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PREFACE

While aluminum alloys in contact with concrete have been used suc-
cessfully in many applications there have been cases where aluminum was
severely attacked by concrete for reasons unknown.

The experimental work reported in this paper was done to define
conditions which will result in rapid corrosion of aluminum in concrete
and which could exist in practice. The conditions studied included
various admixtures, voids in concrete, and impressed currents,

I wish to express my sincere appreciation to Dr. S. P. Ewing, my
major advisor, for his assistance and helpful ideas; to Dr. Franklin
Graybill for his aid in statistical analyses; to my advisory committee
for their guidance; to the Aluminum Company of America for supplying
the aluminum alloy used in the experimental work; and to the Jersey Pro-
duction Research Company whose financial support made this work possible.,
Special thanks are due my wife Norma for typing the manuscript as well

as her support and encouragement.
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CHAPTER I

INTRODUCTION

Lo Aluminum is widely used in chemical and petroléum industries be-
cause of its high resistance to many corrosive environments which are in-
compatible with most other common metals. This corrosion resistance is
shown by the use of aluminum in production of organic acids, transporta-
tion of concentrated nitric acid, as well as in ammonia synthesis. It has
been used in the petroleum industry in storage tanks and pipelines, in
portable drilling platforms, and experimentally as protector casings in
offshore locations.

£ Aluminum alloys may be utilized over a wide pH range as shown by their
use with nitric acid and ammonia. However, in many alkaline environments
aluminum will be severely corroded as a result of the increased solubility
of its natural oxide film, Therefore, the resistance of aluminum to alka-
line conditions is dependent on the formation and maintenance of protective
films of insoluble corrosion products other than aluminum oxide, Thus
aluminum resists attack in calcium and ammonium hydroxides by growth of
insoluble aluminate films.”

In many applications, aluminum is in contact with, or imbedded in,
concrete which is highly alkaline. This is evidenced by aluminum window
frames, bridge railings, walkways, and conduits. In oil production operau-
tions, aluminum is in contact with concrete in drilling platforms and in

the experimental casing protectors; offshore aluminum pipelines are also

often anchored by concrete weights at intervals along the line.



While aluminum has been shown to be compatible with concrete with
little need for protective coatings, there have been cases (L,13) where
aluminum was severely corroded in concrete for reasons then unknown.
Therefore it was considered desirable to carry out an experimental inves-
tigation to define conditions in which aluminum would be incompatible with
concrete, Once these conditions are known, conditions may be defined un-

der which gluminum glloys could be used in association with concrete.
Limitations of Study

Concrete admixtures used in these tests were limited toc additions of
calcium chloride and sodium hydroxide in various ratios. Calcium chloride
is often added to concrete to increase the setting rate and reduce suscep-
tibility to freezing in cold weather. While sodium hydroxide is not a
constituent nor an additive of concrete its use should give concretes with
maximum corrosiveness. Sodium hydroxide and calcium chloride react, when
added in equal chemical equivalents, to give solutions of sodium chloride.
Sodium chlorideémay well occur in concrete mixtures as a result of its
almost universal occurrence in natural waters. Addition of non-squivalent
amounts of these chemicals changes the pH, the direction of change de-
pending on the chemical in excess.

The three types of environmental conditions tested were:

1. Static corrosion tests of aluminum alloy imbedded
in concrete.

2. Electrolytic anodic and cathodic tests of aluminum
alloy imbedded in concrete

3. Galvanic type cells to determine what effect, if any,
voids in concrete have on the corrosion rates of alu-
minum in concrete,



These various tests were intended to provide information on corrosion for
any condition which is likely to occur in practice. There were no attempts

made to evaluate inhibitors, or protective coatings in any of these tests.



CHAPTER II
LITERATURE REVIEW

The references briefly reviewed in this chapter are concerned with
iha corrosion of aluminum and its alloys in concrete or are considered to
hava an important bearing on this subject.

The high corrosion resistance of aluminum to many aggressive environ-
ments is attributed to the nearly invisible inert oxide film which forms
on aluminum when exposed to the atmosphere. This resistant film is
strengthened by additional hydrated alumina formed when the alloy is placed
in nearly neutral solutions. (9). Examination of the solubility curves for
various forms of aluminum oxides with pH indicates the natursl oxide film
loses its protective nature above a pH of 9 as a result of increasing solu-
bility.(1,4). Deltombe and Pourbaix (L) have shown from a thermodynamic
st&ndpoint that above a pH of 8.5 the normal oxide film is not protectiye
because of increasing solubility. The presence of certain ions such as
silicates or chromates inhibits thecorrosion process. Calcium and ammo=-
nium ions cause 'the formation of insoluble aluminate films,

McKee and Brown (9) determined corrosion rates for aluminum in ammo-
niam and sodium hydroxide solutions of varying concentrations. The cor=-
rosion rate in sodium hydroxide increased rapidly with increase in concen-
tration. Rates exceeded 1000 mils per year in tenth normal sodium’ hydrox-
ide solutions. Additions of chloride, sulphste, nitrate and acetate ions

did not affect corrosion rates; in one normal chromate solution the



corrosion was markedly reduced. Contrasted with the extremely high rates
in sodium hydroxide were the low rates observed in ammonium hydroxide which
showed a maximum of 10 mils per year in a 5 normal solution. These varia=-
tions in corrosion rates were attributed to the differences in solubility
of the corrosion products in sodium and ammonium hydroxides,

Aluminum is also subject to cathodic corrosion. Mears and Brown (10)
found that the corrosion rate of cathodically protected aluminum in alu-
minum chloride solution increased when the current density exceeded the
value required for protection. Caldwell and Albano (3) found cathodic po-
larization of aluminum in sodium sulphate solutions stimulated corrosion.
Rotation of the electrode reduced the corrosion somewhat; however, rates
were still higher than for uncoupled electrodes. In moderate~to¥strong
sodium hydroxide there was little effect of impressed cathodic current on
corrosion rates of aluminum. The increased corrosion was attributed to
unbalanced hydroxyl ion resulting from hydrogen evolution in the aluminum
chloride and production of caustic in the sodium sulphate.

Cured concrete, which always contains calcium hydroxide, has a pH 12=-
13. For this reason, corrosion of aluminum might be expected when in con-
tact with concrete. Walton, McCreary, and Ingle (13) have shown corrosion
rates of aluminum in concrete are high initially, but the attack is self-
stifling with the formation of highly protective calcium aluminate films.
The film formed oﬁ 3003 aluminum alley exposed to calcium hydroxide was
3 Ca0-41505°8-12 Hy0; in a Portland cement slurry, Alp03°6 Ca0-3 SO3-32Hg0.
Addition of calcium chloride or sodium chloride had very little effect on
the corrosivity of concrete to aluminum in the absence of galvanic couples.
Curing the concrete under continously wet, cyclically wet or dry conditions

did not appreciably influence corrosion of the aluminum alloy.
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Galvanic couples with mild steel cathodes were studied using alumi-
num to mild steel area ratios from 1:1 to 1:12 in plain concrete and in
a sodium chloride admixture. (13). In chloride free concrete, coupled
samples showed less corrosion than the uncoupled control samples. Sodium
chloride accelerated corrosion somewhat with localized attack., Corrosion

2 when

was low in all cases with a maximum of 2.43 x 10-3 inches3/inches
a 3 1/2 percent by weight sodium chloride solution was used as mix water.
The maximum pit depth was 21.7 mils.

This work corroborated experiments by Wright, Godard, and Jenks (1k).
They reported corrosion of aluminum in concrete was nearly stifled after
eight days and the appearance of specimens after six months, one, and two
years exposure was very similar. Attack was a general etch with a maxi-
mum thickness loss after one year of L.l mils per side. Corrosion rates
were found to be independent of brand of cement but did increase with in-
creased richness of mix.

Tronstad and Veimo (11) conducted a series of tests to determine the
effect of various cements on the corrosion of aluminum. They found alumi-
num was corroded by concrete but the attack was not overly severe. Fischer
and Vosskuhler (7) found in detailed long term studies that "unprotected
aluminum alloys are sufficiently resistant to mortar material but, never-
theless, some protection should be applied®.

These experimental results indicate little need for coating or other
protective measures when using aluminum with concrete. However, there is
a reported case of very severe corrosion of aluminum conduit imbedded in
concrete between floors of a hospital. After extensive investigation it
was concluded that the corrosion was a result of excessive additions of

calcium chloride to the concrete and either galvanic corrosion between
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the steel reinforcing and a}uminum conduiis or from stray currents induced
by arc welders during construction of the hospital (15).

_Another case of very severe pitting is known where the annular space
of a four inch IPS alclad (inside) 6061-Té pipe, containing a 1 3/8-inch
‘IPS steel pipe insulated from the aluminum, was filled with an unknown
concrete mixture. (5). The grout was pumped into the annulus while the
pipe was in a horizontal position. As a consequence there was a longi-
tudinal void extending the length of the pipe leaving approximately two
inches of the inside circumference free of concrete. On examination of
the pipe after five months vertical exposure in slightly saline water, se-
vere pitting and perforation from the inside at several points along the
void was noted.

The admixtures added to the concrete mixture apparently were not the
ones which had been specified for the test. Therefore, the test was not
a fair test of aluminum in this type of service. However, it was thought
that an investigation might provide a clue to the conditions to be avoided
when using aluminum in contact with concrete. Samples of the concrete
were crushed and leached with water. The leachings were analyzed for cat-
ions and were found to contain iron, aluminum, calcium, sodium and po=-
tassium. The pH of the solution was 12.7. There was little or no chlo=-
ride ion present. Sodium and potassium concentrations were higher than
would be expected from the supposed concrete mix used. There was nothing

from these results to indicate the cause of the extreme pitting noted.



CHAPTER III
MATERIALS AND PROCEDURE
Materials

The concrete used in the corrosion tests was a 1:2:0 ratio by weight
Atlas Type I Portland cement (approximate analysis in Appendix B) and
washed, screened, and dried sand passing an 8 mesh Tyler standard screen.
Distilled water was used for mixing., All additives to the concrete were
added in the mix water from standardized solutions.

_?[\The 6061-T6 and 5154-H3L aluminum alloys tested were supplied by the
Aluminum Company of America, (Nominal compositions are given in Appen-
dix B). The 5154 alloy cups were drawn by the Alcoa Research Laboratory
using annealed (-0) sheet. The 606l cups were drawn in the -TL temper
then. immediately artificially aged to the -T6 temper. %

*Praparation of Test Specimens

+ The aluminum coupons for all tests were cut to the desired size,
holes drilled where necessary, and scribed with an identifying number,
The specimens were then washed with soap and water, scoured with cleans-
er, rinsed, and etched for ten minutes in a 2 percent chromic acid, 5
percent phosphoric acid solution at 170-190°F., (12) rinsed with dis-
tilled water, dipped in acetone, dried, weighed,and stored in a desic-

cator. Coatings and electrical connections were made after weighing.



Coatings were either Ucilon corrosion-resistant coating or Armstrong C-T
epoxy plastic. Re-exposed surfaces were swabbed with acetone after handling.
+Ucilon coatings were readily removed by washing in acetone. Armstrong
C-7 plastic was softened by sosking in methyl ethyl ketone and then stripped
with a lucite scraper. Corrosion products were removed by treatment with
the hot phosphoric-chromic acid mixture for tem minutes. The coupons were

then rinsed, dried, and weighed. Severe corrosion necessitated longer

cleaning periods to remove the corrosion products. ™

13 Aqueous Corrosion Tests

J. Since corrosion of metals is affected by the presence of certain ions
in the corrosion medium, exploratory work was carried out to determine
specific ion effects on 6061-T6 and 5154-H34 aluminum alloys in calcium,
sodium, and ammonium hydroxides. The three alkaline solutions were select-
ed to determine the relative effects of the respective cations on the
corrosion of aluminum by a base. To eliminate pH effect among solutions,
each was adjusted to the measured pH of saturated calcium hydroxide. s

Anionic effects for chloride and carbonate were determined by addi-

tions of ammonium chloride, ammonium carbonate, and sodium carbonate to
each of the three basic alkaline solutions to make the solution 0.1 normal’
in the anion. The solutions used are given in Table I.

