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Abstract. The purpose of this investigation is to assess the corrosive impact of de-icing salts and product “Safecote” on
metals by performing immersion and spraying experiments. Metallic elements such as metallic bridges, road signs, and
cars, situated near the road, are exposed to salts used for road maintenance in winter seasons. The salts, used to de-ice the
road surface, can cause metal corrosion. NaCl, CaCl,, also mixture of NaCl and CaCl, are most commonly used salts in
Lithuania. Ions of chloride are the main agents which increase corrosion rate and the metal mass loss. This harmful effect
could be mitigated by replacing the salts with organic de-icers, for instance, product “Safecote” based on molasses, which
is a by-product of sugar production. The research of mass loss of metals and metal alloys was carried out with the help of
two methods — immersion and spraying. In the first case tested metals were dipped into the solutions of NaCl, CaCl,,
NaCl:CaCl, and NaCl:Safecote, in the other — metals were sprayed with solutions of above mentioned metals. Results of
the experimental research showed that CaCl, has the highest effect on metal corrosion. This solution caused mass loss of
galvanized steel 301.71+4.2 mg, and carbon steel — 52.27+1.7 mg by immersion method. What is more, aluminium
1.37+0.13 mg, galvanized steel 51.79+0.9 mg, stainless steel 2.11+0.2 mg, and carbon steel 266.58+2.5 mg lost their mass
by spraying method. The results of the experiment showed that salts, used for road maintenance in winter seasons, should
be mixed with “Safecote”, which mitigates corrosion of metals and minimizes their mass loss.
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1. Introduction

Road maintenance is connected with road safety, espe-
cially in winter time which lasts almost 5 months in
Lithuania (Oskinis, Kasperovi¢ius 2005). Snowy and ice
covered roads have the lowest coefficient of grip between
tires and pavement, that cause an increased risk of car
accidents on roads (Zilionien¢, Laurinavi¢ius 2007). Ac-
cording to Ratkeviciité et al. (2007), the number of road
accidents in Lithuania increased by 64% from 1995 till
2005. Winter road maintenance substances have been
used to mitigate the slipperiness of road pavement. Al-
most 100 thousand tons of salts are sprayed on the road to
de-ice road pavement every year in Lithuania (Rimkus
1999). NaCl, CaCl,, and its mixture (NaCl:CaCl,) are the
main types of salts (chlorides) to de-ice the roads
(Kazlauskieng¢, Baltrénas 2004; Storpirstyté et al. 2004).
Road salts (NaCl, CaCl,, and NaCl:CaCl,) have
been used very extensively because the price of these
chemical substances is rather low and the appliance is
quite easy. Chlorides have great ice melting properties,
for instance, NaCl which melts ice from —10 °C, but the
capability of this substance to melt ice decreases at a
lower temperature. When the temperature is lower than —
4 °C the capability decreases about 30%, then NaCl is
mixed with CaCl, and the range of ice melting is ex-
panded (Mangold 2000; Kasperovicius, Oskinis 2004).

The negative impacts of salt usage have become ap-
parent over the past several decades. Salts negatively
effect roadside vegetation, soil, water quality, vehicles
and infrastructure. According to Zaveckyté and Séupakas
(2005), salts destroy physiologic properties of the plant
by slowing photosynthesis, processes of water potential
and evaporation. Increased sodium and chloride levels in
soils bring osmotic imbalances in plants which inhibit
water absorption and reduce root growth. Salt also blocks
the uptake of plant nutrients and inhibits long-term
growth (Baltrénas et al. 2006; Kazlauskiené, Baltrénas
2007). Haél and Siirje (2006) carried out an investigation
which showed that salts increase concentration of Zn in
soil. Use of NaCl inhibits some soil bacteria at concentra-
tions as low as 90 mg//, which ultimately compromises
soil structure and thereby inhibits erosion control (Jelise-
jevs, Urbanovichs 2007; Poszyler-Adamska, Czerniak
2007).

