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PREFACE

Al though organic corrosion inhibitors are in widespread
uge and their effectiveness is conceded, especially in the protec~
tion of iron or ferrous alloys im acidic solutions, the mechaniasm
of iphibition is ohscure ahﬁ disputed. Tor this reason, the
screening of inhibitors has been trial and error.

To assist in the comprehension of imbibition and te
previde a sound bagis fer selection of inhibiters, I have attempted

to relate the mechanism of inhibition to an adsorbed film of inhib-

the corroesion current,

I wish to express my sincere appreciatien to Br. 8. ¥.
Ewing, wmy major advisor, whose assistance and underetanding was
primal in the success of this research; to the other members of my
committee for their guidance; to Dr. Prawklin Graybhill for his aid

in statistical analyses; to the Research Apparatus Development

meintensance; and to the Jersey Productien Research Center of Tulsa
whose financial support facilitated the successful completion of

this worke
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CHAPTER I
INTRODUCTION

In the field of corrosion inhibition certain chemicals
when added te normally corresive liquid media will inhibit the cor-
rogion of metals in these media. Additions of soluble hydroxides,
chromates, phesphates, silicates and carbenates decrease the cor-

rosion rate of iren and cther metals in agueous solutiensg by apedic

metal surface. Magnesium, zinc or nickel salts reaet at cathedic

g
areas to form insoluble hydrexides over the surface as a barrier +to
further reduction of oxygen in the cathodiec reaction,

In this field, polar organic substances and ceolleids have
found use as inhibitors of corrosion, espeecially in seid selutions.
These ineclude the nitrogen containing cewmpounds suweh as aliphatic
and arvematie amines, pyridine, guinoline and acridine and their
substitution producte; oxygen containing compounds such as alde-~
hydes, ketones and erganic acide; zulfur containing compeunds,
usually the merecaptans. UOf these, the amines are in wmost general
use and are inecorporated in many of the commercial inhibiters.

Inhibition by organic chemicals has Dbeen explained on
the basis of retardation e¢f the cathedic or anodie process similar
to inorgenic inhibiters. Necause of the positive charge asmociated

with an amine, an electrostatic attraction between the cabthedie



aregs on the metal and the amine has bheen postulated ae a mechanism
for adsorption of the inhibiter on the metallic surface. UOn the
other hand, inactivation of electrons of the metallie surface and
prevention of electron flow by a complexing reaction would inacti-
vate anedie areas. In the first instance as a so-called cathedic
inhibitor, the cathodic reaction, hydrogen evolution, would he
retarded, i.e., an increase in hydregen overveltage. In thé second
case as an anodic inhibitor, the anedic reaction, metal dissolution,

would be retarded, ip effect a passivation phenomenon. A4 third

mechanisem, invoelving general adsorption of the inhibitor blanketing
the surface and offering an ehmic resgistance to loeal actisn cur-
rent introduces the coneept of mixed inhibition.

The m@chﬂni@m‘of inhibition has been explained in differ-
ent ways by different investigators. An enipma still exists as te
the mechanism; therefore, the purpose of this work is the investi-
gation of one of the theories, namely, that of ochmic resistance,
to determine if there is correlation between resistance and
inhibitien.

The resistance of an adsorbed film cannet be measured
directly with any degree of accuracy, but may be caleulated indi-
rectly using measurahle qmmntitiﬂﬁol In a freely corroding

electrode, the local action eurrent follows the simple (Uhm'e Law

relation

i, .;}f‘_.?.“" E, ) E, - Jtn_@ (1)
- + B T r +r
a ¢ -2 _c
A A
& c

1, c . .
See Appendiz A for complete derivation,
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where subseripts denote cathodic and anodic sites. For maximum
current flow, the rate of change of iL with respect to the anedie
area ﬁu is gero, (essuming that the total area is made up of

anodic and cathodic areas only with ne iumsulated spots, i.e.,

A 4+ A =
& c
o
then r - B )}~ 2
. o) (2)
r - B )
c a

When a eurrent ie is applied to a corroding coupen, the

(3)

where
B R_ o (4)
R, + B Vr, =

and therefore,

E - E, (5)

r r_ o=
a e i

The solution of (2) and (%) yields the relationships:

i E o« B, E - B E - E, ('5)'
r, a e _ o i r 0 c . 9 i
@=F TH *T1 °TE & *Ti
0 c e a o e

frem which a resistance type measurement may he determined for
cathodie and anodic areas.

The terms Mﬂ and Rc are resistances in series to local
action current. A direet measursment of resistance of a film by

impressed current dees not give a true picture since anodic and

cathodie resistances are in parallel to impresszed current. By the
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very nmture‘of resistances in parallel, an increase in Ra and/or
Rc would show dnly a small increase in resistance with respect to
impressed current, whereas a large inerease may actually exist
with respect to the corrosion current. This means that separation

of the resistance terms is neces

sary. This, in effect, iz what

has been accomplished by equation (6).

Agsuming that the anodic reaction is dissolution of iron
to ferrous ion, and the cathodic reaction the evolution ef hydre-

gen, then:

E, = =0.685 + 0.0295 log (Fe++) and (7)
B, = =-0.244 - 0.0591 pH (8)

By fixing the concentration of ferrous ion and measuring pH, the

terms B and B are determined by the abeve Nernst relationships
a e o iy

.
(expressed in terms of the saturated calomel electrode).

.

The guantity EO - Ei is the slope of the line relating
i
e
impressed current te the resulting potential Ei where Ei = EO at
ie = 0, A linear relationship is obtained at low current densi-

ties in the region where the polarized potential is close to the

corrosion potential (23).

Previous investigations en organic inhibitors have been

v
done using highly corrosive media such as sulfuric acid. That
organic compounds are applicable in mildly corrosive media is
evidenced by the great quantity of these available on bthe market
for corrosion inhibition in other than pickling operations. With

this in mind, and alse the faet that in practice, corrosion for
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the most part oceeurs in eother than highly scidic solutioen, & rela-
tively wild corrosive enviromment was selected for the study.
Bince corresion by dissolved carbon dioxide is of practieal im-
portance, especially in the petroleum industry, the investigation

in this dissertation was carried out in a water solution saturated

with carbon disxide at 25° O,
Limitations of the Study

To evaluate the applicability of the ohmic resistance
theory, the current-potential relationship was determined only at
low current densities. A comprehensive coverage of the problem
would entail counsiderably higher current densities Lo determine
the Tafel constants for investigation of the hydrogen overveltage

theery.
Review of the Literature

The investigation of organic inhibitor mechanism has been
so extensive that it would be impracticable to cite comprehensively
all published material. Rather, the more recent and the most per-
tinent literature will be offered emphasizing the eonflicting
arguments.

The adserption of an inhibitor, either chemically or
physically, by the metal is generally accepted. Mann, Lauer and
Hultin (17) stated that in a solution containing ammonium or
ammonium=-1ike ions, the positive iron iens released by a ecorroding
iron sample are replasced on the metal by the ammenium ions ana-

logous to the hydrogen ion replacement in cerresion. Unlike the



hydrogen ion type of replacement in which depelarization is effected
by the neutralization and release of hydrogen gas, the ammonium
ions are held to the negative surface of the metal and form a

double ionic layer, acting as & protective layer., That this was an

the logarithmic plot of percent effectiveness in reducing corrosion
versﬁs inhibitor 60ncen£rﬂtion in percent nitrogen., The covering
powef.of an amine inhibitor and hence its effectiveness at low con-
centrations was explained in terms of the sterecochemistry of the
molecule,

In‘early work on erganic inhibiteor mechanism, Chappel et
al (4) adduneed the effect on hydrogen overvoltage by a blanketing
of discharged inhibitor adsorbed on cathodic areas. They measured
hydrogen evelution in inhibited and non-inhibited sclutions neting
a diminution of hydrogen evelution in the inhibited solution. They
further substantiated their theory by current-potential measurements
noting that catheodie potentials were affected to a greater degree
by inhibitor than were ancdiec.

Rhodes and Kuhn (23) using heteroeyelic organic compounds
of nitrogen based the inhibiting pewer of these compounds on the
percentage decrease in rate of formation of hydregen by the action
of dilute Sulfuric acid on iron. They found that cyclie compounds
containing an ﬁtom of nitregen in the ring were the most efficient.

Increasing melecular weight by the addition ef alkyl, phenyl or

cient inhibitors being dervivatives of acridine. They attempted te

measure an interfacial resistance layer formed by the adsorbed



inhibitor on the metal by using an impedance bridge and an 4.C.
source with the cell in one leg of the bridge. They found there
was & small increase in resistance with the addition of inhibitor
but could net quantitatively relate inhibiting effieciency and re-
sistance. They concluded that inhibiting action was not due selely
to the resistance of the film but to seme specific property of the
adsorbed film. That the aunthors realized only a small increase in
resistance mey be attributed to the fact that with the type of
appaeratus unsed & compoesite parallel resistance was measured. In
actuality, the resistance of interest is made up of two series
resistances.

The resistance film theory of inhibhition and general
adsorption over the whole metal surface was asserted by Machu (16)
in the pickling of iren in sulfuric acid. e protested the pre-
férential adeorption en cathodic sites by reference to the
dissgolution of oxide scale, which is cathedic to hase metal, and
the prot@cﬁium of bare metal in inhibitgd sclution, and averred
that a r@siétﬁnce film of three ohms was sufficient for protection.
Machu gave no details as te the experimental precedure other than
thét current-petentiel relatiounships were determined. IHe obtained
a linear relationship between applied veltage and eunrrent and noted
an increase in slope with the additien of inhibitor. However, with

o
the range of currents used (0.1 to 0.5 ﬂmp/cm“), Machu was bheyond
the range of linearity. He adwitied to oxypgen evelution in his
anodiec curves and, therefore, his data lie in the Tafel regien,
which region is semilogarithmie in the relation between logarithm

of the current and potential (25). What Machu called resistance



should have been determined as the Tafel slope.

Bockris and Conway (2), on the other hand, found that
hydrogen overvoltage on iren inereased on addition of erganic cor-
rosion inhibitors and decreased on the addition of activators.
Measurements were made with an electronic commutater in which the
working electrode is connected alternately with the polarizing cir-
bcuit and the measuring circuit. Therefore, when the potential of
the electrede is actually being measured no polarizing curvent is
flowing. The authors found there was negligible ohmie overveltage
aﬁd, therefore, dizcounted the adserbed film theory. The indirect
of commutator method intreduces erroxr in the determination of
potential in that the electrode potential will decay on cessation
of pelarizing ecurrent and the true pelarized potential will not be
obtained.

Elze and Fischer (5) confirmed the raising of activation
overveltage for hydrogen evelution in their polarizatien studies
of ireon in hydrochloric acid. They found that metal selutien over-
voltage was little affected by inhibitere.

H@ﬁr (15) measured the effect of various inhi%itors on
the corrosion potential of mild steel in ten percent sulfuric acid
solotion. He founﬂ that in most cases the corrosion potential was
incrémsed in the neble direetioen. On the basis of this alone, he
concluded that erganic inhihiters affected the anedic reactien te
a greater extent than the cathoedic. His technigue for measuring
potentials Wﬂs‘unique in that the liguid junetion bhetween the cor-
roding sample and th@‘Sb/Shmﬂﬂ half cell consisted of a gtrip of

filter paper meistened with electrolyte and strung between the
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corrogion cell and the antimeny half cell. The anomaly in Hoar's
findings was the fall in potential to a less noble valmne for addi-
tions of o~telylthioureas which, based on his criterion for adsorp-
tien, indicates that initially this inhibiter is cathedie. No
correlation between potential shift sand inhibitor effectivenecss
could be established. The inhibitor whieh was 98 percent effective
shifted the potential only + 8 milliveltes. Another, whiech was 83
percent effective, shifted the potential + 83 millivelts,

By far the most comprehensive treatment ef the subject

(8), (9), (10}, (21), (12), (13), (14). Rarly work (12), (13),
dealt with the mechanism of adsorption of the inhibitor on the
metal surface. It was found that curves of electrode potential
plotted against inhibitor concentration could he fitted to an
eguation based on the Langmuir isotherm. Adsoerptien and desorp-
tion studies (@) of organic acids, amines, and esters in bénm@ne
golution on BAE 1020 steel powder showed that some portion ef the

sorbed material could not be desorbed by fresh sclvent. deids and

amines were adserbed te o greater extent than esters, TFurther
adsorption studies along the same lines for dodeeyl compounds (1@)
included data on inhibiting pewer. It was found that diamines were
adsorbed through both amine groups; amine salts were not as effec-
tively adsorbed as amines; high melecular weight gquaternary smlté
were strongly adserbed. Inhibiter effectiveness was based on rate
of hydrogen evelution from the inhibited solutions as compared with

the rate from the unimhibited solution. These measurements showed

that guaternary salte were the most effective inhibitors fellowed
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by diamines, moncamines and moncamine acetates.

