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RUST INHIBITION OF CHLORIDE SALTS
USED IN ICE CONTROL OR DUST PALLIATION

:

In recent years the increased use of sodimm chloride (rock salt} and
calcium chloride on highways for lce control and dust palliation has drawn
congiderable comment from motorists, a great majority of whom seem to be
of the opinion thatl these chloride salts are the chief cause of the corro-
alon of automobile fenders and bodies, Thé Research Laboratory gave the
problem of corrosion control some attention as eariy as the summer of 1945
in connection with a study of concrete scaling due to the use of chilorides,
and again in 1847 during an investigation of brines employed for dust
palliationo‘ In March, 1948 the present study was undertaken with the
definite objects of determining the extent to which fhese salts affect

corrosion and investigating the feasibility of decreasing corrosion by add-

P

ing certain inhibiting chemicals to the salts. The study has been confined

to the corrosioch ﬁf bare mild steel of the type used for aufomobile bodies,
and the resulits do not necessarily apply to plated or coated surfaces.
This report is intended to acquaint those concerned with the nature
and scope of the investigation and to disclose the more imporiantrani sig-
nificant results so far obtainea;in the following phases of the works
(1) Laboratory study of the relative corrosive effects of chloride
Jsolutiens and distilled water, at various concentrations,
temperatures, and amounts of aeration; |
(2) Laboratory study of inhibitors, congisting of a preliminafy
| study of some sevenieen chemical compounds from whichrmany
were eliminated, and a detailed study of several of the most
.promising one€s;

(B) Tield tests, to compare corrosion under fenders of cars in
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cities using inhibitors in ice~control galt with that in cities
using untreated salt;

(4) The toxicity of the chemicals under consideration;. and

(5) Approximation of the cost of using inhibitors.

Pnages (1), (4), and (5) have been completed., In phase (2) the
search for a suitable inhibitor has narrowed down to an investigation of
two types of compound: chromates and glassy phosphates. The present
testing program includes the phosphate~type commercial compounds Banox
and Nalco 818C, ana a pretreated rock salt to which potassium dichromate
has been édded by the Hardy Salt Company. These tests are designed
to determine both the minimum concentration of inhibitor in the solution
to give guod protection from corrogion, and the quantity of such a solu-
tion required to establish a protective inhibitor coating on a given area
of gteel surfacs.

In the third phese, two gets of field tests were performed during

the past winter and spring. The field tests consisted essentially of

determining the rate and extent of corrosion of steel test panels fasten-

ed under the fenders of cars in two cities, one of which used inhibitor-
treated galt for winter maintenance while the other used untreate& salt.
Additional field tests of & similar nature are planned for the forth-
coming winter,

The work completed to date indicates that dilute chloride solutions"
are glightly more corrosive to body stesl than pure distilled water at the

same temperature, but that distilled water at summer temperatures causes

.more rapid corrosion than the chloride solutions at winter temperatures.

The chromate and phosphate inhibitors have shown beneficials effects in

laboratory tests and additional.tests are being carried out, but the sum
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total of information gained so far does not conclusively justify the use
of inhibitors in salts used for highway maintenance.

The Mechanism of Corrogion

The mechanism by which common corrosion takes place is electrolytic
in nature and is very similar to the reaction in a galvanic cell., A piece
of metal may have,mény positive and negative areas, due to internal sireeses,
heterogeneity, ruptures in a protective coating, conc¢entration gradients
in an adjacent solutlon, and perhaps other factors. When corrosion takes
place, metal dissolves at the positive area (anode) and corrosion products
are deposited on the negative area {cathode). Some metals, such as alum-
inum, chromium, and stainless steel, form & dense, impenetrable, adherent
film of corrosion products with the first corrosion, and this film there-
after stops or retards further corrosion. The corrosion products of iron
and steél do not have such protective characteristics. However, it is

possible to retard the corrosion of iron and steel by the use of certain

chemicals that form a protective film over either the anodic or cathodic -
i, 2 '

areas——or both--thereby inhibiting corrosion. '

Laboratory Test Procedurss

Laboratqry studies have consisted of exposing cleaned, weighed plates
of automobile body steel (19 gauge, SAE 1008}, measuring 2-by é inches, to
the particular corrosive conditions being investigated. Corrosion was
svaluated at.weekly intervals by scrubbing all corrogion products from the
plates, drying them, and weighing them to determine the loss in welght.

