CORROSION AND THE PROTECTION OF THE ENVIRONMENT*

K. Schwabe UDC 620,197

The author discusses data on the emission of biologically hazardous and corrosion-
active substances (S02, dusts containing heavy metals, etc.) into the environment,
Tt is emphasized that the cost of preventing emission should be compared with the
economies similarly obtained in a number of fields — reduction in losses due to
illness, loss of timber and crops, and damage to metallic and nonmetallic materials,
in particular those obtained from scarce and nonrenewable raw materials.

In the industrially developed countries, the losses due to corrosion and the costs of pro-
tection against it constitute up to 3.5% of the gross national product [1], The effective-
ness of the increased applicationof up-to-date methods of protection from corrosion has great-
1y reduced the rising emission of aggressive gases and effluents. For this reason, since the
start of the current century the loss of steel due to corrosion has been reduced to a roughly
constant -level of about 30% of the annual output [2]. In most industrially developed states
the proportion of atmospheric corrosion in the total corrosion losses is at least 80% [3].

Atmospheric corrosion, which is largely due to the relative humidity of the air (>60%),
is increased by the presence of acid gases and dust 1f the latter contains metals or has

strong reducing properties.

Increased atmospheric corrosion is due to the emission of the same gases which are harm-
ful to men, animals, and plants. Prevention of the emission of such gases will lead not only
to preservation of the living world, reduction of losses due to illness, losses of crops,etc.,
but also to reduction in the loss of metal.

Therefore, in economic investigations the cost of prevention of emission must be compared
with the ecohomy achieved in all these fields. We may add that the metal lost by corrosion is
an irreplaceable raw material, the reserves of which cannot be regarded as inexhaustible, In
this connection we must note the value of secondary raw material (unit mass of utilized scrap
metal replaces 1.3 units of mass of primary raw material [4]), In the industrially developed
countries the distribution of emission of gases, smoke, and dust between different branches
of industry is approximately reflected by the data in [5]: thermal electric power stations,
58%; nonferrous metallurgy, 22%; ferrous metallurgy, 16%; other branches (chemicals etc.),
4% .

Of course, these averaged data do not at all represent the local emission in the neighbor-
hoods of the various industries. On theother hand, we must not underestimate the emission from
dwelling houses. In large towns with large numbers of houses with heating staves, in the win- .
ter the emission of sulfur dioxide from the houses may be greater than that from industrial
premises,

The composition of the emissions can be estimated on the basis of approximate data far
the Federal German Republic (1969) [6] in millions of tons per year: carbon manoxide 8; sul-
fur dioxide 4; nitrogen oxides 2; hydrocarbons 2; dust 4.

From the viewpoint of corrosion of metals, the most dangerous of these are sulfur dioxide
and oxides of nitrogen, and also dust, especially 1f it contains noble metal impurities such

as copper, mercury, etc., or sulfides and other substances acting as strong reducing agents,
There are also other harmful substances — waste from chemical and related industries, such as
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hydrogen sulfide (from synthetic fiber production), hydrogen fluoride (from aluminum and
fluorspar processing), hydrogen chloride (from the production of potash fertilizers and other
products such as polyvinyl chloride), chlorine (from plants for electrolysis of alkali metal
chlorides), etc. [7]. In general, such substances are only of local importance in the neigh-
borhoods of the corresponding industries and in the plants themselves. However, owing to the
very high aggressiveness of these wastes, e.g., chlorine and hydrogen chloride or fluoride,
their corrosive action in these zones is very strong and costly protective measures must be
taken.

On the other hand, the harmful and in particular corrosive action of sulfur dioxide is
spread out over wide territories of the industrially developed countries, since most of its
emission is due to burning of fossil fuels. Therefore the dangerous SO, concentration (0.15
mg/m® for prolonged exposure) is never interrupted except in purely agricultural localities.