On the basis of his previous work and the findings of
others, Hackerman discussed the actien of organic inhibiters (11)/a
In his pmpef, inhibition is explained as resulting from iuncreased
r@siétmncé to curf@nt flow caused by electrostatic adsorption at
cathodic areas and from ancdiec polarization caused by chemisorption--
the relative contribution of each depending upon the inhibiter.

Chemisorption at anodie areas is looked upon as complex formation

of forming complexes with metal ions. In this instance, complexing
is effected not with the free ion in solutienm but with the metal
ion en the surface as pestulated by the free electron theory of
golids. The strength ef the iron-amine bond is a function of the
electron density on the nitregen mfom and the availability of

those electrons for ceordinate bond formatiem. The basicity eof

the amine was taken as the basis for the electron density. The
relative order of inhibitor effectiveness of aliphatie amines was
given as

NH?J. < }F;M'JHQ < }{131%1 < R2NH

where B is methyl and

NHS < lEMﬂIHa < R2NH < RBN

where R is ethyl, propyl, butyl, or amyl.

for evaluating inhibitors (9) sinee changes in polarization char-
acteristics of a metal may be debermined by this method. Hackerman

found that results with this bridge gave about 70 percent correla=-
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tioﬁ with other méthwﬂs as far as inhihitin@ mechanism wasg con-
éefm@d. Hé cencluded that the bridge in its present form was not
applicmhie as an instrument for inhibitor evaluation.

Hackerman discussed the physice-chemical aspeects of
corrcsion inhibition in general, in a purely gualitative way,
expressing the ﬁi@ws and findings of researchers in this field in
terms of kinetiecs, solution chemistry, interfacial phenemena, ete.,
(7)n e eoncluded that the divergent views were not irreconcilable
but that, bécmu&@ of the cemplexity of corrosion on the whole, and
the specifity of certain corrosion problems, a universal inhibitor
may not be possible, but rather eaech circumstance may require its

own "prescription”.



CHAPTER 11X
METHOD AND PROCEDURE
Apparatus

Electrolytiec Cell

The H @hﬂpéd experimental cell was fabricated of glass,
the legé of the Hbf@rming the separate anode and cathode compart-
ments. ‘(See Figufe 1) 4 dise of fritted glass was sealed midway
in the cross bar of the cell to maintain a liquid junetion between

the compartments, and to prevent reaction preduects from the suxil=-

electrode.

The auxiliary electrode was a platinum mesh eylinder and
was positioned in one cell compartment by a rubber stopper.

The experimental electrode was a one ineh diameter by

one inech eylinder of Armeco iron sealed in Armstrong's C. epoxy

7
plastic to expese only one eircular faee. Electriecal connectien
was made by ﬁﬁldéring a one-eighth inch cepper tube te the iren
electrode. The copper tube was bent in such a way as to position

vthe iron épecimem with the exposed face up. The copper tube was
encased in plastic to form an inert stem for fixing the electrode

in the eell.

To insure saturation ef the electrelyte with EU? and

iz



A —Platinum electrode
B —lron electrode

G —Calomel cell
D-Gas lift disperser

FIGURE |- Experimental cell




prevent impingement of CO, bubbles on the electrode surface, as

2
well as te provide agitatien ef the electrolyte, the air 1ift prin-
ciple was utilized. This was effected by sealing a section of

glass tubing around a fritted glass etick disperser through which

802 was passed,

calomel electrode were positioned in the larger compartment of the
cell through an O-ring gasketed plexiglass cover. The two elec-
tfuﬂ@s were Ffitted threugh the cover by rubber stoppers, the glass
disperser by a small O-ring and threaded nut which acted as a
mechanical seal against the U-ring.

Current Stabilizer

(3) was modified by changes in components to cover a current range
of 10 to 250 microammperes. (See Figure 2).

Auxiliaries

1. A Leeds and MNerthrup MNe. 76855 Potentiometer was used
to measure the potential difference bhetween the saturated calomel
eleetrode and the iromn electrode for various impressed currents.

2. A 200 v. D.0. pewer supply acted as the current
source for the cell,

. A Bimpson Volt~Ohm-Miecroammeter Model 260 was used

+

to measure the impressed currents in the electroelytic cell.

Corrosion Cell - (S8tatic Test)

Une guart Mason jars fitted with Ne. 14 rubber stoppers
were uwsed in determining the corrossion rate of Armeo iron samples

in inhibited carbenic acid selutions. Four strips, one inch by



+
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FIGURE 2- Hickling current stabilizer

¢l



16

three innheé by twenty-five mils thickness were suspended from the
stopper by glass hooks. (See Plate I) A fritted glass stick dis-
perser and close fitting glass tube chimney surrounding the stick
disperser were inecrporated to keep the solution saturated with

respect to CU?o

Experimental Procedure

Blectrolyte Preparation

The carbonic acid solution was prepared by redistilling

digtilled water to which potassium permanganate was added to oxi-

:
dizge the impurities. To insure the absence of exygen, the dis-~
tillation was carried out under a nitrogen blanket in the distilla-
tion fla@k;ﬂﬂg whieh was passed over hot copper turnings fto remove
oxygen was bubbled through the distillate as it was collected in
one gallon polyethylene bottles packed in ice. In this manner, air
free ﬁarhonic acid solntion was made directly, warranting a selution
saturated with Eﬂg at 25° C., The solution was kept refrigerated
until ready fer use.

To determine the oxygen content of the electrolyte, a
Winkler test (27) was run on the solutions. These tests showed an
average oxygen content of about 0.2 p.pem. This can be compared
with water at 25° C., saturated with air which contains 7.2 p.p.m.
oxygen.

Electrode Preparation

The experimental electrode described previously was used

throughout the research. The electrode was recast in plastiec when



PLATE I
Static corrosion cells
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the plastie sheowed a tendency to pull away from the iron specimen.
Preparatory to a run, the iron surface was abraded by a
file ahd 240 C émery paper, and polished with 4/@ emery paper. The
surface was then cleaned with acetome and eteched for cme minute in
mblzﬁ by v&lumé Mwﬁgmwmter etching smluii@na Follewing the etch,
wHich‘gﬁvé>a well defined erystalline surface, the electrode was
scoured, rin@@ﬂ and stored in a vacuum dessicator for ene hour.

Cell Preparation

A3l components of the cell were thoroughly cleaned prior
to a run,v Any contaminant, especially amine from a previous run,
adv&rsély affeﬁted the succeeding run. All glass components were
cleaned with HCl and chromic aecid, theroughly rinsed with distilled
water and dried.

To £ill the c¢ell with electrolyte, the cell was fitted
with the components as illustrated in Figure 1. The cell was

evacuated and purged with €0, a number of times ending with an

2

atmosphere of CO_, in the cell. Saturated carbonic acid seolutien

a

was transferred from the storage polyethylene bottle by a tygon
tube connectien through the plexiglass top. To expedite the trans-

fer, suetion was applied to the cell and CU_ bubbled inte the

2
polyethylene bottlie. When 680 ml. had been transferred to the
larger compartment (as determined by an etched line en the cell),

h the air 1ift disperser. Ferrous

the EU2 wag started throug
chloride was added finally to give 0.0l molar in ferrous ien. The
cell was then put in a thermostatically controlled water bath

+

(25°C 1°C) and allowed to remain twelve hours to attain equilib-

rium.,
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Except for dimethylaminoethanol and morpholine which
were redistilled to give a colorless, constant boiling product,
all the amine inhibitors were reagent grade as supplied by the
manufacturer.

Polarization Runs

The cell was placed in the thermostatically controlled
temperature bath as shown in Plate II and connected into the
electrical and measuring circuit as illustrated in Figure 3. The
iron electrcde could be made the anode or cathode by the double
pole double throw knife switch. The constant current device was
capable of delivering from 10 to 200 p amperes; therefore, to
extend the range to zero the variable 1.1 megohm resistor was in-
stalled to shunt all or part of the current as required.

A run consisted of impressing a series of currents
between the platinum electrode and the iron electrode and measuring
the resulting potential between the iron electrode and the calomel

cell,

The current-potential relationship for the iron was
determined for the electrode in carbonic acid (control run), and
in carbonic acid containing inhibitor in concentrations of 0.01,
0.02 and 0.05 weight percent based on nitrogen present in the amine
used as the inhibitor (19). For example, in the control run the
iron was made cathodic at currents of 0, 2, 5, 8, 12, 17 and 290
J amperes, then run anodic at the same currents. Then inhibitor
was added to give the required concentration and the procedure was
repeated. In this manner, current-potential relationships could be

compared between no inhibitor and the various additions of inhibiter,



PLATE 11
Experimental polarization set-up
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as well as inter concentration. In all cases, it was expeditious
td run the cathedic porticn first since the electrode tended 1o
regain the mero current potential it exhibited at the start mere
quickiy than if the electrode were first made an anode.

The potential of the electrode at the varieous impressed
currents was determined by a potentiometric measurement between
the electrode and the saturated calemel electrode. Beth "open" and
"cl@sed" cirenit potentials were measured, the former being that
potential in Which there was no impressed current, in essence the
p@f@nﬁiﬁl of polarization of the electrode, the latier, that peten-
tial wiﬁh current fleoew. The "closed" circuit potential is a com-
pesite reading of pelarization potential and IR drep between the
two electrodes.

To determine the "elesed" circuit potential, micre switch
1 (Pigure 3) was ﬂ@pr@ﬂ@ed throwing in the potentiemeter which was
then balaneed to read the petential. Micre switeh 2 in the normally
clesed position was th@q depressed opening the cireuwuit and throwing
in the pot@ﬂtiom@t@ro The "epen" circuit potential was read at
that poiht where the galvanometer needle on the potenticemeter
showed a decided "kick" in one direction followed by a reversal of
direction and a long sweep in that direction denoting depelariza-
tion. These readings were more difficult to determine than the
cmrf@ap@nding "cloged” circuit readings and necessitated guickly
flicking swiﬁchbﬂ to find the point eof initial deflectien witheut
tbalmuch depmlarimmtiﬁm, Since the IR drop shows a linear rela-

tiomship with current, the "open" cireuit petential was eorrected

hy plotting the difference between the "clesed" and en" ecirecui
by ploetting b 1iff bet £} el 1" 1 "epen' t



péténtiaié ag&iﬁét applied current anﬂ Titting the best straight
line thf@mgh the peints by linear regression. These values were
then applied to the "closed" circuit readings te ebtain the cor-
rected opén circult readings. Potential measurements were recorded
three minutes after e@ch current was impressed to standardize the
procedure sinece petentials in inhibited solutions tended te drift
withvtimeo

Upbn additi@n of inhibiter to the cell eleetrolyte,
equilibrium”Waé attained im two hours., Therefore, a cgmplet@ run
which inecluded the centrol run, inhibiter runs at the specified
‘concentrmtiun@ and subsequent cleaning took about 24 hours.

The amines tested were aniline, ecyclohexylamine, dimethyl-

aminoethanol, ethylamine, morpholine, guineoline, and triethanolamine.
Statie Corresion Testing

Coupon Preparation

Rectangular test coupons, one inch by three ineches were
cut from 0.025 inch Armco sheet stoek. IHach strip was abraded with
Tri-M-ite W 320-A silicon carbide paper with particular empbasis on

feathering of edges, then polished with E/O emery paper. The cou-

then etched in 1:3 by volume HN03 - H,0 with gentle agitation for
one minute. Upon removal from the solution, the samples were
guiclkly immersed in running water, rubbed with abrasive cleanser,

rinsed, then dried in acetone. The dried samples were dessicated



Cell Assembly and Testing Procedure

Each corrosion cell contained four coupens suspended en

glass hooks from a rubber stepper. Through the center of each

rubber stopper, a fritted glass stiek disperser was mounted, which

below the level of the electrolyte in the corrosion cell. When the
cell was assembled, it was flushed with EUE and subseguently filled
by siphoning with 650 wmilliliters of saturated carbonic aeid.
Following thisg, inhibiter to the reguired concentration was added
to the cell and Fe Cl? to give 0.0l melar in ferrvous ion and the

m

cell connected to the gas manifeld as shown in Plate I. he in-
hibifors test@& were aniline, cyclohexylamine, dimethylaminoethanol,
ethylamine, moerpholine, guinoline and triethanclamine at the 0.01%
N and 0.05% N level for 2, 4 and 8 days. OUne eell containing four
eoupons for sach level was run for each time interval neoted.
Simultaneously two control cells (cmntminin@ no inhibitor) were

run for eaeh time interval.

Coupon Cleaning

The corroded coupons were rinsed in running tap water,
cleaned with abrasive scouring powder and dried in acetone. Sub-
seqﬁently, gach was immersed in cleaning soclution fer 15 minutes
to remove corrosion product. The stock cleaning seolution was made
up by diluting 250 milliliters of concentrated HC1l with 500 milli-
liters @f‘wat@r to which was added 15.27 grams of polyethanol RAD
0515 inhibitor. For cleaning of the coupons, 300 milliliters of
the stock cleaning ﬂmlﬁtion wag diluted te 2,000 milliliters.