Tegbs were carried out in triplicate and the arithmetic mean of the results

1 X . ' .
F. N, Bpeller, Corrosion Causes and Prevention, New York, McGraw-hill

Book' Co., (1935).
i, H. Uhlig, Corrosion Handbook, New York, John Wiley & Sons, Inc. (1948).
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g reported, Results are expressed throughout in units of milligrams per

% square decimeter for amount of corrosion; and milligrams per square deci-
neter per day for rate of corrosion.

é Most of the tests weré carried out as illustrated in Figure I, with

! the bare steel plate suspended by a glass hook in 300 milliliters of a

solution that was continuously aerated and agitated by a stream of washed

| compressed air. Thié procedure was deviated from in two cases: a series
of stagnant bath tests,.wherein the solutions were boiled to remove dis-
solved gases and placed in sealed jars to limit the oxygen supply; and a
series of alternate immersion tests wherein the plates were sﬁbjected to

a daily cycle of 16 hours of immersion (without air bubbling), 2 hours of

air exposure, 4 hours of immersion, and 2 hours of air exposure. The

alternate immersion method was used to check the work of a prominent manu-

facturer of inhibitors (Celgon, Inc., of Pittsburgh, Pa.).
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Relative Corrosive Effects of Chloride Solutions and Distilled Water
Fipgure LI shows thé effect of concentration of godium chloride and
calcium chloride‘on corrosion rate, both at room temperature (75i 59 F.)
and refrigerated {35% 1° P.), with and without aeration. In bthe serated
tesbs it is noted thét the corrogion rate in all cases is maximum at a
concentraﬁion between 0 and 5 per éent by weight. It is also noted that
distilled water at 75° F. caused more rapid corrosion than did any con-
centration of sodium or cglcium chloride at 35° F. At any glven concen-—

tration of either salt, corrosion was more rapid at 75° F. than at 35° F.

- In the studies where air was excluded, all cases show a maximum corrosion

" rate ‘'at sero or very dilute concentrations. The highest rate of corro-

sioh obgerved in these stagnant solutions was only 13 mg./dm.zfday; in
in contrast to a high of 110 mg./dm.%?/day in the aerated solutions.
There appears to be no significant difference in the corrosive

effects of sodium chloride and calcium chloride. -However, it must be

" noted that calcium chloride is a deliquescent salt, that is, it tends to

take on moisture from the atmosphere, while sodium chloride does noto'
Tﬁus calcium ehloride in mud under fenders will keep the mud from drying,
and increase fender corrosion by keeping theé fender wet after sgplashing.

Photogr&pﬁs of typical test plates.at the end of a fourteen-day test
period are shown in Figure III. The decrease in corrosive effects due to
lower temﬁeratures and to the exclugion of air is evident.

Concentration of éalt‘on Highways -

Samples of slush and gutter drainage, collected several hours after
salt application and analyzed, ranged in salt content from 0.24 to 1.52 per
cent, by weight. Additionsl samples will be collected under various

conditions during the forthecoming winter.
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Laboratory Study of Inhibitors

In & preliminary study of inhibitors, numeroug chemicals were tried
in aerated solutions, using & calcium chloride-megnesium chloride brine?
such &8 is used for dust palliation, diluted so that the total chloride
‘salts comprized 5 per cent of the solution, by wéighto {In present tests
more dilute solutionsg are being used, in order to approach more nearly.
the conditions actually f0una on highways). These tests resulted in the
elimination of the foilowing inorganic compounds: godium tetraboraie,
godium silicate, sodium nitrite, chrome alum, and chromic acid. Prior
Lo their elimination, the above compounds were tested in conjunction with
‘the following orgenic additives: mercaptobenzothiazole, formaldehyde,
sodium salycilate, sodium benzoéate, and hydroguinone. Selected as being
worthy of further investigation were: 'éodium chromate, sodium dichromate,
and various élassy phoSph&t?Se