The annual world emission of SO, is 140-150 million tons, corresponding to over 70 mil-
lion tons of sulfur. Over 93% of this belongs to the northern hemisphere of the earth [5].
The annual consumption of sulfur (for producing sulfuric acid and other sulfur compounds) is
scarcely half of this amount. When sulfur-containing fuels such as coal and gas are used to
produce energy, 80-90% of the emission is associated with their combustion [8]. In the German
Democratic Republic the annual emission of sulfur dioxide is 5-6 million toms [9]; much of
the S0, (about 5%) is oxidized to sulfuric acid, which is very toxic and corrosive. In southern
Scandinavia the amount of sulfuric acid separating from the precipitation is about 1 g/m?eyr;
sometimes 0.1-0.2 g of H,S0, per square meter separates from a single snow or rain shower
[10], However, the sulfur dioxide itself causes marked damage. Of course, the SO, content of
the air varies over a wide range according to the sources of the emission; e.g., in industri-
al regions with large towns it reaches over 1 mg/m3 and sometimes over 2 mg/ms, but in terri-
tories with low population density, it is only about 1% of this value [11].

Owing to the global scale of S0, emission, its dangerous consequences have been studied
very closely. Before turning to the corrosive action of 802 we may make a few remarks on its
biological hazard. Although people actually start to choke only when the SO, content of the
air reaches 15mg/m® (100 times the concentration permitted for long-term exposure), in large
towns and industrial regions even a concentration of over 1 mg/ms, if exposure is prolonged
and is combined with dust and other factors, can lead to bronchitis; it is estimated that in
the USA about two billion dollars are lost every year from this disease owing to reduced pro-
ductivity and absence from work through sickness. Growing crops and coniferous trees are
especially sensitive to sulfur dioxide; in this case its harmful action is felt even at con-
centrations of 0.25 mg/m®, and, for example, in the German Democratic Republic it leads to
annual losses of timber totaling 30-50 millionmarks. It isto be remembered that today timber is

becoming increasingly important as a fuel and raw material which is renewable with the aid of
solar energy.

The corrosion losses of iron and steel rise sharply at SO, contents of over 1 mg/m®, par-
ticularly when the relative air humidity is over 60%. In a rural atmosphere where the SOz
content is about 0.06 mg/m® (approximately corresponding to separation of less than 20 mg SO,
Per square meter per day at the surface), the corrosion losses do not exceed 400 g/mzoyr,
whereas in an industrial atmosphere (over 40 mg SO, per square meter per day) they exceed
700 g/m*syr [12]. As well as large steel surfaces subject to atmospheric corrosion, impor-
tance attaches to corrosion of steel structures used in electricity transmission lines. The

conductors themselves are also subjected to aggravated corrosion under the influence of SOa
[13].

According to Barton [14], the critical SO, load which can aggravate the corrosion of
steel is 6-10 g/m?eyr; for copper and zinc the value is about twice as great, However, in
Paris after the start of the use of sulfur-containing fuels it was found that the rate of
corrosion of galvanized roofs doubled. Detailed investigations revealed that hot-galvanized
surfaces in industrial centers corrode 10 times faster than in rural sites [15], The corro-
sion of aluminum is also accelerated by S0z, though not so much as for steel and zinc.

The corrosion losses due to S0, can undoubtedly be reduced by desulfurization of fuels
or by removing SO, from flue gases. At one chemical plant in the German Democratic Republic,
the use of low-sulfur natural gas reduced the S0, emission by 3500 tons/yr. At another plant
the introduction of apparatus for desulfurization of the flue gases reduced the SO, emission
by 20,000 tons/yr [16]. 1In Czechoslovakia the replacement of high-sulfur brown coal by eil
reduced the SO, emission by 16,000 tons/yr [17]. ‘
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Many methods have been developed for desulfurizing o0il and coal and for removing S0 from
flue gases; although thenecessary capital outlay is high, the cost of desulfurization increases
the cost of energy only by 0.3-0.5 East German pfennigs (0.12-0.2 kopecks) per kilowatt-hour.
Considering the various losses due to SO. and the high cost of additional corrosion protection,
from the viewpoint of the economy as a whole this increase in the cost of energy seems perfect-
ly justified.

