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WOOD-METAL CORROSION
An Annotated Survey

INTRODUCTION

An understanding of the factors that influence wood-metal reactions is an important
prerequisite to prevention of corrosion. This survey attempts to aid that understanding by
discussing the principles of corrosion and by summarizing, in abstract form, literature on:
effect of untreated wood, treated wood, and wood-preserving chemicals on metals; effect of
metals and chemicals on treated and untreated wood; and measures to reduce or prevent
wood-metal corrosion.

Durability of wood-metal joints is becoming increasingly, if not critically, important to
the efficiency and success of wood as a structural material, especially wood treated with many
different chemicals for a wide range of service conditions. Wood and metals are compatible
under dry conditions but, under moist conditions, wood can corrode metals, and metals can
destroy wood. Extractives from wood or chemicals placed in wood act as electrolytes and may
either accelerate or inhibit corrosion, but temperatures and humidities higher than normal
inevitably speed the corrosion process.

Corrosion of metals, usually accompanied by deterioration of wood, causes loss of
strength to the joint and to the structural integrity of the assembly. Dissimilar metals in wood
are likely, in moist situations, to form galvanic cells with resulting damage to both metal and
wood, and leakage from electrical equipment can accelerate these reactions.

PRINCIPLES OF CORROSION

Wendell H. Slabaugh
Professor of Chemistry
Oregon State University

The chemical attack on a metal by its environment is commonly called corrosion.
Corrosion is a major concern, because degradation of metals by corrosion causes an estimated
economic loss of ten billion dollars annually in the United States.

A metal becomes useful only after it is separated from its stable energy state in an ore.
Once elevated to a higher energy state as a metal, the metal spontaneously reverts toa lower
energy state. An iron nail, for instance, represents the investment of a considerable amount of
energy to obtain the iron from the ore. When the nail is exposed to atmospheric and aqueous
media, the iron corrodes to a hydrated ferric oxide, commonly called rust, which is chemically
similar to iron ore.

Any effort to slow down or inhibit the rate of reversion to the lower energy state of a
metal is worthy of consideration. Significant economic and conservation advantages are at
stake. This is the essential motivation for this literature survey and introduction to corrosion
theory.

Electrochemical Potential
Basic to an understanding of corrosion is the concept of electrochemical potential. From

common experience, we know that gold has been a favorite among metals because it is
extremely inert and resistant to corrosion as are other metals, such as silver and platinum. Next
come copper, tin, and lead, metals that continue to be prized highly for special building
purposes. For economy, however, we commonly resort to iron or zinc-coated iron, aluminum,
and sometimes certain alloys.
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These metals are essentially in the same order as their increasing electrochemical
potentials. That is, if we place each of these metals in standardized solutions (electrolytes) and
measure their voltages, we have a quantitative measure of their tendencies to corrode. The
standard electrochemical potentials of these metals are usually listed:

Metal Standard electropotential, 25 C
Volts

Aluminum 1.55
Zinc 0.763
Iron 0.440
Lead 0.126
Hydrogen 0.000

Tin -0.15
Copper -0.337
Silver -0.799
Gold -1.50

The presence of oxides on metal surfaces greatly influences corrosion tendencies of the metal.
Aluminum, for example, corrodes slowly because its oxide coating seriously inhibits corrosion.
Iron, on the other hand, corrodes more rapidly after it starts to form a typical rust layer on its
surface. Moreover, we rely on zinc-coated iron (galvanized) to control corrosion, even though
the use of zinc would appear unwise because of the electrochemical potential of zinc.

These irregularities become understandable, however, after we explore the mechanism of
corrosion and the factors that are concerned with the corrosion process.

Corrosion Theory
Corrosion is essentially an electrochemical process in which anodic and cathodic reactions

occur. That is, corrosion may be viewed as a simple galvanic electrical cell much like an
ordinary dry cell. A galvanic cell generates a voltage because materials at a higher energy state
revert to a lower energy state. The zinc electrode in the dry cell gives up electrons, which
accounts for the negative electrode that is the anode in this kind of electrochemical cell.

The anode in an electrochemical cell is the electrode that undergoes oxidation, and
reduction occurs at the cathode. Thus, the corrosion process, as an electrochemical action,
generates an excess of electrons at the anode and a lack of electrons at the cathode. Because of
the voltage difference between anodes and cathodes, an electron flow in the metal substrate
completes the electrical circuit, and corrosion proceeds. As in the ordinary dry cell, the overall
chemical changes continue until the initial materials are consumed. The ultimate corrosion
product of iron, after the electrochemical cell is run down, is a heap of rust.

The mechanism of iron corrosion is described in Figure 1. Note that the iron dissolves at
the anode, and each atom of iron releases two electrons. These electrons flow through the
metal to adjacent areas and enter into cathodic (reduction) reactions. The principal reactions
that occur are:

at the anode Fe - Fe2+ + 2e

at the cathode 2H+ + 2e - H2

02 +H2O+4e 401-1-

Distances between the anode and cathode areas may range from extremely small (microscopic)
to several feet.
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Anodic reactions usually are quite straightforward. They often include the dissolution of
the metal; that is, the change of metal to metal ions. The metal ions may interact with the
environment to form oxides, carbonates, and sulfides and sometimes, as with iron, they
oxidize to states of higher oxidation. Sometimes, anodic reactions can be inhibited by building
excess product at the anode areas, which stifle further corrosion, but often it is more effective
to attend to the cathodic reactions.

Cathodic reactions are ordinarily diverse. The two cathodic reactions illustrated show that
pH (concentration of hydrogen ions), oxygen, and water are key factors in the corrosion
process. As these and other related factors are crucial to the continuing reactions in corrosion,
we should examine them in terms of the corrosion mechanism.

Factors Influencing Corrosion Rates
We are never able to stop corrosion, because corrosion is a natural, downhill tendency of

chemical energy. On the other hand, we can inhibit or slow the rate of corrosion, if we can
identify the chemical factors that are part of the corrosion mechanism. This is the purpose of
listing and describing these factors.

Effects of pH. Concentration of hydrogen ions greatly influences corrosion. At extremely
low pH, those metals above hydrogen in the electropotential series literally dissolve from the
action of hydrochloric acid on zinc or iron. In intermediate ranges of pH 4 to 10, the corrosion
rate of iron is more or less independent of pH, but depends mostly on the oxygen
concentration. Above pH 10, the corrosion rate of iron falls off sharply and, at pH 14, iron's
electrochemical potential becomes almost noble with a potential of -0.1 volt.

Fe2+ Fee+E - H± 02 H2O _H2, OH

11\ f

ANODE CATHODE

Figure 1. The mechanism of iron corrosion.

Effects of Oxygen. The corrosion rate for iron is directly proportional to the
concentration of oxygen at typical air-saturated conditions. At higher oxygen concentrations,
the iron becomes passivated because of the building of a diffusion barrier of iron oxide that
impedes corrosion.

Effects of Moisture. As corrosion is an electrochemical process and requires a medium in
which ions can diffuse in the electrolyte portion of the electrochemical cell, moisture is an
inherent factor in corrosion. Removal of water, or even reduction of relative humidity, will
inhibit corrosion greatly. In an uncontaminated environment, reduction of relative humidity to
less than 60 percent will practically stop the corrosion of iron.

Effects of Salts. In general, the role of salts is to supply ions that counterdiffuse in the
corrosion cell and complete the electrical circuit of the cell. Certain salts may contain ions that
specifically speed up corrosion (such as chloride) or inhibit corrosion (such as chromate). The
corrosion of iron is notably speeded by sodium chloride, where the maximum rate occurs with
about 3-percent salt concentration. Little wonder that sea water corrodes iron so rapidly.
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Effects of Metallurgical Factors. A perfectly uniform metal surface would not be likely to
corrode, because the surface would be uniform in chemical potential. Ordinarily, a metal's
surface is populated with irregularities in composition, grain boundaries, and areas of stress and
strain. A typical iron nail, for example, rusts at its head and point before it rusts on its
cylindrical surface, because the head and point are highly stressed in its fabrication. The
slightest differences in electrochemical potential of the surface layer of metal lead to the
formation of anodes and cathodes.

Effects of Stray Electrical Current. A fabricated object, assembled of two or more metals,
will contain couples (two different metals in electrical contact), the more active of which will
undergo accelerated corrosion. Electrical current intentionally or accidentally induced from
grounding of electrical equipment will initiate or impede corrosion, depending on whether the
metal is made anodic or cathodic.

Effects of Polarization. A variety of other factors are known to influence corrosion rates.
In addition to the salts mentioned, ferrous chloride, cuprous chloride, mercurous chloride, and
sodium chlorate are notorious accelerators of corrosion, because they depolarize the electrode
reactions in the corrosion cell. That is, these substances remove the corrosion products of the
electrode reactions, the cell voltage remains high, and the corrosion proceeds rapidly. Other
substances, such as sodium chromate, sodium nitrate, and potassium permanganate are
passivators because they polarize the electrodes and reduce the cell voltage. Materials called
inhibitors (reference 14) should be examined in terms of their ability to influence corrosion
rates.

Methods of Controlling Corrosion
In general, three methods of controlling corrosion are used. The time-honored one is to

simply isolate the metal from its environment with a suitable barrier. Thus, paints that range
from the traditional ones to the most exotic, synthetic, organic coatings have been applied
widely. Even the best paints are not strictly successful as moisture barriers, but in combination
with their decorative effect and, particularly, if they contain rust inhibitors, paints are popular
metal protectives. Tin plate is a barrier-type coating basically similar to paint.

A second method of inhibiting corrosion is to impress a proper electrical potential on the
metal so that the metal to be protected is cathodic rather than anodic. This is the principle of
galvanizing, where a layer of zinc is placed on the surface of iron. The zinc with its higher
electrochemical potential is anodic to iron, and the zinc corrodes preferentially. A galvanized
nail, for example, does not rust, because its zinc coating corrodes instead of the iron. The
lifetime for the galvanized coating depends upon the exposure conditions, but obviously it will
eventually fail. Lifetimes range from 4 to 11 years for 1-mil coating on sheet steel in industrial,
marine, and rural atmospheres.

Cathodic protection also is achieved by physically separating a sacrificial anode, such as
zinc or magnesium, from the metal object. A buried pipeline or oil tank can be protected
cathodically by an anode attached with an electrical conductor to the pipe or tank. Similarly,
an impressed electrical potential from a suitable direct-current source will accomplish the same
objective. For example, corrosion of ordinary rolled iron pipe placed several miles from shore
out to sea can be inhibited effectively for many years by anodes located on shore.

A third method of controlling corrosion is to supply substances to the metal surface that
inhibits the reactions of the anode or cathode, or both, in the corrosion cell. These inhibitors
may be added to a paint, to a liquid, such as a coolant in an engine, or in any convenient way
that holds the inhibitor in the region of potential corrosion. For wood fasteners, the wood in
combination with extractives or added preservatives may or may not control the corrosion of
the fasteners. Supplying such information is, of course, one of the primary objectives of this
literature survey.
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1. Aho, V. (Corrosion of Metals in Contact with Wood Treated Against Decay.) Tied. Valt,
Tekl. Tutkimusl (Sarja I Puu). 29:36. 1964. In Finnish with Abstract in English. For. Abstracts
2959. 1966.

