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NOTATIONS 

Notation; 

ipy Inches penetration per year 

Copper Steel Copper bearing steel of low carbon content 

Steel 302 USS 18-8 stainless steel 
of high carbon content, Type 302 

Steel 304 USS 18-8 S stainless steel 
of low carbon content, Type 304 

Steel 316 USS 18-8 stainless steel 
containing molybdenum, Type 316 

Steel 347 USS 18-8 stainless steel 
containing columbium, Type 347 
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A STDDY OP CORROSION IN 

TURPENTINE-GUM PROCESSING UNITS 

INTRODUCTION 

General Theory of Corrosion 

Corrosion has long been a problem of industrial im­

portance. The solution of this problem may often mean the 

difference between profit and loss. 

It is now generally agreed that the most logical and 

elastic corrosion theory is the electrochemical theory first 

1 2 
suggested by Whitney and Walker early in the twentieth 
century. This first hypothesis has since been enlarged and 

improved upon until now mo3t corrosion phenomena can be ex­
's 

plained • 

There are many factors which influence the corrosion 

rate to a greater or lesser degree. The presence of oxygen 

is one of the most important factors. The rate as which 

dissolved oxygen can reach the metal surface determines the 

W.R. Whitney, "The Corrosion of Iron", Journal of the 
American Chemical Society, Vol. 25, pp. 393-406, 1903. ' 

W.H. Walker, A.M.Cederholm, L.N. Brent, "The Corrosion 
of Iron and Steel", Ibid, Vol. 29, pp. 1251-1264, 1907. 

F.N. Speller, "A Study of Corrosion Factors and the 
Electrochemical Theory", Industrial and Engineering Chemistry, 
Vol. 17, pp. 348-354, 1925. 
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corrosion rate in most natural water corrosion. This rate 

depends on the rate of solution and diffusion, the oxygen 

content of the media, the temperature at which the corrosion 

occurs, the pressure and humidity of the air, the velocity of 

motion of the corroding media, the presence of surface films, 

the concentration of other dissolved substances, the viscos­

ity of the solution, the depth of immersion of the metal, and 

the area of the corroding solution exposed to the air. 

Other factors which influence corrosion but do not af­

fect the oxygen supply are: Nerns^s metal potential or solu­

tion pressure, the metal ion concentration in water, the pH 

of the solution, the unequal distribution on the metallic 

surface of the dissolved substances in the solution, the over-

voltage of the hydrogen on the metal in electrical contact 

with it, the contact of the metal with other conducting sub­

stances, the character and uniformity of the surface finish, 

segregation of impurities in the metal, composition of the 

metal, the electrical potential applied externally to the 

metal, conductivity of the corroding solution, the action of 

light, presence of oxidizing agents, area of the metal ex­

posed as the anode, the chemical content of the corroding 

solution, duration of exposure, passivity, and the existence 

of mechanical stresses in the metal. Some of these factors 

influence the quantity of corrosion while others influence 

only its distribution. 
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The factors which are involved in initial corrosion r'e-
4 

actions are the "primary" factors . Others enter in after 

corrosion has started and are termed "secondary" factors* 

These primary factors are subdivided: 

(1) As affecting anodic reactions: The solution po­

tential of the metal which depends on the place it occupies 

in the e. m. f, table and the concentration of the ion in the 

surrounding solution. 

(2) As affecting cathodic reactions: the potential 

available for the deposition and the removal of hydrogen— 

the solution pressure of the metal. 

The resultant of all these factors, both primary and 
t 

secondary, determines the rate of corrosion in any particular 

case. 