As well as corrosion of metals, sulfur dioxide causes rapid deterioration of building ma-
terials suchas concrete, marble, and gsandstone. In Great Britain, the yearly losses due to
S0, damage, including corrosion losses, are estimated at £150,000,000. This gas causes paper
and other cellulose products to become weak and brittle.

Gaseous industrial wastes which differ in toxicity and ability to accelerate the corrosion
process include hydrogen sulfide. This compound, which is at least 100 times more toxic than
sulfur dioxide, is emitted by chemical plants producing sulfate cellulose and synthetic fibers
and by metallurgical plants in the granulation of slags. Owing to its horrible smell, on the
whole more care is taken to prevent pollution of the atmosphere by hydrogen sulfide than by
sulfur dioxide.

Hydrogen sulfide not only aggravates the corrosion of steel and promotes dangerous stress
corrosion cracking (mainly in the absence of oxygen), but is also a strong corrosion agent for
copper and silver. Formation of poorly conducting sulfide layers on surfaces of these metals
may lead to loss of electrical contact in electrical apparatus, switches, etc. The losses thus
caused in electrical and electronic plant and equipment are an order of magnitude greater than
the corrosion losses of metal. In our microelectronics age, damage to contacts by corrosion
layers is so great that there is an exponential growth in the consumption of noble metals — Au,
Pt, Rh, etc. Oxides of nitrogen are emitted by the chemical and mining industries and also by
power plants, but mainly by automobiles and trucks (in the Federal German Republic, about
2,000,000 tons/yr). They are not only biologically very dangerous (the limiting tolerable
concentration is 0.04 mg/m®), but also accelerate corrosion, mainly of nonferrous metals,
since they form nitric acid.

These harmful substances exert corrosion action not only from the gas phase but also when
dissolved in water. The corrosive action of absolutely dry gases, including that on steel, is
very slight. But at a relative humidity above 60% the metal surface becomes covered at least
by an adsorbed film of water, so that electrochemical corrosion mechanisms are realized, in

which water itself plays an important part.

Hydrogen chloride is emitted by potash fertilizer factories, chemical chlorinating plants,
and garbage incinerators in which polyvinyl chloride production wastes are burnt. As well as
raising the acidity and hence the toxicity of the water, hydrogen chloride causes strong cor-
rosion of steel and even of corrosion-resistant chromiummickel steels, because pitting cor-
rosion of steels of this type develops in hydrogen chloride solutions. We may note that lo-
calized corrosion can arise even when the chloride content is about 2 mg/liter,

The possibility of increasing corrosion hazard by certain measures to protect the environ-
ment, such as burning waste, was recently very convincingly demonstrated [1873.

On the other hand, during atmospheric corrosion a thin condensed film of moisture on steel
can absorb appreciable amounts of HC1 or NaCl, so that a high concentration of electrolyte may
be created on the metal surface even when the air contains only small amounts of these sub-
stances.

The emission of highly toxic hydrogen fluoride is only of local importance, since this
gas 1s emitted in biologically dangerous concentrations only by specialized production pro-
cesses (electrolytic production of aluminum from cryolite and processing of phosphorites or
fluorspar). However, hydrogen fluoride causes strong corrosion of metals which are very re-
sistant to the usual chemicals (acids) and to atmospheric corrosion, e.g., titanium, zirconium,
and aluminum. The annual emission of hydrogen fluoride in the Federal German Republic is es-
timated to be 200 tons. In this case also, measures to protect the environment in which a
secondary raw material is also used may accelerate corrosion on account of enhanced addition
of fluxes in processing aluminum scrap and release to the atmosphere of the combustion prod-
ucts and chloride and fluorode contaminants in the aluminum swarf [19].