4+-Wide-mouth, rubber-stoppered, 500-cubic centimeter glass bottles
filled with 450 milliliters of solution were used for the agueous corro-
sion tests. Four coupons, 2 inches by 0.5 inches with a 3/16-inch hole
drilled at ome end, cut from 0.064 inch sheet, were suspended in each

bottle from glass hooks. A center hole was drilled through the stopper
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_Fto permit hydrogen evolved in the corrosion process to escape. The cells
were then placed in a constant temperature bath at ?5°Fh After one week,
two coupons were removed from each bottle ; the remaining coupons were
removed after two weeks exposure.

+In this and all the following described test methods, no effort was
made to exclude oxygen. Bryan and Morris (2) found that corrosion raj;ea
of pure and impufe aluminum were not appreciably different in oxygen-free,
and in oxygen-saturated, buffered alkaline solutions.

4_ Preliminary corrosion tests in cement slurries confirmed these re-

sults,

-+ TABLE I
SOLUTIONS USED IN AQUEQOUS CORROSION TESTS

Solution pH
Sat. Ca(OH), 12.8
Sat. Ca(0H),«0,1 N NH,C1 12.6
Sat, Ca(OH)2 -0.1N (rmh).‘_,cva3 12.8
Sat. Ca(OH),-0.1N Na,CO, 12.8
NaOH 12.8
NaOH -0.1 N NH,C1 12.1
NaOH =0.1 N (NH)),C04 12.3
NaOH -0.1 N NayC0y 13.0
NH),0H 12.7
NH) OH -0.1 N NH) C1 12,1
NH),0H 0.1 N (NH)),C04 12.3
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Static Corrosion Tests in Gohcréte

Corrosion-time curves for 6061-T6 aluminum alloy were detsrmined for
twelve different concrete admixtures. The concrete was a 1:2:0 mix by
weight with 750 milliliters distilled water, made to the desired concen-
tration of calcium chloride and/or sodium hydroxiée, per 1000 grams ce=-
ment. These solutions are given in Table Iio; The concrete was hand
mixed in batches sufficient to fill four cells. Each mix was replicated

once, making a total of eight cells for the mix,

8
TABLE II

'SOLUTIONS USED IN CONCRETE MIXTURES
Mix No. Solution
1 Distilled water

0,01 N NaOH

ny

0.05 N NaOH
0.10 N NaOH
0,01 ¥ CaCl,
0,10 N CaCl,
1.0 N CaCl,

o =3 oN P VL E W

0,01 N Ca012-0°01 N NaQH

9 0.10 N CaCl,~0,01 N NaOH
10 0.10 N CaClp-0.10 N NaOH
1 1.0 N CaCl,-0,05 N NaOH
12 1.0 N CaCly~0,10 N NaOH

&

The test cells consisted of square'onelpiﬁt polyethylene containers
filled with concrete to within one-half inch of the top, Two 2-inch

square aluminum alloy coupons cut from 0,032 inch Sheet were placed in
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each cell approximately 20 minutes after mixing. A water cap was main-
tained over each cell throughout the exposure period.

After exposure, at room temperature, for 3, 6, 12, and 24 days repli=-
cate cells were broken open, the coupons cleaned and weighed., Volume

losses were then calculated from weight loss data.
— Galvanic Cells

—# Four experiments designed to test the effect of voids in concrete on
corrosion of 6061-T6 and 5154-H3L alloys were carried out. The first two
experiments tested both alloys with an exposed area of approximately two
square inches on the center strip, using the twelve mixes given in TableIl.
The only modification in the mixes was increased water-cement ratio of
3000 grams solution per 1000 grams cement., In the latter two experiments
mixes 1, 2, 3, 6, 8, and 10 were used with areas of the center strip of
0.75 and 1.5 square inches., Each treatment was duplicated once.

Galvanic corrosion cells consisted of L-inch diameter by 3-inch deep
aluminum alloy cups drawn from 0,084 inch sheet. (Figure 1). The outside
and upper half of the cups were coated with Ucilon. Sufficient concrete
was added to cover the exposed aluminumj the cup was then filled with ex-
cess water from the concrete mix. Center strips for the cells were cut
from 0,040 inch aluminum sheet in one~half inch strips varying from nine
to twelve inches in length and bent into a chair-shaped rectangular loop
with the ends of the strip forming the back of the chair. This loop was
coated with Ucilon and taped with plastic tape except for a specific area
of the loop which was exposed. The strip was held in a lucite cap, ma-
chined to fit the aluminum cup, by means of a split No. 2 rubber stopper

and so positioned that the exposed aluminum was in the water phase.
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Galvanic Cell

FIGURE |-



N

Electrical contact was made with each end and the center of the strip for
measuring the resistance change in the strip, The strip was also.electri-
cally bonded through a five ohm resistor to the cup.

The potential differences across the five ohm resistors were measured
by a Leeds and Northrup No. 8662 precision potentiometer connected to the
resistors through a selector switch. The current flow and the polarity
of the cells were then determined,

Resistance changes of the aluminum strips were measured by a Wheat-
stone bridge arrangement consisting of the aluminum test strip, potenti-
ometer, a decade resistance box, and a galvanometer. (Figure 2).

To this end two lead wires were soldered, one-half inch apart, to
each end of the strip and a single lead to the center. These, in turn,
were connected to a Cannon GK-58-31SL cable connector. The remainder of
the circuit was composed of a Leeds and Northrup Model K potentiometer
and a decade resistance box. The potentiometer was connected from the C
pole to the terminal of a Cannon GK-58-22C-5/8 cable connector correspond-
ing to the lead from the exposed end of the strip. The BA terminal was
connected to the decade resistance box and thence through the cable con=-
nector to the coated end of the strip. The galvanometer circuit in the
bridge utilized a Leeds and Northrup No. 2420-B galvanometer and micro-
switch connected from the center of the aluminum strip to the galvano-
meter contact of the potentiometer. Power was supplied to the bridge cir-
cuit from a six volt storage battery through a variable resistor and am=-
meter to the end contacts on the aluminum strip.w

The complete experimental set-up is shoﬁﬁ in Plate I.
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?he concrete was hand-mixed in 2000 -milliliter beakers, one batch to
each cellfwith oné replicafe of each mix. The slurries were agitated
twice at fifteen minute intervals and allowed to settle. Excess water
‘was decanted from the concrete which was then pouyed'into the corrosion
cell until the exposed area of the cup was covered. The cell was filled
with the decanted water and the lucite cap“pléced on-the cell positioning
the center strip, The leads from the strip and cup were s§ldered int5 the
resi§taﬁce-and current-measuring circuits and the‘cups placed in a constant
temperature bath at T75°F, |

Resistance readings were made by impressing approximately 20 amperes
through the aluminum sﬁrip and adjusting the slide wire and decade box
until there was no deflection of the galvanometer when the circuit was
closed. Changesrin thickness were calculated by (derivation is given in
‘Appendix A)

Ll
(80,225 _L-1'
e
» (M ""565"‘51' Le )

thickness loss

ot =ty | 1-

where: At

to = initial thickness of strip
‘= léngth of strip exposed to corrosion

length of corroding end of strip

[ B 5 S
i

= éalculated length of coaﬁed half of strip
f = slidewire reading
Rq = resistance of decade box
Lg is c¢alculated from the initial reading when At = 0.
Current flow was:calculated.after pericdically measuring the potential

drop across the 5-ohm resistors.
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The cells were removed after twenty-four days, and the cups and strips

cleaned and weighed. The volume losses were subsequently calculated.
Electrolytic Cells

The effect of impressed current on corrosion of 6061-T6 alloy was
tested in electrolytic corrosion cells, utilizing solutions 1, 6, and 10
of Table II,

Square one-pint polyethylene containers were filled with concrete to
one-half inch of the top of the container. The aluminum electrodes, posi-
tioned at opposite sides of the cell facing each other, were cut from
0.040-inch 6061-T6 aluminum alloy in 1.5 x 1.5, 2.5 x 1.5, and 2.5 x 3.0
inch rectangles. An insulated copper wire was soldered to the back of
each coupon using Sal-Met flux., The back and edges of the coupons were
coated with Ucilon and Armstrong C-7 plastic exposing oney two, and five-
square inch areas to corrosion, A constant direct current of 1 milliam=-
pere supplied from a Krohn-Hite Model UHR-220 power supply through a
50,000 ohm resistor, was impressed across the cells which were connected
in series. A 5/8-inch diameter by 2-inch glass tube was placed in the
center of the cell to accﬁmodate the saturated calomel electrode used to
measure the potential drop across the aluminum concrete interface. (Fig-
ure 3).

Potential measurements between the half cell and each electrode, and
across the cell were made with a Southwestern Indﬁsirial Electronics Com-
pany Model R-1 high resistance voltmeter. Current to the cells was meas-
ured with a Weston Model One millivoltmeter. Plate II shows the equip~

ment and cells used in this test.
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The concrete mix was hand-mixed in batches sufficient to f£ill three
cells. The watermcement ratio was 750 grams of water per 1000 grams ce-
ment.  Equal anode areas were used within each cell. The three sizes of
coupons were used with each batch.

The electrodes were placed in the cells 20 minutes after mixing the
concrete and the current was immediately applied. Current was controlled by
varying the 50,000 ohm resistor and the applied voltage. The voltage drop
across each cell and the potential of each electrode with respect to a
saturated calomel half cell were measured immediately and at intervals
throughout the exposure period.

Cells were broken open after exposure of 3, 6, and 12 days with_all
cells from one concrete batch being removed at the same time; thus differ_
ences among replicate batches are included with differences with time.

After removal from the cells the lead wires were removed from the
coupons which were then immersed in methyl ethyl ketone for several hours

to soften the plastic coating. The coupons were cleaned and weighed.
Statistical Analysis

All corrosion tests using the various concrete mixtures were designed
so analysis of variance could be performed on the data for estimation of
the error mean square for each experiment., The Standard Error of the Mean
and Least Significant Difference for each treatment mean were computed at
the 95% level using the error mean square and "Student's" tol Once the
Least Significant Difference was estimated the mean volume loss for each
treatment could be compared with the volume loss for any other treatment
in the same analysis. If the difference betwsen the means is greater than

the lLeast Significant Difference there is a 95% probability the means differ.
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The treatment design for the electrolytic test was a 33 factorial of
time, current density and mix without replication of individual treatments.
Therefore, there was no dirsct estimate of experimental error. Howsver,
with the assumption of negligible three factor interaction the error mean
square for this interaction is an estimate of the discrepance. (6). BEach
treatment in the static corrosion and galvanic tests was replicated so
the error mean square could be sstimated directly. Two analyses of the
volume loss data for the cups and for the strips were requirsd; one analy=
sis tested the effect of alloy and concrete mix for all twelve mixes; the
other tested the effect of alloy, area, and mix for three aresas and six

mixes,



CHAPTER IV
RESULTS
g/“ﬁdueous Corrosion Tests

V/Tﬁé results given in Tables III and IV show the very marked depend-
ence of corrosion rates on the cations present in solution as well as
the alloy being tested, The type and severity of éttack are shown to dif-
fer between the two alloys.