Now in progress or planned for the immediate future are detailed
gtudies of three inhibitors being offered by vendors specifically for use
on highwajs; Banox (a proprietary preduct manufactured by Caigon, Inc.,

Pittsburgh, Pa,, consisting of sodium hexametaphosphate and certain

calcium compounds said to be helpful in fiim formation, developen initially

as a stéelmtreating process); Nalco 818~C (manufactured by the Nutional
Aluminate Corporation, Chicago, Illinois,Aconsiating of a polyphosphate
compound and several nitrites and nitrates that are séid to he beneficial,
developed for highway use); and a pre-treated rock salt to which potassium
dichromate has been added by the Hardy Salt Co., Manisiee, Michigan.
(Chromate and dithomate saltg of both sodium and poﬁassiu@ all behave
similarly as inhibitors, and are commonly used in brines for réfrigeration

and air conditioning systems).



Figure IV shows graphically the‘amount of corrosion ag a function of
time over a four-week period for several inhibitors in 5 per cent calcium
chloride and 5 per cent rock salt solutions aeraled at room bemperabure.
These indicate that the addition of 0.5 part of sodium chromate or a 90:10
mizture of sodium chromate and hydroguilnone to 100 parits of calcium chloride
or addition of 1 part of sodium chromate, sodium dichromate or Calgon
(sodium hexametaphosphate) to 100 parts of rock salt, held corrosion down
to less than & per cent of that in untreated brines. Addition of 1 part
of Calgon or Banox o 100 parts of calcium chloride or 1 part of Banox
to 100 parts of rock galt lowered the amount of corrosion slightly, but
in no case held it below 50 per cent of the corrosion in untreaited brines.

Figure V gimilarly shows the fgsults of alternate immersion tesgts
of three proprietary phosphates in & per cent calcium chloride and rock

galt brines abt room temperature. Added to the extent of 1 part inhibi-

. 1
"tor per 100 parts of calcium chloride, these inhibitors resulted in only

a very slight decrease in corrosion. Oimilar quantities of inhibitor in

-the rock salt brine made a better showing, in the best case holding

corrosion down to about 15 per‘cent of that in untreated brine.

Although studies of different inhibitor quantities are not yet com-
plete, it is evident from Figures IV and V that addition of one part of
certain inhibitors per 100 parts'of salt is not'sufficieﬁt 1o give good
inhibition in 5 per cent brines. For the more dilute.brinés actually
found én highways, & considerably higher ratio of inhibitor-to-salt may
be necessary to form a solution with an iﬂhibitor concentration high
enough to establish a protective fiim.

P

A factor worthy of consideration is the fact that anodic inhibitors
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—-into which category both the chromates and the phosphates fall--when

present in insgufficient quantities, are known to cause pitting rather

than overall corrosionogf 4 Although it takes place over a smaller area
and does not cause as great a loss in welght, pitting corrosion constitutes
an intengive attack on a small area, and can corrode completely thfough a
steal sheet in a‘relatively short time. This pitfing is illustrated in .
Figure VI, a photograph of plates after the fouf£h week of exposure to a

2 per cent calcium chloride solutioﬁ containing 3 and 4 parts, by weight,
of sodium chromate per 100 parts calcium chloride.

Current laboratory studies include investigation of corrosion rates

in sodium and calcium chloride solutions of concentrationg ranpging from

0 to 4 per cent salt, by weight. To each brine concentration Banox or
Nalco 818-C has been added in various fatxos ranging from 0.25 to 4 parts
of inhibitor per 100 p%;ts of malt. Tests are also being made usiné
Hardy.Salt Co.'s dichromate-containing salt in solutions contalning from

0 to 4 per cent of the mixture.