Salts also have an impact on man made structures,
for instance, bridges, pavements, sidewalks, road signs.
Mangold (2000) explains that annual nationwide damage
to road infrastructure caused by highway de-icing ranges
from $40-$90 per ton of applied salt. According to Zaki
Ahmad (2006) the corrosion cost is estimated to be 4—5%
of the GNP in UK, 5258 trillion yen per year in Japan,
and USA has spent about 120 $ for maintenance of aging
and deteriorated infrastructures. Over the years, serious
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salt damages have occurred to multi-level parking ga-
rages and bridges due to the road salt penetration into
concrete and rusting of reinforcements (Mangold 2000).
According to the Transportation Research Board Report,
de-icing salts alone result in annual repair/maintenance
costs estimated from $50 to $200 million for bridge decks
in the USA (Smith, Virmani 2000; Sagues 2001).

Moreover, corrosion process itself affects the envi-
ronment toxically by releasing heavy metals (Belghazi et
al. 2002) on the soil or into water resources and contami-
nating them. Contamination of soil and water resources
can cause bigger problems, especially when the metals
get into food chain. Through food chain metals can move
to plants, animals, and also human body by causing vari-
ous damages. Wallinder er al. (2001) estimated that zinc
based materials have the zinc runoff rate from 0.07 to
3.5 g/m” per year. Copper runoff varied between 1.1 and
1.4 g/m? in urban areas during the first year and between
1.4 and 1.7 g/m’ after the second year (Wallinder and
Leygraf2001).

Nowadays scientists are seeking to mitigate salts’
(chlorides) negative effect on environment by replacing
them with less harmful substances such as organic de-icers.
Product ,,Safecote, based on molasses which is a by-
product of sugar production, is one of the alternatives to
minimize the damage on vehicles and infrastructure as
well. This product should be mixed with NaCl or CaCl,
brines or solutions. This material cannot be used alone.
The mixing rate depends on the country and used salts’
type, for instance 9:1 ratio (NaCl solution:Safecote) is
suggested to apply in Lithuania. By this ratio the average
freezing point is —19.1 °C. The usage of “Safecote” with
salts reduces application rates of salts from 30% to 50%
(Burtwell and Wilson 2004). “Safecote” is a biodegradable
organic substance and the main risk by using this material
is increased BOD and COD in water sources near the road-
side. What is more, it contains appreciable amount of vari-
ous heavy metals and may have phosphorus. The product
“Safecote” is called an inhibitor of corrosion, thus the
compound of NaCl and “Safecote” used in Lithuania has
about 40% lower corrosive effect compared with the corro-
sion caused just NaCl (Wilson et al. 2002).

The purpose of the experimental research was to as-
sess the corrosive impact of de-icing salts and product
“Safecote” on metals by performing immersion and
spraying experiments.

2. Methodology of experiment

The experimental research was carried out in a chemical
laboratory of the Environmental Protection Department
of Vilnius Gediminas Technical University (VGTU).
Duration of the experiment was 100 days. This time-
frame was chosen because Lithuania has winter season
which lasts for three months (that is roughly about 100
days). Experimental research was carried out under nor-
mal laboratory conditions (19-20 °C temperature with
38-40% relative humidity).

The following devices were used for the experiment:
electronic weight “KERN-770” (which range of measure-
ment is 0-210 g and accuracy 0,00001 g), pH-gauge “pH

538 (which range of measurement is —2—16 pH and accu-
racy 0,01 pH), 100+0,1 and 500+0,25 ml measurement
flasks to prepare solutions for experimental research.

Four different concentration solutions- (NaCl (p.a.),
CaCl, (p.a.), NaCl:CaCl, and NaCl:Safecote), were cho-
sen for the scientific test because those substances were
actually used for winter road maintenance in Lithuania.
All substances, except “Safecote”, were mixed with de-
ionized water to prepare solution for the experimental
research. Technical salt (NaCl), used in brine media, was
also applied as solution. Sodium chloride (NaCl) was
mixed with de-ionized water to prepare 23% concentra-
tion of NaCl solution which had 7.6 pH. When tempera-
ture of environment increases to —4°C, it is
recommended to mix NaCl with CaCl, in mixing ratio
7.3:1, which is the solution of 8.0 pH. CaCl, solution
with 8.5 pH is rarely used as de-icer but this opportunity
is possible in order to keep road free of snow and ice.
Concentration of calcium chloride (CaCl,) solution was
30%. The last substance is “Safecote” which is a new de-
icer in Lithuania so actually it hasn’t been used on the
roads and this product is on experimental stage in Lithua-
nia. As it was presented, “Safecote” is an organic product
from sugar production which is also called molasses.
“Safecote” has good anti-corrosion characteristics, it
prevents melting snow from freezing into ice, causes no
harm to the environment and has binding of particles
properties. For the experiment “Safecote” was mixed
with NaCl solution in ratio 9:1 (NaCl:Safecote) where
900 ml of 23% NaCl solution was mixed with 100 ml of
pure “Safecote”. This mixing ratio is recommended to
apply in Lithuania due to dominating weather conditions.
The solution, presented in Table 1, was used for the ex-
perimental research and had 5.6 pH chemical composi-
tion of metals (wt, %).