The 5154-H3L test specimens were severely pitted in the more aggres-
gsive solutions; attack was limited to the rolling grain of the alloy when
exposed to moderately aggressive environments., In the less corrosive me=-
dia, attack was a mild overall etch leaving a satin finish on the coupon,
The attack on 6061-T6 alloy by sodium hydroxide solutions was more severe
with preferential attack on the central areas of the coupons., The edges
of the coupons resisted attack. The result, after seven days sxposurs,
was & paneled effect with the central areas of the strip Severely but
uniformly corroded. After fourteen days, only the edges of the coupon
remained, leaving a "“picture-frame"., In sodium hydroxide-ammonium chlo=
ride solution, the coupons were severely pitted with no appreciable de-
crease in thickness. The remaining coupons were uniformly attacked with
some pitting along the grain of thé alloy. Again in the less corrosive
solutions the attack was a very mild etching action. Differences in at-

tack are shown by Plate III,

23
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PLATE III

EFFECT OF CALCIUM, AMMONIUM, AND SODIUM IONS ON CORROSION OF ALUMINUM
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TABLE IIT
'V/fEFFEcT,OF VARIOUS CATIONS AND ANIONS ON CORROSION OF 515L-H3L ALIOY

Volume Loss
(in3/in? x 103)
Solution pH Exposed, Type of Corrosion
7 days 1k days

NaOH .-0.1 N NapCOyq 13.0  2.534  2.889  Pitted
NaOH - " 12,8 2.h00  2.766  Pitted

Ga(OH)2—0.1 N NapCQ4 12.8 2,218 - 2,620 Discrete areas severe-
ly attacked

NeOH  -0.1 N INH)Cl 12.1 1.025 1.625 Numerous small pits

NHhQH ~0.1 N NapCQ3 12,8 0.951 0.988 Qverall attack, pitting
with grain

NaOH -0.1 N (NHM)2C03 12.3  0.860 0,967  Overall attack, pitted

with grain
NE) OH ' 12.7 0,691 1.553 Attack along rolling
. grain
Ca(OH)2 12.8 0.670 0.803 Overall etch

Ca(OH)p-0.1 N (NH),)pC03 12.8  0.57L  0.799  Overall etch

NHOH -0.1 N (NH),00, 12.3  0.406  0.508  Small erea attacked in

3 grain
ca(OH)z-o.l'N NH) C1 12.6  0.134  0.175  Light overall etch
NHhOH “0.1 N NHhCl 12.1 0.027 0.038 No noticeable attack

Static Corrosion Tests in Concrete

Visual.examination of the coupcons from the static corrosion tests re=-
vealed three different types of attack. In distilled water, 0.01 normal
sodium hydroxide, 0.0l normal calcium hydroxide - 0,01 normal sodium hydrox-
jde and 0.l normal calcium chloride admixtures, the coupons suffered a

general overall etch with small areas apparently partially protected, lend-

ing a mottled appearance to the samples., In 0,05 and 0.1 normal sodium
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hydroxide and 0.1 normal calcium chloridé—sodium hydroxide mixes, the at-
tack was more severe, There was little evidence of protected areas, but
some minor pitting was seen. On mixing concrete with a one normal solution
of calcium chloride, with or without additions of sodium hydroxide, the '

surface of the coupons showed very slight attack with many very small pits

developing after twelve days exposure,

TABLE IV
EFFECT OF VARIOUS CATIONS AND ANIONS ON CORROSION OF 6061-Té ALLOY

Volume Loss
(in3 /in2 x 103)
Solution pH Exposed Type of Corrosion

7 days 1l days

NaOH -0,1 N NapCOj 12,6 19.037 19.360%* Relatively uniform
except for edges

NaOH 12.5 18,342 20.457%* Relatively uniform
except for edges

Ca(OH),=0.1 N Na2003 12,5 5,001 8.178 Generalattack except
where protective film

formed
NaQH -0.1 N NH)Cl 12,2 2,643 3,42  Severe pitting
NH)OH =-0.1 N (NH))5C03 12.3 1.028 1.382  Attack along grain
NH) OH 12.6 1.003 1,025 Overall attack, minor
pitting

NH),0H =0.1 N NayCOj 12.8 0.992 1.233  Overall attack, more
severe with grain

NaOH «0,1 N (NH)),C0, 11.6 0,691 1.942 Preferential attack
4/2%"3
with grain

Ca(OH)2-0.1 N (NHh)2003 12,5 0.596 0.730 Overall attack with a
few smallunattacked areas

Ca(OH), 12.5 0.580 0,755 Overall etch
NHOH -0.1 N NHC1 11.6 0,311 0,165  Light etch
Ca(OH)2-0.1 N NH)C1 12,3 0,143 0.165  Light etch

*Not valid estimate of volume loss as only edges remained after exposure.
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The Least Significant Difference obtained from the analysis of vari=-
ance provided a means of seﬁarating the volume losses into five g;oupa.
(Analyses of variance are in Tables XV, XVI, XVII, and XVIII in Appendix C.)
If the volume loss means for the coupons exposed 2l days are grouped so
allldifferencaa within each group do not differ significantly, the corro-
siveness of the admixtures in decreasing order is: 0.l normal calcium
chloride, 0,1 normal calcium chloride-sodium hydroxide ) 0.1 normal calcium
chloride-0,01 normal calcium chloride, 0.05 normsl sodium hydroxide) 0.0l
normal eaicim-éhm:ndq*- ~sodium hydroxide) 0,01 calcium chloride, hone’; 0,01
normal sodium hydroxide) 1.0 normal caleium chioride-o.l normal sodium hy-
droxide, 1.0 calcium chloride-0.05 sodium hydroxide, 1.0 normal calcium
chloride.

The volume loss-time corrosion curves given in Figures L, 5, and 6
show the répid decrease in corrosion rates during first three days expo=
sure., In the majority of the concrete mixes tested, tha corrosion rates
decreased throughout the exposure period. However, in mixtures using 0.05
and 0,1 no;mal sodium hydroxide, the corrosion curves appear linear with
time after three to six days exposure. Table V shows the calculated cor-
rosion rates for the mixes used, assuming linearity during the final
twelve days exposure. '

/ Galvanic Cells
/

The current-time relationships shown in Figures 7, 8, 9, and 10 were
characterized by rather erratic behavior during the first twenty-four
hours exposure. In this period the galvanic current fluctuated widely re-
sulting in reversals of polarity of the strips, which were initially catho-

dic to the cup. Maximum current flow was reached after exposure of twelve
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to twenty;fOur hours. The strips were cathodic at maximum current., Current

then tended to decrease with time toward zero. In some cases, the current

reversed with the cup becoming cathodic.

TABLE V

STATIC CORROSION RATES OF 6061-T6 ALLOY IN CONCRETE

Admixture

0.10
0.05
0,10
0.01
0.10
0.01
0,01
None
0.01
1.0

1.0

loo

N

N

N

NaOH
NaOH
CaCl,-0.1 N NaOH
CaCl,
0aC1,-0.01 N NaOk
CaClzu0,0l N NaOH

NaQH
CaClg
CaClsz,OS N NaOH

CaGlsz,lO N NaOH

Corrosion Rate
(in3 /in2-yr, 10=3 )

13.k
10.1
9.7
8.8
8.6
8.1
8.1
TaT
5.9
0.k
1.1

1.2

*Calculated from mean of 12 day and 2l day results
assuming linearity

The volume loss-time curves in Figures 11 and 12 were calculated from
<

resistance data,

of aluminum only when attack was uniform.

The change in resistance indicates the true volume less

With pitting attack, the re-~

sistance increase is greater than would be estimated from weight loss data.

Thus ratio of volume losses calculated from weight loss data to those cal-

culated from resistance is an indication of the degree of pitting. Sharp
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FIGURE 6— Static corrosion tests of 606I-T6 alloy In concrete

breaks in these curves were attriﬁuted to initiation and cessation of
pitting attack depending on the direction of the break.

Average volume losses of the cups and strips are given in Tables
VI and VII. In the majority of the cells, the center strips were more
severely corroded than were the cups. The rather marked difference in
the corrosion resistance of 6061 and 5154 alloys noted in the aqueous
corrosion tests ‘was not evidenced in these tests. Statistical analysis
indicated there was no effect of alloy. Visual examination of the strips
revealed differences in attack of the alloys; the 606l alloy was severe-
ly pitted with perforation of the strips in 0.1l and 0,05 normal hydroxide

solutions; attack on 5154 alloy was a relatively uniform etch,

~

The coating used on the strips was satisfactory with no corrosion

occurring on the protected areas. The Ucilon coating on the cups
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.TABLE VI
AVERAGE VOLUME LOSSES FOR GALVANIC CELLS

TESTING EFFECT OF MIX AND ALLOY

Mix No.*  pH Volume Loss of Strips (in3/in® x 103)
i 12.6 9.0l41 L.987
3 12.5 2.208 3.552
2 12.5 1.930 0.863

10 12.4L 1,200 1.742
1 13.5 1.099 1.087
8 12.5 0,701 1.077
5 12,5 0.6L9 0.887
9 12,0 0.579 0.770
6 12.3 0.556 0,582

12 12,1 0.225 0.256
7 12.0 0.157 0,247

11 11.9 0.133 0.210

Sz = 0,336 in3/in? x 103
- LSDggy = 0.98 in3/in2 x 103

Mix No. pH Volume Loss of Cups (in3/in® x 103)
£061-16 515k ~H3h
6 12,3 1.322 0.492
10 12.L 1,216 0.69L
1 12,5 0.925 O.LL5
9 12.4L 0.786 0.L99
3 12.5 0.738 0.753
i 12,6 0,635 1.631
5 12,5 0.548 0,798
8 12.5 0,537 0,556
2 12.5 0,426 0,640
7 12,0 0.09 0,072
12 12.1 0,067 0.09L
11 11.9 0,057 0,070

S¢ = 0.155 :'Ln3/in2 x 103

LSDggg = 0.L52 in 3/in? x 10 3

*Mixes are defined in Table II



TABLE VII

AVERAGE VOLUME LOSSES FOR GALVANIC CELLS

Strip Area in?

OO H O MW

pH

12.5
12.5
12.L
12.5
12.5
12.3

Volume Loss of Strips (in3/in2 x 103)

TESTING EFFECT OF ALLOY, AREA, AND MIX

60b1-T6

2.0 1.5 0.75
2,208  L.691 2,849
1.930  1l.h0h  1.184
1,200 1.119 1.130
1.099 1.029 0.807
0.701 1.31L 1.037
0.556 0.663 0.531

Sg = 0.305 in3/in® x 103

LSDggg = 0.875 in3/in? x 10°

Strip Area in2

1

D ow H O o

S- = 0.227 in3/ in® x 103

pH

12.3
12.4
12.5
12,5
12.5
12.5

Volume Loss of Cups

20

3.552
0.863
1,742
1,087
1.077
0.582

(in3 /in x 103)

515L-H3L

1.5

2.663
1.991
1.508
0.836
1.L4L7

0.638 .

6061-T6

2.0 1.5 0.75
1.322  0.338 0.318
1.216 0.715 0,613
0.925  0.341 0.451
0.738 1.112 0.639
00537 00356 O.LL9l
0.426 0.63L4 0.567

LSDggy = 0.648 in/in? x 103

2.0

————

0.492
0.694
0.4k5
0,753
0.556
04640

5154-H3L

1.3

0.535
04970

0.587

0.981
0.670
0.566

0.75

3 aOl?
0.993
1.091
1.294
0.602

0.78

0.L455
0.627
0.747
00871
0.626
0,665
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blistered in some cases resulting in some attack of the cup under the sup-

posedly protective coating.,
Electrolytic Tests

An unexpected consequence of impressing electric current on aluminum
test coupons was the rapid dissolution of aluminum at the cathode. Fig-
ures 13, 1k, 15, 16, 17, and 18 show the relationship of current density
with the corrosion of aluminum cathodes in three different concrete mixes.
In_contraﬁt tq'tha repid stifling of gttack-in.#he absence of impressed
current, corrosion rates increased both with time and current density.

Appearances of the corroded coupons were very similar. Severe thin-
ning of the coupons as well as pitting attack with perforation resulted
after six days exposure in a 0,1 normal calcium chloride mix at a current
density of one milliampere per square inch., At this current density, the
same attack was deen after 12 days in distilled water and in 0.l normal
caleium chloride-sodium hydroxide mixes.

The plastic coating used was satisfactory when coupons were anodic,
but when the coupons were made the cathode the film was lifted by gas
evolution from the front surface of the sample at 1.0 and 0.5 milliamperes
per square inch, allowing corrosion to proceed over part of the supposed-
ly protected area. With a current density of'0.2 milliamperes per square
inch or less the coating was satisfactory.