| -Since the formation of & protective inhibitor film depends upon the
presence and avallability of a finite amount of inhibltor per unit of
metallic surface area, 1t 1g desirsble to establish the quantity, as well
as the concentration, of inhibitor-containing solutions required to provide
protection to a glven metallic area. This aspect has apparently been over-
locked by the manufacturers and vandora of inhibltors to date, and may
explain the failure of the field tests discusmed below to borrelate highly

with laborstory studles. The actuel determination of the amount of inhibitor

3
H. H, Uhlig, op. clt.

4 Evans and Hoar, "The Passlvity of Metals, Part VII, The Specific Function
of Chromates,” Journsl Chem., Soc,, London, 2478 £f. {(1982).
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adscrbed on A éteel surface presentg certain technical difticulties, and

m&ay not be possible; National Aluminate Corp. stutes that it hag béer unable
to devise a satisfactory method. However, the Research Laboratory is now
developing a procedure which may give valid results.. The possibility that
iruibitors might be withdrawn from solution by adsorption onto the road
surface or onto goil particles will also be investigated if suitable methods
can be developed.

Field Studies

During a 83-day test period from Januwary 31 to April 4, 1949 small
bare steel plates were installed under the fenders of city police cars in
Langing, Saginaw, and Detroit by Calgon, Inc., with the counsel and assist-
ance of the Highway Depariment, to compare corrosion in Lansing, where
Calgon's "Banox" wae being added to réck salt, with that in Saginaw and
Detroit, where no inhibitors were being ﬁsedn The Detroit cars were,
regrettably, on reserve status and were not in regular daily use as were
thoge in Lansing and Saginaw; hence Detroit date are being completely

disregarded. Lansing had intended to add 1 per cent Banox (the minimum

- recommended by Calgon, Inc.) to rock salt for 17 miles of selected streets,

and only 0.5 per ceant to salt for an additional 63 miles., However, during
the season Lansing used 8,235 pounds of Banox and 944.5 tons of rock salt
on these streets for an overail average of only 0.46 pound of Banox per
100 pounds of salt, indicating that some of this salt had little or no
Banox in it. The results of these tests are presented in Table I with
other pertinent data. Weight loss datae on winter tests were provided by
Calgon, Inc., and are not to be construed as being certified by the

Michigan State Highway.Department.

In an effort to determine how much of the difference in corrosion rates

-9 -
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al Lansing and at Saginaw might be atiributed to factors other than the use
of éanox, the Research Laboratory instglled plates on Lansiﬂg and Saginéw
police cars for a 42-day period from April 14 to May 27, 1949, During this
period, there were no salt or inhibitor applications in either city. The

repults of these tests are also shown in Tane I.

TABLE I
Winter Tests Spring Tests
by _Calgon, inc. by M. 8. H.D,
Lansing Saginaw Lansing Saginaw
Average weight loss, grms. 1.5920 2.01.30 0.7269 0.8250
Area of plates, dm.? - . 1.20 1,20 1.20 1,20
Duration of test, days 63 63 42 42%
Aversge corrosion rate, -+ 20,7 2832 14.4 16.4
mg/dm.2/day ' o i _ o
Average mlleage of cars 12979, 8016, 7141, 7015,
Total precipitation, as water, ~  5.11 4,92 4,17 3,6%
in. : . .
Mean temperature, °F. - 31.0 29,3 58.8 53.8
Salt applied, tons/mile 10,53 .85 o - 0
Type salt coverage Full Intersections
Coverage Only

# Tests discontinued after 42 days because Lansing cars were being
turned in for new ones,

i

Photomicrographs (Figure VII) of pitted areas of representative plafas
from both tesfs show less pitting of thelLansing plates from the winter test
than of Saginaw winter plates or the spring‘ﬁlates from either cityn‘ This
observation implies that fhe inhibitor had beneficial effects. But on the
other hand, the microdcopic appearance of the plateé from the spring test,
after only 42 days of exposure compared to 63 days for the winter plates,
indicates that considerable damege may be done to fenders in warmer}veather,

even with no salt on the roads. This indication substantiates the every-day

- 10 -
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obgervation of corrosion of automobile doors, side panels, and trunks caused
by rain or dew which can neither be blamed on salt nor controlled by treat-

ing the gpalt.