Four types of metals such as carbon steel
(S235JRG2), stainless steel (No. 1.4541), aluminium
(ENAWS5754H22) and galvanized steel (DX51D) were
used for this investigation. All these metals are being used
for production of road metallic elements such as bridges,
crash barrier, road signs, and some parts of car body.

Table 1. Chemical composition of experimental metals (wt, %)

Compo- Carbon |Stainless | Alumi- | Galvanized

sition steel steel nium steel

C 0.12 0.08 - 0.25
Si 0.02 0.75 0.15 -
Mn 0.42 2.00 0.23 -

S 0.14 0.015 - 0.04

P 0.09 0.045 - 0.10
Cr - 18.00 0.05 -
Ni - 10.00 - -
Cu - - 0.02 -
Al 0.06 - 95.92 -
Mg - - 3.30 -
Ti - 0.70 0.02 -

Fe 99.15 68.41 0.29 99.61
Zn - - 0.02 -




238

Immersion and spraying means were the two types
of methods performed during the experimental research.
Each metal was immersed into each solution as it is
shown in Fig. 1A during the investigation period in the
first experimental method. Second method was called
spraying because each metal was sprayed with different
solution every week during the experiment time
(Fig. 1B). About 5 ml of experimental solution on metal
surface were sprayed each time.

" 3
B
A Sprayer with
experimental
solution
«| Experimental
solution | Experimental
metal
Metal
specimen
t Metal holder

Fig. 1. Laboratory experiments. A — Immersion method;
B — Spraying method

Every metal samples were cut into the size of
55%x30 mm for the experimental research. Each metal had
a different thickness, for instance, aluminium — 1 mm,
galvanized steel — 1.5 mm, stainless steel — 4 mm, and
carbon steel — 5 mm. The samples were mechanically
polished with 400, 500 and 600 emery papers and lubri-
cated by using de-ionized water before exposure. The
polished samples were cleaned with acetone, washed by
using de-ionized water (Rosliza er al. 2008; Cho et al.
2008) and then dried. Metals were weighted for the origi-
nal weight (m,), then immersed and sprayed with test
solutions for 100 days after cleaning.

Corrosion rate may be expressed by calculating mass
loss of metal (Vargel 2004; Glass and Buenfeld 2000).
Mass loss (M;) due to corrosion initiated by winter road
maintenance substances, was evaluated by the following
formula (Rosliza et al. 2008):

M, =m,-m,, )

where: M; — mass loss of metal, mg; m, — the weight
before experiment, mg; m, — the final weight after ex-
periment, mg.

The corroded specimen were immersed into aqua
fortis (HNO;) for 2-3 minutes to eliminate corrosion
products. Eventually, the metals were washed with de-
ionized water, dried, and weighted in order to get the
final weight ().

Each metal was weighted 5 times in order to avoid
inaccuracy. From that data an average value and confi-
dence interval were calculated.

3. Results and discussion

“Corrosion” and “oxidation” are the terms of electro-
chemical reaction which occurs as corrosion of metals
that is slow, although progress as rapid deterioration of
metal properties under the influence of the aggressive
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surrounding environments such as temperature, relative
humidity, pH and chlorides.