Attack on the aluminum anodes was highly localized with severe pit-
ting. The total weight losses and maximum pit depths were less than on
the corresponding cathode. Large areas of the aluminqp anodes were pas=-
sivated. In chloride-free concrete the passivation was shown by the

large potential drop across the concrete-aluminum interface. This
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anodizing effect resulted in corrosion rates less than theoretically would
occur at 100 percent current efficiency. In chloride admixtures, there
was still passivation of certain areas on the anocde, However, the chloride
served to break down the film at discrete points. Thus there was little
increase in potential difference across the cell with time. The current
efficiency was also slightly over 100 percent. These results are shown in
Figures 19, 20, and 21.

Potential measurements of the iron anodes indicate the potential in-
crease noted in chloride free concrete were a result of polarization of
the aluminum and not a result of electrolytic effects in the concrete.

The potential-time relationships are shown in Figures 22, 23, 2L, and 25,

The above observations are illustrated in Plates IV and V.
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PLATE IV

EFFECT OF IMPRESSED CURRENT ON THE CORROSION OF ALUMINUM

Admixture -none- Exposed 6 days
Cathode Anode

L7



PLATE V

EFFECT OF IMPRESSED CURRENT ON THE CORROSION OF ALUMINUM

Admixture O.IN CaCl,~O.IN NaOH Exposed 6 days
Cathode Anode

0.2ma’in?




CHAPTER V
DISCUSSION OF RESULTS

The results of the static corrosion tests reveal that corrosion of
aluminum in alkaline solutions is dependent on the cations present as
well as on the pH. Ammonium and calcium hydroxides were significantly
less corrosive to aluminum than was sodium hydroxide when all solutions
were adjusted to the same pH. In a solution of saturated calcium hydrox-
ide-0.1 normal sodium carbonate the precipitation of calcium ion as the
carbonate leaves very little calcium in solution. This low concentra-
tion of calcium did limit the attack somewhat and some parts of the strips
were protected. In sodium hydroxide-0.l normal ammonium chloride the
6061 alloy was very severely pitted. These results indicate that calcium
and ammonium ions effect formation of protective films.,

The situation in concrete is different. Since concrete contains cal-
cium aluminate salts as well as calcium hydroxide, the water phase will
be saturated with calcium ion. Addition of calcium chloride to the con-
crete decreases the pH of the mixture slightly, resulting in an increase
in calcium ion concentration. Thus, if the rate of formation and protec-
tiveness of the film formed on the aluminum surface is dependent on the
concentration of the calcium ion present, additions of calcium chloride
should decrease corrosion rates. However, the film penetrating ability

of the chloride ion offsets this somewhat. Additions of sodium hydroxide,

on the other hand, would increase the pH slightly and suppress the

L9
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concentration of calcium,increasing corrosion rates. These effects are
moderated considerably by the availability of calcium from the solid ce-
ment phase and the buffering effect of the concrete. 4s a result, addi-
tion of sodium and calcium ions to concretes has much less effect on cor-
rosion than would the same additions toaqueous solutions. This was borne
out by the results of the corrosion tests in concrete.

When the concrete was not in contact with the aluminum as in the wa=-
ter phase of the galvanic cells, the effect of the added ions on film
formation was much more pronounced. Addition of sodium hydroxide solutions
increased corrosion somewhat with or without equivalent additions of cal-
cium chloride. Addition of calcium chloride alone reduced corrosion rates,
with 1little corrosion in 1,0 normal calcium chloride admixtures.

The galvanic cells were not very'reproducible and there was no de=-
finite correlation of concrete admixture with the polarity of the center
strip. Current flow tended toward higher average values in sodium hydrox-
ide admixtures than in plain concrete or high calcium chloride mixes,
Current flow approached zero sooner when using 5154-H3L alloy indicating
a more protective film. There was no indication of protection of the cen-
ter strips when they were cathodic, In fact, the most severe corrosion
and the only perforations noted were when the strips were strongly cathod-
ic.

The current flow arising from the galvanic cells was not a factor in
the corrosion of the anodic part of the cells. The severe corrosion of
the cathodes in the electrolytic cells as well as the severity of corro-
sion of the cathodic strips indicate that even very low current densities

at the cathode result in severe corrosion.
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The effect of hydroxyl ion was shown by the severe corrosion of alu-
minum cathodes. The cathodic reaction in these tests was hydrogen evolu=
tion, which resulted in a build up of hydroxyl ions at the aluminum=con-
crete interface. Diffusion of the hydroxyl ions away from the surface is
dependent on concentration gradient and ion mobilities. These processes
are slow enough at a solid-solid interface to permit formation of a hy-
droxyl concentration high enough to break down any protective film on
the metal, At the anode, on the other hand, the anodic reaction was
oxidation of aluminum, Aluminum ion reacted with hydroxyl ion to reduce
the pH and precipitated as a protective film in the absence of chloride.
These effects are shown by the potential-time curves in Figures 22, 23,
2li, and 25,

The rapid increase in potential of aluminum anodes in chloride free
concrete is indiéative of film formation. The aluminum surface was pas-
sivated at high current densities (1.0 and 0.5 milliamperes per square
inch) and processes other than oxidation of the aluminum occurred. Chlo-
rides, however, broke down this film at discrete areas. As a conseguence
the anode was severely pitted and total volume losses were slightly higher
than theoretically would occur at 100 percent current efficiency. At the
cathode, the relatively constant potential difference indicated that any
film formed was immediately broken down with little reduction of local

action current.



CHAPTER VI
SUMMARY AND CONCLUSIONS

To define conditions under which aluminum will be severely corroded
by coﬁcrete, a series of corrosion tests were made in which a2luminum al-
loys 6061-T6 and 515L-H3L were exposed to alkaline solutions and various
concrete mixes. The solutions tested the effect of sodium, ammonium and
calcium ions with chloride, carbonate, and hydroxyl ions at the concen-
trations and pH's which could occur in concrete. The concrete cbntained
admixtures of célcium chloride and sodium hydroxide in various prbportionso
Static, galvaniq{and electrolytic tests were made. A total of 534 cleaned
and weighed sampiés were eprsed, in addition to some preliminary tests.
This number was necessary because of the numerous factors involved and to
provide some measure of reproducibility.

Static corrosion tests in alkaline solutions showed that the kind and
concentrations of cations present were as important as the pH in deter-
mining corrosion rates. Calcium aﬁd ammonium ions aid in formation of<¢in=-
soluble aluminate films, sodium ions do not., The effect of anions was
much‘iess pronounced., Chloride ion caused severs pitting in a mixture of
sodium and ammeonium ions.

Static corrosion tests in concrete showed that additions of sodium
hydroxide increased corrosion rate with or without equivalent additiocns
of calcium chloride; calcium chloride alone had -little effect except in

1.0 normal calcium chloride admixtures, which reduced corrosion to
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insignificant values.

The galvanic tests were designed to estimate the effect of voids in
concrete. In general, there was more corrosion in the void than in the
concrete but this was not closely related to galvanic current flow, which
was rather erratic and unpredictable, Here again sodium ion increased
corrosion rate while calcium chloride in sufficient quantity stifled at-
tack.

The most surprising and unexpected result of the electrolytic tests
was the very destructive erfect of .cathodic current on aluminum, The
anodes were less severely corroded than would be expected from the ampere
hours passed except in chloride admixtures when corrosion exceeded that
calculated from Faraday equivalents.

From these results the following conclusions are believed to be Jjus-
tifiables

1. Excessive corrosion of aluminum in moist concrete is not an in-
herent characteristic of ordinary concrete. The rate of attack will be
influenced by certain admixtures to concrete—notably,addition of sodium
ion,which increases corrosion rates, while calcium chloride in sufficient
quantities stifles attack.

2, Aluminum may suffer severe attack as a consequence of voids at
the concrete-aluminum interface. This is a result of the greater corro-
sivity of the water phase and the galvanic effect between the aluminum
contacting the concrete and that at the void. The severity is increased
when the aluminum at the void is the cathode., Use of Alclad alloys may
also be dangerous in that once the clad is penetrated, aggravation rather
than stifling of attack of the base metal may well result from the gal-

vanic action,
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3. While stray currents do not always cause excessive attack of both
anodic and cathodic areas, the attack is sometimes so severe and persis-
tent that stray current interchange at aluminum-concrete interfaces should
be carefully avoided.

L. Galvanic action of aluminum with more noble metals will not re-
sult in severe corrosion except when chlorides are present. With chlo-

ride present severe pitting will occur.
Recommendations for Future Study

To further define conditions in which aluminum would be incompatible
with concrete, additional experimeéntal work should be carried out. This
should include:

1. Tests of the effect of sulphate ions on the protectiveness of the
gluminate film. Since sulphate ions will attack conecrete they may also de-
stroy the protective nature of the aluminate films on the aluminum surface,

2, Additional tests of the effects of voids to determine the vari-
ables influencing current flow. Further refinement of the galvanic cells
using smaller strips to facilitate resistance measurements should be in=
corporated in such tests. More accurate resistance measurements could
reveal effects of gal;;nic current on the corrosion process.

3. Since aluminum cathodes were severely corroded in wet concrete,
further tests should be made to study effects in dry concrete. Also,
tests over periods of six months or longer should be carried out.

4. In general,the cladding used on aluminum is anodic to the base
metal; therefore once the clad is penetrated, the base metal could feasi-
bly suffer severe corrosion from the cathodic reaction products. 'This.
type of corrosion leads to severe pitting., Tests of Alclad alloys should

be made to see if the galvanic current flow is significant,
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APPENDIX A

DERIVATION OF EQUATION FOR VOLUME LOSS FROM
RESISTANCE CHANGE OF ALUMINUM STRIPS

For a wheatstone bridge

! !
where: Ry =E) L-L +;E— = Resistance of corroding end of strip
at any time

R, = —%& = Resistance of coated end of strip
wt '

S0

CLe R
Wt
gsolving for t gives
1
. - toL
- Rq L-1
Le SOV aw U U
Rp Le
and
’ &t = tg -t
or
1
at = tol1 - L
L /By _L-L
Ry, L
e



For the potentiometer and decade box used

Rl = Rp + RSWr
ﬁ? = Rg + Rigy - Ray
Therefore
t
At =ty |1 - L

_RP+str L-L'
Rqg+Rsy - Rgur Le

substituting the numerical values for Rp’_RSW’! a.ndR'sw gives

t
VNS T RS L—
L 80.2 + 5r  L-L'
e Rd+ SOS -SI‘ Le
where: t, = initial thickness
4t = thickness of corroded area at any time
= width of strip

© = resistivity of aluminum

e
]

length of strip exposed to corrosion

L = 1length of corroding end of strip

[¢:]
n

length of coated end of strip

2}
]

slidewire reading

Rd = resistance of decade box

.
n

resistance of potentiometer except for slidewire
R_.. = resistance of slidewire between r =0 and T =1

RY.. = +total resistance of slidewire



APPENDIX B
- TABLE VIII
TYPICAL ANALYSIS OF ATIAS TYPE I
PORTLAND CEMENT USED IN EXPERIMENT

CHEMICAL, Percent

Silica (Si0p) 20.9
Alumina (A]QO) 5.7
Ferric Oxide %FGZOB) 3.2
Magnesia (MgO) 1.1
Calcium Oxide (Ca0) 65.1
Sulphuric Anhydride (803) 1.9
Ignition Loss O0.74
Potential Compounds
Tricalcium Silicate 51.4
Dicalcium Silicate 24,0
Tricalcium Aluminate 9.8
PHYSICAL
Fineness, Specific Surface (Wagner) 1756
Soundness, Autoclave Expansion 0.14
Time of Set (Gillmore)
Initial (Hr. : Min.) 3:01
Final (Hr. : Min.) 6:00
Vicate 2:03
Compressive Strength, psi.
3-day 2450
7-day 3880
28-day 5770

58



CHEMICAL COMPOSITION LIMITS FOR

ALUMINUM ALLOYS USED IN EXPERIMENT

Silieon
Iron
Copper
Manganese
Magnesium
Chromium
Nickel
Zinc
Titanium
Other
Fach
Total

Aluminum #7

TABLE IX

5154
%

0.45 Si+Fe

0.10
0.10
301 ‘-309

0915_0035

0.20
0.20

0,05
0,15

Remainder

6061
%
ol+-008

o7 )
nl§"‘0°h0
015

08 "'102
015-0035

eNoNoNoNoNe]

0.25
0.15

0.5
0.15

Remainder
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STATIC CORROSION TESTS OF 6061-Té ALLOY IN CONCRETE

Exposure Time (Days)
Admixture

None
0.01 N NaOH
0.05 N NaOH
0.10 N NaOH
0.01 N CaCl2
0.10 ¥ CaC12
1.0 N CaCly
0.0l N CaClz-0.0l N NaOH
0.10 N CaCl,-0.01 N NaOH
0.10 N CaClz—O,lO N NaOH

1.0 N CaCl2-O.05 N NaOH

1.0 N CaC1l,-0.10 N NaOH

APPENDIX C

TABLE X

0.
Ol

OG
0.