All industrial plants, especially thermal power statloms, and also metallurgical works,
emit large amounts of solid wastes in the form of dust together with the gaseous waste, For



this reason the dust emission has rapidly risen since the turn of the century. The dust con-
tent of the air today is 20% higher than at the beginning of the century [20]. The rates of
sedimentation of many dusts are so slow that they are carried away from the plants to the
furthest corners of the earth, e.g., the Antarctic.

If the dust from electric power stations contains only insoluble salts such as calcium
sulfate or carbonate, its sedimentation on the surface of iron ig relatively safe. But sol-
uble salts — sodium sulfate or chloride — dissolve in the film of moisture on the surface,
increasing its electrical conductivity and thus the corrosion rate., If aggressive ions such as
chloride ions are then formed, the corrosion danger, primarily that of pltting, becomes.
marked. If thedust containscarbon orother reducing substances, it can lead to reduction of the
passivating layers on iron or chromiummnickel steels. Therefore, the metal becomes at least
locally damaged by corrosion, and its own type of pitting arises,

Deposition of dust on steel, aluminum, or zinc isg particularly dangerous if it contains
more noble metals such as copper, mercury, etc., or their compounds. In this case, in particu-
lar, on account of contact deposition of the more noble metals from the solution, contact
cells are formed on iron or aluminum articles, leading to enhanced corrosion.

As discovered in the USA, about 5000 tons of mercury are emitted every year with the light
ashes from burning coal (about half the world production of thisg metal), This is not only
dangerous to health and to nature in general, but presents a hazard of increased corrosion.
While fallout of metallic mercury (probably present in dust) is relatively harmless to humans
(it is organomercury compounds such as HgCHs which are highly toxic), on less noble metals
(Fe, Zn, Al) it forms contact cells leading to rapid corrosion,

According to Swedish data [21] it is not enough to forbid the use of fungicidés containing
mercury. Removal of mercury-containing dust, which forms highly toxic compounds in living
organisms, is necessary in the interests of conservation of the environment and of protection
from corrosion. '

Lead is another metal which is emitted into the atmosphere in huge amounts in dust (main-
ly as oxide) and greatly increases the atmospheric corrosion of iron, aluminum, and zinc. Most
of its emission is in exhaust gases from automobiles and trucks. It is added to the fuel in
the form of the antiknock agent tetraethyl lead. In the USA alone, 150,000 tons of lead are
emitted into the environment in this way, and in the Federal German Republic 30,000-40,000

exhaust system [22], and in all structures of less noble metals. It is noteworthy that the
toxicity of lead absorbed by organisms, especially children, has until recently been greatly
underestimated, and as a result we now need to reduce the permissible lead content. In Great
Britain with its heavy road traffic the lead content of the air is 0.5-10 ug/m®. However, to
avoid toxic action, especially on children, it should not exceed 0.7 ug/m® [24]. For this rea-
son there is a pressing need to replace tetraethyl lead with other antiknock agents, not least
because of the loss of irreplaceable raw materials. It is thought that world lead reserves
amount to 93,000,000 tons (1970). Up to 1970, 3.4 million tons of lead have been produced

per year; thus, at a constant rate of production the reserves will be exhausted even before
2000 A.D. [23]. '

Aggressive components in the atmosphere (and above we are far from having mentioned them
all) act particularly strongly when the air is moist, and of course this cannot be controlled
in the open air. In pPrinciple, metals can be protected from aggressive components by organic
coatings which themselves must be resistant to the atmosphere, its pollutants, and radiation.
In many countries, up to 70-85% of the iron and steel is protected from atmospheric corrosion
in this way (and also some aluminum and zinc). However, paints and varnishes give coatings
which must be renewed every few years, since they are permeable to water, leading to rusting
under the coating.