Galvanizing helped to protect iron sheets and screws in contact with treated wood.
Corrosion resistance of copper, brass, and aluminum sheets was many times higher than that of
iron. Under more severe tests, corrosion holes and oxidation were observed in aluminum sheets
that were in contact with water-borne, copper-chromium, or copper-chromium-arsenic
preservatives. A table shows the resistance of each metal to wood treated with different
preservatives.

2. Alderson, H. N. and R. O. Dean. Evaluation of Galvanized Bolts in Wood Poles after 56
Months' Exposure. Pacific Gas and Electric Company, Dept. of Engineering Res. Report
6680-4-72. 6 p. January 1972.

After 56 months of exposure at the Emeryville test site, the fourth set of galvanized bolts
was removed from wood power poles that were given various treatments. The conditions of the
bolts were then studied.

"The corrosion on the test bolts removed after 56 months' range from very little on bolts
in oil-treated poles protected by grease to general surface rusting on bolts exposed in green
treated poles. In most cases the bolts in double cut holes showed less corrosion than the single
cut tighter holes."

3. American Society for Testing and Materials. Metals-Mechanical, Fracture, and Corrosion
Testing; Fatigure; Erosion; Effect of Temperature. Symposium Proc. Philadelphia. Annual
Book of ASTM Standards. Part 10. 848 p. 1975.

4. American Society for Testing and Materials. "Recommended Practice for Conducting Plant
Corrosion Tests." ASTM Standards for Metallic Materials. A224-39T. Part 3:944-957. 1969.

5. Anonymous. "The Use of Wood in Association with Metals." For. Products Res. Board,
London. Report 1950, 1951. P. 46-47. For. Abstracts 4226. 1951-1952.

Corrosion in wood-aluminum assemblies can be prevented by using well-seasoned wood,
coating aluminum with bitumen or other electrically neutral barriers, and avoiding woods that
produce a pH below 5 or above 7, as well as bimetallic action.

6. Anonymous. "Investigations into the Effect of Sodium Fluoride on Concrete, Various
Metals and Wood Glues." Annual Report on Wood Protection. P. 562. Australian Timber J.
286-288. 1953-1954.

7. Anonymous. "Anti-Corrosion Manual." Corrosion Prevention and Control. (Scientific
Surveys Ltd.) 97 Old Brompton Road, London S.W. 7., P. 326. 1959.

8. Anonymous. "Editorial Comment." Corrosion Prevention and Control 11(12):15. 1964.
Corrosion of cadmium-plated components of radio sets exported to a tropical country in

wooden packing cases was associated with birch plywood of which the radio cabinets were
made. Corrosive properties of oak and Douglas fir have been attributed to their acidity.
Although birch is not as acid as Douglas fir, experiments revealed that rate of corrosion
depended on the proportion of acid that was volatile.
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9. Anonymous. "Editorial Comment." Corrosion Prevention and Control 12(l):13. 1965.
Perforation of internal piping in a boat occurred where the pipe came in contact with

moist woodwork. The fault was attributed to leakage from defective electrical insulation that
caused electrical earths of opposed polarity. "As the demand increases for small luxury fitted
cruisers ... so will the danger of corrosion from d.c. leakage."

10. Aoyama, Y. and M. Kamioka. (Corrosion of Nickel-Plated Brass in Wooden Boxes.)
Corrosion Engineering 14(9):398-401. In Japanese with Abstract Translated in English. 1965.

Corrosion was attributed to acetic acid from wood and from vinyl acetate in adhesive,
which reacted with metal to form acetates of nickel and copper.

11. Baechler, R. H. "Corrosion of Metal Fastenings in Zinc Chloride Treated Wood after 10
Years." IN: Proc., Amer. Wood-Preservers' Assoc. 35:56-63. 1939.

Corrosion of common wire nails in wood treated with zinc chloride and exposed to a
moderately humid interior or to outside conditions, such as prevail at Madison, Wisconsin, was
not appreciably greater than that in untreated wood, if the treated wood were seasoned before
the nails were driven. Nails driven into wet, treated wood corroded rapidly during the drying
period. Corrosion of wire nails was not modified greatly by painting the wood or by adding
sodium dichromate to the treating solution. Corrosion of brass and galvanized iron fastenings
in treated wood was slight, except under the most severe conditions of exposure.

12. Baechler, R. H. "Corrosion of Metal Fastenings in Zinc Chloride Treated Wood after 20
Years." IN: Proc., Amer. Wood-Preservers' Assoc. 45:390-396. 1949.

"A 20-year study just concluded at the U. S. Forest Products Laboratory has shown that
moisture is the controlling factor in the corrosion of fastenings in ponderosa pine treated with
zinc chloride just as it is in untreated wood. When sufficient moisture was present, however,
zinc chloride accelerated corrosion somewhat. The addition of sodium dichromate seemed to
have little effect except that, under severe conditions, it accelerated the corrosion of brass and
galvanized fastenings. Painting the wood had no practical effect.

Wire nails showed relatively little corrosion in treated wood exposed to 30 or 65 percent
relative humidity. They were seriously corroded in treated and untreated wood exposed to 90
percent relative humidity, and moderately corroded in heavily treated wood used outdoors in
Madison, Wisconsin. Galvanized nails showed no serious attack except in wood treated with a 2
to 1 mixture of zinc chloride and sodium dichromate and exposed to 90 percent relative
humidity. Brass screws showed little attack except at 90 percent relative humidity, when they
became decidedly brittle due to dezincification."

13. Baechler, R. H. "Wood in Chemical Engineering." For. Products Res. Soc. 4(5):332-336.
1954.

Wood for construction in chemical engineering was discussed, literature on effects of
chemicals on wood was reviewed, and results were presented of effects of various solutions on
strength of cypress, Douglas fir, southern pine, redwood, maple, and white oak.

"Alkaline solutions attack wood more rapidly than do acidic solutions of equivalent
strength. Since unalloyed iron shows high resistant to alkalies, wood is seldom used in contact
with solutions that are more than slightly alkaline."

"Oxidizing chemicals are, of course, harmful to wood. Except in very dilute solutions,
nitric acid is much more injurious than sulfuric acid. The action of chlorine and hypochlorite
solutions is so drastic that wood is seldom used where resistance to these chemicals is
required."
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"Wood shows excellent resistance to most organic acids, notably acetic. Here it enjoys a
distinct advantage over steel, concrete, rubber, and some plastics."

"Solutions of iron salts attack wood. The deterioration of wood in contact with iron may
be quite rapid under damp conditions, especially if the wood contains acidic extractive
materials."

Conclusions from strength tests were: sodium hydroxide was harmful to all woods;
softwoods were more resistant to chemicals than were hardwoods; chlorine was by far the
most harmful of chemicals that may be present in cooling towers; sodium carbonate was
definitely harmful; and sodium bisulfite and ferrous sulfate "should be regarded with
suspicion."

14. Baker, A. J. Degradation of Wood by Products of Metal Corrosion. U.S. Dept. of Agric.,
Forest Service, Madison, Wisconsin. Res. Paper FPL 229. 6 p. 1974.

This is a theoretical survey of metal corrosion that relates to the source of the corrosion
products that can cause deterioration in wet wood that surrounds corroding metal fasteners.

"With some metals, the wood degrades because acid accumulates in the crevice. Migration
of chloride ions into the crevice accelerates the corrosion rate that in turn accelerates the
production of acid."

"With iron there is an additional reaction between iron ions and wood that causes
deterioration."

"Galvanic corrosion of dissimilar metals connected in wood can result in the following
conditions. At the anode, metal ions will go into solutions. If the anode is iron, the iron ion
will react with wood and result in wood deterioration. If the metal is embedded in wood and
soluble chloride salts are present in the surrounding solution, acid conditions can develop
around the metal which will cause wood deterioration. At the cathode, alkaline conditions can
form that will also cause wood deterioration if the metal is embedded in the wood."

15. Baker, A. J. Performance of Metal Fasteners and Construction Adhesives with Wood
Treated with Waterborne Preservatives. U.S. Dept. of Agric., Forest Service, For. Products
Lab., Madison, Wisconsin. Progress Report 1. (Limited Distribution). 19 p. 1975.

Eleven types of nails were placed in ACA- (ammoniacal copper arsenite), CCA I-
(chromated copper arsenate), and CCA II-treated wood and either exposed to high humidity or
buried in the soil. After 1 year, nails that corroded most rapidly were aluminum, hot-dip
galvanized, mechanically and electrolytically zinc-coated steel, cadmium and tin-cadmium
coated steel. Monel pitted in CCA I- and CCA II-treated wood, but appeared unaffected in the
ACA-treated wood. Copper and silicon bronze nails have slight overall corrosion. Stainless steel
types 304 and 316 corroded the least.

Corrosion of nails is much greater in preservative-treated wood than in untreated wood
when exposed to high humidity for 6 months.

The galvanic series of metal and alloys in seawater apparently can predict which nail
materials will corrode rapidly in ACA-, CCA I-, and CCA II-treated wood at the conditions of
this test. Metals and alloys that are anodic to copper in the series corrode in the treated wood.

On the basis of these observations, stainless steel types 304 and 316, copper, and silicon
bronze appear to be suitable material for fasteners when long service is required in ACA-, CCA
I-, and CCA II-treated wood, when the use is expected to be continuously at near 100 percent
relative humidity or in exposed soil. Steel nails coated with zinc, cadmium, and tin-cadmium
do not appear suitable when long service is required.

The evaluation of the effect of preservative salts, nail corrosion products, and exposure
on the bonding of two construction adhesives has not been completed.
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16. Bartel-Komacka, E. T. "Corrosion of Iron by Ghana Timbers." Wood 32(7):39-42. 1967.

17. Barton, G. M. "A Novel Qualitative Test for Iron." Forest Service, Canada. Bi-monthly
Res. Notes 26(4):37. 1970.

Most wood species under optimum conditions of moisture, will react with iron, thus
producing stains that vary from red to black. The Vancouver Forest Products Laboratory, in
studying methods of preventing such staining, has evolved a rapid and sensitive test for either
ferrous or ferric iron: a 1-1 mixture of an aqueous 0.2-percent solution of any suitable
phenol, for example, catechin, and a 1-percent aqueous solution of potassium ferricyanide, is
added dropwise to a dilute nitric acid solution of an extract, which contains iron, when a blue
coloration is produced.

18. Becker, G. and W. Wiederholt. (Fluorosilicate-Containing Wood-Preserving Mixtures Which
Reduced Corrosion to Iron.) Holz als Roh-und Werkstoff 9(11):409-416. 1951. For. Abstracts
3405. 1951-1952.

19. Bell, W. A. and J. M. Gibson. "Degradation of Cellulosic Fibers in Contact with Rusting
Iron." Nature 180:1065. 1957.