Intensive studies of aluminium corrosion were
started by Richards in 1930s (Christian 2004). Alumin-
ium is always covered by its natural oxide layer (Al,O3)
so it is a very stable metal, especially in oxidised media
(air, water). Corrosion pits of aluminium are always
white pustules (AI(OH)3), but they are not so intensive.
The overall reaction of pitting corrosion on aluminium is

2A1+3H,0+2 0, — 2AI(OH); . (1)

The experimental research (Fig. 2) showed that
NaCl and CaCl, solutions induce 0.61+£0.09 mg and
0.58 £0.04 mg mass losses respectively by immersing
aluminium into those solutions. By immersing the ex-
perimental metal into NaCl and CaCl, mixed solution
metal loss was 0.33+£0.05 mg. The minimal mass loss was
due to the influence of mixed solution of sodium chloride
and product “Safecote” which caused 0.16+0,04 mg of
mass loss. According to Vargel Christian (2004) alumin-
ium resistance to corrosion depends on the pH of solution
into which it is immersed. The poorest resistance is in the
highly basic media. Solutions of NaCl, CaCl,, and
NaCl:CaCl, have basic pH which varies from 7.6 to 8.5.
Consequently, the mass loss is the highest in those solu-
tions as well. NaCl:Safecote solutions have 5.6 pH (light
acidic) and the mass loss is minimal.

The investigation results of spray method about
mass change of aluminium are presented in Fig. 3. CaCl,
solution made the highest impact to this metal mass loss
(1.37+0.13 mg). Solution of NaCl and CaCl, made
0.89+0.08 mg mass loss and NaCl solution entailed
0.74£0.07 mg mass loss. The same as in immersion
method NaCl:Safecote solution made 5 times and 2.5
times lower mass loss compared to CaCl, and NaCl re-
spectively that was 0.27+0.05 mg mass loss in spraying
method. Aluminium mass loss is quite low that is deter-
mined by the natural oxide layer which forms when metal
alloy reacts with oxygen.

Galvanized steel corrosion by immersion method af-
ter 100 days of the experiment (Fig. 4) showed that gal-
vanized steel mass loss varied from 50.83+3.08 mg to
301.7144.2 mg. The maximal loss, produced by CaCl,
solution, made 6 times difference from the minimal loss
which was induced by NaCl:Safecote solution. Alumin-
ium immersed into NaCl solution lost about
129.0442.65 mg of its mass. Mixed solution of NaCl and
CaCl, induces 85.26+3.46 mg mass loss of aluminium
and it is 1.7 times more than NaCl:Safecote solution in-
duced mass loss.

The results of spraying method (Fig. 5) show that
galvanized steel is sensitive to CaCl, solution as it was in
the immersion method. By spraying CaCl, solution metal
loss is 51.79+0.9 mg. Solutions of NaCl and NaCl:CacCl,
cause 43+2.7mg mass loss of galvanized steel.
27.67+1.1 mg mass loss of galvanized steel was made of
NaCl:Safecote solution. The results show that galvanized
steel is sensitive and very soluble by using immersion test
since this metal loses the biggest amount of its mass
(301.71 mg).
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Fig. 2. Aluminium mass loss by immersion method

Fig.

3. Aluminium mass loss by spray method
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Fig. 4. Galvanized steel mass loss by immersion method

Fig. 5. Galvanized steel mass loss by spray method

Solution

| NaCl:CaCl2 @ NaCl:Safecote B NaCl E CaCl2

6 —
ey )
2.0 ST B
s 3
1.4 o el
: o [t
e
e
R
i
1.2 IR
] s
15 s
=2 e
e
1.0 £ i
: iy
IS e
i R, TR | — b
o) ETR i
s 08 i = ]
et eisiis 1.07 e
i i
i i
06 s e
. e
s
S
s
]
0.4 051 e
Solutions

| E NaCl:CaCl2 [ NaCl:Safecote NaCl B CaCl2

Fig. 6. Stainless steel mass loss by immersion method

Stainless steel is widely used in process equipment
as it is resistant to corrosion from a variety of media.
However, this metal is vulnerable to certain types of at-
tack, especially to chlorides, which cause pitting and
crevice corrosion of metal (Dobrzanski et al. 2007). Ac-
cording to L. A. Dobrzanski et al. (2007) stainless steel
resistance depends on the Chromium (Cr) content in the
metal alloy at least by 11%, because Cr is a reactive ele-
ment and it alloys passivity and exhibits excellent resis-
tance to many environments. Nickel (Ni) is also the
element which reduces risk of stress corrosion cracking

(Leinartas et al. 2002).