Weight loss due to cleaning only (a@ determined by a non-corroded
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blank) was of the order of 1.0 to 1.5 milligrams. Following the
HC1 pickle, the coupons were rinsed, rubbed lightly with abrasive
scouring powder, dried in acetone and dessicated for 24 hours

before they were reweighed to determine the weight less.



CHAPTER IIT
RESULTS
FPolarization Data

Typical eurrent-potential relationships are shown in the
semilogarithmic plets of Figures 4 through 11. These graphs illus=-
trate the bmthodic and anedic behavier of the iron electrode in
four of the seven inhibitors tested. Complete data for all inhih-
itorse are inciuﬂeﬂ in Appendix B. The petentials shown are the
c@rrécted "open' circuit potentials; the current demsity is based

<y
on 5.0 cm® cross sectional area of the iron electrode.

Analyeis of the data entailed the determination of the
slope of the eurvent-potential eurves at regions net far removed
from the cerrosion potential. When the impressed current is small
in comparisen with the corresion current, the current-potential
relationship is linear (34)q Fignres 12 and 13 show typical peolar-
ization eurves on rectangular coordinates. From curves such as
these, the resistance terms r_and r, were determined., In the

expression

E - E E - E,
r a Q i (4] 1
& = §F B * i
0 L [2]

the slope of the linear portion determines Eo - Ei/iOo For the

meajority of the contrel runs, linearity was observed over the whele

=
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range. For inhibited runs, linearity was observed over a limited
range of impressed currents, the range depending upon the inhibitor
and the concentration. For those curves which show a fairly rapid
deviation from linearity siraight lines extrapelated to ten micro-

amperes were drawn as indicated.

TABLE I

CALCULATED REBISTANCES ON 5.0 CM2 ELECTRODE TROM POLARIZATION DATA

Inhibitoer Cone. pH r, mean r, mean
{(%1) { ohum ) (ohm)
Aniline 0.00 3.9 558 ,.0 B96.5
0,01 5.0 987.8 1828.3
0,02 5.1 1214.7 2124 .7
0.08 5.3 1481.1 2122.7
CHXA 0.00 3.9 272.3 664 .1
0.01 5,2 T82.8 1364.5
0.02 5.4 1G36.3 1665.9
0,05 5.9 1448 .58 1624.1
DMAE 0,00 3.8 356 .8 1086.7
0,01 5.3 1480.8 3895.6
0.02 5.6 2162.7 2872.1
0.08 5.9 3158.0 2746 .4
Ethylamine 0,00 S.9 189.6 540.3
0.01 5,50 747 .9 1388 .4
0,082 5.9 967.0 1502.5
6.08 6.4 1846 .5 1894 .5
Morpheline 0.00 5.9 323.2 793.1
0.01 5.3 1603.8 3321.6
0.02 5.6 2144 .2 5602.5
0,08 5.9 3038,1 3512.1
fuinoline 0.00 3.9 231.2 612.4
0,01 5.2 636.2 980.3
0,02 5.2 822.9 1311.8
0,08 5.8 1971.1 1416.2
TEA : 0.00 3.9 151.5 433 .9
0.01 5.4 553,2 952 .7
0.02 5.8 1018.6 1048 .4
Q.05 5.1 1936.1 1103.6
CHXA = Cyelohexylamine
DMAE = Dimethylaminoethanol

TEA = Triethanolamine
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Table I presents the data for r and r o These
a mean ¢ mean
values are the average of individual caleculatiens made on the
ancdiec and ecathodic p@lmrl ation data for each run. At least four

runs were made on each inhibiter. Figures 14 through 20 present

graphically +the data of Table I.
Statiec Corrcsion Tests

Static corrosiocn test data to determine the relative
effectlvenﬁﬂﬂ of the ﬁmiﬁés as inhibitors are shown in FPigures 21
and 22. The weight loss per ﬁnit area is pletted as a funetien of
time. The values pletted were the average weight loss based on

four samples in the same corrosion cell,
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CHAPTER IV
INTERPRETATION OI" RESULTS

The relationship between the respective resistance terms
for anodic and cathodic areas shows that even without inhibitor
there is present a calculable resistance. This may be attributed
to a "hydride" film, --a monatomic film of chemi-adserbed hydregen
over the surface (ﬁ). The addition of inereasing amounts of inhib-
itor results in an increase in the resistanece terms on the respec-
tive af@as. As illustrated in Figures 14 throeugh 20, the resistance
term, T for eathodic areas reaches & maximum at some inhibitor
concentration and then levels off or slowly decreases; the resist-
ance term, ros for anodie areas although less initially than r,
increases continunously to a greater or lemser degree depending eon
the inhibitor and in some cases actually crosses that for cathedic
areas.

If & comparisen is made between triethanelamine and ani-

line, each shows an increase in r and T with the addition ef

) a
inhibitor, with aniline showing higher values for roe However, the
increase in T, with inereasing inhibitor concentration approaches
lin@arify for triefhanolamin@, whereas with aniline, increases in
r. and r, parallel each other with hoth tending te flatten out at

about the 0.02% level. The other inhibitors follow a pattern

intermediate between itriethanclamine and aniline.

[
@
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‘Tahle IT shows the ratie r&/rc_f@r the various amines at
the f@ur levelé of cencentration. The rapid rise in ra/rc with
samé ef the inhibitors indicates that anodic adsorption is prefer-
éntiml for these. Cathedic adserption is not preecluded since all
shdw a rise in r with the addition of inhibitor. Increasing
ra/rc inereases (ﬂa/ﬁc)". When this ratie becomes greater than
one the aneodic sites will predominate. This appears anemaleous in
‘that anodie areas should decrease as inbibiter is adsorbed on these
aredsc However, to maintain maximum corrosion current as inhibitoer
is adsorbed larger anedic areas are formed at the expense of
cathodie areas.

TABLE IT

EFFECT OF CONCENTRATION ON r_/r_

Inhibitor T/ % .
0.00 0,01 0.02 0,05
Aniline 0.38 0.54 0.57 0.69
CHXA 0.41 0.56 0.62 0.89
DMAE 0.33 0.51 0.75 1,15
Ethylamine 0.35 0.53 0.61 1.03
Merpholine U.41 0.48 0.60 0.87
fluinoline 0.38 0.85 0.63 1.4
TEA 0.35 0.58 0.97 1.75

With morpheline, preferential cathodic adsorptien is
manifested in the very high r, values. In the concentration
range tested, the cathodic sites remain predominant. Figure 18

shows that at the 0.08% level r. is appreaching r, and at some
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higher concentration ceuld lie above L This substantiates

Hoar'a (15) worlk which showed preferential cathodie adsorption fer
o-tolylthiourea at low cencentrations changing to anedic at higher
’camc@ntratian«, Figure 6, the cathodic pelarizatien curves for
morphdline, shows a very marked polariz&tion'@vwn at low current
densities; This indieates that very little applied current is
necessary te make the whoele surface function as a cathode for
hydrogen evolutisn. The polarization is such that it is esnceiv=-
able, even at the current densities employed, the Tafel sleope

could be determined as eutliped by Stern (22), In Figure 7, the
corresponding anodic polarization relationships, there is some
pelarization at lower current densities. However, as the electrede
is made inereasingly anodic a depolarization is effected as mani-
fezted by the tendency for the potential values to be lezs n@blé
than expected, giving an 3 shape to the ecurves. This might indicate
some process of desorptien of amine if the adsorption were elec-
trostatic.

Pigure 10 for triethanolamine shows little cathodie
polarizatien at low current dengities. The existence of o rela-
tively high resistance on anocdic areas would reguire a higher
current density to make the whele surface a cathode. Triethanol-
amine shows a marked anecdic polarization as evinced by Fignre 11.

Aniline shows both anodic and eathedic poelarizatien
denoting that this amine is adsorbed on beth areas with the ratioe
of areas remaining essemtially comnstant.

o
From the relations v /r = (4 /A )%, 4 + & =1 it is
a’ e a’ "¢ a c

possible to caleulate the total resistanece H offered ﬁq the lecal
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cerrosion current. The resistance R to local action current is
given by:

R=zr /L v /A ()
Substituting for Aﬂ and Ac in terms of re and T, the resistance is

found te he

o Wb
R=r + 1 + 2 /rarc (10)

Previous investigators in their measurements of resistance films
by impressed currents have been measuring

3 = T B + F = L g
R = m&ﬂc/(nEL s mc) fr ¥,

while the effective resistance that limits lecal actien current is
actually that given by egquation (1C). If roo=r, then the effect-
ive resistance R = 4 V;;;;_ which is four times greater than the
parallel resistance measured in previous works. This may account
for the relatively small increases noted by Rhodes and Kuhn (22)0
Table IIT shows the calculated local action cerrosion
currents and inhibitor effectiveness based on contributions by
resistanee film and increased pH. The reapective curreni& tabu-
lated take into account the resistance calculated by equatien (10)
mn& are given by: iO = (Ec - E&)/m@ where i0 is the local actien
current with no imhibiter and initial resistance film R@ . -
t L]
(Ec - ]!Ila)/]mT ig the current with inhibiter present, Ec the cathodie
potential ﬂet@rmin@ﬂ by equation (8) taking inte account the in-
creagsed pl, and MT

: _(n _m 2 where i. is the inhibitec crent if onlv 5igte
i = (hc L&)/LT where i1 the inhibited current if only a resist

the effective total resistance to the current ;

=

ance film were limiting and there were neo inecrease in pH ; ipH

(mi - E&)/MO where i

oH iz the inhibited current if omnly an inercase



in pH were effected with no inecrease over the initial resistance

film.

CALCULATED CORROSION CURRENTS AND INHIBITOR EFFECTIVENESS

- BASED ON RBESISTANCE FILM AND pH

The inhibiter effectiveness

TABLE

is calculated as i0

I1I

i

x 1066,

Inhibitor
Inhibiter N Corrosion Current Effectiveness
(%) (milliamperes) (%)

‘o L ‘R Lol fp tpz Ium

Aniline 0,00 0.118
0.01 0,037 G.049 0.087 68 57 24
G.02 C.030 0,041 0,085 74 64 26
0.08 ¢.026 0.038 0.080 17 67 30

CHXA C.00 0.150
0.01 0.045 0.063 0,110 70 i) 27
Q.02 ¢.034 0.050 0.100 T7 87 33
0.08 0.026 0.044 0.091 282 71 3]

DIMAR 0.00 0.126
0.01 2.019 0©.028 0.087 25 T8 31
G.02 0.01% 0.024 0.079 88 81 37
.05 ¢.012 0.081 0.071 20 83 44

Ethylamine 0.00 0.196
" 0.01 0.043 0.064 0.131 T8 67 33
0.02 0.084 0.083 0.125 83 73 36
0,05 0,018 0.035 0,100 91 &2 48

Horpholine 0,00 0.126
0.01 0.019 0,028 0.087 a5 8 31
G.02 9.018 0,924 0.079 88 81 37
0.08 0.012 0.021 0.071 90 83 44

fuinoline 0.00 0.168
0,01 0,060 0©.084 0.120 B4 50 29
D.02 0.048 0.084 0.120 73 B2 29
0.08 6.026 G.040 0.110 85 76 35

TEA .00 0,244
0,01 0.062 G.081 0.167 75 ] 32
0.02 0,038 0.068 0,142 54 T8 42
Q.08 0.024 0.045 0.128 90 81 4.8



A cwmpafi@@n between effectiveness based on iM and ipH
shawé that the resistance film isg the significant factoer in the
dgcr@ase of corrosion eurrent. Dimethylaminecethanel, morpheline
mndvéﬁhylmmine show the greatest effectiveness followed by triethancl-
mmine > guinoline > cyclohexylamine > aniline at the 0.05% level.

No direet correlation can he established between the in-
hibitor effectiveness as calculated above and that based on statie
teat weight loss data. The data eobtained from polarizatien measure-
ments invelved only two hours econtact time between the inhibitoer
and the metal, whereas the shortest static test was over a peried
of two days. With a mildly cerrosive solution like carbenic ﬂéiﬁ,
two hour weight loss tests would be practically meaningless. How-
ever, in Figures 21 and 22 the weight losses ever the first twenty-
four hour period follow @enérmlly the same order as that predicted
by the caleunlated inhibitor effectiveness in Table III. The inhib-
itors at the 0.01% level show very little difference over a period
of 8 days (Fi@ur@ 21), At the 0.05% level, differentiation among

inhibitors is marked eapeeially over a peried of time. Weight loss

data then can prediet the permanency of the inhibiter. This cannot
be ohtained frem polarization data unless measurements are made
periocdically over an extended perioed.