20. Bescher, R. H. "Acid-Proofing of Wood." IN: Proc., For. Products Res. Soc. 1:120-123.
1947.

Impregnation of wood with phenol formaldehyde or bituminous resin increased its
corrosion resistance as shown by laboratory tests with hydrochloric and sulphuric acid.

21. Betts, W. D. "Compatibility and Fire Resistance." Coal Tar Res. Assoc., London.
The rate of corrosion of metals like copper, brass, iron, steel, and compounds of these in

creosote was low; the greatest rate for lead would correspond to corrosion rate of less than one
thousandth of an inch per annum; the other metals were an order of magnitude less.

22. Bregman, J. L. Corrosion Inhibitors. The MacMillan Co., New York. 320 p. 1963.
"Considerable use is made today of corrosion inhibitors and plant operations of vast

magnitude are dependent upon their successful application. Nevertheless, the composition of
most inhibitors is hidden under trade names and their methods of application as well as the
mechanisms by which they function are not clear. This book has been written for the purpose
of bringing information concerning these aspects of corrosion inhibitors to their users. There
exists a strong need for an explanation so that plant engineers who are faced with the
responsibility of selecting and using inhibitors will have background knowledge."

23. Campbell, W. G. and D. F. Packman. Chemical Factors Involved in the Utilization of Wood
in Association with Metals. For. Products Res. Lab., England. Scientific and Tech. Memo.
8/47. 4 p. 1947.

"In certain circumstances metals can be affected adversely by woods, and woods
themselves can be attacked chemically as a result of close association with metals. Trouble can
be obviated by intelligent selection of wood species, by ensuring that the wood to be used in
composite structures is properly seasoned in the first instance and by taking precautions
against high moisture content in the finished structure during service. Examples are given of (a)
rapid corrosion of ferrous and non-ferrous metals used in association with wood and (b) of
chemical disintegration of wood arising as a direct result of contact with metals under
undesirable conditions."
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24. Champion, F. A. Corrosion Testing Procedures. John Wiley and Sons, New York. 369 p.
1952.

The procedures described are intended primarily for those concerned with practical
problems in the corrosion of metals in service and the production of metal of adequate
corrosion resistance.

25. Clark, S. G. and E. E. Longhurst. The Corrosion of Metals by Acid Vapours from Wood."
J. Applied Chemistry 11:435-443. 1961. Corrosion Abstracts 213. 1962.

Wood impregnated with three water-borne preservatives corroded zinc at a relative
humidity of about 85 percent. Corrosion was attributed to volatile acids. Cadmium was
corroded only slightly.

26. Cochrane, G. C., J. D. Gray, and P. C. Arni. "The Emission of Corrosive Vapours by Wood:
Hot-Water-Extracted o-Acetylated Hemicelluloses from Sweet Chestnut (Castanea sativa), and
Wych Elm (Ulmus glabra) and a Discussion of o-Acetyl-Group Changes Occurring in These
Woods During Incubation at 48 Degrees and 100% Relative Humidity." Biochemical J.
113(2):253-257. 1969.

"Extraction of the residue remaining after dimethylsulphoxide extraction (cf. preceding
abstract) with water at 98 degrees (C.?) yielded a mixture of polysaccharides containing
xylose, galactose, glucose and uronic acids. Only xylans in the two species appear to be
o-acetylated and the o-acetylated xylans (a.x.) isolated are not representative of the total a.x.
in the woods. There is apparently no purely chemical reason for the difference in loss (much
higher in C. sativa) of acetyl groups in the same conditions of incubation, and the possibility
that the difference is related to the location of the a.x. in the cell-walls and to differences in
uronic-acid and tannin contents is discussed."

27. Davis, J. B. and C. B. Phillips. Corrosion of Air Tankers by Fire Retardants. State of
California, Division of Forestry. 38 p. 1965.

In general, flame-retarding chemicals (including ammonium phosphate and ammonium
sulphate), with their built-in corrosion inhibitors, appeared to be no more of a problem than
gelled liquids, such as Bentonite. Recommendations included: selection of corrosion-resistant
metals; avoidance of unclad, aluminum alloys that contain a high percentage of copper, zinc,
or magnesium; preventing contacts between dissimilar metals and alloys; use of epoxy resin
coatings that contain no amine catalyst, fiber glass laminated by epoxy resins, or vinyl resins;
and application of vinyl or polyester tape to both metal surfaces at their junction.

28. Dietrichs, H. H. (Extractives of Tropical Timbers: Their Effect on Various Potential Uses.)
Mitt. Bundesforsch Anst. Forst- u. Holzw. 82:153-169. 30 ref. Also in Holz-Zbl. 97
(104):1485-1487). 1971.

Effects of extractives on physical and mechanical properties, such as discoloration,
durability, metal corrosion, cement setting, health hazards, odor and taste, and finishing
problems, are reviewed briefly.

29. Evans, U. R. An Introduction to Metallic Corrosion. St. Martin Press, New York. 253 p.
1963.

The author made an effort to provide an account of corrosion short enough to be read in
reasonable time by both students and scientists.

"Tests. Clearly the idea, once widely held, that it should be possible, by means of a
`standard corrosion test', to establish an `order of merit' of materials which would be valid for
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all conditions is wrong. The order of merit is different in different environments and thus no
one test can give results for all cases."

30. Evans, U. R. The Corrosion and Oxidation of Metals. St. Martin Press, New York. 488 p.
1968.

This first supplementary volume is an updating and extension of Evan's book, An
Introduction to Metallic Corrosion.

31. Faidutti, M. (Observation on Corrosion and Anti-Corrosion.) Pigments, Vernice, France.
45(7):444-448. 1969.

"Some practical applications of paints for the protection against corrosion of wood,
concrete and ferrous and non-ferrous metals are reviewed. The importance of surface
preparation of metals is emphasized and the uses of paint as corrosion inhibitors and protective
coatings are described. Inhibiting pigments in primers are discussed including calcium
plumbate, lead silicochromate, lead cyanamide, lead chromate, zinc chromate, zinc phosphate,
zinc borate, as well as powdered metallic zinc and lead."

32. Farmer, R. H. "Corrosion of Metals in Association with Wood, Part 1: Corrosion by Acidic
Vapours from Wood." Wood 27(8):326-328. 1962.

Corrosion of metallic articles packed in wooden cases is unlikely, unless the relative
humidity inside the cases becomes high. During long-term storage under warm, damp
conditions, the release of acetic acid from the wood can corrode many metals.

33. Farmer, R. H. "Corrosion of Metals in Association with Wood, Part 2: Corrosion of Metals
in Contact with Wood." Wood 27(11):442-446. 1962.

Serious corrosion is likely to occur only in a few woods that are unusually acidic, such as
oak, western redcedar, and Douglas fir. Moisture is essential to the process of corrosion.

34. Farmer, R. H. Chemistry in the Utilization of Wood. Pergamon Press, New York. 193 p.
1967.

Corrosion of metals in contact with wood and in an atmosphere that is conditioned by
the presence of wood is discussed in chapter 7. The extent of corrosion in a moist atmosphere
is limited by the formation of protective oxide or hydroxide films, unless the film is dissolved
by acidic components of the wood. Most woods are acid (western softwoods range in pH from
3 to 5.5). Corrosion of steel in water proceeds at a slow but constant rate from pH 10 to 4.3,
then increases rapidly as the pH drops below about 4.3. The pH of Douglas fir is reported as
from 3.1 to ;4.4.

Electrochemical attack on boat timbers, because of the presence of dissimilar metals or
differences in salt concentrations within the wood, causes the liberation of sodium hydroxide
at the cathode and, when the anode is iron, the formation of hydrochloric acid results in
damage to both wood and fastenings. Electrical leakage can cause currents between metallic
components and accelerate corrosion.

Corrosion of metals, especially ferrous metals, increases rapidly when the relative
humidity of the surrounding air exceeds 80 percent. Presence of vapors of acids evolved from
wood, such as acetic acid, can corrode metals not in contact with the wood.

35. Farmer, R. H. and F. C. Porter. "Corrosion of Metals in Association with Wood, Part 3:
Corrosion of Aluminum in Contact with Wood." Wood 28(12):505-507. 1962.

Corrosive effect of untreated and preservative-treated woods on aluminum and aluminum
alloys was determined by fastening aluminum sheets to wood blocks with screws and exposing
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them outdoors in a rural and a marine environment up to 5 years. All timbers caused pitting,
but total loss of metal was small in all events. Aluminum alloys containing copper were
corroded more than aluminum of commercial purity. Creosote had a protective action. Woods
treated with copper-chrome-arsenate and copper naphthenate caused no greater pitting than
untreated wood, but significantly increased the total corrosion of the aluminum sheets because
of traces of copper spreading over the freely exposed surfaces; corrosion in the area of direct
wood-aluminum contact was inhibited. Even "insoluble" copper compounds provided
sufficient traces of copper to increase the corrosive power of water and corrode metal in the
area outside the wood block. Fluoride-chrome-arsenate preservative reduced total corrosion.

36. Farmer, R. H. and F. C. Porter. "The Corrosion of Aluminum in Contact with Wood."
Metallurgic 68:161-167. 1963.

Anomalous results with chromate-containing preservatives may be associated with the
known behavior of chromate inhibitors, which become less effective at low pH and low
concentrations and may accelerate corrosion.

37. Flomina, E. E. and N. G. Pshenichnova. (The Corrosive action of the (Soviet) preservative
KhM-5 and MKhM-235.) Lesnoi Zhurnal 14(6):173-175. In Russian. 1971.

KhM-5 consists of copper sulfate, sodium chromate, and chromium trioxide
(50:47.5:1.68 parts by weight), and MKhM-235 consists of copper hydroxide, chromium
trioxide, and arsenic acid (21.3:29.8:48.9 percent). The two preservatives were tested, as
3-percent solutions, for their corrosive effect on sheets of steel. MKhM-235 caused no
corrosion, and KhM-5 caused less corrosion than water. In further tests, pine sapwood was
treated with the preservatives, and the corrosive effect on nails and steel sheets was studied.
MKhM-235 caused less, and KhM-5 more, corrosion than was observed with untreated wood.

38. Flomina, E. E. and N. G. Pshenichova. (Corrosive Action of KhM-5 and MKhM-235
Preservatives.) (Tsentr. Nauchno-Issled. Inst. Mekh. Obrab. Dereva, Khimki, USSR). Izv.
Vyssh. Ucheb. Zaved., Les. Zh. 14(6):173-175. In Russian. 1971.

Carbon steel straps and nails in contact with pinewood impregnated with MKhM-235
(mixture of copper hydroxide 21.3, chromium trioxide 29.8, and arsenic acid 48.9 percent)
(1 1119-45-2) lost 4.2 percent by weight because of corrosion after 3 months storage at 45-50
degrees C and relative air humidity of 95-98 percent. The control steel samples lost 5.2 percent
weight, and steels contacting wood impregnated with KhM-5 (mixture of copper sulfate 50,
sodium chromate 47.5, and chromium trioxide 1.68 percent) (8067-61-6) lost 8.6 percent by
weight. Sufficient chromium is present in MKhM-235 to passivate metals and prevent their
corrosion by other components of the preservative mixture.