Fig. 7. Stainless steel mass loss by spray method

10%

Stainless steel with 18% content of chromium and
of nickel (Table 1) was used in our experimental

research. Fig. 67 presents stainless steel corrosion rate
which is determined by mass loss of experimental metal.
The variation of mass change is from 0.58 mg to 1.40 mg
in immersion method and from 0.497 mg to 2.11 mg in
spraying method.

cote

ranging

When stainless steel was immersed into NaCl:Safe-
solution (Fig. 6) the minimal mass loss occurred
0.58+0.06 mg. NaCl solution caused

0.7440.13 mg mass loss and CaCl, — 0.89+0.08 mg.
Mixed solution of sodium and calcium chlorides induced
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the maximal damage to stainless steel in the immersion
method which was 1.40+0.2 mg.

Spraying method (Fig. 7) induced higher damage to
stainless steel compared to immersion method. In this
method average mass loss of experimental metal was
1.43 mg and in immersion method — 0.9 mg. It is 1.6
times stronger effect. 2.11+£0.2 mg mass loss of stainless
steel occurred by spraying with CaCl, solution which
made the highest damage. NaCl and CaCl, solution made
1.78£0.09 mg mass change and NaCl solution —
1.33+£0.08 mg. When product “Safecote” was blended
with NaCl, the result of this solution had a lower corro-
sive impact on stainless steel (0.49+0.08 mg).

Carbon steel is the most unprotected steel from all
the tested metals and metal alloys as it does not contain
any percentage of chromium, nickel, or molybdenum,
which give resistance to corrosion of metals (Mobin
2008). As showed in Fig. 89 mass loss of this alloy dis-
tributes differently from figures presented before. Sodium
chloride solution mixed with organic de-icer “Safecote”
induced the highest damage to carbon steel in immersion
method where mass changes about 104.21 +0.12 mg per
100 days of investigation. The loss is due to the metal’s
poor resistance to lower pH (acidic medium) (Christian
2004). NaCl:Safcote solution has a 5.6 pH which is light
acidic medium. When carbon steel was immersed into
CaCl, solution this alloy lost its mass twice (52.27+
1.7 mg). NaCl:CaCl, solution induced 19.28+0.80 mg
mass loss. 16.47+0.90 mg mass change occurred when
alloy was immersed into NaCl solution. The minimal
mass loss was 6.3 times lower then maximal mass loss.

The same tendencies for tested metals and metal al-
loys occurred in spraying method as they had been regis-
tered in immersion method as well.

Spraying method (Fig. 9) had the highest mass loss
which occurred when the carbon steel was sprayed with
CaCl, solution that was 266.58+2.5 mg per 100 days
(about 9.7 g/year). NaCl solution and NaCl:CaCl, solu-
tion effected carbon steel by causing the average
112.9+£2.7 mg of mass loss. NaCl and “Safecote” solution
made 5 times lower impact on metal mass loss as CaCl,
solution (51.99+1.2 mg).

The empiric regression equation and correlation co-
efficient values were calculated in order to define statisti-
cally the mathematical reliability relation between
chloride concentration in the solution and mass loss of
metal due to corrosion induced by road maintenance sub-
stances by performing immersion and spray methods.
Linear regression equation and correlation coefficient
was calculated by given 95% probability. The linear re-
gression equation was used as follows:

Y=ax+b, @

where: ¥ — mass loss of metal, mg; x — Cl” concentration
in the solution, mg//; a and b — coefficients.

Regression equations and their correlations coeffi-
cients are presented in Table 2. These regression equa-
tions described mathematical relationship between
concentration of chloride in the solution and mass loss of
metal (or metal alloys) due to corrosion.

Table 2. Regression equation and correlation coefficients

Metal/ Method of Regression R
Metal alloy | investigation equation

Aluminum Immersion Y =8302.5x+ 11581 | 0.4
Spray Y =5984.1x + 10236 | 0.9

Galvanaized | Immersion Y =24.87x + 11544 0.9
steel Spray Y =2785x+56453 | 0.7
Stainless Immersion Y=1834.4x+ 13413 | 0.1
steel Spray Y =3456.8x+ 10128 | 0.7
Carbon steel | Immersion Y =-14.87x+ 15783 | 0.1
Spray Y =30.58x + 10907 1.0

Correlation coefficient reliability is ranged when
value of R” is up to 0.7 (when correlation between ratios
is strong). If value of R? is between 0.5 and 0.7 correla-
tion is average, but if R? is lower, 0.5 correlation is weak.
If value of R? is about 0.1, it is very weak. Relation be-
tween Y and x was calculated with the help of least
squares method.