The solution pressure referred to previously is con­

cerned with the definite tendency of metals to go into solu­

tion to form ions. This process maintains corrosion. Meas­

urements have been made of this tendency and the electrochemial 

series is the result. Ordinarily any metal will displace any 

following if the ionic concentrations of the two are the same, 

but secondary factors may tend to interfere. By the applica­

tion of an external e. m. f., the solution potentials can be 

overshadowed and the reaction either speeded up or driven in 

W. S. Calcott and J.C. Whetzel, "Laboratory Corrosion 
Tests", Transactions of the American Institute of Chemical 
Engineers, Vol. 15, Part 1, pp. 1-114, 1923. 
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the opposite direction. The metal potential is decreased by-

raising the concentration of the ion in solution. This might 

retard corrosion, but in some cases, such as with iron, the 

ion concentration is limited in alkaline solutions by the 

solubility of the hydroxide. 

The presence of electrically connected metals of high 

and low potentials and overvoltage respectively, such as iron 

and platinum, permits gas evolution from the more cathodic and 

hastens corrosion. Slag inclusions and mill scale on iron are 

practical oases of dissimilar conductors in contact with one 

another. When the metal is almost covered with inert cathod­

ic conductor, smaller unprotected areas corrode rapidly if 

the solution has fairly good conductivity. The depth of pit­

ting bears some relation to the ratio of anodic area exposed 

and cathodic area that is covered with protective coating. 

Dissimilar solutions in contact with a metal may also 

cause pitting, or the same effect may be achieved by a solu­

tion of a single material in different concentrations. A 

current, however small, will flow from that portion of the 

metal in contact with the more dilute to that in contact 

with the more concentrated—the portion of metal in the dilute 

concentration becoming anodic and corroding by anodic solution. 

Pitting, as a result of oxygen concentration cells has 

been explained by Evans^as follows: 

U.S. Evans, "The Action of Salt Solution on Iron and 
Steel in the Presence of OKygen", Journal of the Society of 
Chemical Industry, Vol. 45, pp. 315T-322T, 1924. 
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Suppose that a small cavity exists in the surface of 
the metal into which oxygen cannot diffuse quickly. A cur­
rent will be produced between the unaerated area within the 
cavity, which will become anodic,and the aerated part of the 
surface outside which will be cathodic; a soluble salt will 
be formed at the anodic surface within the cavity but this 
will not interfere with further anodic attach. At the mouth 
of the cavity where the soluble salt formed on the interior 
mixes with the alkali from the cathodic portion outside, 
hydroxide may be precipitated, but it will not stop anodic 
solution within. Since the rate of attack is determined by 
the supply of oxygen to the whole surface outside the pit, 
and since it is all concentrated to small areas within the 
pits, the rate at which corrosion bores into the metal will 
be very great; and perforation may occur at this one point 
before any appreciable thinning has occurred at other parts 
of the surface. 

Oxygen may have another function in the corrosion 

process—it may inhibit the rate of corrosion by the forma­

tion of a relatively impenetrable film of oxide, usually 

invisible, which makes the metal impervious to corrosion 

even in the presence of corrosive media. While this film 

usually forms almost instantaneously on exposure of a metal 

surface to air, the film is perhaps not as effective as when 

induced by oxidizing agents such as potassium dichromate. 

Such a condition is termed "passivity". This film, while re­

sistant to corrosion, tends to cause localized corrosion of 

a greater rate if it happens to be broken. Pitting results 

by the mechanism mentioned above. 

One is impressed by the large number of variables; 

but the problem is not as complicated as it might seem, for 

whereas each of the factors is undoubtedly important under 

certain conditions, there are wide ranges of conditions in 
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whioh comparatively few have any importance in influencing 

the rate of corrosion—that of others being negligible or 

zero. It is very important to distinguish between conditions 

in which various factors are controlling if results are to 

be uniform. One should stay within the same set of condi­

tions for any particular experiment. 

Corrosion Testing Methods 

The methods of testing for corrosion are, it seems to 

me, not sufficiently standardized to the extent of enabling 

one to predict accurately the life of a metal serving a par-

ticular purpose. Searle and La Que , however, mention cases 

where predicted results check very closely with those found 

in actual operation. The tests that are usually run are 

speedy, comparative tests that give results for the metals 

under specified conditions. These metals might easily and 

probably will have different corrosion resisting properties 

in actual operation; however, since it would be practically 

impossible to test the countless metals and alloys for all 

the various uses to which they might be put, the tests are 

about the best possible substitute. 