39. Gobie, C. H. "The Chemical Resistance of Timber." Wood 19(8):322-325. 1954.
Wood's high resistance to chemicals, resistance to impact and abrasion, low initial cost,

and ease of repair favor its use in contact with a wide variety of chemicals. High working
temperatures accelerate the rate of attack of even dilute chemicals on wood. Rate of reaction
between wood and chemicals is doubled roughly for each 18 F rise in temperature.

40. Goldstein, I. S. "The Impregnation of Wood to Impart Resistance to Alkali and Acid."
For. Products J. 5(4):265-267. 1955.

Furfuryl alcohol resin provided high resistance to alkali and acids.

41. Gray, V. R. The Acidity of Wood. Timber Development Assoc. Res. Report. 14 p. 1958.
Of 146 hardwoods and 21 softwoods, all but one were acidic, with a usual range of 3 pH
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units within a species. Almost 50 percent of the woods can be acidic enough to accelerate
corrosion of metals under damp conditions.

42. Gray, V. R. "The Corrosion Resistance of Timber." Timber in Civil Engineering
35:423-426. 1958.

This is a general discussion of corrosion of wood, which includes biological corrosion by
fungi. The author lists timbers for use under different conditions, which includes external
exposure or damp conditions, structures exposed to acid fumes, containers for acids, and
mildly corrosive liquids.

43. Guy, H. G., Chairman. "Use of Treated Wood Under Exposure to Chemical Attack." IN:
Proc., Amer. Wood-Preservers' Assoc. Report of Committee 7-10. 42:256-262. 1946.

Effect of a 30-percent solution of hydrochloric acid on various woods at about 70-185 F
was reported. As acid resistance is poor above 95 F, other materials should be used. Coke-oven
coal tar was a better impregnant than paraffin for increasing resistance of wood to acid.
Acid-resisting paints were of no value.

44. Hadert, H. H. Chromate als Korrosionsverzogerer in Holzschutzmitteln. Werkstoffe u.
Korrosion 2:49-51. 1951. In German. Annual Report on Wood Protection 52:426. 1951.

If chromates are added to wood preservatives to prevent corrosion, their components
should be selected carefully and their mutual actions balanced.

45. Hauser, S. J. and C. Bahlman. Resistance of Wood to Chemicals. U.S. Dept. of Commerce.,
Bull. 10782. 1937.

Wooden tanks may be used for practically all common solutions in chemical technology
in reasonable concentrations. Cypress, pine, and fir are least affected by chemicals. Nitric acid
and caustic soda have the most detrimental action upon wood.

46. Henry, W. T., Chairman. "Corrosion with Creosote-Pentachlorophenol Solutions." IN:
Proc., Amer. Wood-Preservers' Assoc. Appendix E, Report of Committee P-4. 64:159-161.
1968.

The nature of corrosion and possible solutions are discussed. Although no single solution
appeared possible, the Committee concluded: in the event of equipment failure, replace sharp
turns in pipes with wide-radius turns, increase pipe sizes to reduce velocity and turbulence of
fluid, use replacement steel of high quality and of proper heat treatment, and replace key
equipment with corrosion-resistant alloy metals; and in controlling the preservative, remove
excess water and neutralize acids.

47. Hillis, W. E. Wood Extractives and Their Significance to the Pulp and Paper Industries.
Academic Press, New York. 513 p. 1962.

Data on comparative corrosiveness to mild steel of western redcedar, Douglas fir, and
western hemlock, extracted and unextracted, and of western hemlock, plus various extractives,
are reported. Extractives tested definitely were corrosive to mild steel, and the chelate
complexes formed with iron were considered sufficiently stable in the alkaline liquor to cause
dissolution of iron and its protective oxide and sulfide coatings.

48. Hof, T. and J. Van der Elburg. "Interaction Between Wood and Metal." TNO Nieuws.
Holland 22(4):217-218. 1967. Corrosion Abstracts 7:363. 1968.
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Iron starts to corrode at a wood moisture content of 10-18 percent. Wood preservatives
may accelerate .corrosion. Nails for outdoor use should be plated with zinc, then coated with a
plastic.

49. Hoffman, E. H. "Have You Considered Wood for Process Service?" Materials Protection
and Performance 10(3). 1971.

"Because of new engineering skills, new manufacturing technologies, and new impreg-
nants, wood has been re-established as an ideal material for many demanding chemical industry
services. This paper, in comparing the dependabilities of steel, concrete, and wood as
construction materials, demonstrates the advantages of using treated wood in corrosive
environments."

50. Hribar, V. F. "The Corrosion Resistance of Wood Preserving Plant Metals." IN: Proc.,
Amer. Wood-Preservers' Assoc. 38:171-205. 1942.

Corrosiveness of water and wood-preserving solutions to metals used in wood-preserving
plants by complete immersion, partial immersion and alternating immersion, and removal of
the metals in the liquids used at temperatures of 60, 90, and 120 F was investigated. Weight
losses at 120 F of several of the metals used in Tanalith, Erdalith, chromated zinc chloride,
creosote, and water are shown in Table 1.

51. Hunt, G. M. and G. A. Garratt. Wood Preservation. McGraw-Hill Book Co., New York. 3d
edition. 433 p. 1967.

Table 1. Weight Loss of Several Metals Immersed in Wood
Preservatives at 120 F for 6 Months (50).

Weight loss, mg per sq in.'

Nature of Chromated
immersion Tanalith Erdalith zinc chloride Creosote Water

ALUMINUM
Complete 0.4 0.4 0.7 1.1 6.2

Partial 0.0 37.9 0.7 0.9 2.2

Alternating 0.5 21.0 0.2 1.1 1.6

PRESSURE-VESSEL ST
Complete 0.7 (2.2)

EEL
121 83 200

Partial 2.7 196.4 511 66 290

Alternating (1.6) (5.9) 934 27 27

PIPE STEEL
Complete 4.9 12 67 81 105

Partial 6.8 235 827 69 226

Alternating 3.1 (51) 669 55 68

STAINLESS STEEL
Complete 3.1 1.4 24 2.6 4.2

Partial 0.4 43.3 24 4.0 10.3

Alternating 1.4 3.4 14 1.9 3.5

'Numbers in parentheses indicate gain in weight.
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The authors note that few attempts have been made to standardize methods for testing
characteristics of preservatives, such as chemical stability and corrosiveness to metals (p. 90).
Markedly, acid chemicals corrode iron, but strongly alkaline chemicals destroy aluminum and
zinc as well as wood (p. 77). Creosote and allied preservative oils are acknowledged to have no
significant corrosive effect on metal (p. 303). As fire-retardant formulations contain
hygroscopic chemicals, woods treated with them should not be used in places where relative
humidity exceeds 80 percent or more for prolonged periods (p. 392).

52. International Nickel Company, Inc. Effects of Wood Treatment on the Corrosion of Metal
Fastenings. Catalog 62-1. 4 p. 1964.

Twelve different types of metal fasteners in combination with 17 wood preservatives in 2-
by 4- by 18-inch wood blocks were immersed in sea water for 18 months. Heads of fasteners
were not countersunk, nor were plugs used. Results are summarized in Table 2.

53. Johnson, J. W. "Screw-Holding Ability of Western Woods: Effects of Test Variables."
Amer. Soc. for Testing and Materials. Special Tech. Publ. ASTM 282. P. 51-70. 1959.

Effects of screw size, pilot-hole size, and test speed on direct withdrawal resistance of
screws from 11 western woods were investigated to encourage establishment of standard
testing procedures. Maximum withdrawal loads increased in proportion to size of screw in all
species except redwood; a pilot hole of 70-percent root diameter of the screw gave wood
withdrawal loads for all woods; screw-holding tests for comparative purposes should be made
at the same testing speed; and the general equation in the Wood Handbook (Agriculture
Handbook 72, U.S. Dept. of Agriculture) for predicting direct-withdrawal resistance of screws
was reasonably valid.

54. Johnson, J. W. Lateral Bearing Strength of Eight Fasteners in Lumber-Plywood Joints
Treated with Fire Retardants. For. Res. Lab., School of Forestry, Oregon State Univ.,
Corvallis. Res. Paper 28. 28 p. Feb. 1976.

Joints were fabricated from different combinations of untreated and fire-retardant-
treated Douglas-fir dimension lumber and 3/8-inch plywood. Eight types of fasteners and three
fire-retardant treatments were included. Joints (specimens) were exposed 2 and 7 years in cold,
standard, and hot, humid conditions, then tested in lateral withdrawal. Best overall
performance was from joints made with 6d hot-dipped galvanized nails; 6d Monel nails were
next best. Although results from several types of fasteners used in treated wood and exposed
in cold and standard conditions were as good as results obtained from untreated controls, most
specimens exposed in hot, humid conditions were reduced in strength; some were reduced to
zero strength.

55. Joyce, A. R. "Corrosion of Fastenings." IN: Proc., Amer. Wood-Preservers' Assoc.
19:373-379. 1923.

No appreciable difference was found between untreated and zinc-chloride-treated wood
in corrosion of fastenings.

56. Knotkova-Cermakova, D. and J. Vlckova. (Corrosion of Metals Caused by Organic
Materials.) (Gos. Nauch.-Issled. Inst. Zashch. Mater. im. Akimova, Prague, Czech.) Zashch.
Metal. 6(2):151-161. In Russian. 1970.

"The corrosive effects exerted by plastics, wood, and various packing materials on metals
(for example, iron, zinc, copper, and aluminum) are discussed. The most effective way of
reducing corrosion is to select compatible materials rather than to modify the polymer
formulations. CKJR."
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Table 2. Summary of Ratings of Condition of Shanks of Nails and Screws in Treated Wood After
Immersion in Sea Water for 18 Months (52).1

Wood treatment

Type of
fastening

C

t
on-
rol Creosote

Tana-
lith

Zinc
chlor-
ide

Chromated
zinc

chloride Nuocide

Wot -
man
salts

Cel-
cure

Chemo-
nite Avg

Type 304 SS 10 10 10 10 10 10 10 1 10 1 5 10 - 10 5 5 7.5
Mild steel 5 10 5 10 5 8 5 5 8 5 5 1 - 5 5 1 5.0
Type 316 SS 10 10 10 10 10 10 10 10 10 10 10 5 10 10 9 10 9.7
Type 430 SS 3 10 10 5 10 8 5 1 8 9 8 10 8 5 8 8 7.3
17ST Al Nail 0 10 9 10 5 5 1 1 1 5 5 1 0 1 0 0 3.6
Copper 9 10 10 10 6 10 9 8 8 8 8 8 8 8 8 5 8.3
Al 24ST Screws 5 10 10 5 5 8 1 5 5 0 5 1 1 1 1 1 3.9
Everdur 6 10 10 10 6 9 6 8 8 6 8 8 8 8 8 6 7.6
Monel 8 10 10 10 10 8 8 8 8 6 8 10 10 8 8 10 8.7
Brass screws 8 10 6 10 5 8 5 5 5 5 5 5 5 5 5 5 6.0
Brass nails 8 9 9 9 8 9 5 8 6 8 8 6 8 6 8 6 7.3
70-30 Cu-Ni Nails 9 10 10 10 9 10 8 8 8 9 9 6 8 8 8 8 8.6
Average 6.8 10 9 9 7.4 8 6 5.7 7.2 6 7 6 6.4 6.2 5

'In the scale, unaffected = 10, very slight attack = 9, slight attack = 8, slight to moderate attack
= 6, moderate attack = 5, dezincification (extent uncertain) = 5, moderate to severe attack = 3,
severe attack = 1, and destroyed or broken = 0.