Comparlson of Laboratory and Field Tests

The resulﬁs of laboratory tests indicate that corrogion in dilute salt'
solutions is oﬁly slightly more rapid than in pure water at the same femp-
erature, and that in either éase, it is more rapid at higher temperatureso
The field tesis, however, do not agree with the laboratory resulﬁs in
these‘respectsu

In Lansing, the corrosiqnh;ate in the spring tests was only 70 per
cent of what it was in the winfer tests; in Saginaw, only 653 ﬁer cent.
Laboratory studies would prediet a higher rate in the spring than in the
winter, However, consideration of the Saginaw tests as valid 1eadé to
the conclusién that not more then half of the annual corrosion takes

place during the_fGUr or five months when salt is used. -The laboratory

‘resultes imply that even less damage occurs during the cold season, regard-

less of salt application.

- In the gpring tests the corrosion rate in Langing was only 88 per cent
of what it was in Saginaw, despite the fact thst Lansing had & higher
mean temperature and mérs precipitation. This difference,‘however; is
perhaps not large enough to be statistically significant, gince the
welght loss figures are the averaée of only 12 plates in each ciﬁy; and_
the losses of indiviéual plates deviafe from the mean value as much ag
681 per cent.

The fact that winter corrosion in Langing wag only 79 per cent of that

in Saginaw may be significent, but this figure hardly compares with the

degree of inhibition obtained in the laboratory, where corrosion was held

- 1} -
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to less than 5 per cent.
Several reasons can be advanced as to why the results of the field
tegts and laboratory tests do not agree. Caleclum chloride and magnesium

chloride might have been pregent as impurities in the rock salt. Although

"these salts have not ralsed corrosion rates much over that of pure water

in the laboratory tegts, if they were pfesent in mud wmder a fender they
would, by their deliquescent nature, tend to remain damp and keep the
fender wet for a longer period of time after splashing, thereby leading
to more corrogsion. Roughening of the surface by pitting presents a larg-
er surface for corrosion as the test\continuesl and might cause a long
test to show a higher overall corrosion rate fhaﬁ‘a short test. It is
possible that in wérmer weather more oil, bituminous material, etc.,
were. splashed on the test plates,.affording them a cerﬁain smount of
protection from moisture. The frequenby and thoroughness of car washings
are obther variables over which no control was exerted.
Toxdcity

Both sodium chromate and éodium dichromate are toxic when t;ken inter-
nally, a leéthal doée of tﬁé.dithomate being about 15 grams, according to
McNalLVQB External skin cogtact with either bf. them frequently results in'
thé‘farmation of "chrome-holeg"--deep, difficult-to~heal ulcers charac-
teristic of chromate poisoning. Continued breathing df chromate and di-
chromate dust sometimes causes nasal ulcers and, occasionaliyy conplete

8, 7 ;
perforation of the nasal septum. ’ The many cases of chromate injuries

> §. D, McNally, Toxicology, Chicago, Industrial Medicine, (1937).

6 A, Hemilton, Industrial Poisons in the Unifed States, New York,‘MacMillan

Co. (1925).

,“? F. J, Wampler, The Principles and Practice of Industrial Medicine,

Baltimore, Williamg and Wilkins Co., (1943).
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on record are, however, those of workers in industries using large quantities
of chromates, It is difficult to predict whether or not the use of chromateg
to form very dilute solutions upon application to streets and highways would
congtltute a hazard to the health of persons applying ithe salt-chromate mix-
ture, service‘station attendants,.chiidren playing in gutters and drains,
small animals, étco

There appear to be no such hazards involved in the use of phosphates.a

The Michigan State Stream Control Commission has expressed the opinilon
that neither chromates nor phosphates, applied in amounts of one or two per

cent of the salt applications, would cause appreciable stream pollution—-

even in urban arsas—-because of the gfeat dilution.