0.
0.

O O

loNe)

[oN®]

o

255
190

271
292

313
353

4,60
L0

.268
272

298
.310

<043
-OL9

.28l
3291

294
.327

408
422

.060
.052

051
051

Volume Loss (in3/in3 x 10

=

0.347
0.282

0.336
0.369

0.403
0.453

0-5'}4—3
0.597

0.335
0.343

0.425
0.,68

0.060

0.354
0.383

0.437
0.487

0.626
0.568

0.065
0.074

0.086
0.059

12

0.529
0.381

0.499
0.513

0.560
0.612

0.792

0.790

0.496
0.483

0.663
0.669

0.081
0.097

0.490
0.543

0.653

- 0.661

0.872
0.815

0.083
0.100

0.169
0.115

3

0.731
0.675

0.656
0.745

0.876
0.949

1.120
1.322

0.746
0.761

0.921
0.987

0.083
0.120

0.832
0.763

0.881
0.997

1.095
1.232

0.106
0.147

0.219
0.147



Admixture
None
0.01 N NaCH
0.05 N NaOH
0.10'N NaOH
0,01 N CaCl,
0.10 N CaClyp
1.0 N CaCl,
0,01 N CaClp-0.01 N NaQH
0,10 N CaCl,-0.01 N NaGH
0,10 N CaClZ-O.lO N NaCH
1.0 N CaClZ-O.DS N NaOH

1.0 N CaGlZ—O.lO N NaOH

W N

E
E

i
12.5

12.5
12.5
12.6
12.5
12.3
12.0
12.5

12.4

12.4

11.9

12.1

CORROSION OF 5154-H3/ ALIOY IN GALVANIC CELLS

TABLE XI

Volume Losses of Aluminum (in3/in2 x 103)

1

2

Cell No, Cup Strip Cell No. Cup Strip Cell No,
D 20 0.437 1.426 E 14 0.625 0,793 E 1
D .3 0.453 0.748 E 18 0.548 0,878 E 2
D 8 0,683 0,610 E 3 0.645 1.580 E 4
D 2 0.597 1.115 E 15 0,487 1.436 E 7
D 21 0,780 4471 E 22 0.932 1.876 E 13
D 19 n,726 2.632 E. 24 1.029 3.460 E 12
D 10 1.829 5.306
D 24 1.432 4.667
D 16 D423 0.898
D 1 1.172 0.876
D 12 0,388 0,566 E 19 0.555 0,620 E ©
D 5 0,595 0,598 E 23 0.51 0,656 E 11
D 18 0,074 0,224
D 17 0.069 0,270
D 9 0.490 1.219 E 20 0,681 1,692 E 6
D 22 0.622 0.934 E 21 0,658 1,202 D 10
D 15 0.4428 0,936
D 7 0.549 0,604
D 23 0.534 1.066 E 16 1.060 1.750 E 5
D 6 0.853 2,418 E 17 0.880 2,231 E 8
D 4 0.074 0,192
D 14 0.066 0,227
D 13 0.072 0,290
D11 0,115 0.221

Exposed area of strip was 2 square inches.
xposed area of strip was 1.5 square inches.
xposed area of strip was (.75 square inches.

Cup

0,443

1,051
0,674
0,656
0.850
0.892

Strip3

1.148
1.034
1.355
1.979
1.528
4..505

0,530
0,674

1.306
1.281

0.829
1.166
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Adnixture

None

0.01 N NaOH

0.05 N NaQH

0,10 N NaOH

0.01 N CaCl,

0,10 N Ca012

1.0 N CaCl,

0.01L N Ca012-o.01 N NaOH
0,10 N CaClp-0.01 N NaOH
0.10 §¥ CaCl,-0,10 N NaCH
1.0 N CaCl,=0.05 N NaOH

1.0 N CaClz-O.lO N NaOH

12.5
12.4
12.4
11.9

12.1

CORROSION OF 6061-T6 ALLOY IN GALVANIC CELLS

TABIE XIX

Volume Losses of Aluminum (in3/in? x 10°)

Cell No. Cup Stripl Cell No. GCup Strip® Cell No. Cup Strip3
B 4 0.586 0,968 c 1 0.153 1.355 C 3 06434 0.748
B 6 1.264 1.230 cC 9 0.529 0,703 cC 8 0.467 0.865
B 19 0,269 1.805 c 6 0.681 1.449 C 13 0.551 1.301
B 18 T 2.054 c 21 0.587 1.359 c 7 0.582 1.067
B 17 0.673 2.314 C 16 1.581 4.703 c 11 0.767 3.966
B 24 0.804 2,102 C 22 0.643 4.678 C 19 0,511 1,732
B 11 0.720 8,001
B 20 0.549 9.991
B 3 0.560 0.703
B 13 0.435 0,595
B 22 1.435 0.510 c 12 0.361 0,730 C 5 0,311 0.620
B 23 1.209 0.602 C 23 0.315 0,59 c 18 0.324 0.443
B 7 0.0%

B 9 0.173

B 14 0.581 0.737 c 2 0.508 1.234 C 20 0.446 1,013
B 2 0.493 0,664 C 2. 0,203 1.393 C 14 0.536 1,061
B 16 0.786 0.61/ :

B 21 0.544

B 5 1.544 1.249 ¢ 10 0.940 1.400 C 15 0.614 1,656
B 8 0.888 1,150 C 17 0,490 0,838 C 4 0.612 0.604
B 12 0.057 0.157

B 1 0.057 0.157

B 15 0,068 0,184

lExposed area of strip was 2 square inches.
fExposed area of strip was 1.5 square inches.

3Expoaed area of strip was 0.75 sguare inches.

%



TABLE XIII
EFFECT OF IMPRESSED CURRENT ON THE

CORROSION OF 6061-Té ALUMINUM CATHODES

Volume loss of Electrode (inj/in2 X 103)

Twelve Day Test

Admixture None . 0.1N NaOH 0.1N 03012
0.1N CaCl2
Current
Density
ma/in
1.0 17.36 11.85 15.24
0.5 5.98 7.35 6.10
0.2 3.02 3,01 2.42
Six Day Test
1.0 7 .22 5.63 8.56
0.5 2,10 4.09 3,08
Oc2 0069‘ lol-lré On51
Three Day Test
1.0 2.76 3.39 4L.09
0.5 0.96 1.14 » 1.18

0.2 0.29 0.22 0.40



TABLE XIV
EFFECT OF IMPRESSED CURRENT ON THE

CORROSION QF 5061-T6 ALUMINUM ANODES

Volume Loss (in3/in2 x 103)

Exposed 12 Days

Admixture None 0.1N CaCl, 0.1N CaCl,
- 0.1N NaQH

Current

Density

ma/in2
1.0 0.27 2.78
0.5 1.58 0.29
0.2 0.4l 0.62

Exposed 6 Days

1.0 0.49 1,26
0.5 0,15 0.65 0.76
0.2 0.24 0.85 0.65

Ixposed 3 Days
1.0 0.79
0.5 0.12 0.339

0.2 0.65



TABLE XV
ANALYSIS OF VARIANCE OF STATIC

CORROSION TESTS IN CONCRETE

Source of Degrees of Sum of
Variation Freedom Squares
Total 95 8.8731
Replicates 1 0.0102
Treatment L7 8,7884
Mixes 11 5.0705
Days 3 2.9291
Day x Mix 33 0.7889
Error L7 0.0745

. )
Sg = 0.028 in3/in® x 103

' - tn3 /202 3
LSDgsq = 0.080 in’/in? x 10

Source of
Variation

Total
Days
Mix

Current Density
Current Density x Mix
Day x Mix

Day x current density
Current density x mix

x days

TABLE XVI

ANALYSIS OF VARIANCE FOR

ELECTROLYTIC CELLS

Degrees of
Freedom

26

x FEEDpDD

Sg = 1.06 in3/in? x 10°

LSDgsg = 3.45 in3/in? x 103

Sum of
Squares

527.118
192.62,
0.596
240,464
11.391
3.555
69.596

8.992

65

Mean
Square

0.4609
0.976L
0.0239
0.00158

Mean
Square

96.312
0.298

120.232

0.889
2.8,8

1.124



Source of
Variation

Total

Replicate

Treatment
Mix
Alloy

Mix Alloy

Error

TABLE XVII

ANALYSIS OF VARIANCE FOR GALVANIC

CELLS TESTING MIX AND AREA

Analysis For Strips

Degrees of

Freedom

L7
1
23

11

1

11

23

S = 0.3% ind/in’ x 10°

LSDgsg = 1.1k 113 /in? x 10°

Source of
Variation

Total

Replicates

Treatment
Mix
Alloy

Mix x Alloy

Error

Analysis For Cups

Degrees of

Freedom
L7
1

23
11
1
11

23

Sg = 0.145 in’/in? x 10°

LSDgsq = 0.416 in3/in® x 103

Sum of
Squares

184.8901
0.0000
179.7043
159.7755
0.4105
19.5183
5.1858

Sum of
Sguares

8.88C5
0.0124
7.8245
5.4786
0.0310
2,3149
0.9716

66

Mean
Square

14.5250
0.4105
1.7744
0.2255

Mean
Squares

0.4981
0.0310
0.2104
0.0422



TABLE XVIII
ANALYSIS OF VARIANCE FOR GALVANIC CELLS
TESTING MIX, AREA, AND ALLOY

Analysis For Strips

Source of Degrees of Sum of
Variation Freedom Squares
Total 71 71.8562
Replicates 1 0.0006
Treatment 35 65.3356
Mix 5 L7.754L3
Alloy 1 0.0809
_Area 2 0.9510
Alloy x Area 2 0.5890
Alloy x Mix 5 0.8065
Mix x Area 10 1.9852
Mix x Area x Alloy 10 13.1686
Error 35 ‘ 6.,5200
S = 0.305 in3/in? x 107
LSDggy = 0.873 in3/in? x 10°
Analysis For Cups
Source of Degrees of Sum of
Variation Freedom Squares
Total 71 5.6283
Replicates 1 0.0058
Treatments 35 4 .,0675
Mix 5 1.2421
Alloy 1 0.0015
Area 2 0.2286
Alloy x Area 2 0.6523
Alloy x Mix 5 0,0558
Mix x Area 10 0.8732
Mix x Area x Alloy 10 1.0140
Brror 35 1.5550

Sz = 0.227 in3/in® x 107

LSDgsg = 0.652 in3/in® x 103

Mean
Square

9.5509
0.0809
0.4755
0.2945
0.1613
0.9926
1,3169
0.1863

Mean
Square

0.2484
0.0015
0.1143
0.3262
0.0112
0.0873
0.1014
0.0kkk
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Cell No. B 4
Time Current
Hours M, A,

0.0 =-0.007
0.3 -0.088
0.5 =0.142
0.6 -0.088
1.0 -0.116
2.3 0.100
2.8 0.090
3.2 0.077
L.3 0.044
5.0 0.023
5.8 -0,014
6.3 -0.038
6.8 -0.0,7
8.2 -0.,030
3.0 -=0,059

10.5 -0.068

12.3 ~0.048

15.4 =0.800

146.5 -0.066

18.0 -0.082

19.0 -0.104

22,0 -0,082

26.5 =0.075

4L1.0 0,133

L6.6 0.193

53.0 0.240

72,0 0.260

76.3 0.285

89,0 0.236

97.5 0.239
114.5 0.216
137.5 0.198
160.0 0.170
184.8 0.152
235.5 0.122
255.3 0.107
281.0 0.095
328.0 0.078
381.5 0.075
L4L8 .5 0.069
509.5 0.073

0,

CURRENT-TIME VALUES FROM GALVANIC CELLS FOR 6061-T6 ALLOY

Admixture None

TABLE XIX

Cell No. B 6
Time Current
Hours M. A,

0.0 «0.010
1.8 0.006
3.0 0.000
5,0 -0,016

10.5 =0.015

14.8 -0.014

19.5 ~0.109

34.5 -=0.030

L2,5 0.174

58.7 0.377

6L.5 0.394

70.0 0.392

85.5 0.339

93,5 0,200
116.5 0.253
130.3 0.254
141.8 0.239
152.8 0.219
159.2 0.234
177.5 0.221
200.2 0,210
211.5 0.195
236.8 0.169
274.8 0.160
273.5 0.145
286.2 0.137
309.8 0.133
320.8 0.125
343.5 0.120
357.3 0.117
373.0 0.110
380.5 0.115
397 .0 0.111
LOL .0 0.120
L15.7 0.122
L41,0 0.118
L53.5 0.116
L63.5 0.117
478.0 0.119
4L88.5 0.113
500,0 0.113
523.0 0.114

Admixture 0,01 N NaOH

Cell No. B 24

Time
Hours

NEFEOWLWWOIMHFTEOONVEREOIENMDHO
° - L3 ° L] ° °
MMNO R COBBOONRVIVMTONWOO

°

L] . ° .