Specific tests include the salt spray test in which 

the metal being tested is Jet-sprayed with a solution of 

6H.E. Searle and F.L. La Que, "Corrosion Testing 
Methods", American Society for Testing Materials, Vol. 35, 
Part 2, pp. 249-260, 1935. 
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three and one-half per cent salt in water; alternate immersion 

tests or continued immersion tests in which the sample is al­

ternately dipped in a corroding solution of definite composi­

tion and then exposed to the air for a specified period or 

immersed continually in the corroding solution, as the case 

might be* The Myluis number depends on the temperature change 

of a ten per cent hydrochloric acid solution reacting on the 

sample* The number is given by the average increase in tem­

perature between twenty degrees centigrade and the maximum 

temperature reached* Other such testa include measuring the 

volume of gas evolved per unit time when the metal is dis­

solved in a definite quantity of five per cent aqueous hydro­

chloric acid at twenty degrees centigrade. 

If the tests appear to be faulty, the methods of 

interpreting them and of evaluating the corrosion losses may 

seem even more so* Most publications on corrosion measure 

the results by loss of weight and then, by knowing the di­

mensions of the sample, the density, etc., converting this 

weight loss to a similar relationship known as "inches pene­

tration per year"* An even simpler method consists of the 

inspection and comparison of the sample with uncorroded 

specimens of the same sample or with other materials used 

for the same purpose* Hhia has the disadvantage of leaving 

no record by means of which one investigator can compare his 

work with that of another* 
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When the sample is weighed before and after the test, 

the data are specific but the disadvantage lies in the diffi­

culty of carrying out the test satisfactorily. Frequently 

there are adherent products of corrosion which cannot be re­

moved without removing, at the same time, some of the residual 

uncorroded material. 

The products of corrosion may be determined analyti­

cally, but the results yielded can be used only when it is 

certain that all of the products of corrosion are available 

for analysis. 

Hie depth to which corrosion has penetrated may be 

measured by removing the surface until this depth is reached. 

It is, however, difficalt to measure this depth or to remove 

the surface satisfactorily. 

The fallacy of the above methods is that they tell 

us nothing of the properties of the metal whioh is apparent­

ly unattacked, but which may have been subject to internal 

disruption and disintegration. Methods which may lead to 

erroneous generalizations should be avoided. Methods of 

appraising the damage done by corrosion must essentially 

depend upon the nature of the chemical and physical actions 
7 

involved. Portevin lists five principal modes which may 

be singled out: 

A. Portevin, "Methods of Determining Effects of Cor­
rosion", Metal Progress, Vol. 22, pp. 57-58, July , 1932. 
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(1) When the metal corrodes by uniform solution, it 

is reduced an equal amount over the entire area. In such 

cases it is logical to measure the effect by the loss of 

weight, or, better, the depth of corrosion, 

(2) There is localized corrosion in pits or seams, 

The effect on the mechanical properties is not proportional 

to the loss in weight, since the pits act as notches and 

considerably reduce the capacity for deformation and con­

sequently the elongation and contraction of area in a ten­

sion test* This kind of corrosion is a statistical phe­

nomena. For the same loss in weight, a tank sheet may under­

go superficial thinning when the corrosion belongs to class 

one or be useless owing to penetration when the corrosion 

belongs to class two. 

(3) Subsurface corrosion may occur. This develops 

in depth and provokes either flaws or the chemical trans­

formation of a constituent. A typical example is the 

"graph!tization" of cast iron in sea water which in time 

transforms it into a product having no cohesion, when its 

appearance remains unaltered. A variation in weight is evi­

dently of no use in measuring this phenomena. 