Approximate Cost of Inhibitors

A£ currently quoted pricaé, the minimum cost of inhibitérs is of the
order of $280 per ton, delivered in ecarloads, or slightly over $3%00 per ton
in lesser quantities, due to differences in both prices and freight rates.
A% $280 per ton, the addition of 1 per cent of inhibitor would cogt $2.80
per ton of salt used, exclusive of any-costs of handling, storage, and
mixing. During the last three years the Highway Department has used an
average of 33,070 tons of sodiwm and calcium chloride each year on the
state trunk line system. The annual cdst of adding even 1 per cent inhibi-

tor to guch an amount of salt would be $109,596u

Other Investigationsg

The following quotation i1s from a paper "Corrosion Problems of the
Automotlve Bngineer," presented at the June 5-10, 1949, meeting of the

Society of Automotive Engineers at French Lick, Indiana, by F. L. LéQue
and E. J. Hergenrcoether, beth of the Development and Research Division of

the International Nickel Company, Inc.:

8 F.J. Wampler, op. cit.
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"Theré hes been conglderable discﬁssion of the possibly adverse effects
on corrosion of the sodiﬁm or caleium chloride sprinkled on roads to melt
ice or lay dust. There geems to be little question that chlorides can
agegravate corrosion - at the same time, one should not reach the conclusion
that chlorides encountered from this source are the most important factor
in the detgrioration of automobiles or that in the localities-where'they
are usged corrosion of cars would cease if the use of thé salts were £o be
discentinueda

"Phe technical background is, to say the least, confusing. For example, '
when a series of sodium chlorlde solutions varying from pure water to con-
centrated brine are used for a conventional salt spray test, the greatest
corrosion of bare steel occurs with a very small percentage of chloride
and the pure water 1is ﬁore corrosive than all concentrations beyond about
1l.or 2% sodium chloride., The explanation is based on the fact that the
solubility of oxygen in sodium chloride solutions decreaseg as thf chloriée
concentrati@n increases and the lack of oxygen in the more concentrated
solutions more than compensates fof the corrosion aggravating effect of
the chloride ion.

"This observation helps explain why steel specimens exposed to atmos~
pheric corrosion without contact with brine were corroded twice asg much as
duplicate. specimens attached under a test car driven over a sali-treated
road and garagéd in' a humid atmosphere. Also, field surveys have shown
almost as much corrosion of cars in areaé where salt treatments of roads
are never employed as in regions where they are used regularly,. Further-
more, surfaces located where they are shielded from salt splashed from the
;oad have been found to suffer as much damage as those freely exposed to

such splash.

- 14 -



"Apparently the humidity of the atmosphere where a car is kept or
parked is a more important féctor then salt treatment of roads in deter-
mining tge extent of corrosion-of automobile underbodies. In this con-
nechblon, however, it is important to note that salt that may adhere to -
the car will have an indirect adverse effect through keeping the metal
molst as a result of the hygroscdpic properties of the salts - calcium
chloride being worse than sodium chloride inlthis respect. This means,
in effect, that corrosion will cccur at a lower relative humidity'when
there 1s salt on the metal than when salt is absent.

"Efforts are heing mad; to relieve the situation re possible corro-
sive effects of salts used for road treatment by the addition to the
gsalts of corrosion inhibitoré,'and especially polyphosphates and c;hromateso
The car users’can hq;p themselves most by keeping or parkiqg theilr carg
where they will have ja chance to dry quickly and by Washiné them often
enough to get rid of‘gccre%ions which may accelerate corrosion.

"In summary, it geems reasonable to conclude that the danger of .
accelerated corrosion from the use of salts for road treatment - and
expeciallﬁrif the salbts contain inhibitors - is not great enough to
recommend the diséonfinuance of these treatments which are‘SQ valuable
“in preventing accidents on lcy réads and in increasing the comfort of
travel on dusty ones." | |

LaQue and Hergenroether als§ suggest designing cars so that wafm air
from under the hood is directed by vanes and channels to undercar surfaces
to hagten drying, and comient on the possibility of adding very slight
‘amounts of copper or nickel, or both, to body steel to éive a greater

corrogion resistance,
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The National Aluminate Corporatién has announced results of a field
2
test, claiming a corrosion rate of 22 mg./dm. /day for panels nounted

under cars in Rochester, New York where thelr product, "Nalco 818-C", wag

“added to ice~control salt, compared with rates of 34, %4, and 37 mgn/dmez/éay

in three other un-named citles using no inhibitors, (Nalcq 818~C has only
recently been introduced; and will be tesled by this laboratory in the
ﬁear future.)