'_l
(()D\\O(D(DO\-P‘-P‘\.OI—'I—'

116.0
129.5
141.0
158.3
176.8
186.3
200.0
210.8
236.3
274.3
260.5
273.0
285.5
295.3
309.3
333.5
343.0
356.5
37345
403.5
44LO.5
L53.0
L87.0
511.3
522.8

Current

Mﬂ AO

0.015
0.085
0.056
0.071
0.080
-0.016
-0.010
-0.177
-0.273
0,082
0.247
0.286
0.387
0.416
"0.430
0.429
0.416
0.422
0.412
0.471
0.413
0.391
0.422
0.393
0.416
0.404
0.395
0.204
0.382
0.399
0.364
0.384
0.361
0.354
0.358
0.342
0.328
0.296
0.296
0.280
0.270
0.273

68

Cell No. B 19

Time
Hours

e 3

e e o » 3 °
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159.3
172.5
193.3
217.8
2L3.3
2545
280.0
302.5
340.5
387.0
410.5
LLT.5
4940
518.3
529.8

Current
M. A.

-0.001
0.019
0.013
0.006
0,000

-0.004

-0.007

-0.024

~0.04

-0.040

-0,023

-0,057

~0.025

-0.036

-0.011

-0.026

-0.175

-0.194

~0.138
0.163
0.336
0.386
0.370
0.39%4
0.434
0.348
0.322
0.303
0.300
0.326
0.332
0.310
0.286
0.264
0.257
0.25
0.259
0.256
0.250
0.259
0.274
0.272



TABLE XIX

Admixture 0,05 N NaOH

Cell No, B 18

Time
Hours

. « o o .
WOOWOErEMMOWUMHFPOOWHWO

e o ®

O TIHMDWVMINDOWMNDOO
L] - L]

°

Fi—’l—‘
NO RO IT-\W R
OO O~

157.6
176.0
199.0
228.0
2hh.5
260.0
272.0
2945
308.5
332.5
342.0
355.5
379.0
39505
402.5
4143
439.8
452.0
L76.5
502.0
522,0

Cufrent

M., A,

-0,010
0.013
0.029
0,001

-0.011

-0,012
0.044
0.263
0.433
0,484
0.471
0.471
0,450
0,187
0.352
0.345
0.331
0.321
0.286
0,427
0.256
0.256
0.24L6
0.246
0.272
0.309
0,303
0.303
0.319
0.326
0.326
0.328
0.331
0.319
0.346
0.324

0.317

Cell

Time
Hours

© -

-

L
ROVMOUVTO OV OHOVIUVTRVUVTUVTI 2 DV ~3 N O
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s o ® & e

*® & e e e
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3

147.5

158,5
171.7
193.0
217.0
2L3.0
25L.5
266,5
301,3
313.0
326.3
379.5
LOZ2,.5
421,8
437.3
L59.5
L475.5
498,0
519.5

No., B 17

Current
M. A,

-0.000
0.078
0.061
0.053
0,042
0.018

-0,000

~0.031

~0.031
0.099
0.122

-0.011

-0.080

~0.029
0.035
0.330
0.4L35
0. 487
0.521
0,522
0.518
0.535
0.532
0.531
0.510
0.505
0.48L
0,387
0,271
0.243
0,245
0.197
0.230
0.310
0,383
0,329
0.370
0.360
0.350
0.364
0.350
0.376

(continued)

Admixture 0.10 N NaOH

Cell No. B 11

Time
Hours

. e o e

3

3
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136.5
147.5
161.0
172.0
195.3
206.0
237.0
2L2.5
268.0
280.5
304.3
328.5
338.0
368.5
391.5
435.8
458.0
L72.5
496.5
506.5
518,0

Current

:Mo A °
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Cell No. B 20

Time
Hours

° ° . e o o ¢ s

L]

©
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WO N O OO ONW O~IT o0 n\WNDEHOO
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Current
M. A,

0.008
0,104
0.171
~0.471
-0.,303
0.419
0,087
O.Lll
0.606
0.875
0,66l
0.554
0.585
0.726
0.804
0.855
0.897
0,928
0.906
0.883
0.886
0.849
0.833
0,960
0.939
0.908
0.912
0,903
0,907
0.923
0.934
0.919
0,905
0,950
0,446



TABLE XIX (continued)

Admixture 0.0l N Ca012

Cell No. B 3
Time Current
Hours M. A.

0.0 -0.008
0.3 0.017
0.9 0.093
1.3 0.065
2.3 0.073
3.3 0.042
L.1 -0,019
5.8 =0.034
7.0 =0.034
8.8 -0.028

13.2 0.039

14.5 0.041

18.6 =0.032

20,6 0.048

38.0 0,037

48.5 0.054

62.6 0.069

72.8 0.083

85.5 0.077

93.9 0.076
111.3 0.065
120.5 0.056
134.8 0.033
145.8 0.055
156.8 0.037
170.0 0.020
181.5 0.023
191.0 0.017
215.5 0.009
233.2 0,006
253.0 0.002
278.5 0.009
300.8 0.013
325.8 ~0.008
339.0 =0.013
362.,0 -0,015
379.0 -=0.023
385.5 -0.019
L09.,0  -0.017
Lt6.8  -0.012
L93.5 -0.007
528.5 -0.005

Cell

Time
Hours

O HEFEWMOWNY O IWHEO
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a L] L4 °
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126.8
138.3
155.3
173.9
197.0
225.7
233.3
257.7
282.5
292.3
306.3
317.3
330.5
3,0.0
353.5
370.5
377.0
393.5
400,5
4L37.8
450.0
L74.3
L98.5
520,0

No., B 13

Current
M. A.

~0.012

0.053

0.010

0.014
-0,028
~0.005
-0.080

0,034

0.003

0.028

0.004
0.067
0.065
0.050
0.040
0.022
0.012
0.006
-0.013
~-0.,025
-0.040
-0.055
-0.071
-0.071
-0.068
-0.066
-0.063
-0.059
-0,056
-0.053
-0.052
-0.048
-0.049
-0.0L4
-0.042
~-0.043
~0.039
-0.039
-0.040
-0.026
-0.022
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Admixture 0,10 N Ca012

Cell No. B 23

Time
Hours

.
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130.0
148.0
154.3
172.8
182.3
206.8
22L.5
243.3
269.0
291.3
316.0
329.5
352.5
369.5
376.0
392.5
399.5
411.3
L36.5
LL9.0
L73.3
L97.5
507.

518.5

Current
M. A,

-0.051
-0.014
-0,016
-0.079
~0,094
-0.126
0.067
0.096
0.119
0.133
0.117
0.089
0.119
0.075
0.056
0.050
0,038
0.030
0.028
0.019
0.017
0.006
-0.006
-0,012
-0.016
-0.018
-0.018
-0.017
-0.018
-0.020
-0.,022
-0,023
-0.024
-0.028
~0.034
-0.034
-0.045
-0.040
-0.042
-0.044

Cell No. B 22

Time
Hours
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Current
M. A,

-0.020
0.004
0,022

~-0.002

-0.037

-0,066

~-0.073

=0,003
0.139

-0.062

-0.044

-0.091

-0.132

-0.127

-0.186

-0.157

-0.134

-0.038

0,032

-0.036

-0.0L6

-0.069

.=0.083

-0.094
-0.097
-0.103
-0.107
~0.112
~0.121
-0.116
-0.122
-0.125
~-0.118
-0.114
~-0.112
~-0.106
-0.101
-0.093
~-0.090
-0.092



71

TABLE XIX (continued)

Admixture 1.0 N CaCl Admixture 0.01 N CaClz-0.0l N NaOH

2
Cell No. B 9 Cell No. B 7 Cell No. B 2 Cell No. B 14
Time Current Time Current Time Current Time Current
Hours M. A. Hours M. A. Hours M. A, Hours M. A,
0.0 0.352 0.0 =0.034 0.0 =0.004 0,0 -0.014
0.8 0.121 0.8 0.074 0.7 0.322 - 0.3 0.013
1.3 0.103 1.2 0.059 1.3 0.202 1.3 0.042
2.9 0.230 2.3 0.000 3.6 0.025 2.7 0.021
3.8 0,275 3.0 =0.004 4.8 0.004 L.3 0.000
L5 0.280 L.8 0,029 7.7 -0,019 5.5 -0,027
7.8 0.097 6.0 0.076 11.0 =0.024 7.5 -0.058
9.2 -0.001 7.8 0.134 13.8  =0.074 11,8 ~0.016
11.2 -0.124 - 12.2 =0.220 28.3  ~0.088 13.1 -=0.030
13.0 =0.224 13.5 -0,229 37.0 -=0.011 17.3 -0.104
28.5 ~0.076 17.5 ~0.428 39.8 0,012 22.0  -0,152
37.0 0.001 19.5 -0.253 53.0 0.044 36.3 0.020
53.0 0.018 37.3 =0.434 63.3 0.056 L5.0 0.122
59.0 0.018 48.2 ~0.293 76.0 0.042 61.3 0.153
63.3 0,019 67.5 -0.198 80,0 0.058 67 .0 0.154
76.0 0.014 8,.4 ~0.153 84.3 0.064 84.0 0.122
8L.3 0.010 88.4, ~0.147 101.7 0.034 92.5 0.113
88.0 0,011 96.5 -0.146 124.7 0,012 109.8 0.079
101.9 0.008 110.3 -0.125 129.0 0,011 132.8 0.034
125.0 0.004 119.5 -0,119 147.3 0.002 144.3 0.024
129.0 0.005 133.8 -0,103 153.3 0.004 155,5 0.009
136.0 0.003 144.8 -0.087 171.8 0.010 168.8  -0.000
147.3 0,002 155.8 ~0.079 195.0 0.014 180.0 -0.017
153.3 0.002 169,0 -0.084 205.8 0.010 190.5 ~0.028
160.5 0.002 180.3 -0.082 223.5 0.004 203.3 -=0.039
171.8 0.001 190.0 -0.082 231.5 0.000 231.0 ~0.060
195.0 0.001 203.5 ~0.072 255.5 0.000 248 .6 -0.068
205.8 0.002 21L.5 =0.074 268.0 0,000 263.8 =0.077
231.3 0.000 232.2 ~0.,069 285.0 0.000 288.5 -0,088
2L2.3 0.000 251.0 ~0.063 290.3 0,000 298.3 =0.088
255.5 0.000 264.2 -0.063 304.5 0.000 336.5 -0,091
280.5 0,001 289.0 -0.066 315.1 0.003 360.0 -0.082
290.3 0.001 299.0 -0.059 328.5 0.009 382.0 -0.080
315.0 0,001 323.8  =0.061 351.5 0.010 399.5 -0.074
338.,0 0,001 3L6.5 -0.060 368.5 0.009 L06.5 -0,075
368.5 0.000 377.0 -0.062 391.5 0.008 418.3 -0.081
391.5 0,000 401.0 -0.061 398.5 0,008 LL6.0 =0.066
435.5 0.000 4,18,8 -0.066 435.5 0,012 4L70.5 -0.062
517.7 0.000 Lih .0 -0,005 LL8 .5 0.010 L9L.5 -0.058
L66.5 -0.071 4L58.0 0.012 50L.5 -0.054
480.8 =0.079 L96.5 0.015
505,0 =0.069 517.7 0.016

526.0 =0,081



Admixture 0.10 N CaClQ-O.Ol N NaOH

Cell No. B 21

Time
Hours
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123.9
135.8
146.8
171.3
194.5
223.0
231.0
242.0
255.0
267.5
280.0
289.8
303.8
314.8
337.5
351.0
368.0
391.0
398.0
409.8
435.3
LLT7 .5
L5745
471.8
49545
505.8
517.3

Current
M. A.