Correlation between aluminium mass loss and chlo-
ride concentration in immersion method used solutions is
quite weak (0.4), but in spray method this correlation is
very strong (0.9). Galvanized steel mass loss has very
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Fig. 8. Carbon steel mass loss by immersion method

Fig. 9. Carbon steel mass loss by spray method
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strong correlation with chloride concentration in used solu-
tions in both methods (0.9 and 0.7 respectively). Stainless
and carbon steels during immersion method mass losses
had very weak correlation with chloride concentration of
experimental solutions (0.1), but on the contrary in spray
method mass losses of stainless and carbon steel had quite
strong correlation (0.7 and 1.0 respectively).

4. Discussion

It is worth to notice that corrosion resistance mostly de-
pends on metal type, its composition, and also impact of
the substance. According to these properties, metals could
be placed by resistance rate. By immersion method alu-
minium had the highest resistance to all solutions and
NaCl induced the biggest damage to this metal by chang-
ing mass about 0.614+0.09 mg. The mass loss of stainless
steel varied from 0.58+0.06 mg to 1.40+0.20 mg in the
immersion method. This metal alloy has quite strong
resistance to corrosion because it contains chromium,
molybdenum, and nickel metals which protect it from
rusting. Carbon steel has fairly low resistance to corro-
sion. For example, in the immersion method this experi-
mental metal loss ranged from 16.47+0.9mg to
104.21+0.12 mg of its mass. This was due to high content
of carbon and iron which is soluble in the solutions. The
worse metal alloy to use in salty solution is galvanized
steel which can lose from 50.83+3.08 mg to 301.71+
4.2 mg of its mass. This metal alloy has twice higher
amount of carbon and 0.46% more of iron comparing
with carbon steel.

Spraying method brought other metal resistant posi-
tion as immersion method where aluminium and stainless
steel had higher resistance to experimental solutions.
They lost their mass ranging from 0.38 mg to 1.74 mg.
Galvanized steel, which mass changed on an average
41.36 mg after 100 days, is in the third place according to
corrosive resistance. Carbon steel is the most sensitive to
corrosion by spraying method where the biggest loss
occurs by spraying with CaCl, solution (266.58 mg).

The average mass loss of all experimental metals by
immersion and spray methods depended on used solu-
tions. Fig. 10 illustrates corrosive properties of experi-
mental substances. The results show that CaCl, solution
had a stronger damage to all metals and metal alloys
when they were immersed into this solution. The average
mass loss was 88.86 mg per 100 days. NaCl solution
made the mean of 36.72 mg mass loss. Mixed solution of
sodium and calcium chlorides effected metals by causing
26.57 mg mass loss on average. 23.43 mg was the mean
minimal mass loss due to NaCl:Safecote solution induced
corrosion.

The mean results of spraying method are quite simi-
lar to immersion method. The tendency of solutions cor-
rosive impact on experimental metals is also the same.
The biggest corrosive effect on metal had CaCl, solution
(80.46 mg). When metals were sprayed with NaCl the
average mass loss was 42.78 mg. By spraying with
NaCl:CaCl, solution metals had 36.32 mg of the average
mass loss. NaCl:Safecote solution made the lowest corro-
sion damage to metal mass change (20.11 mg).

NaCl:CaCl2 NacCl:Safecote NaCl

CaCl2

Solutions -
Immersion O Spray

Fig. 10. Average mass loss by immersion and spray
methods after 100 days of experiment

This situation of experimental solutions could have
been the result of the usage of CaCl, which has good
water preservation properties. As it has been mentioned
above, humidity increases the corrosion rate of metals.
NaCl:Safecote solution had the lowest impact on the
tested metals and metal alloys. Due to good “Safecote”
characteristics it helped to coat the metal with anti-
corrosion layer.