With a relatively mild acidie electrolyte such as car-
bonic acid, the addition of the basiec amines will increase the pH
of the eleetrolyte. Stern (24) found that the corrosion potential
for iren increased by 0.0589 volts per pH unit in the less noble
direction. With the addition of inhibitor to the cell, the corro-

gion potential was increased te less neble values. Table IV shows



the average values for the observed eorrosion petentials

)

shift were a result of only a rise in pl, E It can be

0‘
the observed corresion petential is wmore mnoble than that

indieating that a pd shif+t ies eompensated for in verying

TABLE IV
OBSERVED AND CALCULATED POTENTIALS BASED ON

ADSORPTION AND BASICITY OF INHIBITORS

44

if the
seen that
caleulated

degrees,

ARE®
1 Tt 1 i)
Inhibitor N pH  ApH Eo(ohﬂ) E@(pﬂ) B (obs)-E_(pH)
(%) (volts) (volts) (volta)
Aniline 0.00 3.0 ~0.841
0.01 5.0 1.1 -0.657 -0.708 +0.045
0.02 5.1 1.2 -0.658 -0.708 +0.050
0.05 5.3 1.4 -0.659 -0.719 © 4+0.080
CHXA 6.00 3.9 -0.640
0.01 5.2 1.5 -0.661 -0.713 +0.052
0.02 5.4 1.5 -0.664 -0.724 +0.060
0.056 5.7 1.8 -0.663 -0.741 , +0.078
DIMAE 0.00 3.9 -0.648
0.01 5.3 1.4 -0.666 -0.724 +0.058
0,02 5.7 1.8 -0.668 -0.747 +0,079
0.05 6.0 8.1 -0.668 -0.764 +0.096
Ethylamine .00 3.9 -0.645
0.01 5.5 1.6 =0.666 -0.735 +0.089
0.02 5.9 2.0 -0.669 -0.757 +0.088
G.05 6.4 2.5 =0.673 -0.785 +0.112
Horpholine 0.00 3.9 -0.639
0.01 5.3 1.4 -0.687 -0.717 +0.050
0.02  B.6 1.7 =D.871 -0.734 +0.063
0.05 5.9 2.0 -0.672 -0.751 +6.079
Quinecline 0.00 3.9 -0.641
0.01 5.2 1.3 -0.857 -0.714 +0,057
0.02 5.2 1.3 -0.689 -0.714 +0.055
0.056 5.5 1.6 =0.651 -0.731 +0.088
TEA ' 0.00 3.9 -0.644
0.01 5.3 1.4 -0.863 -0.722 +0.059
0.02 5.6 .7  =0.666 -0.739 +0.073
0.05 6.05 2.15 =0.660 -0.764 +0.104
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In a buffered soiﬁtion‘wheréllittle or no change in pH
would be evident, the corresion potential would be dependent upen
the adsorption charaeteristics of the inhibitor. Inhibitors which
are adsorb@d specifically on anedic areas would increase the poten-
tial in the noble direction; those adsorbed on cathodic areas in the
1éss nohle direetion. In a system where both pH and adsorption are

’ : '
operating, the corrosion pptentiml is composite. Then E@ is the
compogite potential ef (pE + adsorption), and ZSEO, the difference

1] L
hetween Eo and E@, the potential shift attributable to the adsorp-
‘tion characteristics of the amine.

Hackerman (10) relates the strength of the iron-amine bond
in chémi@@rp%ion to the basie strength of the amine. Figure 23
shows the variation of Z&EO with concentration for the inhibitors.
The values of ZXEO at the 0.05% level decrease in the same order as
basic strength, ethylamine > triethanolamine > dimethylamineoethanel >
morpholine > cyclohexylamine > quinoline > aniline. This is not
the same order as inhibiter effeetiveness and, therefore, the poten-
tial shift by inhibiters may be a measure only of the bond strength

in adsorption.

of size, type or basicity can be made on the limited number of in-
hibitors tested. Table V swmmarizes generally the relative order
of these factors. Basieity was determined by measurements of the
change in pH on the addition eof the amine teo saturated carbonie
acid at 25° C. The relative sizes were estimated on the projected

area of Fisher~Hirshfelder-Taylor atomic medels., Triethanolamine,

dimethylaminecethanol and ethylamine are all pyramidal, but tri-
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ethanelamine with ite longer echainsg would cover more area than
dimethylaminoethanel which in turn is larger then ethylamine,

Mann (19} sted that the ethyl group in ethylamine is perpen-

dicular to the -NH, and omnly slightly tilted and, therefeore, the

o

effective area is that cevered by -NE_, taken as 285A., Similarly the
L .

planar ring for aniline was assumed perpendicular to the ~-NH_, group.
Gl

Merpholine and eyclohexylamine, since they are saturated cylic ali-

phatics, are not planar and therefore, their effective eross sec-

tional area is greater than aniline., Moreover, with nitrogen sub-

.

gstituted in the ring, the tendency ias to force the ring cleser to

the metal surface (17) which is the cas

e with gquinoline and morpheline.
TABLE V

RBLATIVE CRDER OF BASICITY AND BIZE OF THE AMINES ARRANGED

IN DESCENDING ORDER 0F INHIBITOR EFLFL

FCTIVENE

Inhibitor
Lffectiveness Formula Type Basicity Bigze
DMAE N(uﬂ[a) CH,CH,0H  Tert. ali 3 4
Morpholine o \>, Bec. saturated 4 b
Lo 1 2 cyelic aliphatie
LM@ ﬁﬂg
hhiid
H
Bthylamine BM?LI ”H“ Prim. aliphatiec 1 T
TEA N{CHQCMQUH)E Tert. aliphatic 2 1
Quinoline Tert. hetero- 6] 2
cyclie
CHXA . 2 Prim. saturated 5 5
‘R2 h“ eyclie aliphatic
cH g
o 1'° i 2
Aniline // ‘ Prim. arematic T 6
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The fhree best inhibitors represent the three types of
amihés temﬁeﬁ; none of which is the largest of the @roﬁﬁ. Generally,
howevef, fhe iertiary amines are mere effective in the corresion of
ironvin carbonic aecid. Bailar (1) states that, although useful
&afa are”iiﬁiféﬁ,.irdn”ili édérdinét@s with tertiary amines more
readily than with secondary or primary. If chemisorptien is com-
@1eximg of the irom in situ, then the inhibiting properties of the
tertiary amines may be explainéd on this basis,

Tables XX through XAVI in Appendix B contain the analy-
sis of variance (23) for the seven inhihitarsf The analyses were
vmade en the average of r, and r, calculated ffom cathodic and anedie
polarization curves (Tebles XITII through XIX).

Corrosion data are difficult to reproduce especially
under mildly corrosive conditions. Nathan (21) who ran statistical
analyses on corrosion inhibitor effeetiveness data supplied by a
number of lahoratories working under Group Committee T-1E of the
Natiomal Association of Corrosion Engineers (NACE) found there were
wide variations in the data within eaeh laboratery and among labo-

ratories. He states that: "---even under the most carefully ceon-
trolled conditions of experimentation wide variatiens are observed
in weight losses, pit freguency, etc.---", For this reason the
statistical data are presented here in terms of the standard error
of the mean. Confidence limits may then be set at any desired level,
and at the diseretion of the reader.

The Least Significant Difference (L.8.D.) of 390 as
shewn on Figures 14 through 20 was calculeted frem the sum of the

squares of the errsr terms for the inhibitors., This figure is
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used as the criterion for the divergence of the respective r, and
r, values. If the difference hetween values of r, and r. at the

same concentration exceeds the L.3.D. then the probability is at

Jdeast 0.95 that these resistances are different. With this test

w

it i i

3 possible to predict the concentration region in which r, and

»

r_ appr ach each other or ecross, if such is the case.



CHAPTER V
SUMMARY AND CONCLUSIONS

To investigate the mechanism of inhibition by organic
amines oﬁvth@ corromion of iron im mildly corrosive emvirOMMQnts,
‘ﬁolmriz&tiﬂn memsuf&ﬁ&ntﬁ at small impressed current densities were
made on an Armee iron electrede in oxygen~free saturated carbonic
acid solution atbﬁﬁﬂ C. Inhibition was interpreted as a film of
adsorbed inhibiter on the surface of the meteal offering an ohmic
registance te local action current flow. To this end, a mathemat-
ical expression was developed to determine the resigtance per uwnit
area, r, on ansdiec and cathedic sites in terms of measurable quan-
tities from polarizatien data. This ﬂ@veiopm&nt relates the
registance pervunit area te the slope of the current-petential
curve whieh is linear at potentials close to the corrcsion peten-
tial. The total resistance to the corrosion current is the asum of
these resimt&nce.t@rms in series. Direct measurement of resistances
by impressed currents afferds the tetal resistance as a function of
the respective resistance per unit area, in parallel. By the very
nature of parallel resistances, only a small increase in tetal
resistance is realized for relatively large increases in either or
both resistances per unit area.

The effectiveness of an inhikbiteor hased on the calculated

corrosion current as a functien of the resistance film depends on

50
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ﬁhe @déofption characteristics of the amine and the effeet on the
anodic and cathedie resistances per unit area, and specifically to
‘tﬁ@ir rmtid, le@aey r&/rco A1l the amines tested showed inereases
iﬁ both ancdic and cathodic resistance terms. However, the inhibi-
tor wae effective at that concentbration in which rﬂ/rc shewed a
éi@hificamt inerease over this ratio witheut inhibitor.

Th@ technigues involved in this work are sensitive to
‘eontmmim@ntﬁ and changes in environment especially traces of inhib-
itor from preceding runs or the presence of oxygen. However, with
reasonable care and further development, the ewbodying principles
could possibly be applied Yo commercial sereening of imhibitors.

Stetic corrosion tests to determine the stability of the
inhibiter effectiveness with time showed that effeetiveness wae
time dependent. Those whiech showed the best inbhibition imitielly
were not necessarily these whose effect was the mest lasting.
This would serve teo indicate that any secreening test for inhibitors
which doesg nob take into account the permanency of the imhibitor
effectiveness is practically valueless unless continueus injection
of inhibitor inte the system is poessible.

Te faeilitate the characterization of current-potential
relationship, polarization messurements in future studies should
ineorporate an X-¥Y recorder for definite determination eof electrode

nl

otentials with impressed current. BEguilibriuvwm potentials at spe-
Y 1 ;

cific impressed ecurrents would be definitive ueing this technique.
fuorther refinements in techunigue wounld reguire corrosi-
meter measurements in the cell to determine actual corrosion rates

\

during polarizatien runs instead of relying upon separate static



corrosion weight loss measurements. Finally, constant monitering
ef pf in the cell would define the contributien of concentration

sverpotential .

]

Suggestions fer Future Work

With the refinements noted, the work should be extended
to include commercial irhibitoras, leng chain amines and organie
compounds containing mere than one amide group, te cerrelate size

and the availability of more than one ligand per molecule with in-

[=N

hihifi@n; ﬂn interesting side issue weuld lie in the investigation
ﬁfv&mionic crganic compounds, suech as the surfactants, toe determine
the charaeteristics of adsorption and the effects on the respective
resigtances per unit area.

In this research, the poelarization at low current density
wae translated as pure ohmiec ovevrpotential, i.e., concentration
overpotential and activation overpotential were considered &s part
of the resistance film. To examine the effect on activation ever~
potential per se , polarization measurements at high current densi-
ties should be run to determine the Tafel slopes in the semi-~
logarithmic region and the prineiples embeodied in the excellent

treatment given by Stern applied {24), (25), (26).
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APPENDIX A

DERIVATION OF r% and rc

Application of Kirchoff's Law to & freely corroding
electrode gives (20):

Ea R Ra 1L Eé - Ec =0 (1)

assuming that the enly polarization is that for ehmie overvoltage

represented by the resistance terms.

iL_E'c-Ea . AEB . (2)
"R +R  r r
c ‘a+ ¢
A A
a e

If the total area of the electrode is made up of anodie and cath-
edic sites only, i.e., there are no insulated spots then:

A& + Ac = 1 (3)

and the local actien current can be expressed as:

w1 2
i AE (%-Aa ) (4)
L r -4 (r_-r_)
a a ‘a ¢
. : : ; 2
dip AE (ra—rc) gir&-ﬂﬁ)(l-gﬂa) + A&-Aa /

dAa Z}a—ﬁa (ra—rc)_72

For maximum current diL

dA
a

= 0

AE Z/Fr&-%c) g (ré-ﬂa)(l—gﬁa) * Aﬂ-ﬁag g—/7 % ’



AE £ 0
. 2 2
e ~2hr + AT ~-A T =20
a a & a "¢
2 2
r (1-24 4+ A") = A% p
a a a a ¢
a 2
r (l—ilk )‘ = A" r
a a a "¢
r Jr = (& /4 )? (5)
a “e¢ a ¢ :
The potential of a freely correoding electrode is shewn as:
i = B + i, B 6
: 8] H L a ( )
Substituting for iL from (%)
T N i ) 3
E = BA + EA (7)
o a c c a

When a current ie isg applied to a corroding panel it is impoessihle

to measure R% and Mc bhuat:
%

AR 2R
; 2 - n JER. 2 -
VAR - 7e¢ T R_+R
a ¢
for resigtances in parallel te¢ the impressed current
.. B = l/rmLI' (@)
[®
The potential Ei for impressed current ie im:
E,. =B -i R =E -i Y¢ v
i ) e o o @ a ¢
or:
3 i m |
r r E - B g
/ a e = 0 i (2)
i
e