57. Knotkova-Cermakova, D. and J. Vlckova. "Corrosive Effect of Plastics, Rubber, and Wood
on Metals in Confined Spaces." British Corrosion J. 6(1):17-22. In English. January 1971.

The extent of corrosion of iron, zinc, copper, aluminum, and cadmium sealed or in
contact with plastics, rubber, and wood were observed. The products and surrounding
atmosphere were analysed. Formic acid, acetic acid and formaldehyde from wood, and
phenolic resins were most corrosive, and ammonia, hydrochloric acid, hydrofluoric acid, and
sulfur compounds had considerable corrosive effect. Rise in temperature caused increased
emission of corrosive vapors.

58. Kohler, W. (Corrosion of Non-Ferrous Metals in Damp Air by Wood Impregnated with
Alkali Fluoride Solutions.) Holzforsch u. Holzverwert, Wein 14(2):21-28. In German with
Abstract Translated in English. 1962. For. Abstracts 2853. 1963.

Ten nonferrous metals and alloys used for roofing were arranged either touching or
separate from wood blocks treated with three alkali fluoride solutions in a damp atmosphere
for 14, 42, and 91 days.

59. MacLean, H. and J. A. F. Gardner. "Deterioration of Wooden Dry Kilns Used for Drying
Western Hemlock Lumber." Lumberman 78(12):88-90. 1951.

Deterioration of kilns was attributed to acid hydrolysis of cellulose by vapors of wood,
which contained dilute acetic, formic, and carbonic acids at a pH of about 3.1. Metal
fastenings and surrounding wood were corroded. Less corrosion was caused by drying Douglas
fir lumber because of its higher resin content; the resins vaporized, then condensed on walls to
form a protective coating.

60. Marian, J. E. and A. Wissing. "The Chemical and Mechanical Deterioration of Wood in
Contact with Iron, Part 1: Mechanical Deterioration." Svensk Papperstidning 63(3):47-57.
1960.

Changes in tensile and compression strength and chemical composition of wood in
contact with iron under moist conditions were studied. Tensile strength of wood in contact
with rusting iron for a considerable length of time was reduced, but compression strength was
not. Loss in tensile strength was attributed to chemical deterioration of the holocellulose
fraction, but lack of change in compression strength was thought to be because of the absence
of chemical reactions between rusting iron and lignin.

61. Marian, J. E. and A. Wissing. "The Chemical and Mechanical Deterioration of Wood in
Contact with Iron, Part 2: Chemical Deterioration." In English with Swedish Summary. Svensk
Papperstidning 63(4):98-106. 1960.

Chemical investigations showed that the changes induced in pine by rusting iron consist
primarily of decomposition of hemicellulose into sodium-hydroxide-soluble fission products,
at least in the early stages. Cellulose was almost unaffected. Analysis of laboratory-exposed
material and wood from a crosstie in service gave identical results.

The decomposition of polysaccharides in wood in contact with rusting iron is postulated
as a metal-catalyzed autooxidative chain reaction. This interpretation explains why phenols,
amines, and other easily oxidized substances act as antioxidants by combining with and
destroying free peroxide radicals.

62. Marian, J. E. and A. Wissing. "The Chemical and Mechanical Deterioration of Wood in
Contact with Iron, Part 3: Effects of Some Wood Preservatives." In English with Swedish
Summary. Svensk Papperstidning 63(5):130-132. 1960.
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Sapwood and heartwood of Scots pine veneer, treated and untreated, in contact with iron
was flooded with water. Creosote appeared to prevent deterioration of wood, especially
sapwood. Presence of zinc-chromium-arsenate promoted deterioration of wood by rusting iron;
preservative retention was higher than normal. The author concluded that likely the chemical
changes in wood in contact with iron, which results in reduced tensile strength, can be
expected with preservative-treated wood.

63. Marian, J. E. and A. Wissing. "The Chemical and Mechanical Deterioration of Wood in
Contact with Iron, Part 4: Prevention of Deterioration." In English with Swedish Summary.
Svensk Papperstidning 63(6):174-183. 1960.

Three methods of protecting wood were investigated: metallic and resin coatings,
inhibitors (antioxidants) incorporated into wood in combination with a preservative treatment,
and generation of galvanic currents to counteract localized galvanic currents that cause
corrosion. Galvanizing and water-resistant, synthetic, resin coatings under laboratory flooding
conditions provided protection, but further tests were recommended under more severe
conditions as might be encountered in service. Both antioxidants and an imposed electric
current gave conflicting results from which no conclusions could be drawn, other than that
further study was needed on the effects of electrical currents on strength of wood.

64. Martinelle, W. L. "Effect of Preservative Treatments on Corrosion of Pole Line Hardware."
IN: Proc., Amer. Wood-Preservers' Assoc. Report of Committee T-4, Appendix A. P. 192-194.
1975.

Conclusions were: corrosion was excessive with ungalvanized nails, regardless of whether
the pole was treated with creosote at a retention level of 8 pounds or with greensalt up to a
dry-salt level of 1 pound; when poles were air seasoned before treatment, little corrosion of
galvanized nails occurred but, when the poles were steam conditioned according to standard
C4 of the American Wood-Preservers' Association, corrosion was excessive; and little
deleterious effect on the galvanized nails was found when air-seasoned poles were treated with
Greensalt K, which contains potassium dichromate, or with Greensalt 0, which contains
chromic acid. Greensalt S, which contains sodium dichromate, was somewhat inferior to the
other two.

65. Maua, A. E. and S. M. Tanega. "Corrosiveness Tendency of Phillipine Commercial Timbers
Toward Metals." Lumberman (Manila) 13(5):10-14. 1967.

66. McMuller, W. D. "Damage by Ocean Studied." Gazette Times, Corvallis, Oregon. Monday,
March 8, 1971.

This report lists various corrosion-resistant materials and their disadvantages. Stainless
steel is good, but it pits rapidly in salt water and is susceptible to crevice corrosion. Titanium is
good corrosion-resistant material, but is expensive. Exotic metals, such as zirconium and
plastics, need good understanding to be used as corrosion-resistant material in the future.
Oxides, glasses, and various types of concretes are corrosion-resistant, but are brittle and
limited to stationary structures. Plastics and glasses have possible uses as protective coatings for
stronger but less resistant metals.

67. Meinhold, R. F. and L. H. Grosby. "Handling Tough Corrosion: Resin-Impregnated Wood
Plates and Frames Pay Out Every Year." Chemical Processing. 2 p. August 1961.

Phenolic-resin-impregnated pine plates and frames gave excellent service in a filter press
for 3 years when used for such materials as organic acid and sulfonated organic amine slurries.
A service life of 5 years was expected.
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68. Mellan, I. "Corrosion Resistant Materials Handbook." Metallurgical Abstracts 7210-72
0153. 487 p. 1971.

"Detailed tables list the effects of a large number of chemicals on synthetic resins and
polymers, elastomers, cements, mortars, glass ceramics, wood and metals and alloys including
Al (aluminum), Be (beryllium), Cu (Copper), Fe (iron), Ni (nickel), Pb (lead), stainless steel,
Na (sodium), Ti (titanium), W (tungsten), Mo (molybdenum), and Zr (zirconium). The book
features extensive double indexing, with tables arranged by type of corrosion resistant material
and the index organized by corrosive chemical. M.J.R."

69. Merritt, F. S. Building Construction Handbook. McGraw-Hill Book Co. 841 p. 1965.
Corrosion of ferrous metals is caused by the tendency for iron (anode) to dissolve in

water as ferrous hydroxide, which displaces hydrogen. Hydrogen combines with dissolved
oxygen to form more water. Meanwhile, ferrous hydroxide is oxidized to insoluble ferric
hydroxide, which allows more iron to go into solution. Corrosion requires liquid water (as in
damp air) and oxygen. Corrosion of steel is negligible below a relative humidity of 70 percent,
the critical humidity at normal temperatures.

With metallic coatings, zinc is anodic to iron and provides sacrificial protection even after
the coating is broken. Tin and copper are cathodic and protect as long as the coating remains
intact but, when broken, may speed corrosion by localized action.

For chemical protection, insoluble phosphate coatings of iron or zinc, formed by
treatment of metal with phosphate solutions, help protect and provide a good base for paints.
Black oxide coatings formed by surface treatment with strong salt solutions have limited life
outdoors, but provide a good base for rust-inhibiting oils.

In the electromotive series, metals near each other in the series suffer little corrosion from
contact, though iron will damage aluminum. As far as possible, fasteners used to secure metal
roof coverings should be of the same metal or alloy as the roofing. An asphalt felt should be
used to insulate metals applied as roofing from the wood deck to prevent contact between the
roofing and steel nails in the deck.

Formation of a tough, tenacious, transparent coating of aluminum oxide makes
aluminum resistant to corrosion. As aluminum is attacked by alkalis, it should be protected
from contact with wet concrete, mortar, and plaster by such materials as asphalt, bitumens,
and felts. In contact with less active metals, aluminum becomes anodic; contact should be
avoided by use of protective paints or gaskets. Zinc or cadmium coatings on steel protect
aluminum because the coatings are anodic to aluminum.

70. Middleton, J. C., S. M. Draganov, and F. T. Winters. "An Evaluation of Borate and Other
Inorganic Salts as Fire Retardants for Wood Products." For. Products J. 15(12):463-467.
1965.

In addition to fire and strength tests, treated wood was tested for corrosion to metals in
accordance with Bureau of Ships Specification MILL-0019140B, which calls for aluminum,
brass, and steel strips, 1 by 2 inches, and conforming to specific alloy requirements, to be
sandwiched under contact pressure between treated wood blocks that are then conditioned for
10 days at 120 F and 95 percent relative humidity. Borax, boric acid, and a boron formulation
were generally less corrosive to the metals tested than other fire-retarding chemicals and
formulations (Table 3).

71. Mikhalyuk, G. F. and P. I. Anuchin. (Corrosion of Various Metals and Alloys in Insoluble
and Soluble Wood Residue.) Gidrolizn. lesokhim. prom-st., No. 2, 19-20. In Russian. 1968.