~0,009

0.110
0.343
0.39L
-0.032
-0.059
-0.049
0.074
0.082
0,080
0.097
0.096
0.051
0.025
0.018
-0.036
-0.059
0.060
0.073
-0.085
-0,089
-0.097
-0.102
~0.000
-0,000
-0.087
-0.082
-0.086
-0.093
-0.087
-0.079
-0,077
~0.072
-0.067
-0.066
-0.068
-0.000
-0.000
-0.058
-0,064
-0.056
-0.053
-0.058

TABLE XIX

Cell No. B 16

Time
Hours

\n:)o\,o\n\n;\)maa\n\noo\pooO

Current

M'

-0
0
0.
0.

-0,

-0,

-0,

-0

-0,

-0.

-0,

-0,
0.
0.
0.
0.
0,
0.
0.
0.
0.
0.

-0,

-0,

-0,

-0,

-0,

-0,

-0.

-0,

-0,

-0,

-0.

-0,

-0,

-0,

-0,

-0,

-0,

-0,

-0,

-0,

A.

.003
-OL7

061
030
009
068
111

097

068
200
183
203
122
240
246
205
133
381
284
018
060
181
086
088
o8l
096
092
078
080
082
o8L
079
075
072
064
059
054
046
Ol
040
034
030

(continued)
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Admixture 0.1 N CaCly-0.1 N NaOH

Cell No. B 8
Time Current
Hours M. A,

0.0 0.017
0.4 0.083
1.9 0.056
L.0 =0.007
7.0 0.002

10.3 0,030

13.0 0.033

27.5 -0.063

36.0 <=0.100

52.0 0.061

62.4, -0.023

75.0 ~0.010

87.0 0.203

a8, 0.233
110.0 0.268
123.8 0.287
135.3 0.116
146 .3 0.144
159.6 0,293
171.0 0.299
180.5 0,295
194.2 0.348
205,2 0.203
222.7 0.152
230.3 0.111
2545 0.135
267.0 0.111
279.7 0.101
289.3 0.352
303.5 0,342
327 .5 0,366
374.0 0.403
387.5 0.385
4L06.1 0.370
Lbl .0 O.4L7
L68.5 0.410
479.0 0.371
4L92.5 0.380
502.5 0.348
514.0 0.381

Cell No. B 5
Time Current
Hours M. A,

0.0 0.000
0.8 0.099
2.3 0.025
3.2 -0.020
L.0 =0.054
Lob -0.030
6.3 ~0.068

10.7 =0.026

15.3 -0.123

18.0 -0.062

35.3 ~0.094

L0.8 -=0.025

L7.0 0,033

60.2 0.080

70.3 0.103

83.0 0.125

91.3 0,157
108.8 0.050
118.0 0.132
131.7 0,123
143.3 0.128
160.5 0.145
178.9 0.110
188.5 0,129
202,0 0.115
212.8 0.117
230.6 0.116
2L9.3 0.100
262.5 0.105
272.5 0.960
287.5 0.107
295.3 0.090
311.5 0.076
322.3 0.075
335.5 0.083
345.0 0.078
398.5 0.096
L55.0 0.108
L79.3 0.097
490,0 0.106
513.3 0,108
52L.5 0,106



Admixture 1.0 N CaCl,-0.05 N NaOH

Cell No. B 1
Time Current
Hours M. A,

0.0 -0.064
0.3 =0.036
1.0 0,013
1.8 0.049
3.3 0.194
L.5 7 0.329
7.7 0.428

10.1 0.316

11.3 0.263

14.2 0.116

15.5 0.058

17.5 0.000

34.8 =0.101

L0.0 -0.061

Li ., -=0,043

59.5 -0.013

69.8 -0.014

8.3 -0,017

86.5 -0.018

94.5 -0,023
117.5 -0.026
135.5 -0.024
150.9 -0.018
167.0 -0.016
178.3 -0.012
201.5 -0.006
212.3 -0.006
237.8 -0.003
2L8.8 -0.004
262.0 =0,002
287.0 0,000
296 .8 0.000
321.6 0,000
L05.0 0,000
LL2 .0 0,001
LbL .5 0.0G¢1
L88.5 0,000
503.0 0.000
524.0 0.000

TABLE XIX (continued)

Cell No. B 12
Time Current
Hours M. A.

0,0 0.069
6.5 0.200
7.8 0.311
9.8 0.216

12.6 0.372

32.4 0.084

38.5. 0.073

51.8 0.040

2.1 0.026

7h.7 0.012

83.0 0.004

86.7 0.000
109.8 0.010
123.4 0.011
127.8 0,009
135.0 0.006
146.0 ~0.004
159,3 =0.001
170.7 ~0.000
180.3 0.002
193.8 0.003
204.5 0.002
222 .4 0.003
230.0 0.003
24L1.5 0.004
234.5 0.003
267.0 0.004
279.5 0,004
289.3 0.005
303.3 0.005
314.3 0,006
327.5 0.005
337.0 0,005
367.5 0.006
390.5 0.006
LG9.3 0.006
L47.0 0.005
L71.3 0.003
4L81.0 0.006
495.5 0.004
505.3 0.007
517.0 0.001
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Admixture 1.0 N CaCl,-0.10 N NaOH

Cell No. B 15

Time
Hours
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134.4
145.3
158.7
17905
20&05
229.8
2L0.8
266.5
279.0
288.8
302.8
314.0
336.5
350.0
367.0
37345
387.0
397.0
4L08.5
434.0
LL6 .5
L56.5
470.8
480,5
495.0
504 .8
516.0

Current
M. A.

0.077
0.042
0.050
0.114
0.270
0.164
0.043
0.660
0.024
0.078
0.060
0.052
0.040
0.032
0.027
0.017
0.012
0.011
0.010
0.006
0.006
0.006
0.006
0.005
0.006
0.006
0.004
0,004
0.004
0.004
0,004
0.004
0.004
0.004
0.003
0.004
0.004
0.000
0.001
0.001
0.002
0.004
0.004
0.004
0.002

Cell No. B 10

Time
Hours
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Current
M. A.

0.030
0.032
0.085
0.112
0,108
0.046
0.004
~0.016
-0.000
0.016
0.017
0.078
0.042
0,014
0.006
0.003
0.005
-0.006
-0.010
-0.010
-0.018
-0.016
-0.015
-0.012
-0.012
-0.007
-0.006
-0.004
~0.004
-0.003
-0.005
~0.003
~0.004
-0.004
~-0.003
-0.002
-0.002
-0.003
-0.005
-0.004
-0.005
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TABLE XX

CURRENT-TIME VALUES FROM GALVANIC CELLS FOR 6061-T6 ALLOY

Admixture None Admixture None

Cell No. C 1 Cell No. C 9 Cell No. C 3 Cell No. C 8
Time Current Time Current Time Current Time Current
Hours. M. A.  Hours M. A. Hours = M. A. Hours M. A
0.0 0.041 0.0 =0,107 0.0 0.012 0.0 0.045
0.6 0.012 1.2 -0.148 0.5 -0.080 0.9  0.162
1.3 0,012 2.2 =0.001 0.7 <=0.101 2.1 0.124
2.2 0.008 L.2 =0.017 1.5 -=0.080 3.0 0.039
2.9 =0,015 L.2 =0,020 2.8 =0.044 L.l 0.002
3.3 0.001 5.9 ~0.003 3.8 -0,028 5.0 0,004
L.3 0,007 7.0 -0,019 5.2 0.002 6.0 0.016
6.5 0.019 8.3 0.030 7.2 0.070 8.0 0.030
8.5 0.035 16.7 J.005 8.4 0.078 16.7 0.006
10.2 0.014 20.5 =0.023 10,3 0,051 20.5 0.004
2.6 =0.051 26.9 =0.076 12.5 0,052 2L.,0 =0.,014
21.0 -0.061 30.5 -0.088 21.0 0.079 30.5 ~0.026
27.8 -0.315 41.8 -0.101 24.8 0.058 4L1.7 -0.015
31.1 -0.235 L7.7 -0.101 31.2 0.007 L7.7 ~0.014
34.8 =0.215 51.0 =0.095 34.7 ~0,015 51.0 =0.013
L5.9 -0.251 55.2 -=0.089 52.0 =0.043 55.2 - =-0.,017
55.3 ~-0,298 66.0 -0,069 55.3 =0.041 66,0 -0,026
59.5 -0.305 8l.2 -0.070 61.1 ~0.037 72,2 -0,028
1.1 -0.305 89.7 =0.071 70.3 -0,038 8l.2 -0.058
70,3 -=0.293 104.5 -0.067 85.5 -0,029 89.7 =0.054
85.5 ~0.263 113.9 =0.052 9..0 =0.024 104.6 - -0.057
108.9 =0.224 127.3 -=0.051 108.9 -0.032 113.8 -~0.049
118.2 =0.,209 138,0 0,042 118.3 -0.030 127.4  -=0.037
121.,6  -0.194 149.1 =0.034 131.7 =0.024 137.9 =0.037
132.1 -0.188 163,0 -0.022 141.2 -0.022 149.1  -0.033
143.4 -0.178 188.7 -=0,011 153.3 -0.021 162.9 -=0.030
167.3 -=0.170 200,7 -0,004 167.2 -0.019 188.7 =0.012
193.0 -0.148 209.8 -0.001 193.0 0,011 200.8 -0,006
204.9 -0.139 224L.0 -0.002 205.1 -0.004 209.9 -0,006
214.,1 -0.135 234L.9 =0.007 214.2  ~0,004 224.0 -0.000
228.3 -0.135 258,0 -0.013 228.3 0,004 234.9 0,006
239.2 -0.126 281.9 0.019 239.1 0,003 258.0 0,008
262.3  -0.106 304 .2 0.021 262.3 0.006 281.9 0.016
286.2 -0.101 341.0 0.027 286.1 0.009 306.0 0.018
310.4 -0.091 362.9 0.026 310.4 0,008 341.2 0.025
345.4 -0.086 379.0 0.041 345.3 0.013 362.9 0.026
367.1 -0.081 L01.6 0,027 368.2 0.017 389,0 0.026
L05.9 -0.081 L26.3 0.029 383.2 0.020 L01.6 0.028
4L30,6 -0.078 LL9.8 0,030 430.5 0.020 L26,2 0.030
L54,.1  ~0,077 L73.8 0.031 454.0 0,019 LL9 .7 0,028

478.1  =0.077 478.0 0.020 L7347 0.033
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TABLE XX (continued)

Admixture 0.05 N NaOH

No. C 22

Current
M. A.