From (3) and (7) the anedic area ﬂ% and the cathedie

area Ac may be expressed as:



E - E
A = =femi
a B - E
c a
B - R
C Q
Ay = E - E
(¢ a

Selution ef

yields:

¢
&

(10)

(11)

BE - E E -~ B, B B B - K,
. 8 o 0 i r 3 0 c 0 i
a T E B, * T 1 e T E, -L, * T i
o c e a 0 e
Nomenclature
f(-“ﬁ
Am -~ area of anodic siftes - cm
Tl
Ac - area of cathedic sites - cm
E& - potential ef ancdiec areas - voltis
Ec - potential of cathodic areas ~ velts
Ei - potential ef electrode at impressed current i0 - volts
Eo - corrosien potential of electrede (ie = 0) - velts
R - resistance of anodic areas -~ ohms
Rc -~ 7resistance of cathodic arecas -~ ohms
£
. - [
r.ooo- resistance of anodie areas - ohm - em
i
r - resistanee of cathedic areas - ohm - cm
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Proef that i, has an absolute maximum

L
i = AR ip > 0 when A E (0,1)

r

—_—

A 14
a a
and iL is a maximum when
rm r,
l
- - : _ 1)
=% 1-A (1)
a a

is a minimum. Now:

limit v =0 - so that for some € , where DL€ 1/2, v will
ﬂa > have its absoclute minimum on the open interval
A —>]
2 ! (€, 1-¢).
2: P &
d -r, r, —rﬁ(l—ﬁm) b rc(ﬂm)
y <l [ «l i
T 2 ¥ 2 - 12( 2
; AT 1-A A 1-A ;7
2 ()% (-a) (a)%(1-8 )

For an extremom:
~ra(l—ﬂa)g + rc(ﬂﬂ)g = 0
2 , 2
(607 - (v /r )(1-2 )" = 0

B, « 5, (s T B, - G407 - 0

1/ ; -
LA = :mii&;ui.w (2)
F e — -

a Yo T
1 + Yr r,

The root shewn by (3) lies owutside the int@rvml‘(ﬂ,l), therefore

(E) gives the velue for the abselute extremmun in (1).

9
1™y 2r ar which is always positive.
R . c
) [ f
P Gt i o i )
di 2 14
. (4) (1-4_)



Therefore (1) has

by (3) and i. has

L

an absolute minimum at the value of

the corresponding absolute maxzimum.
I &

&

A
a

given



Sample Calculations r,

Apniline:
Bun 51 0.00%

(1)

Cathodie run

o~
=
[}
g 5
.
[
-
~
s
m
i

T B
c

(2)

Anediec run

(Eo—Ei)/ie

i

Substituting

'y ==
a

and »
c

Witrogen

~«0.839 volts
~0.743 volts

~0.478 volts

= 500 volts /ampere

Zalo FoTi _0.743 4 0.639

E -E ° i T -0,839 + 0.475
o ¢ e

317.1 ohms

Zo% _ Fo™hi  -0.639 4 0.475

B -E i T -0.743 + 0.638 °
a ¢ e

768.5 ohms

-0.638 volts
~0.743 volts
~0.475 volts
500 volts/amp@r@

as shown above

522,1 ohms

T776.2 ohmg
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1. Analysis of Armeco Ingot iron

Llement
Carbon - 0D.012
Manganese - 0,017
Phogpherus -~ 0.008
Bulfur - 0,088
Silicon -  trace
Tron -  remainder

1)

2. UHCl inhibitor for Coupon cleaning in Static Tests -
RAD 0515 - ne information on formulation
Hercules Yowder Co. Inec.

Wilmington, Delaware.

3. Flastic for encasing electrode -

Armstrong €C-7. - two component expoxmy resin without
filler.

Armgtreng Products Co.,

Argonne Bd.,

Warsaw, Indiana.



TABLE VI
BEXPERIMENTAL CURBENT-FPOTENTIAL BELATIONSHIPS
Aniline

s Run #51

o . . . 3
Impressed Open Cireuwit Potential (volts)
Current Lathedie Anedic

(namps. ) 0,00 0.01 '0.02 Q.05 0,00 0.01 .0.02 0,05

0 ~0.638 -0,656 -0.659 -0.664 -0.0630 fﬂ;ﬁﬁﬁl_ﬂoﬁﬁg ~0.663
2 0,646 0,659 0.662 0.668 0.638 0,654 0.656 0.660
5 0.641 0.663 0.667 0,673 0.636 0.851 0.653 0.657
8 0.643 0.668 0.872 0.679 0.634 0.648 0.649 0.654

12 0.645 0,876 0.681 0.691 0.633 0.644 0.645 0.850

17 G.64% 0.687 0.698 0.707 8.630 0.640 ©.640 0.645

20 0.651 0.694 0,703 G,716 G.629

0.638 0,642

Run #5852

Tmpressed Open Cireuit Poetential (volts)
Current Cathodic Anodic

(pemps. ) .00 0.01 Q.08 .05 0. 00 J.01 0.02 0,085

0 -0.849 ~0.688 -0.688 -0.6867 -0.639 -0.6857 -0.658 -0.052
2 0.841 ©.660 0.660 0.861 0.648 0,685 0.658 0,648
5 t.642 0.665 0.865 0.667 $.638 0.668 0.651 0.643
g G.644 0.689 0.671 0.874 0.655 0.680 0,847 0,638
12 0.646 0.676 0.681 0.688 0.638 ©.646 0.843 0,633
17 0.640 0,687 0.895 G.7T07 U.851 0.842 0,638 0.631

20 0.662 0,888 0.704 0.719 G.630 @¢.641 B.836 0.830



Impressed
_Current

(mamps . )

0

20

Run #54

Impressed
_Current

(pamps. )

0

22

TABLE

VI (CONTINUED)

64

Gpen Circuit Potemtial (velts)
Cathedic odic
0,00 0,01 0.02 0.08 0,00 0.01 0,02 0.08
-0.,845 ~0,687 -0.658 ~0.657 -0.845 ~0.687 -0.657 -0.687
0.847 0.661 0.662 0.662 $.84% ©.853 0.853 0.8
0.649 0,867 0.670 0.870 0.641 0,830 0.648 0.647
8.652 0.674 0.679 0.681 ¢.839 0.648 0.644 0.642
6.656 0.688 0.607 0.701 G.637 0.642 0.639 0,836
0.661 0.709 0.719 0727 0.635 0.636 0.633 0.629
0.665 0.721 @,TBQV 0.738 0.631 0,635 0.629 0.8627
Jpen Cireuit Potential (volts)
Cathedic Anodiec

0.00 0,01 0,02 0.58 §.00 0.01 .02 0,08
~-0.640 ~-0.857 -0.659 -0.659 ~0.640 -0.857 ~0.650 ~0.8659
0.840 0.860 0.681 0.862 0.639% 0.654 0.656 0.6858
0.642 0.664 0.6856 0.669 0.658 0.651 0.852 0,650
0.644 0.669 0.6872 G.677 0.636 0.648 0.648 0.645
0.6486 0.677 0,881 0.693 D.634 0.844 0.644 0.641
0.649 0.689 0.688 0,712 0.632 0,637 0.639 0,638
0.650 0.687 631 0.637 0.637 0.632

0.704

0.721 0.



TABLE VIT

BAPERIMENTAL CURRENT-POTENTIAL EELATIONSHIPS

Cyclohexylamine
Bun #5855

Impressed

Upen Cireuit Potential

(voltﬁ)

68

_Lurrent Lathedic Anodic
(pamps. ) 0.00 0,01 6,02 0. 08 g,00 0.01 0.02 0,08
0 -0.638 -0.661 -0.863 -0.662 -0.637 -0.661 -0.663 -0.660
H‘ ‘Uoﬁﬁ@ 0.664 0.666 0.668 0.637 0.660 0.660 0.658
) 0.639 0.688 0.67L 0.673 0.638 0,887 0.657 0.684
8 D.641 0.672 0.677 0,683 0.653 0.6585 0.658 0.651
12 G.642 0.681 0.880 0.762 G.63% 0.653 0.852 0.648
17 0.645 0.687 0.712 GC.732 0.681 0.649 0.648 0.645
20 0.646 ©0.709 Q.730 0.754 6.851 0.647 0.647 0,843
Run #56
Impressed Oven Cireuit Potential (veltis)
Carrent Loathodie Anedic
(pamps . ) 0,00 g.01 0,02 0.08 0.00 0,01 .02 0.08
o -0.842 ~0.660 -0.863 ~0.6683 ~0.642 ~0.660 ~-0.860 -0.6062
2 6.642 0.662 0.666 0.568 0.641 0.658 0.659 0.659
5 0.64% 0.566 0.870 0.671 0.640 0.655 ©.656 0.855
& 0.645 0.87T0 0.876 ﬂ,ﬁ?T 6.659 0.56838 0.684 0.882
12 0.647 0.678 0.8688 0.681 0.637 851 ©0.651 0.649
17 0.850 0.6%5 0.712 0,718 0.638 0.648 ﬂ.ﬁ&% 8,646
20 0.851 0.709 0.728 0.7359 0.635 0.647 @.ﬂ@@ 0.68458



Run. #58

- Impressed
Current

(pamps. )
0

2

Run #59

Impressed
_LCurrent

(pamps.)
0
5
8
12
17

20

66

TABLE VII (CONTINUED)
"Open Cireuit Potential (volts)
.Cathodie Anodie
.00 0.01 0.02 0.08 0.00 0,01 0.02 0.05
-0.0646 -0.668 -0.664 -0.666 -0.646 -0.668 -0.668 -0.6866
0.647 0.689 0.668 0.670 0.6458 0.662 0.660 06.662
0.648 0.674 0.676 0.678 0.645 0.858 0.656 0,657
@.@5@‘ 0.68 $.687 0.692 0.643 (0,655 0.652 0.654
'®°@51 0.695 0,709 0.717 0.642 0.652 0.650 0,853
0.863 0.719 0,742 0.753 0.640 ©.648 0.64%9 0.851
0.685 0,734 0.759 0,776 0.639 0.648 0.649 0.650
Open Circuit Petential (velts)
Cathedic Anodie

0,00 0,01 6.02 0.08 0,00 0,01 0,02 0.068
-0.639 -0.662 ~0.,664 -0.663 ~0.639 -0.661 -0.664 ~0.673
0.839 0,663 0.665 0,688 0.638 0,659 0.661 6.871
0.640 0.686 0.669 0,670 0.637 0.6567 0.688 0.668
0.841 0.870 0.673 0.8676 0.636 0.655 0.8656 0.666
0.643 0.876 0.680 0.688 6.635 0.653 0,654 0.564
0.645 0.887 0.697 0.704 0.654 0.650 0.653 0.662
0.647 0.697 0.711 0¢.7228 @ 0.633 0.649 0.852 0.681
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TABLE VII (CONTINUED)
Run #60
Impressed Open Cireuit Potential (volts)
_Lurrent Cathodic Anedie
(mﬂmpﬂ.)v 0,00 0.1 0.02 0,08 0,00 0.01 0,02 0.05
0 -0,636 -0.656 -0.662 ~0.662 -0.636 -0.655 -0.661 -0.682
2 0,837 0.656 0.8564 0.664 0.658 0.652 0.659 0.689
5] 0.863 Wk 0.859 0.667 0.667 0.644 0.649 0.656 ©.8687
8 0.63% 0.664 LB7L  0.872 0.633 0.648 0.654 . 5566
12 0.641 0.871 0.679 0.680 0.632 0.648 0.653 0.888
17 0.644 0.688 0,696 0.695 0.650 0.648 0.652 0.684
af 0.646 0.689 0.710 0,710 .62 0.647 0.852 0.654
Ran #61
Impressed Upen Circuit Potential (volts)
Current Cathedie Anodie
(pamps. ) Q.00 0,01 .08 D.08 $.00 .01 0.08 0,08
0 ~-0,639 ~0.665 -0.667 ~0,8668 ~-0.639 -0.664 -0.667 ~0.6887
2 0,639 0C.666 0.670 0.668 J.638 0.661 0.6863 0.664
5 0.641 0.669 0.674 0,873 0.6386 0 9 0.860 0.639
g 0.642 0.6738 0.880 0,680 0.635 0.658 0,688 0.656
12 0.645 0.679 0.680 0.882 b.634 0.656 0.656 0.654
17 0.646 0.692 0.709 0.714 6.632 0.654 0.6535 0.652
20 6,647 0.701 0.724 0,730 0.631 0.483 0.6582 0.683



Dime
Run #68

Impressed
Current

(namps. )

Run #59

Impressed
Current
/

(pamps. )