5. Conclusions

1. Metals could be serialized according to their re-
sistance to corrosion by using spraying method: alumin-
ium which losses average 0.8 mg mass, stainless steel —
1.4 mg, galvanized steel — 41.4 mg, carbon steel —
136.1 mg.

2. Metals could be serialized according to their re-
sistance to corrosion by using immersion method: alu-
minium which losses average 0.42 mg mass, stainless
steel — 0.92 mg, carbon steel — 48.1 mg, galvanized
steel — 141.7 mg.

3. After the investigation of their corrosive impact
on metals, chemical substances, used for road mainte-
nance in winter season, could be placed into this order:
CaCl, solution with the highest impact, NaCl,
NaCl:CaCl,, and NaCl:Safecote solution having the best
anti-corrosive properties.

4. The most sensitive metal alloy to chloride attack
is carbon steel. The second place takes galvanized steel.
These two metal alloys have high amounts of carbon and
iron which cause low resistance. Stainless steel and alu-
minium have the highest resistance to corrosion. Stainless
steel contains 18 % of chromium and 10% of nickel
which makes this metal alloy anti-corrosive. Aluminium
has low iron amount (0.28%) and a trace of chromium
(0.05 %) which also gives resistance to this metal.

5. According to the results of performed investiga-
tion, NaCl and “Safecote” mixed solution is recom-
mended to use instead of NaCl, CaCl, and NaCl:CaCl,
mixture solutions which have toxic effects on the envi-
ronment since the “Safecote” mixture characterizes the
lowest corrosive impact on experimental metal and metal
alloys. What is more, this solution can minimize the con-
centration of released metal ions and prevent the soil and
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water resources from contamination. In addition to this, it
can prolong service time of road elements, increase safety
and lower economic costs.
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KELIU PRIEZIURAI NAUDOJAMU DRUSKU IR MELASOS (,SAFECOTE“) POVEIKIO METALU
KOROZIJAI EKSPERIMENTINIAI TYRIMAI

J. Petkuviené, D. Paliulis
Santrauka

Tyrimy tikslas — taikant jmerkimo ir purSkimo metodus jvertinti keliy priezitirai ziema naudojamy drusky ir melasos itaka
metaly korozijai. Metalinius tiltus, kelio zenklus, kitus metalinius kelio elementus bei masinas Ziema veikia kelio priezi-
arai (slydimui sumazinti) naudojamos druskos, vyksta korozija. NaCl, CaCl, bei NaCl ir CaCl, miSinys — dazniausiai Lie-
tuvoje naudojamos druskos. Chloridai yra pagrindiniai korozija sukeliantys ir metaly mas¢ maZinantys jonai. Sis
negatyvus chloridy poveikis gali biiti sumazintas pakeitus keliy priezitrai naudojamas druskas organinémis cheminemis
medZziagomis ledui tirpinti, pvz., ,,Safecote”. Tai antrinis zemés tikio produktas, gaunamas i$ cukraus pramonés atlieky,
dar vadinamas melasa.

Metaly ir jy lydiniy masés maz¢jimo tyrimas buvo atlickamas dviem btdais — imerkimo ir purS$kimo. Pirmuoju atveju
tiriamieji metalai imerkiami { NaCl, CaCl,, NaCl:CaCl, ir NaCl: ,,Safecote™ tirpalus, o antruoju atveju — metalai $iais tir-
palais purskiami. Pagal eksperimentiniy tyrimy rezultatus jrodyta, kad CaCl, tirpalas sukéle didziausig metaly korozija,
t.y. cinkuotoji skarda neteko 301,71+4,2 mg, anglinis plienas — 52,27+1,7 mg masés taikant jmerkimo metoda, o
purskimo atveju aliuminis neteko 1,37+0,13 mg, cinkuotoji skarda — 51,79+0,9 mg, neradijantis plienas — 2,11+0,2 mg, o
anglinis plienas — 266,58+2,5 mg masés. Remiantis atlikty eksperimentiniy tyrimy rezultatais sitloma su keliy priezitrai
naudojamomis druskomis naudoti ,,Safecote” tirpala, kuris sumazina metaly korozija.