Regardless of the coating deposition technology, most of the solvents (hydrocarbons,
chlorohydrocarbons, etc.) go into the atmosphere. Owing to the short service life of the or-
ganic protective coatings, not only are large amounts of valuable solvents lost, but the en-
vironment is polluted by the highly toxic vapors, which may give rise to nervous complaints,
cancers, etc.
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Therefore, care must be taken to recover the solvents by using appropriate suction and
condensation equipment, especially in view of the increasing use of the toxic chlorobydrocar-
bons as solvents. In this field there are also considerable additional losses of products ob-
tained from mineral raw materials. In many countries these losses amount to thousands of tons
per year. Of course, recovery of bhe solvents requires heavy costs [25], especially if the
protective layers are coated on structures in the open air. Therefore, corrosion protection
by means of such coatings, which must often also be applied in 4-5 coats, is not only labor-
{ious but also dangerous to health and expensive from the viewpont of raw material reserves,
and this is often left out of consideration in economic calculations. Therefore in any case,
we must prefer a coating deposition technology not requiring solvents; such coatings are less
permeable to water and give better corrosion protection. If in any highly developed industrial
country practically only paints and varnishes are used as protective coatings, the emission of
solvent vapors will be 4-5 kg per head of the population per annum, If in technical processes
they emit to the atmosphere gases which are biologically and medicinally hazardous and which
destroy materials, one must ask whether it is necessary to alter the production technology so
as to eliminat. them. If this is impossible, one must always reduce emission to a minimum by
such technical means as absorbers, filters, etc. The necessary costs must be compared with
the biological damage, especially the health hazard, and with the losses of materials both in
the emission itself and on account of ‘corrosion due to the emitted substances. Only in this
way can we find the economically optimal solution to the protection of the environment from
air pollution.

1f in the present-day industrial atmosphere the corrosion losses are in all about 50% high-
er than in a rural atmosphere, this is naturally accompanied by a corresponding increase in
stoppages, repair work, and other losses. In the future the increase of industrialization
will increase the metal area requiring protection in the developing countries also, and since
the corrosion rate rapidly rises with the temperature and air humidity, these countries must
reckon on high corrosion losses. On the other hand, in all the industrial countries the in-
creasing role of chemical processes in the national economy will lead to increased contamina-
tion of the atmosphere by corrosion-active gases. Therefore, in addition to organic and in-
organic protective coatings, we must pay special attention to the development and adoption of
low-alloy steels which “"protect themselves" from corrosion owing to the formation of passive
layers.

In the German Democratic Republic, steels of type KTS (with small amounts of copper and
chromium) without paint are already recommended in an industrial atmosphere containing more
than 1 mg/m® of SOz as being better than ordinary structural steel [26]., However, it remains
an open question to what extent these steels will be able to retain their stability in the
face of the rising aggressiveness of the atmosphere. Therefore, we must do all we can at
least to prevent further increases in the emission of aggressive gases.

The use of high-alloy steels resistant to aggressive chemical reagents in chemical en-
gineering will not be discussed here. We shll merely remark that the position with respect
to raw materials used for the production of nickel and other alloying elements makes it ne-
cessary to use ceramic materials with the appropriate mechanical and thermal properties,

The contamination of rivers and lakes with effluent from industry, dwellings, and agri-
culture is in many cases threatening the very existence of life in the water. This threat
even exists for the world ocean, e.g., in the Baltic sea, as a result of transport of pollu-
tants by rivers, deposition of solid wastes, and the annual spillage of 5-10 million tons of
0il from tankers, marine oll rigs, etc. Far from negligible is the pollution of water due
to anticorrosion measures, viz., the deposition of galvanic coatings. The effluents from gal-
vanizing plants are a source of high toxicity and of corrosion-active compounds of heavy met-
als (Ag, Cu, Pb) and such very toxic anions as CN ™,