EXPERIWENTAL CUBRENT -

TABLE VITI

POTENTIAL BELATYOWSHIPS

thylamineethanel

Open Circuit Potential (volts)
Cathodic Anodic
0,00 g.01 0,02 0,08 0.09 0.01 0,02 0.98
~-0.846 -0,668 -0.671. -0.0672 -0.648 -0.6069 -0.641 -0.673
0.647 0.672 0.676 0.879 0.545 0.685 0.666 - B035
0,649 0.679 ©.6858 0.691 G.644 0.660C 0.660 0.658
0,681 0.688 0.698 0.707 0.564% 0.856 0.655 0,851
0.653 0.702 0.719 0.733 0.640 0.652 0,851 0.846
0.686 0.722 0.744 0.764 0.638 0.648 0.847 0,645
§.6568 0.732 0.756 0.781 0.637 0.647 0.648 0,644
Open Cireunit Potential {volts)
Cathodic Anodic

0.00 0,01 0.02 0.05 0.00 0,01 0,02 0.05
~0,844 ~0.068 -0.6656 ~-0.666 =0.0643 -0.668 -0.666 ~0.680
0.548 (0.669 0,871 O0.673 0.642 0.659 0.658 U.659
0.850 0.680 0.684 0.688 0.639 0.652 0.851 0,649
6.0684 0.683 0.700 0.706 0.636 0.646 0,648 0.643
0.858 0.714 0.735 0.738 0.833 0.641 ¢.640 0,840
0,865 0.738 0.756 0,765 0.830 0.640 0.840 0,840
0.668 0.788 G.T78 0,787 0.628 0,643 0.843 0,043
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TABLE VIIT {CONTINUED)

Bun #70

Impressed Open Circuit Potential (volts)
_Carrent Lathodic Anodic
(pamyps.) .00  0.01  0.02  0.05 0.00 Q.01 0.02 0.05
0 -0.648 -0.666 -0.6686 -0.669 -0.646 -0.666 -0.668 ~0.B70
2 0.648 0.671 0.672 0.676 0.644 0.662 0.862 0.664
5 649 0.680 0.683 0.687 0.642 0.656 (G.655 0.858
8 0.652 0.682 0.697 0.702 0.640 0.8681 0.64% 0.648
12 0.656 0.710 0.718 0,724  0.638 0.646 0.844 0.642
17 0.660 0.754¢ 0.746 0.7852 0.634 0.842 0,840 0.641
20 0.664 0,748 0.760 0.770 0.635 0.642 0.641 0.642

Run #74

Iwpressed Open Circuit Potential (volts)
(nampa,) 0,00 0,01 0.02 0.085 0.00 0.01 0.02 .08
0 ~-0.645 ~-0.6868 -0.671 -0.667 ~0.646 -0.668 -0.671 -0.689
2 0.645 0.8670 0.674 0.671 0.645 Q.667 0,668 (.568
5 0.646 0.674 0.678 0.679 0.644 0.664 0.665 0.661
8 0.648 (0.679 0.685 0.688 0.8643 ¢.862 0.682 0,657
12 0,649 0.688 0.698 0.710 0.64%2 0,659 0.659 0.653
17 0.652 0.702 0.7280 0.748 0.640 0,656 0.685 0.8580

20 0.6535 0.713 0.733 0.757 0.640 0.684 8854 0.648
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TABLE IX

EXPERIMENTAL CURRENT-POTENTIAL RELATIONSHIPS

Ethylamine

Run #34

Inpressed. Open Cireuit Potential (veolts)
Current Cathodic ‘Anodic

(pamps. ) 0.00 0.01 0,02 0.05 0.00 0.0l 0.02 0.05

0 -0.653 -0.671 -0.672 -0.680 -0.655 -0.671 -0.672 -0.679
2 0.654 0.675 0.675 0.685 0,662 0.669 0.670 0.875
51 0.654 ‘ﬂ.@76 0.679 0.69%4 §.652 0.667 0.667 06,670
8 - 0.655 0.679 0.883 0€.708 0.652 0.665 0.664 0.866
i2 0.656 0.685 0.8%1 0.738 0.681 0.662 0.662 0.663
17 0.657 0.696 0.710 0.765 0.650 0.660 0.659 0,657
20 0.658 0.703 0.720 0.775 0.649 0.658 0.657 0.655

Ren #35

Impressed ‘ Open Cirecuit Potential (lets)
Current Cathodic Anodic

(pamps . ) 0,00 0.0l 0.02 0.05 0.00 0.01 0.02 0.05

0 -0.647 -0.667 -0.672 ~0.680 -0.647 -0.667 ~-0.670 -0.8680
2 6.648 0.670 0.674 0,685 0.647 0.667 0.669 0.877
4 0.648 06.672 0.877 0.601 0.646 0.668 0.667 0.674
6 0.64% 0.675 0.680 0.698 0.646 0,864 0.665 0.671
8 0.650 0.679 0.686 0.717 0.645 (0.662 0.663 0.6G68
10 0.651 'U.ﬁ@W 0.696 0,752 0.644 ©0.559 0.682 0.664
12 - 0,681 0.6%4 0.708 0.765 0.643 0.6568 0.661 0,662



Run #72

Impressed

Current

(pamps. )

0

s

Run #75

Inpressed
_Current

(namps.)
O

2
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PABLE IX (CONTINUED)
Upen Circuit Potential (velts)
Cathodic Anedic
0,006 0.01 0,02 0,08 0.00 0.01 0,02 0.08
~3.638 ~0.661 -0,665 ~0.666 -0.638 ~-0.661 -0.6656 -0.687
0,657 0.862 0.668 0.670 0.6537 0,888 0.662 0,664
0.638 0.867 0.676 0.677 0.635 0.855 0.658 0.660
0.641 0.87T5 0.6886 0.687 0.534 0.6881 0.855 0.658
0.643 0.690 0.708 0.708 0.650 0.8647 0.881 0.688
0.648 0,714 0.739 0.744 0.628 0.6456 0.849 0.852
0,680 0,729 0.759 0.767 0.627 0.847 0,647 0.652
Unen Circuit Potential (v@lts}
Lathedic Anedic
Q.00 0.01 G.02 g.08 0.00 0.01 0.02 0.08
-0.043 ~-0.664 -0.662 -0.8667 ~0.642 -0.664 -0.6867 ~0.8667
0.843 0,687 0.6609 0.670 6.641 0.661 0.864 0.664
0.645 0.672 0.8675 0.677 0.640 90,8657 0.660 0.660
0.646 0.878 0.685 0.685 0.638 0.8564 0.687 0.6857
0.648 0.890 0.699 0.703 0.636 0.68) 0.683 0.683
0.651 0.710 0.726 0.738 0.635 0.648 0.680 0.649
0,658 0,722 0.746 0.781 0.632 0.647 0.6498 0.648



T2

TABLE X
EXPERIMENTAL CURRENT-POTENTIAL RELATIONBHIPS
Morpholine

Run #62

Inpressed.. . . Open Circuit Potential (volts)
Current Cathodic Anedie

(pamps. ) 0.00 0,01 0.02 0.05 0.00 0,01 0.02 0.05

0 ~0.639 -0.668 -0.668 -0.667 -0.639 -0.667 -0.666 ~0,666
2 0.639 0.674 0.677 0.678 0.637 0.661 0.659 0.658
5 0.641 0.688 0.704 0.718 0.636 0.655 0.653 0.852
8 0.643 0.707 0.732 0.761 0.634 0.652 0.649 0,649
12 0.646 0.733 0.764 0.789 0.632 0.647 0.646 0.648
17 0.648 0.753 0.784 0.812  0.629 0.643 0.645 0.647
20 0.651 0.761 0.792 0.821 0.628 0.844 0.646 0,646

Run #63

Inpressed ipen Circuit Peotential (Volﬁs)
Current Cathodic Anedie

(namps. ) 0,00 0,01 0.02 0.08 0,00 0.01 0.02 0.05

0 -0.639 ~0.668 ~0.672 -0.673 -0.639 -0.668 -0.672 ~0.673
2 0.640 0.672 ﬂeﬁ%Y 0.679 0.638 0.664 0.667 0.667
5 0.641 0.8680 0,687 0.693 0.657 0.660 0.68% 0.662
8 0.642 0.689 0.702 0.718 0.635 0.657 0.6592 0.658
12 6,644 0,706 0.7256 0.745 0.634 0,652 0.655 0.654
17 0.847 0.724 0.747 0,770 0.632 0.648 ©0.651 0.651

20 0.650 0.73282 0.785 0,781 0.630 0.647 0.851 0,651



TABLE X (CONTINUED)

Run #64

Impressed ___ Open Circuit Potential (velts)
Current Cathedie Anodie

(pamps . ) 0.00 0.01 0,02 0.08 0.00 0,01 0.02 0.05

0 -0.638 -0.668 ~0.672 -0.675 -0.638 <0.668 -0.672 -0.672
2 0.839 0,673 0.679 0.679 0.657 0.663 0.666 0.6G66
5 0.641 0.681 0.691 0.601 ¢.636 0.658 @.ﬁﬁlk G.660
8 0.5643 G.694 0,713 0.724 0.634 0.685 0.658 0.687
12 0.645 0.718 0.740 0.758 0.652 0.651 0.855 0.684
17 0.648 0.737 0.764 0.788 0.650 0.847 0.651 0.652
20 0.681 0.748 0.772 0.796 0.629 0.648 0.651 0.883

Run #65

Impressed Open Circuit Potential (volts)
Current Cathodic Anodice

(pemps.) 0,00 0.0l ©0.02 0.05 0.00 0.0l 0.02 0.05

0 -0.640 -0.664 -0.671 -0.872 ~-0.640 -0.665 -0.671 -0.672
2 0.640 0.668 0.876 0.677 0.638 0.661 0.666 0.667
5 0.642 0.875 0.68858 0.688 0.8637 0.656 0.662 0.662
8 0.644 0.884 0.699 0.708 0.655 0.652 0.659 0.658
12 0.846 0.702 0.724 0.742 0.654 ©.649 0.686 0.654
7 0.849 0.7258 0.748 0.771 0.651 0.647 0.683 0.652

20 0.651 0.737 0.759 0.784 6.630 0.648 0.652 0.681



TABLE XX

EXPERIMENTAL CURRENT-POTENTIAL RELATIONSHIPS

Quinoline

Run #78

74

Inpressed Open Cireuit Potential {voelts)
Current Cathodic Anedic
(pamps.) 0,00 0.01 g.02 0.05 0.C0 0.01 ¢.02 0.05
o -0.846 -0.864 -0.6862 -0.651 ~0.847 -0.680 -0.658 -0.846
2 0.647 0.685 0.664 0.685 6.64¢ 0.859 0.656 0.642
5 6.649 0.867 0.667 0.661 0.645 0.887 0.852 0.837
8 0.680 0.870 0.671 0.668 0.644 0.685 0.6560 0.831
12 0.652 0.875 0.681 0.687 ¢.642 0.652 0.646 0.62
17 0.655 0.888 0.712 0.728 0.641 0.649 0.642 ©0.615
20 0,657 0.705 0.728 0.748 6.659 0.648 0.840 0.611
Bun #77
Impressed Open Cireunit Potential (Volts)
_LCurrent Cathedie Anodic
(pamps. ) 0.00 0.0l 0.02 0.05 0,00 0.0l 0.02 0.065
0 -0.644 -0.659 -0.661 -0.656 ~0.645 -0.660 -0.660 -0.654
2 0.845 0.681 0.663 0.860 0.644 O.659 0.658 0.850
5 G.645 0.663 0.668 0.668 0.643 (¢.856 0.855 0,645
8 0.646 ﬂ.ﬁﬁ@ G.B73 0.671 0.641 0.885 0,651 §.64¢
12 0.849 0.676 0.683 0.684 0.640 0.650 0.647 0.634
17 0.652 0.8688 0.7058 0€.711 0.638 0.647 0.642 0.62
20 0.853 0.6928 0.718 0.728 0.636 0.648 0.840

0.622
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TABLE XI ( CONTINUED )

Run #78

Impressed. Open Cireuit Potential {(volts)
Current Cathedie Anedic

(pamps.) 0,00 0.01 0.02 0.05 0.00 0.01 0.02 0.05

0 -0.639% ~-0.685 ~-0.657 ~0.686 ~0.639 -0.8685 -0.657 -0.647
2 0.5640 0.6857 0.659 0.658 6.659 0.653 0.658 0.643
5 0.641 0.660 0.564 0.663 0.657 0.651 0.581 0.638
8 0.642 0.664 0.667 0,687 0.637 0.648 0.648 0.833
i2 G.644 0.670 0.878 0.678 0.685 0.648 0.845 €.627
17 ¢.647 0.681 0.680 0.697 0.634 0G.8641 0.641 0.620
20 C.64% 0.692 0.708 0.719 0,632 ©.65% 0.838 0.618

Run #80

Impressed . Onen Circuit Potential (volts)