Reik$miniai Zodziai: kelio priezitira, druskos, natrio chloridas, kalcio chloridas, melasa, metalai, korozija, masés neteki-
mas.

3KCHEPUMEHTAJILHOE UCCJIEJOBAHUE KOPPO3SMOHHOI'O BO3JAEMCTBHA HA METAJLIBI
COJIE 1 MEJIACCBI (“SAFECOTE”), IPUMEHSEMBIX JIJISI COIEP)KAHMA 10POT

. Matkysene, [I. Mamoauc
Peswome

Ienbto uccnenoBanus ObUIA OIIEHKA KOPPO3MOHHOTO BO3NEHCTBUS cojieil U mpoaykTa “Safecote”, MpUMEHSEMBIX IS CO-
JIepXKaHus 10por B 3MMHUI MEPUOJI, HA METAJLIBL.

Merannyeckre MOCTBI, JOPOXKHBIE 3HAaKW M APYrHe METAJIMYECKUE 3JIEMEHTHI, a TakkKe aBTOMOOWJIM MOJABEPraioTcs
BO3JICHCTBUIO COJIEH, MCHOJB3YEMbIX Ui YMEHBUICHHUSI CKOJIL3KOCTH JO0pOr B 3UMHMI ce3oH. Yame Bcero B JluTBe
ucnons3ytores comn NaCl, CaCl,, a takxe cmech NaCl u CaCl,. MoHsI XJ10pHIa SBISIOTCS OCHOBHBIMU areHTaMH, CIIO-
COOCTBYIOIIMMHU KOPPO3UH METAJIA U TIOTEPSAM UX MACCHL. DTO BPeTHOE BO3JCUCTBHE XJIOPUIOB MOXKET ObITh YMEHBIICHO
IMyTEM 3aMCHBI COHGI‘/'I, HUCTIOJIB3YEMBIX JJIs1 COACPXKAHUA JOOPOT, OPraHNYCCKUMHU BCIICCTBAMU MJIA YyIaJCHUSA JIbAa,
HampuMep, TPoayKToM “Safecote” Ha OCHOBE MENTACChl, KOTOPas ABISETCS TOOOUHBIM MPOAYKTOM MPOU3BOJICTBA caxapa.
HccnenoBanue notepu Macchl METAUIOB M MX CILIABOB OCYLIECTBISIIOCH JABYMSI METOJAaMHU — METOJOM IOrPY>KEHUS U
pacnbuieHus. B mepBoMm ciiydae uccienyemble Metanibl morpyxanuch B pactBopbl NaCl, CaCl,, NaCl: CaCl, u
NaCl:Safecote, a Bo BTOpOM — METaJUIBI TIOJIBEPTaIUCh PACTIBUICHUIO STHMH PACTBOPAMH.

Pesynprarsl akcniepuMenTa nokasanu, uro pacrBop CaCl, oka3biBaer Hamboubmmii 3p(QeKT Ha KOppo3Hio MeTauioB. B
cilydae IPUMEHEHHUSI METO0J1a TIOTPYKEHUSI TIOTEePsl MacChl U3 OIIMHKOBAaHHO# cTtanu coctaBwia 301,7144,2 mr, a Macchl 13
yraepoaucToi cramu — 52,27+1,7 mr. B ciydae mprMeHEHUS METO/a PACHbUICHHUS META/UIbI TAaKXKe JIUIIUIUCh MACCHI:
amomuanii — 1,37+0,13 mr, ormHKoBaHHas cTanb — 51,79+0,9 mr, Hepkaetomas crtans — 2,11+0,2 Mr u yraepoaucras
cramp — 266,58+2,5 mr. Pe3ynbrarel dKCrieprMeHTa TOKa3ald, YTO COJb, MCIOIB3YyEMYIO A COICp)KAHUS JOpPOT B
3UMHU IEPHO]I, ClIEIyeT CMEIINBATh C MPOAYKTOM “Safecote”, KOTOpPBIA yMEHBIIAET KOPPO3HIO METAILIOB.

KuroueBble cjioBa: coju JiIst COACPpXKaHUA OpOT, XJIOpUJ HATpuWd, XJIOpUA KajlblOWsd, MEJIacca, METalJIbl, KOPPO3us,
IMOoTeps1 MaCChl.
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