 oo ald (XA
7 LB Y S E ™ Ditte S O D R Y LY
o R a3y M . ¢ ol aoX) ga® af® g 0N
Y CUNE | B T T . s oo ool o aod i b
o BT W e . ¢ oX® oW MU ALY
a0 Yo Soble il an tisodium phosohate, 10 % ) )
o9 e ) Ditto 3 l.ﬁ“
g e Yrs  Solble o, 0625 » M‘n
- AT Yes  Sofible orl and TSP, 30 % ot
w6 ve Soldleod, L0 % gﬁ“
s Yo Dito % ,
W oM on Ye . % W
o) i Yo Scltiecll, 1.0, etter® 08 » z-)"‘,’
7w Yos Dite % un‘m
10 Yo . » nf
Wl 10 6 va  Soksieal, 10, eited®™ 04 % u‘::
we Yu Dite % LA‘)
@ oW on v . 3 ™
(3) Yrotemark Shail-ds snd B.P. U, (N} Coupled 10 Copper.
O) Severs yRling, (1) Coupled to cast wom.
(¢) Top water. (1) Cowpled te solder.

(0 To wots pivs 2 51 Rl and | /) WayS0,.
(2) Coupled 16 shuminem.

) Cowpind 10 shoel,

{g) Cowled o boms.

(1) Sow X bt #4700 wm,
(m) S8 of 280 KN,PO, ~ 4% 2W NaOK

() 117" No, 100 Al-2n ciod dhrh stageant oad totried ot 390 R/mn.

e et ————




Chromatas have also been suggested for use
as glycol solution corrosion inhibitors. It had
been reported, however, that chromate could not
be used with glycol because of oxidation of the
glycol by the chromate and resultant sludge
formation, {6) Qualitative tests have shown that
the rate of reaction is dependent on heat, pH,
and the catalysing effect of light, The reaction
rate increases with a temperature increase, a
decrease in pH, or the presence of light. The
trivalent chromium compound is soluble in
solutions having a pH above 8 and increasingly
insoluble below 8. With light, a glycol solution
containing chromates changes from a yellow,
"safe' color to green or "unsafe" color, (44)

In tests conducted in light,“» 12,36)
inhibitive effects of chromates are shown in short-
term tests. Potassium chromate is satisfactory
for copper, brass, solder, cast iron, and steel,
and fair with aluminum, It is only fair for steel
and cast iron when in contact with copper and
brass, Some pitting also occurs on aluminum
coupled to other matals, Test results are
summarized in Table 10,

In velocity tests conducted on aluminum,
sodium dichromate was found to be an effective
inhibitor in water, but only fair in glycol. (36)

In automotive road tests, protection was
maintained with sodium chromate, but analysis of

12 ' ,
chromate after 8 months (5. 4 ppm) indicated that:
regular additions are required for adsquite pros:’
tection, i,e,, a concentration of 500 ppm or moee .
The author states that chromates are not recoth-
mended for use unless thoroughly tested. (44)

Miscellaneous Inhibitors

Various cther chemicals have been examined
as inhibitors for glycol. At room tempersture,
sodium acetate was found to slightly accelerate
and sodium carbonate -Mhtly reduce the corro-
sion of galvanised steel'’’ (see Table 11 for
corrosion results),

Potassium sulfide has been listed in
British Patent 381,088 as a possible inhibitor for
magnesium in glycol, The weight loss was re-
duced from 19,6 grams per square meter to
nil(43) {other suggested inhibitors are shown in
Table 12).

In tests of inhibitors for commercial
dehumidification towera, various chemicals as
listed in Table 11 have been found effective in
reducing vapor-phase corrosion of steel,

In high-velocity tests, disodium phosphate
and sodium silicate were found to be effective
inhibitors for aluminum, Sodium silicate,
however, caused excessive foaming, and phos-
pbates can precipitate sludge when hard water is
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TABLE 11. MISCELLANEOUS RUHIBITORS FOR ETHYLENE SLYCOL
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(0) 1-1/24ia. No, 100 Al-Zn clad disk rotated at the foliowing velacities: static, 390 aad 4700 {t/mia,

() Same % (0) cacopt 470G M/min only.
used, Thus, neither is very applicable for auto-
motive coolant inhibitors.,

TABLE 12. MISCELLANEOUS INHIBITORS FOR
ETHYLENE GLYCOL(45)

Metal Inhibitor Ref,
Aluminum Sodium tungstate or 46
molybdate
Aluminum Alkali borates or 47
phosphates
Aluminum Sodium nitrate, 0,01~ 48

1.0%
Aluminum Sodium cinnamate 49

2% + sodium tetra«
silicate 0, 1% + phos«
phoric acid to pH 9,5

Brass, copper, Alkali borates and 50
steel phosphates

Cadmium-plated Sodium fluorophosphate, 51
steel 1%

Galvanized iron, Trisodium phosphate, 51
steel 0. 025%

Magne sium Alkaline metal sulfides 43

Salts such as calcium bicarbonate and
sodium silicate inhibit corrosion but may form
deposits which can impair heat transfer,