Lurrent Cathedic Anopdic

(pamps.) 0.00 0.01 0.02 0.05 0.00 0.01 0.02 0.05
0 ~-0.633 ~0.681 -0.6585 -0.642 ~-0.633 -0.651 ~-0.654 -0.640
2 0.634¢ 0.685 0.857 0.645 0.6353 0.6850 0.652 0.8637
5 0.684 0.686 0.660 0.651 0.632 0.648 0.649 0.632
8 0.638 0.688 0.663 0.658 0,651 0.645 0.647 0,627
12 0.637 0.863 0.689 0.864 0.630 0.642 0.644 0.622
17 0.639 0.871 0.678 0.679 G.629 0.63% 0.63% 0.0618

20 0.640 0.675 0.686 0.5685 0.628 0.837 0.638 0.612



TABLE XII

EXPERIMENTAL CURRENT-POTENTIAL RELATIONSHIPS

Triethanolamine

76

Bun #42 
Impressed . Open Cireuit Potential {volis)
_Current Lathodic Apodic
(pamps. ) 0.00 0.01 0.02 0,05 .00 0.01 g.02 0.08
0 -0.643 -0.664 -0.670 ~-0.6874 -0.643 -0,06863 -0.669 -0.674
2 0.643 ©0.666 0.672 0.677 U.ﬁ&@ 0.661L 0.567 0.671
>5 @,@44> 0.669 0.675 0.684 0.641 0.659 0,664 0,687
& 0.645 0.672 0.680 0.693 0.640 0.655 0.662 0.662
12 0.646 0.880 0.690 0.738 0.639 0.654 0.652 0.658
17 0.647 0.692 0.724 0.788 0.638 0.651 0.655 0.654
20 D.648 0.710 0.745 0.783 0.657 0.680 0.653 0.6581
Run #43
Impressed Upen Circuit Potential volt@)
Current Cathodice Anodic
(pamps.) 0.00 0.01 0.02 0.05 0.00 0.0l 0.02 0.05
0 ~(.646 -0.666 -0.6686 -0.666 -0.646 -0.666 -0.666 -0.866
2 0.647 0.688 0.6868 0.870 0.645 0.664 0.668 0.664
5 0.647 0.672 0.671 0.674 0.645 0.661 0.659 0.661
8 6.648 0.876 0.877 0.680 0.644 0.658 0.656 0.658
12 0.649 0.685 0.685 0.690 0.643 0.655 0.652 0.56586
17 0.650 0.702 0,709 0.720 0.642 0.652 0.648 0.883
20 0,681 0.712 0,728 0.746 0.641 0.650 0,646 0.652
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TABLE XII (CONTINUED)

Run #79

. Impressed o ... UOpen Circuit Pmt@mtimlv(volts)
Current Cathodic Anodic

(vamps.) 0.00 0.01 0.02 0.05 0.00 0.01 0.02 0.05

Y -0.642 -0.665 -0.665 -0.689 -0.642 -0.6656 -0.665 -0.658

2 “Ua642 6.667 0.668 0.663 0D.642 0,863 0.682 0.653
5 @;643 0,670 0.672 0.668 0.641 0.661 0.8680 0.850
g 0.644 0.674 0.677 O0.676 -.641 0.659 0.687 0.646
‘12 @,@45 0.680 0.688 0.692 0.640 0.857T 0.654 0.642
17 @,646 0.691 06.711 0.730 0.659 0.654 6.651 0,641
20 0.648 0.701 0.727 0.751 ¢.638 0.652 0.649 0.640

Run #8

Impressed Open Circuit Potential (volts)
Current Cathodic Angdic

(vamps. ) 0,00 0.01 0.02 0.085 0.00 0.0l 0.02 0.05

0 -0.643 -0.660 -0.663 -0.653 -0.643 -0.660 -0.661 -0.649
2 0.644 0.6681 0.884 0.656 0.643 0.659 0.659 0.647
5 6.645 0.663 0.666 0.660 6.642 0.8858 0.658 0.644
8 0.645 0.864 0.6869 0.664 0.641 0.687 0.656 0.643
1z 0.646 0.686 0.673 0.672 0.641 0.657 0.684 0.641

17 0.648 0.671 0.685 0.693 0.640 0.655 0.652 0.639

20 0.649 0.676 0.700 0.715 0.640 0©.654¢ 0.651 0.640



Aniline

Bun #
—

51

52

N_
(%)

0.00
0,01
0.02
.05

.00
0.01
0.02
0.05

0.00
0.01
0.02
0.05

06.00
0.01
6.02
0.05

TABLE XIIT

COMPOSITE TABULATION OF DATA FOR CALCULATING RESISTANCES PER UNIT ARBEA
Slepe ra - rc
Cathodie Anodie Cathodlc Anod;c Mean¥ Cathodic Anodie Mean
(Volt/uﬂmpere) &mes) ‘(HhMS)
0.00050 0.00050 317.1 322.2 31“ T88.5 776.2 T84.2
0.080130 0.00100 270.8 746 .8 858 .8 1740.8 1339.1 1540.0
0.00145 06.00120 1068.4 884.2 076 1967.9 1628.6 1798.3
D0.00185 0.00130 1144..4 981.1 1062.@ 209%.4 1722.5 1911.0
0,00050 0.00050 312.1 317.1 314.6 801.0 7T838.5 794.7
0.0011¢ ©€.00110 789.0 521.5 805.3 1533.,5 1473.0 1503.3
0.00185 0.00150 1180.2 1128.3 1159%.3 2018.6 1994.1 2006.4
0,00185 0.00180 1591.0 1724.2 1657.6 2151.2 1879,1 2015.2
0,.00070 0.00070 403.5 403.5 403.5 1214.3 1214.3 1214.,3
0.00185 0,00190 1354,0 1390.6 1372.3 2527.6 2595.9 2581.8
0.00235 0.00200 1804.5 1535.7 1670.1 3060.5 2604.7 2832.6
¢.00215 0.00180 1809.4 1514.9 1662.2 2554,7 2138.8 2346.8
0.00080 0.00050 317.1 312.1 314.6 T88.5 801.0 1794.8
0.00120 0.00130 878.3 951.5 914.9 1639.5 1776.2 1707.9
0.00140 0.00140 1083.1 10583.1 1053.1 1861.2 1861.2 1861.2
0.00200 0.00170 1683.1 1400.0 1541.6 2376.5 2064.3 2220.4

* values used for analysis ef variance

B B
-2 =<
(volts)
-0.T43 -0.475
-0.540
-0.545
-0.557



COMPOSITE TABULATIONM OF

TABLE XIV

DATA FOR CALCULATING RESISTANCES PER UNIT AREA

Cyclohexylamine
Run # N_ Slope “a Te

Cathodic Anodic Cathodic Anedic Mean¥ Cathedic Anodic Mean*

(%) (volt/pampere) "(ohms) (ohms )
55 0.00 0.00040 0.00040 257.7 261.7 258.7 621.,0 611.3 616.5
0.01 0.00190 0.00080 745.5 586.4 671.0C 1541.5 1073.2 1207.4
g.02 0.00130 0.00100 1946G.0 8l8.2 929.1 1625.0 1222.2 1423.6
.05 0.00180 0.00140 18¢00.0 1435.0 1617.5 1800.0 1365.9 1583.0
56 0.0 0.00050 0.00040 307.2 241.9 274.86 813.0 661.4 T737.2
0.01 0.00105 0.00095 799.5 738.9 769.2 1378.9 1221.4 1300.2
0.02 0.00115 0.00110 920.0 941.2 930.06 1437.5 1285.5 1361.5
0.05 0.00150 0.00130 1500.0 1300.0 1400.0 1500.0 1300.0 1400.0
58 0.00 0.00040 0.00030 253.7 253.7 253.7 630.¢8 630.8 630.8
0,01 0.00160 0.00140 1094.7 978.8 1036.8 233&.5 2002.5 2170.5
0.02 0.00215 0.00190 1681.7 1452.9 1567.3 2748 .7 2484.6 2816.7
0.05 0.00240 0.00200 2174.1 1811.8 1993.0 2649.4 2207.8 2428.6
59 0.00 0.00040 0.000640 a53.7 253.7 2B3.7 630.8 630.8 630.8
0.01 0.00080 - 0.00090 596 .4 670.9 633.7 1073.,2 1207.3 1140.3
0.02 0.00095 0.00110 760.0 380.0 820.¢ 1187.5 1375.0 1281.3
.05 0.00135 0.00120 1317.1 913.0 1115.1 1383.8 1577.1 1480.5

B B
2 2
(volts)
-0.743 -0.475
-0.551
-0.563
-0.581

8L



TABLE XIV (CONTINUED)

60 .00 0.000606 0.00040 411.3 265.8 338.6 875.2 6@1;9 738.6

0,01 0.00090 0.00180 777.7 1269.2 1023.5 1041.86 1772.7 1407.2
d.02 0.001006 0.00120 - 818.2 1004.1 911.2 1222.2 1434.1 1328.2
~ 0.05 0.00110 0.00120 1127.5 1200.0 1163.8 1073.2 1200.0 1136.6
61 0.00 0.00040 0.00040 253 .6 253.6 253.6 630.8 630.8 630.8
0.01 0.00070 0.00090 478.9 642.9 560.9 1023.1 1260.0 1141.6

0.02 6.00150 ©.00170 1096.2 1023.1 1059.7 2052.6 1915.8 1984.2
0.06 0.00140 0.00170 1360.0 1502.3 140l.2 1507.7 1923.7 1715.7

* values used for analysis of wvariance



COMPOSITE TABULATION OF DATA FOR CALCULATING RESISTANCES PER

Dimethylaminoethanol

Run #

68

69

70

T4

N_
(%)

0.00
0.01
6,02
0.05

0.00
0.01
0.02
0.05

.00
0.01
0.02
2.05

0.60
0.01
0.02
G.086

TABLE XV

UNIT AREA

Slepe ra Te
Cathodiec Anodic Cathedic Anedic Mean* Cathodie Anedic Mean¥*
(volt/pampere) (ohms) (ohms )
0.00055 0.060055 312.0 312.0 312.0 969.6 969.6 969.6
¢.00G210 0©0.,00190 1450.9 1255.4 1353.2 3039.5 2875.7 2957.6
0.00250 0.00230 2080.6 1840.0 1945.3 3047.9 2875.0 2961.5
0.00320 0.00330 3112.3 3209.86 3161.0 3200.6 33935.0 3341.6
0.00005 0.00080 547.6 476.1 511.9 1648.0 344.0 1496.0
0.00305 0.00290 2301.9 2141.1 2221.5 4041.3 3927.8 3884.6
0.00290 0.00350 2602.9 3250.0 2971.5 3123.1 3769.2 3446.2
0.00370 0.00370 4372.7 4252.2 4312.5 3130.8 3218.5 35175.2
0.00075 0.00060 425 .4 345.9 385.7 1322.2 1040.8 1181.5
0.00250 0.00220 1805.6 1554.1 167¢.9 3461.5 3114.3 3287.9
0.00310 0.00290 2808.2 2500.0 2654.1 3422.1 3364.0 3393.1
¢.00320 0.00280 3382.9 2960.0 3171.5 3027.0 2848.86 2837.8
0.00040 0.00040 230.6 226.8 228.8 693.9 705.2 699.6
0.00100 0.00090 702.7 632.4 667.5 1423.1 1280.8 1352.0
0.00130 0.,00140 1040.0 1120.0 10806.0 16256.0 1750.0 1687.5
0.00200 0.00160 2235.0 1739.1 19887.1 1789.5 1472.0 1630.8

¥ values used for analysis ef variance

E
a

B
c

_“(volts)—-

-0.743

-0.475
-0.557
-0.581
-0.599

8



Ethylamine

Run

34

35

72

N

(%)

0.00
0.01
0.02
0.05

0.00
0.01
6.02
0.05

0,00
0.01
0.02
0.05

0,00
0.01
0.02
0.05

COMPOSITE TABULATION OF DATA IFOR CALCULATING RESISTANCES PER

TABLE AVI

UNIT AREA

Slope ra Te
Cathodic Anedic Cathodic Anodic Mean* Cathodic Anodic Mean¥*

(velt/pﬁmpere) f(ohms) "(ohms)
0.00025 0.00020 127.5 102.0 114.8 490.3 393.0 441.7
0.00090 0.00070 612.7 476.5 544.6 1322.1 1028.3 1175.2
J.00125 0.00135 887.5 745.5 816.5 1760.6 1478.9 1619.8
0.00250 0.00220 2100.0 1902.7 2001.4 2876.1 2543.8 2760.0
0.00020 0.00020 108.0 111.6 148.8 370.2 358.3 364.3
0.000680 0.00050 590.3 368.9 479.6 1084.2 677.6 880.9
0.00090 0.00080 639.0 654.5 646.7 1267.6 1237.5 1252.6
0.0¢200 0.00130 18680.0 1124.3 1402.2 2580.9 15035.1 1942.0
0.00040 0.00040 261.7 261.7 261.7 611.3 611.3 611.3
0.G0080¢ 0.00150 691.7 1288,0 979.9 925,3 1774.4 1349.9
0.00150 0.00150 1258, 1258.1 1258.1 1788.5 1788.5 1788.5
0.00170 0.006170 2145.9 2085.9 2114.9 1346.8 1386.8 1366.8
0.00040 0.00080 241.9 302.4 272.2 661.4 826.7 7T44.1
0,.00120 0¢.00130 248 .0 1027.0 987.5 1519.0 1845.6 1582.3
0.00150 0©,00130 1228.7 1064.9 1146.8 1831.2 1587.0 1709.1
0,00180 0.,00180 2529.0 2206.5 2267.8 1550.0 1468.4 1509.2