Serious attempts have already been made (and they must be even greater in the future) to
reduce the cyanide pollution of the environment by the use of cyanide-free electrolytes, Of
course, this is possible only on a limited scale, and we must remember that the complex form-
ers CN~, EDTA, etc. are often dangerous not on account of their own toxicity but rather be-
cause they prevent the separation of heavy metals during purification of effluent, so that
these metals get into the water. From this viewpoint, replacement of cyanide by other strong
complex formers cannot be effective [27-29). It must be remembered that even traces of salts
of noble metals, particularly Cu, Hg, and Pb, which are in any case highly toxic and accum-
ulate in plants and fish, are deposited (by cementation) on steel, zinc, or aluminum, and



cause very dangerous contact corrosion, presenting a hazard to ships agd struqtur?s in the
water. There are noreliable data on the additional corrosion losses arising in this way.
However, it is thought that 5000 tons of mercury get into the world's seas §nd rivers every
year. The upper reaches of the Rhine alone received 85 tons of this metal in 1970, in the
form of compounds; to this must be added 1500 tons of lead per year [30]. The amount of cop-
per must be of the same order. If we consider that the world resources of these metals are
small, and that the recovery and processing of their ores require large amounts of energy,
and if we remember the destructive action of these metals on life in the water, even without
quantitative data on the additional losses due to corrosion, we must make every effort to re-
move them from the effluents; there are many technical possibilities for this purpose ~— pre-
cipitation, ion exchange, absorbents, and closed-cycle (effluent-free) processes,

Many examples of such methods have been described [29, 31-34], including those for other
branches of industry, such as the use of ion exchange to obtain the scarce metals Ni and Cd
from effluents from the plants for purifying furnace gases from lead works [35] or regenera-
tion of Zn from effluents of synthetic fiber production [36].

With effluents from towns, chemical and mining enterprises, the water receives alkali and
alkaline earth metal salts, which are almost nontoxic, but owing to their large amounts may
disturb the biological equilibrium; in most cases they are chlorides, which sharply increase-
the corrosive aggressiveness of the water.

According to rough estimates [37], in the Federal German Republic the rivers receive 9-10
million tons of such salts per year, including about 5 million tons from mining enterprises
and 3 million tons from the chemical industry. i

The potash fertilizer industry, especially in the German Democratic Republic, produces a
continually rising amount of magnesium chloride, which can shift the pH of water into a bio-
logically hazardous region and can also stimulate corrosion. Since the pH has a decisive in-
fluence on biological processes in waters, in the German Democratic Republic all the effluents
before arrival at the outlets are treated to establish a safe pH, which is also safe from the
corrosion aspect. However, the increased chloride content itself aggravates corrosion, prim-
arily pitting, in unprotected metal. This corrosion can be reduced by electrochemical protec—
tion, at least in the case of iron, as done in seagoing ships on a large scale, However, for
Structures in rivers and lakes and river boats, little is done in this respect, and in the
case of a large number of relatively small objects the costs would be very high,

Thus, the close relation between corrosion and pollution of the environment requires gen-
eral consideration from the technical and economic viewpoints,
LITERATURE CITED

1. T. P. Hoar, Report of the Committee on Corrosion and Protection, Her Majesty's Stationary
Office, London (1971). :

2. K. Schwabe, Wiss. Fortschr., 24, No. 4, 146 (1974).
3. K. Baumann and W. Heider, IV Korrosionsschutz, Symposium, Dresden (1973).
4. E. Rode and C, Hensch, Technik, 32, 432 (1977).
5. B. N. Laskorin, Vestn. Akad. Nauk SSSR, No., 9 (1973),
6. B. Gith, Chem. Tech., 18, No. 7, 431 (1963).
7. F. G. Krotkov, Gig. Sanit., No. 8, 3 (1973).
8. D. Behrens, Chem. Fortschr., No. 1, 12 (1972).
9. G. Costa, Chem. Tech., 18, No. 7, 431 (1963).
10. Bild Wissenschaft, 9, 7 (1972),
1l. W. Warmbt, Tech. Umweltschutz, No. 3, 153 (1973).
12, K. Baumann and W. Heider, see [3].
13. S. Ivascanu et al., Rev.. Chim., 29, 963 (1978).
14, K. Barton, cited by D. Knotkova-Cermakova [3].
15. N. Dreulle and P. Dreulle, Metalloberfliche, 27, 306 (1973).
16. J. Becher and H. Strenge, Technik, 29, No. 6, 354 (1974),