Depletion of Corrosion Inhibitors

Corrosion inhibitors loose their effective~
ness as their concentration is lowered and they
become depleted in an automobile cooling system,
Under normal driving conditions, commercial
inhibitors may retain their effectiveness for a
year or more, However, inhibitors are more
rapidly depleted under conditions such as when:

(1) the cooling system was initially
rusty,

{2) high-apeed engine operation is used,
or

{3} excessive aeration of the coolant
occurs,

In modern pressurised ¢ oling systems, the
latter is not likely to occur unlees the coolant
level is maintained too low,

One of the best overall inhibitor systems
appears to be the U, S, Military system of borax,
MBT, and phosphate, Measurements of pH and
reserve alkalinity show good protaction after
2000 houre of continuous operation at 180 F in
simulated service tests using 50 percent glycol/
distilled water, In ficld tests with 30 percent
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glycol/distilled water in two 5-ton trucks, ade-

quate protection was maintained for 6 weeks , when
the tests were discontinued. With two 1960
automobdiles and the same solution , satisfactory
performance was observed after 15 months'
operation and mileage of 24,000 to 34 ,000

miles, (37) Note that in hard water, the phosphate
may be depleted due to sludge precipitation,

In aircraft-engine coolant tests with TEAP/
MBT, effective operation was maintained for 8
to 16 months before the MBT concentration fell
from 0.09 to 0,01 percent, In automotive service,
12 months was regarded as a conservative life
although no phosphate could be detected and the
MBT was just a trace. (41) In later field tests,
the phosphate and MBT content had fallen to a
tenth to a third of the original copcexztration in
2 months or 4000 to 5000 miles. (4,16} gome rust
was also detected in diesel and gasoline engine
trucks after 4000 to 8000 miles even though the
PH values did not necessarily drop, These re-
sults suggest that pH is not as good measure of
the corrosiveness of the glycol, The results
suggest that the solution iz corrosive when the
acid content exceeds the base content, even
though the pH may still be neutral. (4)

The effectiveness of 1,5 sodium benzoate
and 0. 1 sodium nitrite has been shown in auto-
mobile tests in new and rutted engines, In
several tasts of 2500 miles, the inhibitors were
found to keep corrosion of cast iron, steel, cop-
per, brass, and solders at low levels, and to
minimize entrained rust in the solution, The pH
values changed from about 8 to 9 or 10, In the
high-pH solutions, corrosion of aluminum was
observed (see Table 7),

In simulated service teats, the concentra~
tion of sodium nitrité dropped to about a tenth
of initial concentration and the sodinm bensoate
stayed about the same after 800 hours, The pH
changed from slightly above 7 to slightly helow, (32}

In similar simulated service tests, with 0.54
percent borax, the pH began to drop after 500
hours and reached 7.5 at 1000 hours, Protection
was still maintained, however., Acidic compoende
formed after about 500 hours and once the buffer=
ing action of borax was neutralized, excessive
corrosion would be expected, {32)

The soluble oil used in these simulated
service tests was not effective, and corrosion was
noted after 700 hours, (32

In 8-month automotive tests, the sodium
chromate content was reduced from 2000 to
5.4 ppm. The pH rose during the same period
from 8,3 to 10,5. Where chromate was added
continuously from a filter, a "safe" lavel of 451
ppm was maintained at a pH of 8. 8, (44)

Reasonable service might be expected for
the military borax-base inhibitor of over a year
or over 20,000 miles with distilled water, up to i
12 months or 4000 to 5000 miles for TEAP/MBT, *
over 2500 miles or 1000 hours of service for ‘
benzoate /nitrite, The service life for a given
soluble oil must be determined individually,
The service life of a single addition of chromate
might be 8 months, depending on the initial con-
centration,
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TEST PROCEDURES USED IN ETHYLENE
GLYCOL STUDIES

The test procedures used to obtain the
data presented are mainly of three types: (1)
laboratory glassware tests, (2) laboratory
simulated service conditions, and (3) service
conditions, A description of all three follows,

Laboratory Tests in Glassware

Most of the corrosion data which are pre~
sented were obtained from controlled laboratory
tests in glassware, The moat reproducible
results are obtained by this method, although
they are not necessarily indicative of actual
service conditions, Many of the variables found
in service conditions can be controlled in the
laboratory tests, Such variables are concentra~
tion, temperature, pH, aeration, impurities,
metals in system, galvanic coupling, velocity,
and heat transfer,

The simplest and most straightforward
test is that in which the solution is made up using
distilled water, placed in glassware, and heated
to temperature, The specimen is cleaned and
weighed and placed on test {(only one alloy to a
conta.mer) for a specified time, usually from 2
days{17) up to 1 to 4 weeks, 5)° (See References
5, 10, 11, 12, 17, 18, 19, and 44.)