Summary

{1) In continuously aerated solutions, maximum corrosion occurred at
concentrations of between O and 5 per cent by weight, for both sodium and
calcium chloride solutions, at either 75° or 35° F. The maximum corrosion
rate in solutioﬁs of either of these salts was only slightly higher than
in distilled water at the same temperature,

At any concentration of sodium or calcium chloride, corrosion was
fogter at 75° F, than at 35° F. Corroslon in distilled water at 75° F,
wasg faster‘than in an& concentration of either salt at 35° F.

There wags no significant difference in corrosion rates in sodium
and calcium chloride solutions, 5ut it must be noted that calcium chloride,
by virtue of its deliquescent tendency, would retérd drying under fenders
and accordingly lengthen the time during which the corrosion takes placeo‘

(2)“5When air was excluded, both sodium and calcium oﬁloride showed
maximum corroslon rates at zero orlvery dilute concentrations, at both
759 F, and 35° F. Corrosion rates were much lower than in aerated
solutions.

(3) The salt content of slush and gutter drainage samples ranged
from 0.24 to 1.52 per cent by weight.

(4) Under laboratory conditions it was possible to hold the corrosion
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rate of body steel down to about 5 per cent of that in uninhibited brines
by the addition of certain phosphates and chromates to chloride solutions.
In brines containing 5 per cent, by weight, of sodiﬁm or calcium chloride,
addition of 1 part inhibitor per 100 parts salt was in some cases suffi-
cient to give good inhibition, in some cases notb. xn the more dilute

salt solutions encountered on highways, it is doubtful if this 1 paxt

inhibitor per 100 parts salt {the ratio recommended by both Calgon, Inc.

and National Aluminate Corp. for their respective inhibitors) would be

adequate. More complete studies are in progress to determine required

inhibitor concentrations and quantities.

In some cases, deep pitiing might cause damage altogether out of
proportionﬂto the overall cogrosion rate evidenced by losg in welght.

(5) In the field tests, corrosion occurred more rapidly in both
cities during the winter moaths than in the spring months. This relation-
ship apparently conflicts with the results of laborstory tests as to the
effect of temperature. The corrosion rate in the city using Banox, a
phogphate inhibitor, was 79 per cent of that in a simultaneous test in
the city using no inhibitor, *

(8) The field tests indicate that not more than half the annuel auto-
mobile body corrosion. takes place during the four or five months that salt
is used on highways. Laboratory tests indicate that even less than half
is to be expected during those cold moﬁths, gince corrosion lsg more répid
at higher_ﬁemperaturego | |

(74 The use of chromate inhibitors may be questionable from the
standpoint of public health. The extent of any danger resulting from the
concentrations contemplated has not been established as yet.

o

(8) The cost of adding'inhibitors is at leaét $2.80 perrton of salt
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for each 1 per cent of inhibitor added.. If only 1 per cent were to be used,
the annual ébét to tﬁf Highway Department would be of the order of $109,000.
(based on average total salt cansumptionifor the past three years).

{(9) Vehicle operators can probably reduce corrosion damage consider-
ably by keeping the underside of their vehicles clean. Automobile manufac-
turers can help by design improvements so that a smaller area gets splashed
and ro that the underéide dries more rapldly, and posgibly by the use of

improved steels,

CSonclusion

Until such time &g it may be conclusively demonstrated that the
corrosion of automobile bodies_aﬁd fenders taking place during the period
in which chloride salts are appiiEd to highways can be inhibhited to such
an extent that the total annual corrosion is appreciably reduced, a
cogtly large-scale progrlam of adding inhibitors to those salts used by

the Department on the state trunk line system does not seem to be justified,
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