"Several steels and welded samples were corrosion tested at a number of wood-product
factories with the aim of replacing copper and cast-iron equipment by chromium-nickel steel
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equipment in resin-processing units. Steel Kh18N10T, often used to replace copper and cast
iron, has no advantages over steel Okh21N5T which is more readily available, therefore the
latter is recommended for construction of resin-processing equipment. It is recommended that
piping and vessels operating at normal pressure be made from chromium steels Okhl7T and
Kh25T.-CCA."

72. Miller, D. J. Corrosion of Metal Fastenings in Wood. For. Res. Lab., School of For.,
Oregon State Univ., Project 26E-9. Unpublished Report. 1958.

Uncoated and coated nails and screws, in untreated and preservative-treated Douglas-fir
lumber, were buried in the ground for 10 months or kept moist at temperatures of 35, 70, and
90 F up to 33 months. Use of initially dry wood was not advantageous under moist exposure;
cadmium- and nickel-plated steel and solid aluminum resisted corrosion better than Parkerized
steel or steel coated with resin, Duco cement, zinc, or brass. Chromated copper-arsenate-
treated wood was not appreciably more corrosive than untreated wood, but ammoniacal-
copper-arsenite-treated wood was somewhat more corrosive than either to metal fastenings.

73. Miller, D. J. Corrosion of Staples in Untreated and Double-Diffusion-Treated Posts. For.
Res. Lab., School of For., Oregon State Univ. Unpublished Report. Project 26E-4. 1960.

Galvanized and plain steel staples in double-diffusion-treated posts were removed after 8
years. Galvanized staples were more resistant to corrosion than were plain staples. Staples in
pine posts treated with copper sulfate and sodium chromate were corroded most. Corrosion
was more severe near ground than near tops of posts. Pine posts treated with a water solution
of zinc sulfate and arsenic acid, then with sodium chromate, combined the best qualities of
durability of wood and noncorrosiveness to metals.

74. Minami, S., H. Hirohata, and S. Arimura. (Corrosion of Metallic Parts in Wooden Cabinets.)
National Tech. Report 10(4):298-304. In Japanese. 1964. Corrosion Abstracts 5(l):44. 1966.

Gases evolved from adhesives and wood accelerated corrosion of metallic parts under high
humidity conditions. Effect of hydrogen sulfide gas, evolved from urea-formaldehyde

Table 3. Average Corrosion of Metal Fastenings (in Mils per
Year) in Contact with Fire-Retardant Treated Wood, According
to MIL-L-0019140B (Bureau of Ships) (70).

Corrosion

Treatment Aluminum Brass Steel

None 0.14 0.42 13.35
FR 28 1.85 0.36 0.62
Borax 2.12 0.54 0.72
Boric Acid 1.56 0.63 1.02
Borax/boric acid (50/50) by weight) 1.59 1.23 3.42
Borax/boric acid (85/15 by weight) 1.72 0.72 0.72
Diammonium phosphate 2.08 4.25 1.96
Ammonium sulfate 7.86 4.29 21.84
AWPA Type C 9.23 4.59 16.78
AWPA Type D 4.85 1.17 5.37
Proprietary 2.64 1.42 14.34
Proprietary' 0.58 0.82 9.78

'Second series of "Proprietary" used 1/2-inch treated plywood.
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adhesives, was especially marked. Chromate-treated, zinc-plated steel was more resistant to
corrosion than chromate-coated, cadmium-plated steel, bare steel, or brass.

75. Morgan, P. G. "The Chemical Deterioration of Wood in the Presence of Iron." Wood
27(12):492. 1962.

Wood loses mechanical strength and chemical stability after it has been exposed to
moisture and air in contact with iron. The complex changes in composition of wood under the
influence of iron include a reduction in carbohydrate content and lignin solubility. Preliminary
indications show that calcium carbonate or other chemicals are effective in reducing
deterioration.

76. Myers, Raymond R. "Corrosion Control by Coatings." IN: Proc., Paint Res. Institute of
the Federation of Societies for Paint Tech. 103. 1973.

This is a four-point joint proposal from a meeting by some representatives of American
paint scientists and industries, in cooperation with the National Bureau of Standards on
corrosion control coatings. The four proposals discussed were under subheadings: Barrier
Properties of Coatings on Metals; Interference with the Chloride-Induced Corrosion Mechan-
ism; Bonding of Freshly Exposed Iron to Various Species; and Localization of Anodic Areas.

77. Narayanamurti, D., R. C. Gupta, and J. Singh. (Deterioration of Timber in Cooling
Towers: Possible Causes.) Werkstoffe u. Korrosion 13:541-543. In German. 1962. Corrosion
Abstracts 78. 1963.

Mechanical tests of redwood and fir, after exposure to cooling water and circulating
water, show that alkaline water with high iron content causes a marked loss in strength.
Impregnation of wood with tar oils had a great protective effect, as it inhibits corrosion caused
by iron nails.

78. Nelson, G. A. Corrosion Data Survey. Shell Development Company, San Francisco. 1950.
This is an excellent and extensive summary of the corrosiveness of chemicals, including

wood preservatives, to many metals. The data are presented in chart form so that the corrosion
resistance of a metal can be determined quickly. Although the charts "act only as a guide and
it is to be expected that in many cases corrosion tests and pilot plant experience may be
necessary," a good correlation was found between the charts and actual plant conditions.

79. Oelsner, G. and G. Becker. (The Effect of Some Timbers on Corrosion of Iron.) Holzforsch
u. Holzverwert, Wien. 17(5):77-80. In German with Abstract Translated in English. 1965. For.
Abstracts 6787. 1966.

Heartwood of Scots pine and two other woods was more corrosive than sapwood.
Alternating dry and humid conditions accelerated corrosion by some woods compared to
humid conditions alone.

80. Ormstad, E. B. (Corrosion of Metals by Contact with Pressure Impregnation Wood.)
Korrosion y Ytskydd 44(6):21-28. Ind-lack-Betrieb. 37(11):491. 1969.

"Creosote has a direct anticorrosive effect, while salt-type impregnations have no effect.
A number of proprietary materials were examined in contact with various metals, at high
humidities severe corrosion occurred in many cases."

81. Ormstad, Egil. (Corrosion of Metals in Contact with Pressure Treated Wood.) Norwegian
Institute of Woodworking and Tech. 47. Translated by Alf Bredland for U.S. For. Prod. Lab.,
Madison, Wisconsin. 1973.
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This is a study aimed at clarifying how Scots pine, pressure treated with water-borne
preservatives, affects the corrosion of various metals. The preservatives used were Celsure,
Brasilit U.A.S., Boliden K. 33, Tancas and Wolmanit CB, and fire retardant Celcure F. After
corrosion attack had been recorded for 1, 2, 3'/z, 4%z, and 8 years, conclusions were:

"At wood moisture contents below 15%, no corrosion will occur for any of the
investigated metal-preservative combinations."

"At wood moisture contents above 15% mild steel and electroplated steel will corrode
significantly, no matter whether the wood contains preservatives or not."

"In humid environments the following metals can be recommended in combination with
pressure treated wood. Hot-galvanized steel, zinc, lead, copper, bronze both as plates and
fasteners, and also brass as plate material."

"In humid environments preservatives containing copper compounds may lead to
corrosion on all investigated quality grades of aluminium."

"Timber pressure treated with creosote will protect effectively the metal against
corrosion."

82. Packman, D. F. "Electrochemical Attack on Boat Timbers." Wood 19(9):358-359. 1954.
When two dissimilar metals are in contact with a piece of moist wood, in which an

inorganic salt is dissolved, conditions are favorable for the formation of a simple galvanic cell.
An external connection between the metals can complete the circuit so that the salt in the
wood is progressively electrolyzed to form sodium hydroxide at the cathode as the chloride
ion is liberated at the anode, with which it combines, to cause corrosion of the metal. When
the anode is iron, secondary reactions ultimately produce free hydrochloric acid. The free
alkali and acid formed at the cathode and anode cause damage to the wood. Differences in salt
concentrations in different parts of the wood can cause some galvanic action when no metallic
connection occurs between the metals.

Differences in behavior of various woods under the same conditions must be attributed to
their resistance to alkali. Order of resistance to electrochemical attack in boats is closely in line
with their resistance to direct chemical action.

Prevent damage by use of same or similar metals and electrical insulation between metals
and metal and wood, such as fiber or plastic bushings, gaskets of plastic, rubber or bitumen
felt, and bolts coated with bitumen or chlorinated rubber.

83. Packman, D. F. Corrosion of Cadmium-Plated Steel by Plywood and Wood Assemblies
Made with Synthetic Resin Glues. For. Prod. Res. Lab., Princes Risborough, England. 5 p.
1957.

In an enclosed air space, cadmium-plated steel was corroded by both cold-setting and
hot-press glues, probably by volatile acetic acid released during curing and storage.

84. Percival, D. H. and Suddarth, S. K. "Investigation of the Mechanical Characteristics of
Truss Plates on Fire-Retardant Treated Wood." For. Products J. 21(1):17-22. 1971.

"Systematic comparison has been made of the influence of a fire-retardant treatment on
stiffness and ultimate strength of metal plate connectors and nail-glued plywood plates. An
overview of the test results indicates that slightly lower ultimate strengths can be expected
when fire-retardant treated lumber is used. Joints made with fire-retardant treated lumber are
somewhat stiffer than the controls at 20% moisture content but this difference is lost as the
lumber dries."

85. Pinon, L. C. The Degradation of Wood by Metal Fastenings and Fittings. For. Prod. Res.
Lab., Timberlab Papers 27. Princes Risborough, England. 13 p. 1970.
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A short theoretical explanation of the basic principles of electrochemical corrosion was
given, the factors that cause chemical decay associated with the corrosion of metallic
fastenings in timber used in boat building were discussed, and certain preventive measures to
eradicate or reduce corrosion were suggested.

Impermeable dense woods give better service than less impermeable and less dense woods
during cathodic degradation caused by the alkali, because the former resist the penetration of
salt water that forms the electrolytic solution.

Softwoods have greater resistance to alkali degradation than hardwoods, which contain
more hemicellulose and other compounds that are dissolved by alkali.

Zinc and copper salts are not degraded at the anode, but iron compounds are degraded
easily, which softens and impairs the mechanical strength to a considerable degree.

Dense impermeable timbers such as oak, teak, mahogany, ivoko, and Afrormosia were
recommended for use in boat building.

Impervious nonconducting coatings, such as bitumen or epoxy resins, must be applied to
all metal surfaces to exclude both sea water and oxygen.

86. Pinon, L. C. "Corrosion of Fasteners for Timber." Anti-Corrosion Methods and Materials
20(3):17. In English. March 1973.

"Corrosion processes are reviewed with special reference to possible effects of timber
preservation and fireproofing treatments. The effects are slight in dry conditions, and attack
on fasteners in adverse environments is often controllable. Plating of the metal may, however,
be preferable. Stainless steel, silicon bronze, and Monel metal are highly resistant, and plastic
coatings preventing metal-electrolyte contact are very effective."