* values used for analysis of variance

B B
_a £
(volts)
-(.743 -0.475
-0.564
-0.671
-0.679



Morpholine

Run -

62

63

64

65

N

(%)

0,00
0.01
0.02
0,05

0.00
0.01
0.02
0.05

0.00
0.01
0.02
0.05

0.00
6.01
0.02
0.05

COMPOB

TABLE

r
&

AVII

Ir

C

ITE TABULATION OF DATA FOR CALCULATING RESISTANCES PER

UNIT AREA

Slone

Cathodic Anodic

(volt/uampere)
0.00060 0.00055
0.00350 0.00280
0.00400 0.00300
0.00450 0.00390
0.00040 0.00040
0.00185 0.00180
0.00250 0.00250
0,00335 0.00270
0.00060 0.00050
0.002256 §.00240
0.00315 (.00240
0.00325 0.00310
0.00050 0.00050
0.00195 0.00180
0.,00225 0,00250
0.00285 0.00250

©

[NV LY

Do
PO BRD
[ R sl o)
> W o

o

263.,.7
1317.6
18290.9
2843 .8

386.5
1520.3
25305.7
2768.1

317.1
1471.7
1687.5
2561 .4

* values used for analysis of variance

Cathodic Anecdic
(ohms),,

348.8
1934.5
2600.0
4113.7

253.7
1216.2
1829.9
2362.8

317.1
1329.0

1875.0

2246 .8

Mean¥*

S67.7
2176 .4
2913.9
4567.7

253 .7
1266.9
1829.9
2603.2

354.3
1571.0
2062.9
2773.0

317.1
1400.4
1781.3
2404 .1

Cathodic Anodic

931 .4
5065.8
4960.0
4381.6

630.8
2886.0
3415.5
5714.3

S R AL

(DEHMQ}

867.3
4052.6
3461.5
3697.4

630.8
2664.,0
3145.5
3085.7

T776.2
3552.0
3200.0
3449.3

T¢
43
3
78

& 01 o

i—‘CNC‘OCO

.5
.0
.3
.7

Mean®*

8990 .4
4559.2
4210.8
4038.5

630.8
2775.0
3415.5
3400.0

883.8
5441.0
3751.8
3632.3

788.5
2510.9
3166.7
2976.4

E E
-2 £
(volts)
~-0.743 -0.475
-0.5657
-0.575
-0.593

&
(]



TABLE XVIII

COMPOSITE TABULATION OF DATA FOR CALCULATING RESISTANCES PER UNIT AREA

Quinoline
Run # N_ Slope Y e By Ee
Cathodic Anodic Cathodic Anodic Mean¥* Cathodic Anedic Mean¥* (volts)

(%) (volt/pnampere) (ohms) (ohms)

76 0.00 0.00050 0©.00040 283.6 223.3 2B83.5 881.4 716.7 799.7 -0,.743 -0.475
0.01 0.00070 0.00070 480 .4 533.0 5li.2 1601.3 919.3 960.3 -0.551
0.02 0.00080 0.00090 656.6 714.9 685.7 1233.3 1132.9 1183.1 -0.55]1
0.05 0.006130 0.00190 2131.7 2393.5 2252.6 1683.5 1508.2 1600.9 -0.569

77 0.00 0.00030 0.00030 172.9 175.7 174.3 520 .4 512.1 516.3
0.01 6.06100 0.060100 TTT.8 761.5 T69.7 1285.7 1313.3 1299.5
0.02 06.00130 0.00110 969.1 837.6 903.4 1743.,9 1444.6 1594.3
0.05 0.00170 0.006170C 1700.0 1780.0 1740.0 1700.0 1623.6 1661.8

78 G.00 0.00050 0.00040 322.1 2583.7 287.9 776.2 630.8 703.5
0.01 6.00080 0.00080 761.8 761.5 761.5 1063.6 1063.6 1083.6
0.02 0.00120 0.00110 973.6 892.5 ©033.1 1479.1 1355.8 1417.5
0.05 0.0013¢ 0.00170C 1300.0 2141.6 1720.8 1300.0 1349.5 1324.8

80 0.00 0.00030 0C.00030 208 .9 208.9 208.9 430.9 430.9 430.9
0.01 0.0005¢ 0.00060 460.0 552,00 506.0 54%.5 652.2 597.9
0.02 0.00080 0.006090 761.5 T77.7 768.8 1063.6 1041.6 1052.6
0.05 0.00138 G.00150 2144.5 2176.1 2160.3 1120.3 1034.0 1077.0

* values used for analysis of varianee

]

78



Triethanolamine

Run #

42

43

79

81

N

(%)

0.00
0.01
0.02
0.056

0.00
0.01
0.02
0.05

0.00
06.01
0.02
0.05

0.00
0.01
.02
0.08

TABLE XIX

COMPOSITE TABULATION OF DATA FOR CALCULATING RE

SISTANCES PER

UNIT AREA

Slope r& rc
Cathodiec Anedie Cathodie Ancdic Mean* Cathodic Anodic Mean*
(vult/mampere) T'("t)mm:,) (ohms)
0.00025 0.00025 148.8 148.8 148.8 420.0 420.0 420.0
0.00100 0.00080 759.6 621.4 690.5 1316.5 1030.0 1173.3
0,00120 0.00080 1082.9 722.0 802.5 1329.7 886.5 1108.1
0.00165 0.00140 1581.3 1341.7 1461.8 1721.7 1460.9 1591.3
0.00025 0.00025 141.8 141.8 141.8 440.7 440,.7 440.7
0.00080 0.00090 653.8 655.8 ©653.8 1239.0 1239.0 1239.0
0.001G05 ©.00120 1623.4 1169.6 1096.5 1077.3 1231.2 11564.3
0.00160 0.0010G0 1925.0 12¢3.1 1564.,1 1329.9 831.2 1080.6
0.00030 0.00028 181.4 151.2 166.3 496.0 413.4 454.7
0.00060 0.00070 455.8 520.0 487.9 789.9 042.3 866.1
0.06130 0.00110 1300.0 1100.0 12060,0 1300.0 1160.0 1200.0
6,00170 0.00180 2505.3 2814.5 2660.0 1183,6 1151.2 1152.4
$.00030 0.00020 178.6 119.0 148.8 504.0 336.0 420.0
0.00660 0.00030 500.1 251.8 5380.5 T07.1 337.5 532.3
¢.00080 0.00080 864.0 886.5 875.3 740.,7 722.0 7T31.4
0.00120 0.00100 2117.6 2000.0 2058.8 680.0 500.0 590.0

* values used for analysis of variance

B B
-2 .2
(volts)
~0.,743 -0.475
~0.560
-0.587
-03.602

¢8



TABLE XX

AWALYBIS OF VARIANCE OF RESISTANCE PER UNIT ARBA

1. Anedic sites

Aniline
Seurce of Degrees of ?mm of Mean
Variation I'reedom Sguares Square
Total i5 3,607,642 -—
Buns 3 468,304 156,100
Treatment 3 2,862,724 954,232
Error 9 276,514 30,723
Standard Error of Mean = 88

2. Cathodic 3ites
Total 15 | 5,739,400 -
Runs 3 1,348,592 449,530
Treatment 3 4,056,195 1,352,065
Errer 9 334,613 38,179

Standard Errer of Mean = ©86

Least Significant Difference = 380 (%

€2

0.05-138)



TABLE XXI

ANALYSIB OF VARIANCE OF RESISTANCE PER UNIT AREA

1. Aneodie sites

Cyelohexylamine
Source of Degrees of Sum of
Variation Freedon Sguares
Total 23 5,459,081
Runs 5 586,239
Treatment 4 4,357,424
Error 14 515,418
Standard Error of Mean = &9

2.. Cathodic sites
Tetal 23 7,055,812
Buns 5 2,008,977
Treatment 4 3,880,082
Lrrer 14 1,166,783

Standard Errer of Mean = 113

Least Significant Difference = 390 (t0.05_13@)

Mean
Sguare

11,248

401,795

970,013

83,342



TABLE XKTT

ANALYSIS OF VARIANCE OF RESISTANCE PER UNIT AREA

1. Anodie sites

Dimethylanineethanel

Seurce of Degrees of Sum of Yean
Variation Freedom Sguares Sguare
Tetal 15 22,737,182 .
Huns 3 4,766,980 1,588,993

Treatment 3 16,608,875 5,536,292
Brror 9 1,381,327 . 151,259
Standard Brror of Mean = 191

2. OCathodie sites

Total i5 17,122,510 -

Bune 3 6,440,423 2,146,786
Treatment 3 9,252,720 5,084,200
Errer 9 1,429,367 158,815

Standard Brror of Mean = 198

Least Bignificant Difference = 380 (t@°®5_13@)



TABLE XXTIII

ANALYSIS OF VARIANCE OF RESISTANCE PER UNIT AREA

1. Anedic sites

Ethylamine

Source of Degrees of Sum of
Variation Treedom Squares
Total 15 7,368,962
Runs 3 TL7,800
Treatment 3 6,447,251
Error 9 203,911

Standard Brrer of Mean = 80

2. UCathedic sites

Total 15 5,765,014
Runs 3 529,068
Treatment 3 4,068,885
Error 9 1,366,963

Standard Errer of Mean = 192

Least Significant Difference = 380 (t@

.05-138

Mean
Bgunare

289,264

2,149,062

109,688

1,356,614

151,882

89



TABLE XXIV

ANALYSIS OF VARIANCE OF RESISTANCE PER UNIT AREA

1. Anodie sites

Morpholine

Source of Degrees of Sum ef Mean
Variation Freedom Sguares Sguare
Total 15 19,217,020 -
Buns 3 2,574,468 858,147
Treatment 3 15,464,928 5,154,924
Error 9 1,177,624 130,844

Standard Errer of Mean = 180

2., Cathodie sites

Total 15 25,767,230 _—
Huns 3 2,638,600 879,555
Treatment 3 22,019,170 7,339,650
Error 9 1,109,370 123,261

Standard Erroex of Mean = 175

cast Significant Difference = 39 .y
Leasgt Significant Difference 390 (tU.@b~la@)

9G



A

TABLE XXV

91

ANALYSIS OF VARIANCE OF RESISTANCE PER UNIT AREA

Quineline
Source of
Variation
Total
Buns
Treatment

Frror

Standard Error of

Total

Bunsg

Treatment

Brror

Standard Errer ef

Least Sigrificant Difference = 380 (t@ Dﬁ—lﬂ@)

1. Anodie sites

Degrees of Sum of
Freedom Sguares
15 7,025,973
3 2,542
3 6,673,315
9 348,116

Mean = ©8

2. Cathodic sites

15 2,514,161
3 500,178

3 1,580,575
g 233,408

Mean = 79

Mean
Sguare

843

), 224,416

58,679

166,724

526,853

25,954



TABLE #XVI

ANALYSTIS 0" VARIANCE OF RESISTANCE PER UNIT AREA

1. Anodie sites

Triethanelamine

Source of Degrees of Bumn ef
Variation Freedom Sgquares
Total 15 6,108,440
Buns 3 254,604
Treatment st 7,069,347
Errer 9 784,489

Standard Error of Mean = 147

2. Cathodie sites

Total 15 2,088,957
Runs : 3 582,085
Treatment 3 1,13@,4%@
Error 9 376,498

Standard Brror of Mean = 102

Least Significant Difference = 390 (t

H,@ﬁ—lﬂ@)

Mean
Sguare

84,867

2,356,425

87,164

194,009

376,805



WEIGHT LO

Inhibitor

Control

Aniline

CHXA

DIMAR

ETHYLAMINE

Morpholine

Quineline

TEA™

N
4)

TABLE XXVII

5]

2 days
130,49

146.24
113.18

109.30
66.02

88 .37
37.47

80.88

40.08

77.00
41.09

109.82
70.80

60.41
25.84

* Average of weight lesses for 4 sirips

+ TBA was checked at 6 and 10 days.

Weight loss (6 days) = 36.43 mgms/dmg

(10 days)

.
142.89 mgms/dm’

ES OF ARMCO IRON STRIPS IN STATIC TESTS

Weight Logs*
(mgms/dn")

4 days

206 .46

209.82

209.82

137.60

96 .38

157.36
84,24

159,17
85.83

167.70
79.33

163.82
86.05

162,01
30.23

273 .64
170.54

269,77
160,46

257.11
154.00

247,54
102.84

268.73
121.96
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