A slight variation from the above test is
when air is bubbled into the solution to saturate
it in oxygen, as described in Reference 9, As
expected, the corrosion rates in an aerated
system are higher than in nonaerated,

A more sophisticated appantuo(" used
individual specimeas exposed 48 to 96 hours,
The flask had inlets through which gas and liquid
were metered, and the solution was thus either
aerated or nonaerated and could be continuously
renewed by adding new solution, The results
presented in the tables are for the most corro-
sive condition, i,e., aeration combined with
solution renewal,

Another test mothod used a technique
similar to that of service conditions, in that all
metals and alloys were placed in the same con-
tainer, although not in contact. Thus, any inter-
action of ions under service zonditions should
also occur in the test, The tests were aerated
and run for 192 hours, (8,34,35,37)

In other test procedures, tap water, either
that of the locale or synthetic, was uud to o tg
the effect of impurities in the test, a,6 ,13-15 36,38
The chloride, sulfate, ard carbonate ions were
most often used in synthetic tap water, Chloride
contents from 15 to 2000 ppm, and sulfate to

A S YA s

APPENDIX A

1000 ppm were used, Hardness of tap waters
ranged from 100 to over 30¢ ppm, Chloride
content of the tap waters n.ngsd from 10 to over

‘S0 ppin.

Reference 1 used tap water in 3 simple
flask with aeration,

Reference 6 used tap water and a high
chloride and sulfate synthetic water, The speci-
mens were individually rotated vertically at 100
rpm in the solution for 14 days at the test tem-
perature, For galvanic couple tests, the couple
and individual specimens of the two were placed
in one containsr under static conditions at room
temperature.

For high-velocity testu,“ss“’ al-1/2-
inch-diameter disk of Alclad material (No, 100,
Al-Zn clad) was rotated in an open beaker in a
horizontal plane, Considerable aeration probably
occurred, The author stated that most of the
corrosion occurred on the top side of the disk,
starting at the edges, the point »f maximum
velocity,

References 13, 14, and 38 used tap water
with 320-ppm hardness. In preliminary experi-
ments, specimens were ex;xoud individually in a
nmple tube for 28 days. (13,38} Other experiments
used intermittent heating for periods of 8 to 9
hours with cooling overright and on weekends to
simulate actual operation. Al alloys were exposed
in the same beaker, and a stirrer was used to
wmaintain agitation. These specimens were ex-
posed 1Z to 135 days, Corrosion rates ware
based on total exposure time,

In room-temperature tests with stagnant tap
water, roldered joints and galvanic couples were
exposed 3 and 5 years, respectively,

Laboratory-Simulated Service Conditions

Laboratory devices to simulate engine
cooling systems usually contair a circulating
pump, a reservoir to simulate the engine block,
and possibly a amall radiator, The system ia
often enclosed, but sometimes has means to per-
mit some aeratioa of the coolaxt,

The apparatus used in Reference 6 coneisted
of a cast-iron block heated by strip heaters, s
small radiator, and an electric motor-driven
pump. A fan was used on the radiator and the
coolant flow was regulated by a thermostat, Inter-
mittent heating was usad to simulate service.
Synthetic tap water was employed. However, only
qualitative data were obtained {rom this system,
since weighed test specimene were not included.

References 34, 35, and 37 used a cast-iron
or aluminum block and an alurninum or brase




radiator. A circulating pump, probably of cast
iron, was used in 3 closed system, Weighed rods
were inserted into the radiator to obtain corrosion
data, Several alloys were exposed in the same
system, Tesis were run with either distilled or
synthetic tap water for periods of 2000 hr,

Another system was designed to obtain
heat-transfer data. This systsm consisted of a
plastic pump, a cast-iron bleck, a coolant
reservoir, a heating leg, and a neoprene specimen
section, The specimens were short tubes through
which the coolant flowed, Heat transfer was ob-
tained by heating the specimens externally, Two
degrees of aeration were obtained by placing the
coolant discharge tube either above the surface
of the water or beneath it, Only maximum aera-
tion corrosion rates are reported, since minimum
aeration (2 ppm O;) data should not be compared
with conditions of no aeration, Distilled and
deionized water was used. Heat-transfer studies
with cast iron were run for 100 hours. {16) Other
studies with multiple allo¥s in the same system
were run for 1000 hours, (32,33

Other types of laboratory equipment to
simulate service are discuassed in Reference 1,

A2

although no quantitative dats are given, These
tests consisted of actual test engines runon a
dynamometer. Such tests are usurlly reserved to
prove cut systams developed in simpler and less
expensive laboratory tosts,

Service Tests

In service tests, formulations which ap-
peared attractive in laboratory tasts were used
in automcbiles and trucks actually in service,
The results were usually in the form of satisfac-
tory or unsatisfactory service and length of time
used, The pH, acid content, and mskeup water
were ﬁe%orsq’e% (’)l a function of mileage and
time, 172270y Where possible, the amount of
inhibitor was measured as in Reference 4.

Some quantitative results were obtained by
inserting specimens in the engine of the test
vehicles in place of the thermostat. @
the actual temperature of the coolant was variable
because of the removal of the thermostat and was
not recorded, Also, the leangth of exposure in
hours was not recorded. The tests lasted about
2500 miles,

However,
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