87. Pinon, L. C. "Chemical Staining in Wood." News for the Timber Trade. IS 2/73. 4 p. 1973.
"The various types of stains caused by metals, NH3 (ammonia), alkali, etc., are described,

and remedial measures are specified."

88. Pourbaix, M. J. N. (Lectures on Electrochemical Corrosion.) Translated by R. W. Staehle.
New York Plenum Press. 336 p. 1973.

89. Pratt, W. E. Fastening Problems: Metal Corrosion and Wood Deterioration. California
Redwood Assoc. Interim Report A. 2 p. 1954.

Iron and redwood are mutually incompatible under the conditions existing within a dry
kiln. Where copper and redwood are in contact under these conditions, serious deterioration of
the redwood and slight surface deterioration of copper will result. Galvanizing, as long as it is
intact, will protect both the iron and the redwood from deterioration. Aluminum does not
show appreciable attack under these conditions, and redwood, in contact with aluminum, does
not differ from redwood that has been in contact with any metal.

90. Rabald, E. Corrosion Guide. Elsevier Publishing Co., New York. 629 p. 1951.
This guide, which arose in response to corrosion problems, catalogues old, tried methods

with their advantages and deficiencies for preventing corrosion and presents, in tabular form,
the performance of a wide range of materials.

91. Rawdon, H. S. Laboratory Corrosion Tests of Mild Steel with Special Reference to
Shipplate. Bureau of Standards, Washington, D.C. Res. Paper 42. P. 431-440. 1929.

92. Rawdon, H. S. and E. C. Groesbeck. Effect of the Testing Method of the Determination of
Corrosion Resistance. Technologic Papers of the Bureau of Standards, Washington, D.C.
22(3675):409-446. 1928.
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Tests were made on a copper-nickel series of metals by simple immersion in nonaerated
and aerated solutions, repeated immersion, both continuous and intermittent spray, and an
accelerated electrolytic test. Solutions of normal strength included hydrochloric and acetic
acid, sodium and ammonium hydroxide, and sodium chloride and potassium dichromate. The
corrosion rates and order of relative corrodibility of the five metals varied considerably for
different test methods. The results clearly indicated that the essential features of the service to
be met should be incorporated in any corrosion test designed to give information on the
suitability of a metal for some particular type of service.

93. Richolson, J. M. Establishment of Trend Curves for the Corrosivity of Five Common
Shipbuilding Woods to Five Classes of Metal Wood Screws. Materials Laboratory, New York
Naval Shipyard, Brooklyn. Final Report NS 032-001. 46 p. 1959.

Screws, with and without a beeswax lubricant, were placed in predrilled holes in wood
blocks conditioned to a moisture content of 12 percent. Holes in blocks to be immersed were
countersunk and filled with wood plugs to cap the screws. Blocks were exposed to a salt fog at
95 F or immersed in artificial sea water at room temperature for periods up to 28 months.
Screws were removed by splitting the blocks, cleaned by an appropriate procedure for each
type of metal, and washed, dried, and weighed to determine weight loss.

Fog spray caused the greatest corrosion. Coating screws with a beeswax compound
reduced corrosion. Weight losses are summarized in Table 4. Rankings were as follows:

Order of Decreasing Resistance
to Corrosion

Chrome-plated brass
Brass
Silicon bronze
Galvanized steel
Bright steel

Order of Increasing Corrosion
to Metals

Teak
Bald cypress
Mahogany (salt-water immersion)
White oak
Douglas fir
Mahogany (salt fog)

94. Roetheli, B. E. and G. L. Cox. "Prevention of Corrosion of Metals by Sodium Dichromate
as Affected by Salt Concentration and Temperature." Industrial Engineering and Chemistry
23:1084-1090.

95. Ross, J. D. "Chemical Resistance of Western Woods." For. Products J. 6(6):34-37. 1956.
Thirteen western woods and two southern woods were exposed to solutions of several

common acids, bases, and salts at room temperature and boiling temperature. Relative
chemical resistance was determined by comparing final average breaking load of treated and
untreated pieces of each species.

Woods usually considered to have highest chemical resistance did not show consistently
better than some lesser known woods. The generally good performance of the true firs suggests
that a superior lumber might result from a preservative treatment of these woods, if treatments
are compatible with the solutions used in contact with the wood. The need for standardized
tests to evaluate the resistance of woods to chemical attack was emphasized. Breaking
strengths of various species are shown in Table 5.

96. St. Clair, W. E. "Leach Resistance of Fire-Retardant Treated Wood for Outdoor
Exposure." IN: Proc., Amer. Wood-Preservers' Assoc. Preprint. 1969.
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Corrosion rates of various metals tested in contact with Non-Com Exterior, treated in
accordance with Military Specification MIL-L-19140C, are presented. Non-Com Exterior-
treated wood passed the military specification for fire retardants, was considerably better than
most commercially used formulations and did not contribute measurably to the corrosion rate
of metals.

97. Savard, J., A. M. Andre, and L. Caumartin. (The Action of Wood on Iron.) Bois et Forets
des Tropiques 91:41-52. In French With Abstracts translated in English and Spanish. 1964.
For. Abstracts 2789. 1964.

A rapid procedure for classifying species by their corrosive effects on iron is described.

98. Savard, J., D. Askri, and Y. Ducasse. (The Action of Wood on Zinc.) Bois et Forets
Tropiques 140:58-65. In French with Abstract Translated in English. 1971.

"Experiments with 11 tropical hardwoods, spruce and beech showed that Zn (zinc) has
no destructive effect on them, and that the extent to which they attack Zn is never greater,
and usually less, than the extent to which the metal is attacked by pure water. Use of a
galvanized bolt in a railway sleeper thus protects the wood from Fe (iron) in the bolt, while
the wood protects the Zn against the action of water."

99. Savard, J., L. Caumartin, and C. Lambert. (The Action of Wood on Iron.) Bois et Forets
des Tropiques 99:33-39. In French with Abstracts Translated in English and Spanish. 1965.
For. Abstracts 5788. 1965.

Distinction must be made between the corrosive effects of wood on iron and of iron on
wood. Attack on wood varies directly as extractive content. Removal of extractives reduces
differences in:susceptibility of woods to attack, but does not prevent attack by iron.

Table 4. Weight Loss of Metal Screws in Wood Blocks Immersed in Salt
Water for 20 Months (93).

Wood

Type of screw Teak
Bald

cypress
White
oak

Mahog-
any

Douglas
fir

All
woods

t o

NOT LUBRICATED
Bright steel 0.42 0.63 0.84 0.86 0.71 0.68
Galvanized steel 0.50 0.70 1.22 0.80 0.80 0.80
Silicon-bronze 0.14 0.35 0.23 0.20 0.85 0.40
Brass 0.09 0.24 0.10 0.15 0.43 0.20
Chrome-Plated brass 0.04 0.11 0.06 0.08 0.20 0.10
All metals 0.24 0.40 0.49 0.47 0.60 --

LUBRICATED WITH BEESWAX FORMULATION
Bright steel 0.29 0.46 0.71 0.57 1.15 0.63
Galvanized steel 0.42 0.61 0.94 0.64 0.60 0.64
Silicon-bronze 0.14 0.25 0.10 0.17 0.42 0.22
Brass 0.05 0.18 0.06 0.09 0.33 0.15
Chrome-plated brass 0.02 0.06 0.03 0.03 0.16 0.06
All metals 0.19 0.31 0.37 0.30 0.53 --
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100. Savard, J., L. Caumartin, and C. Lambert. (The Action of Wood on Iron.) Bois et Forets
des Tropiques 106:41-55. In French with Abstracts Translated in English and Spanish. 1966.
For. Abstracts 6786. 1966.

Extractives play a major role in attack on iron by wood.

101. Savard, J. and L. Caumartin. (The Deterioration of a Railway Sleeper.) Bois et Forets des
Tropiques 127:61-66. In French with Abstracts Translated in English and Spanish. 1969.

Chemical analysis of wood samples, from a creosoted (oak) railway sleeper that
apparently had decayed, revealed a marked increase in the solubility of the cellulose in soda
and, thus, showed that the deterioration was attributable not to fungus attack, but to the
action of the metal rail on the wood.

102. Savard, J., L. Caumartin, and Ducasse. (The Effect on Wood of Solutions of Aluminum
Nitrate or Copper Sulphate.) Bois et Forets des Tropiques 39-64. 1971.

This describes a series of experiments with 1-percent cation solutions of aluminum nitrate
or copper sulfate on 11 tropical hardwoods investigated, together with Norway spruce and
beech. The following conclusions were drawn.

The effect of aluminum nitrate on unextracted woods of the test species was destruction
of lignin and pentosans, the content of which varied greatly with species. In certain woods,
iron (about 3.5 mg of iron filings per 2 g of wood) acts as a powerful catalyst for attack by
aluminum nitrate, and where aluminum nitrate does not reduce the quantity of lignin in the
wood, it damages it by increasing its solubility in sodium hydroxide.

Table 5. Average Percentages of Original Wet
Breaking Strength After Exposure to Different
Classes of Solutions (95).

Average residual
breaking strength

Species Acids Bases Salts

Ponderosa pine sapwood 69.5 55.8 92.1
Noble fir 68.2 52.4 94.0
Douglas fir 66.0 46.0 88.3

White fir 65.3 50.6 94.4
Cypress 65.1 51.6 91.8

Sitka spruce 64.7 46.4 90.1
Port-Orford cedar 64.7 42.8 88.8

Western redcedar 64.5 39.6 81.7

Redwood 63.7 41.0 83.6
Western hemlock 63.1 48.6 84.0

Western white pine 62.0 44.4 84.7

Sugar pine 61,2 37.2 83.1

Incense cedar 60.8 43.8 82.3

Ponderosa pine heartwood 60.0 43.8 80.1

Southern pine 60.0 51,2 88.8

Western larch 59.8 40.6 83.7
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prolonged exposure to high and low humidity. Galvanized nails caused a black discoloration of
redwood siding. Under certain conditions, nonmetallic washers and baked enamel finishes
helped prevent discoloration of redwood by galvanized nails.

114. Stern, E. G. Fastening of Western Red Cedar Bevel Siding. Virginia Polytechnic Institute,
Wood Res. Lab. Bull. 52. 43 p. 1966.

Deterioration of nails and their chemical compatibility (staining) with western redcedar
siding was determined by exposing the siding to alternating combinations of high and low
humidities and temperatures and to atmospheric conditions.

Enameled stainless steel nails were recommended over the other 18 types of nails tested
"wherever corrosion of the nail head, no matter how slight, can create serious problems" as in
the fastening of wood siding by face nailing.

Only stainless steel nails were chemically compatible with western redcedar siding.
Aluminum nails were considered a second choice, as they performed "so much better" than
plain, galvanized, zinc-plated, and cadmium-plated steel nails.

115. Stern, E. G. Plastic-Coated Nails, A Study of Their Effectiveness. Virginia Polytechnic
Institute, Wood Res. and Construction Lab. Bull. 65. 20 p. 1968.