17. ADN-Bull. Inf. Wiss. Tech., No. 2, 17 (1973).

18. H. Grubitsch, F. Hilbert, and R. Sammer, Werkst. Korros., 26, 449 (1975).
19. R. Lohrmann, Technik, 32, 441 (1977). T

20. A. P. Vinogradov, Vestn. Akad. Nauk SSSR, No. 9 (1973).

21. 6. Westd, Ambio, No. 2, 79 (1974).

22. A. S. Radcliff and A. J. Stringer, Corros. Sci., 14, 483 (1974),



23. K. Dunham, Ambio, No. 3, 126 (1974).

24. T. H. Kneison et al., Staub-Reinhaltung Luft, 33, 446 (1973).
25. H. Hofmann, Oberfliche-Surface, 16, 65 (1975) .

26. H. Reutler, see [3].

27. L. Hartinger, Oberfliche-Surface, 17, 157 (1976).

28. W. Riegg, ibid., 15, 181 (1974),

29. K. Halle and K. Fischwasser, Technik, 30, 267 (1975),

30. L. Schmid, Techn. Rundschau, 63, 1 (1971).

31, T. Mann, Chem. Ing. Tech., 46, No. 8, 345 (1974) .

32. L. Hartinger, Metalloberflache, 27, No. 5, 157 (1973).
33. K. Marquardt, ibid., 5, 169 (1973).

34. G. Hebbel, Chem. Ing. Tech., 48, 12 (1976).

35. T. Segarceanu et al., Rev. Chim., 29, 950 (1978).

36. Chem. Ing. Tech., 47, A452 (1975).

37. D. Behrens, Chem. Fortschr., No. 1, 14 (1972).

PROTECTION OF STEEL STRUCTURES FROM CORROSION*

M. Svoboda, M. Tcherny, UDC 620.197
L. Vrobel, and I. Zigelka

Paints and varnishes do not give anticorrosion protection of steel structures in an
aggressive atmosphere. The authors assess the economic advantages and prospects for
using low-alloy steels with enhanced resistance to atmospheric corrosion, electroly-
tic aluminum coatings, hot galvanizing, etc. Further improvements in protection will
require differentiated selection of methods; account must be taken of a) the correct-
ly determined complex of corrosion and industrial load, b) the standard conditions
and times of renewal of the protection for all parts and units of a structure, and c¢)
the overall costs over the whole service life. The authors discuss particular ways

of realizing these principles and the problems awaiting solution.

The production of steel structures is a field in which a correct and well-differentiated
approach to the choice of anticorrosion protection with the aid of all the means available
for this purpose can greatly reduce the losses. However, the importance of improving the pro-
tection of steel structures from atmospheric corrosion is largely governed by three factors:
the huge number of structures in use, the necessity of ensuring long service lives, and the
high cost of replacing short-lived paint coats.

As an example, we may cite certain data from our experience in Czechoslovakia. At the end
of 1975 the area of steel structures was about 140,000,000 m? and their mass was 6100 tons.
In 1977, 340,000 tons of steel structures were produced. Many of these new structures were
protected by paint coats. About 12% of the structures are at present protected by metalliza-
tion with aluminum, 12% by hot galvanizing, and less than 2% are made from low-alloy steels
with enhanced resistance to atmospheric corrosion. Since over 50% of the steel structures
in use in Czechoslovakia are subject to the action of an atmosphere with degree 4 or 5 of ag-
gressiveness, the paint coats presently in predominant use are economically ineffective, be-
cause they give satisfactory resistance only in an atmosphere with a degree of aggressiveness
not over 2.

The paint coats on steel structures used in an aggressive atmosphere cannot at present be
restored in the required amounts and with the required quality, owing to a shortage of labor.
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