(4) There may be corrosion cracking. Tinder the in­

fluence of particular reagents, some metals and alloys 

spontaneously crack, and the cracks are propagated between 

the crystalline grains. The metal has lost its resistance, 

but there is no relation between loss in weight and 
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deterioration. Such an alteration in properties is not easi­

ly detected. About the only method to test is the qualitative 

one of striking the piece and listening to the note it gives 

out. An unattacked sheet is sonorous while an attacked one 

has a hollow, dead sound. 

(5) Corrosion may cause specific brittleness in the 

metal sample. Sometimes some specific property of the metal 

may be altered by the external chemical influence without 

loss in weight--the brittleness of mild steel induced by 

the chemical influences which evolve atomic hydrogen. 

Naval Stores 

Naval stores means turpentine and rosin and comes from 

the gum of certain species of pine trees—the kind of pines 

that grow in the Southern States. For more than a century 

the South has been the worlds largest producer of naval 

stores. Naval stores i3 of national importance because its 

products are used in the manufacture of so many articles. 

It is important to the South because it employs many people, 

is an annual crop worth millions, and yields returns from 

lands that grow pine trees better than they do other crops. 

It is our most important export in the chemical field. More 

than half of the total production is exported. 

The naval stores industry originated in Nova Scotia 

in 1606. It has changed its name from "turpentine farming" 

to "naval stores industry", and its original purpose from 

providing pitch and pine tar for calking ships to supplying 
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rosin and turpentine for everyday use. 

The principal use of rosin8 is in sizing paper. An­

other major use is in making varnishes. Rosin gives soap 

desirable properties and prevents it from softening in warm 

weather. It is used in making printing ink. There is rosin 

in linoleum, in sealing wax, in rubber goods, greases, and 

insulating compounds. 
a 

•The main use for turpentine is that of a thinner 

for paints and varnishes. It serves as the raw material 

for making synthetic camphor, some synthetic perfumes, and 

finds use in various pharmaceutical and chemical prepara­

tions. Turpentine has a place in the medicine cabinet of 

almost every home in the land. 

The Naval Stores Research Division of the TJnited States 

Department of Agriculture, Bureau of Chemistry and Soils, has 

as its primary object the development of more economical and 

efficient methods for the refining of the turpentine and 

gum in order that some of the tremendous losses that occur 

in the industry may be greatly reduced—the present loss in 

turpentine and rosin is some over six million dollars a year 

on a forty million dollar crop. The most recent finding in 

the naval stores work, and now being developed to a practical 

basis, is a method for making, from ordinary gum, a rosin 

Jesse 0. Reed, "Upgrading Oleoresin by a New Process", 
Chemical and Metallurgical Engineering, 48:70, December, 1941* 

Loc. cit.. 
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product that is seven grades higher than the highest of the 

thirteen American standard grades. The station has made 

available to the producer, at his own still, the best prac­

tices in still operation. 

Corrosion has long been a major problem with the naval 

stores work. Personnel at the Naval Stores Research Station 

In Olustee, Florida, were anxious that this study be made, 

for they are finding a great many calls made on them to recom­

mend the best materials to be used in still construction and 

gum refinement. With the patenting of their gum cleaning 

process, a greater need has come for equipment to conduct 

properly the processing. 

Gum Cleaning Process 

In processing pine gum, oleoresin from the trees is 

poured into the melter and diluted with turpentine to a total 

turpentine content of forty per cent, about twenty per cent 

by weight being added. (This additional turpentine is added 

in order that the gum may be light enough to be separated 

from the water in a later step.) This mass is heated to 

around two hundred and ten degrees Fahrenheit in order that 

the charge be completely melted. This melting period varies 

from thirty minutes to a maximum of one hour. The heating 

is accomplished by the addition of live steam. The melter 

^TJ.S. Patent 2,254,785 to W.C. Smith, J.O. Reed, 
F. P. Veitch, and G.P. Shingler, September 2, 1941. 