Some coatings were ineffective, but others were highly effective. The most outstanding
benefits obtained were: ease of nailing was increased as much as 38 percent; joint stiffness at
high withdrawal loads was increased; immediate withdrawal resistance was increased as much
as 125 percent for plain-shank nails and 67 percent for helically threaded nails; delayed
withdrawal resistance was increased as much as 312 and 725 percent for plain-shank nails of
steel and aluminum and as much as 103 percent for helically threaded steel nails; and corrosion
resistance of steel nails during prolonged exposure to 100 percent relative humidity was
improved considerably, which more or less eliminated rusting of some of the steel nails.

116. Thompson, W. S. "Effect of Preservative Salts on Properties of Hardwood Veneer." For.
Products J. 14(3):124-128. 1964.

"Sweetgum, blackgum and yellow-poplar sapwood veneers were treated with Boliden
salts, Chemonite, Celcure and copper chromate to retentions of anhydrous salt equivalent to
0.12, 0.25, 0.50, 1.00, 2.00 and 4.00 pounds per cubic foot at 68 F. Specimens were
conditioned to a moisture content of 9 percent and tested for toughness by center loading on a
2-inch span.

Preservative salts were found to have both an immediate and a long-range effect on
toughness of wood due, respectively, to the deposition of salts within the cell walls and the
changes which they subsequently caused in the composition of the wood substance. This
change was thought to be due to chemical degradation of cellulose. Wood was modified
chemically at ordinary temperatures at salt concentrations as low as 0.5 pounds per cubic foot.
Degree of degradation was influenced by retention and distribution of preservative as well as
the nature of the salts involved.

While it is unlikely that commercial retentions of preservative salts impair seriously the
utility of lumber and dimension for most service applications, ... retentions of the order of I
pound per cubic foot could seriously impair the strength properties of veneer or other thin
materials. The temperature to which such- material is exposed during treatment and in service
would largely determine the degree to which it is degraded. The results of this study show that
some degradation of the test specimens occurred following treatment and prolonged storage at
room temperature. It is probable that the magnitude of this effect in veneer would be
increased significantly by high-temperature drying and hot-press laminating."
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117. Thompson, W. S. Effect of Chemicals, Chemical Atmospheres, and Contact with Metals
on Southern Pine Woods: A Review. For. Prod. Lab., Mississippi State Univ., State College,
Mississippi. Res. Report 6. 55 p. 1969.

This excellent review summarizes information on chemical resistance, specific effects of
chemicals, methods of imparting chemical resistance, effects of steaming on physical and
chemical properties, and effects of metal on properties of wood. The author cites 64
references.

118. Tomashov, N. D. Theory of Corrosion and Protection of Metals. Macmillan and Co., New
York. 672 p. 1966.

This translation of Russian efforts in the field of corrosion is an excellent reference for
corrosion science and engineering.

119. Uhlig, H. H. The Corrosion Handbook. John Wiley and Sons, New York. 1,188 p. 1948.
This handbook contains a summary of corrosion information, which includes both

scientific data and industrial experiences. Current theories of corrosion and corrosion testing
are discussed, but emphasis is placed on quantitative information on corrosion. Actual
corrosion rates, under precisely defined exposure conditions, are presented to provide an
adequate basis for sound judgment in using the information.

The author notes that moist air, containing acetic acid or other types of organic-acid
vapors from certain woods, such as oak and Douglas fir, has been known to cause serious
corrosion of lead (p. 216), that woods appear to withstand the action of acids and acid
solutions better than they do strongly alkaline and caustic solutions and that, although a
solution may have no appreciable effect on wood at ordinary temperatures, an increase in
temperature may cause immediate and rapid destruction (p. 372). A table shows the condition
of wood after 31 days immersion in cold solutions and 8 hours in boiling solutions.

120. U.S. Department of Defense. Military Specification-Lumber and Plywood, Fire-
Retardant Treated. MIL-L-1914C. 1964.

Procedures for determining the acidity of treated wood and corrosiveness of the extract
are presented. The extract solution shall have a pH not less than 4 and shall not show corrosion
rates greater than 25 mils per year for any of the three alloys tested.

121. U.S. Navy Bureau of Ships. Metal Fastenings-1959 Series: Final Report. W. F. Clapp
Laboratories, Inc. Contract NObs 78875. 129 p. 1965.

Panels of mahogany and red oak plywood, treated with copper formate, Celcure, or
tributyl tin oxide and containing screws of bronze, Monel, brass, and galvanized steel, were
immersed in sea water at Duxbury, Massachusetts, for 63 months. Screws were flush or
countersunk and plugged. Weight loss of screws was determined.

Species of wood had no appreciable effect on fastenings. Countersinking and plugging was
the best method for embedding screws. Painted panels were better than unpainted panels.
Tributyl tin oxide gave the best overall performance. All failures were galvanized. Monel was
superior to bronze and brass, and all were superior to galvanized steel.

122. Van Kleeck, A. "Corrosion Studies with Certain Fire-Retardant Chemicals." IN: Proc.,
Amer. Wood-Preservers' Assoc. 38:160-171. 1942.

The author summarized results obtained by Prince, who exposed treated cypress boards
that contained iron and brass machine bolts (Table 6).

Strips of commercial sheet stock of aluminum, half-hard brass, copper, cold-rolled steel,
and zinc were immersed in 22 solutions at 70 to 80 F with and without sodium dichromate.
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Solutions without sodium dichromate were corrosive to all of the metals with a few
exceptions. Borax was not corrosive to brass, steel, and zinc, and borax-boric acid was not
corrosive to steel. Although sodium dichromate generally inhibited corrosion, with monoam-
monium phosphate, diammonium phosphate, and monoammonium phosphate-boric acid, it
accelerated corrosion of zinc and, with zinc chloride, it accelerated corrosion of steel.
Minimum quantity of sodium dichromate necessary to inhibit corrosion was about 2.5 percent
of the fire-retardant chemical present.

Table 6. Results Obtained by Exposing Treated Cypress Boards That
Contained Iron and Brass Machine Bolts (122).

Treatment Iron Brass

None Slightly corroded Good condition
Ammonium phosphate Badly corroded Badly corroded

Ammonium sulfate Corroded Slightly corroded

Ammonium sulfate and phosphate Slightly corroded Slightly corroded

Ammonium alum Badly corroded Slightly corroded

Aluminum sulfate and alum Badly corroded Good condition
Aluminum sulfate Slightly corroded Good condition

123. Vyskum, Drevasky. "A Contribution to the Problem of Evaluation and Determination of
Corrosion of Metal in Contact with Fibreboard." Sisler 17(2):125-138. 1972.

A method was developed to test the effect of fibreboard produced from various wood
species on iron, copper, and aluminum. A successful result showed that oak fibreboard
compared with beech fibreboard affects the increase in corrosive activity only to a small
degree. The spruce fibreboard compared with oak and beech boards is substantially less active.
Copper and aluminum, compared with iron, are resistant to the effect of fibreboards.

124. Wallin, Torgny. "Corrosion of Fasteners in Treated Wood." Scandinavian Lead Zinc
Assoc. Stockholm. 6th Scandinavian Corrosion Congress, May 6, Gothenburg. 1971.

"Ordinary steel corrodes faster than other common fastener metals such as copper, brass,
aluminum, and stainless steel. Zinc coatings however, will prevent the steel corrosion
effectively provided that the coatings are sufficiently thick."

Corrosion rate for zinc is about 60 percent that of steel under the same conditions.
Copper and brass show low corrosion rates, less than 20 percent that of steel.

125. Wangaard, F. F. "Resistance of Wood to Chemical Degradation." For. Products J.
16(2):53-64. 1966.

"Based on 13 hardwoods and softwoods having highly diversified characteristics, this
study confirms the remarkable resistance of wood to acid degradation. Resistance to strongly
alkaline solutions was not so good. Nearly all these woods resisted 2 percent HCl (hydrochloric
acid) with little loss in strength. Only a few retained 50 percent of their original wet strength
after treatment with 2 percent NaOH (sodium hydroxide).

The most significant chemical change after treatment with either acid or alkali was a
reduction in hemicellulose content. More than 70 percent of the variation in strength retention
among the 13 species was associated with hemicellulose retention. Other changes, including
hydrolysis of alphacellulose in acid solutions and alkali-induced swelling when treated with
NaOH, undoubtedly contributed to strength loss.
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The relatively high resistance to attack by either acid or alkali shown by the softwoods
gives indirect support to the belief that low pentosan content favors resistance to chemical
attack.

Cell-wall compactness or inaccessibility appears to be another major factor influencing
resistance to acid degradation. This relationship is consistent with the view that chemical
attack occurs in the less well ordered regions of the wall. The absence of such a relationship for
alkali-degraded material indicates that resistance to caustic soda must be strongly influenced
by factors other than initial accessibility."

126. Weiss, H. F. and C. H. Teesdale. Tests of Wood Preservatives. U.S. Dept. of Agric. Bull.
145. 20 p. 1915.

Strips of boiler flange steel were submerged in various preservatives, which were heated to
a constant temperature of about 208 F. Oil preservatives were changed every week for 4
weeks. Water solutions were changed each day for 1 week. Depositions on the surface of the
steel were removed, as much as possible, each time the preservative was renewed.

In general, wood-tar products were much more corrosive than coal-tar or petroleum
products. Corrosion by coal-tar or petroleum products probably could be ignored in plant
operation. Metallic salts, except cresol, calcium, and sodium fluoride, were corrosive and
should be considered in plant depreciation.

127. Wright, T. E., H. P. Goddard, and I. H. Jenks. "The Performance of Alcan 655-T6
Aluminum Alloy Embedded in Certain Woods Under Marine Conditions." Corrosion
13(7):77-83. 1957. For.Abstracts 3737. 1959.

Mahogany and British Columbia fir were most corrosive to aluminum. Coating aluminum
with zinc chromate, anodizing, capping the bolts with wooden dowels, or coating the assembly
reduced corrosion. Alcan 653-T6 was more corrosion resistant than Alcan 24S-T3 and T4.

128. Zyska, B. Characterystyka Impregnatow dia Drewna Kopalnianego. Badanie Korozyjnego
Dzialania na Metale i Proby Jego Zmniejszenia. Przeglad Gorniczy 10(3): Biul. Glownego Inst.
Gornictwa 5(1) (15), p. 8. 1954. In Polish. Annual Report on Wood Protection 1956:741.

Addition of monoammonium phosphate (5 percent by weight) reduced corrosiveness of
fluorosilicate preservative.

129. Zyska, B. Przydatnosc Fluorokrzemianu Magnezowego Produccji Krajowej do Impreg-
nacji Drewna Kopalnianego. Przeglad Gorniczy 12(1956) No. 12; Biul. Glownego Inst.
Gornictwa 7 (1956), 4(26):33-36. 1956. In Polish. Annual Report on Wood Protection
1956:740.

The low corrosiveness of magnesium silicofluoride to sheet steel was because of small
quantities of phosphate compounds it contained.
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