0.001
0.004
0.031
0.0kk
0.058
0.035
0.042
0.062
0,096
0,300
0.396
0.375
0.233
~-0.110
~0.224
-0.258
-0.326
-0.335
-0.369
~0.420
-0.514
-0.530
-0.434
=0.440
-0.450
~0obhy3
-0.448
-0.450
~0.445
-0.440
~0.425
-0.411
-0.423
-0.400
-0.388
-0.386
-0.384
-0.370
-0.355
-0.347

Cell No. C 16

Time
Hours

Y ¢ e

© e ¢ o

FOoOMNOWU~NLWNDHEFEOO

O ONONUITWUt W N D
w0 OO W
-

%

VMO OO OOOHUMIWUMTORO O

[
@]
xQ

e
W B
=~
w 0

142,

153.0
167.8
192.6
204.7
213.8
227.9
238.8
261.9
286,2
310.0
345.0
366.8
382.9
L4055
430.2
L53.7
K777

Current
M, A,

-0.011
-0.053
~-0.027
~0.012
-0.011
0.114
0,235
0.137
0.240
0.319
0.392
0.508
0.413
0.294
0.220
0,177
0.195
0.186
0.165
0.170
0.156
0.157
0.158
0,162
0.149
0,153
0.141
0,158
0.151
0.145
0.148
0.130
0,128
0.126
0.077
0.033
0.020
0.019
0,009
0.000
0.005
0.009

Cell

Time
Hours
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127.2
137.7
148.9
162.7
188.5
200.5
209.6
223.8
23L.5
257.7
281.6
305.9
341.0
362.7
378.7
401.3
426.0
LL9.5
h7395
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Admixture 0,05 N NaCOH

No. C 19

Current
Mﬁ AQ

-0.012
~0.060

0.078

0.118

0.156

0,190

0,250

0.220

0.207

0.173

0.124

0.024

0.005
-0.019
-0,023
-0.030
-0.034
-0.043
~0.0L44
~-0.048
-0.043
-0.040
-0,036
-0.030
-0.033
-0.030
-0.026
-0.022
-0.026
-0.020
~0.022
-0.016
-0,008
-0.011
-0.008
-0.002
~0.003
-0.000
-0.005
-0.004
-0.006

Cell No. C 12

Time
Hours
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Current
M. A,

-0.016
0.014
0.102
0.139
0.123
0,073
0.262
0.103
0.116
0.078
0,200
0.106
0.030
0,075

-0.142

-0.162

‘Oqlgo

-0.,201

-0,196

-0.190

-0.214

-0,220

-0.193

-0.196

~0,208

-0.190

-0.196

-0.186

-0,190

-0.187

-0.188

-0.189

-0.194

-0.196

-04196

-0.206

-0.202

-0,204

-0,204

-0,204



Cell

Time
Hours
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126.7
137.2
148.4
162.2
188.0
200.0
209.1
223.3
233.6
257 .2
281,0
305.4
340.4
372.1
370.2
400.8
125 .1
449.0
473.0

Admixture 0.01 NaOH

No. C 21

Current
M. A.

-0.046
-0.190
-0.038
-0.020
-03036
-0.04L
-0.006

0.000

0.134

0.114

0.096

0.052
~-0.068
-0.130
-0.145
-0.150
-0.160
-0.160
-0.153
-0.157
-0.153
-0.149
-0.159
-0.146
-0.142
-0.137
-0.132
-0.125
-0.123
-0.125
~0.119
~0.108
-0.102
-0.098
-0.096
-0.096
-0.092
-0.094
-0.096
-0.096
~0,098

TABLE XX

Cell No. C 6
Time Current
Hours M. A.

0.0 -=0.021
0.6 ~0.111
1.1 -0.081
2.2 =0,035
2.8 <0.014
4.2 0,035
6.3 0.049
8.3 0.159
9.2 0.149

10.3 0.171

11.5 0.154

19.9 0.229

23.8 0.195

30.1 0.117

33.7 0,072

44,9  -0,082

54,2 =0,162

60.0 =0.182

75.6 -0.232

8L,.4, -0.191

92.9 -=0.191
107.9 -0.181
130.6 -=0.172
141.2 0.173
152.4 =0,163
166.2 -0.156
192.0 -0.150
204 .0  ~0.,149
213.1 -0,148
227.2  =0.,147
238.1 ~0,135
261.,2 -0.131
285.1 -=0.132
309.4 =0.120
3LL.L -0,119
366.1 -0,122
382.3 -0,119
LoL.9  -0.117
L29.5 -0.116
453.0 -0.110
L77.0  =0.101

(continued)

.Admixture 0.01 NaOH

Cell No., C 13

Time
Hours
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130.7
141.3
152.5
166.2
192.0
204.1
227 .3
261.3
285,2
309.3
33L o4
366.2
392.4
405.0
429 .6
453.1
LT77.1

Current
M. A.

0,011
0.015
~0.004
0.000
~-0.005
-0.014
0.006
0.018
0.060
0.086
~-0,040
~0.090
-0.112

-0.126 |

-0,126
-0.126
~-0.121
-0.122
-0.111
~0,116
-0.115
-0.113
-0.108
-0.097
-0.095
-0.08L
-0.083
~-0.067
-0.062
-0.055
-0.042
-0.039
~0,035
-0.027
-0.021
-0.019
-0.018
-0.011
~-0,011
-0.010

76

Cell No. C 7
Time Current
Hours M. A.

0.0 =0.020
0.5 -0.010
1.7 ~0.033
2.5 -0.038
L.5 ~0.001
5., =0.014
6.5 0.021
7.8 0.046

16.3 0.022

20.0 0.002

26.3 ~0,045

41.3 0,062

50.5 ~-0.058

54.7 =0.06L4

65.5 ~0.062

80.7 -0.068

89.1 =0.072
113.3 -0.061
126.8 ~0,059
137.4, -0.051
148.6  -0.047
162.4 -0.042
188.2 -0.037
200.3 ~0,035
209.4  ~0.034
223.4 -0,031
41,7 -0.018
152.9  -0.006
166.7 0.006
192.3 0,03,
204.5 0.041
213.6 0.0L4
227.7 0.049
238.7 0.048
261.8 0.04L8
309.9 0.046
344.9 0.048
302.8 0.042
L05.3 0.044
430.0 0.040
453.5 0.038
L77.5 0.039



Admixture 0.10 N CaCl2

Cell No. C 23

Time
Hours
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Current
M. AG

-0.005
-0.148
-0.120
-0.038
-0.023
~0,000

0.021

0.114

0.219

0.157

0.099

0.058

0.024
-0.063
-0.106
-0.116
-0.101
-0.107
-0.086
-0.078
-0.075
-0.072
-0.061
~-0.056
-0.048
-0.026
-0.011
-0.005
-0,000
-0.015

0.025

0.029
034
042
.0L0
.04l
.038
042
.040
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257

291.4
305.8
340.6
362.3
378.5
401.0
425.8
Lh9 .3
L73.3

TABIE %X (continued)

No. C 12

Current
MI AG

0.006
-0.101
-0.083
~0.053
-0.026

- -0.017
-0.008

0.030

0.061
-0.034

0.180

0.178

0.129

0.056

0.028

0.050

0.032

0.088
-0.139
-0,162
-0.157
-0.156
-0,142
-0,128
-0,119
~0.099
~0.097
-0.057
~0.046
-0.031
-0.029
-0,027

-0,029

-0.023
-0.023
-0.022
-0.022
-0,.023
~-0.021
-0,021
-0.021

Admixture 0.10 N CaCl2

Cell No. C 5
Time Current
Hours M. A.

0.0 0.006
0.3 0.022
1.0 -0.050
2.6 -0.016
3.1 -0.026
4.6 =0.013
5.8 =0,008
7.8 0,023
8.7 0.048
9.6 0.068

10.9 0.049

20.3 0.067 .

27.8 0.000

30.7 ~-0.016

45.3  -0.04L7

5.6  =0,048

60.4 =0,050

69.6  -0.044

8,.8 -0.038

93.3 =0.036
117.5 -0.026
131.0 ~0.020
141.5 -=0.016
152.8 -0,010
166.5 -0.003
192.3 -0.007
204.4  -0,009
213.5 0,012
227.6 0.014
238.6 0.016
261.6 0,016
285.5 - 0.017
309.8 0,017
344.8 0.018
366.5 0.015
382.6 0.015
L05.2 0.015
429.8 0,013
453.3 0.014
L77.3 0.012

17

Cell No. C 18

Time
Hours

oD OO
. °

9

L] [ ] L) . (] L] °
DWRONRE OO LVWHVIR OYZTIWw Wt O

¢ o e . ®

QRO wiuTn WD DD
FOOHUVNORE O OOMNWO

10

Current
M. A‘

0.046
-0.038
0.012
0.028
0.046
0.086
0.101
0,028

- =0.010
© -0.029

~-0.051
-0.042
-0.033
-0.029
-0.026
-0,026
~-0.019
-0.016
-0.010
-0.007
-0.002
0.002
0.006
©.007
0.012
0.015
0,020
0.021
0.024
0,024
0.025
0.023
0,026
0.026
0.023
0.020
0.019
0.018
0.018
0.014
0.014
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TABLE XX (continued)

Admixture 0.01 N CaCl2—O.Ol N NaOH Admixture 0,01 N CaCl2—O.Ol N NaOH
Cell No. C 2 Cell No. C 24 Cell No. C 20 Cell No. C 14
Time Current Time Current Time Current Time Current
Hours M. A, Hours M. A, Hours M. A, Hours M. A.
0.0 0.012 0.0 ~0.024 0.0 0.002 0.0 0,018
0.2 0.014 0.4 0,009 0.6 -0.020 0.2 0,009
1.3 0.008 1.7 0.011 1.5 -0.023 1.6 0.144
2.0 -=0.010 3.6 0.026 2.0 -0.009 2.2 0.094
2.9 0.104 L.5 0.030 3.0 0.018 2.3 0,070
L4 0.0,48 6.4 0.057 5.6 0.051 L.6 0.066
5.6 0,054 7.7 0.142 6.5 0.057 5.3 0.064
7.6 0,074 16.1 0.123 8.5 0.069 7.6 0.052
8.5 0.103 19.9 0.180 9.4 0.075 16.0 -0.016
9.3 0.167 23.5 0.135 10.5 0.106 19.7 -0.068
10.4 0.203 26,3 0,079 11.7 0.101 23.4, =0.110
11.7 0.183 29.8 0.000 22.0 0.043 26.1 -0.123
23.9 0.159 41,0 -0,105 27.6 0.009 41,0 -0.096
27.6 0.076 50.4 -0.140 30.3 -=0.007 4L7.0 -0.087
30,3 0.022 54.6 -0.151 L5.1 -0.081 54.5 -0.088
33.9 0.033 56.2 -0,139 58.7 0,084 56.7 =0.091
45.1 -0.113 65.4 -0.138 69.L, -0.096 65.2 -0.082
S5Lh.y  =-0.151 71.7 -0.131 75.8 -0,Q095 71.6 -0.076
58.6 -0.163 80.6 -0.126 8L.6 ~0.094 80.5 =0.065
69.4, -0,184 89.1 -0.111 93.1 -0.096 89.0 -0.054
75.8 -0,185 104.0 -0,093 108.0 -0.093 103.9 -0.042
93.1 -0.181 113.2 -0.081 117.3 =0.090 113.0 -0.030
108,0 -0.168 126.7 -0.058 130.8 -0.083 126.7 -0,022
130.8 -0.136 137.7 -0.04L8 l.4  -0.079 137.2 -0.015
1.4 -0.129 148.5 -0.032 152.5 =0.016 8.4, -0.01h
152.6 -0,115 162.4 -0.032 166.4, ~-0,015 162.2 -0.011
166.4 -0.105 188.0 -0,002 192.1 -0.013 188.0 0.002
192.2 -0.088 200.2 -0.000 204.2 -0.012 200.7 -=0.001
213.8 -0,085 209.3" -0,001 213.3 -0.012 223.3 -0,001
227.4, =0,077 223.4 -0.006 227.5 -0.010 234,11 0.008
238,73 -0.066 234.3 -0.,004 238.3 ~-0.010 257.2 =0,002
261.4, -0.064L 257 .4 -0,010 261.4  -0,007 281.1 0.002
285.3  -0.064 281.3 0,013 285.4  ~0.006 305.7 0,008
309.5 -0.065 305.5 0.013 304.6 =0.005 340.8 0,010
3445 ~0.062 350.5 -0,007 344 .6 -0.004 362.2 0,011
366.3 -0.063 362.2 0.001 366.3 -0.003 378.2 0,010
382.4 -0.064 378.5 0.080 382.5 -0.003 400.8 0.011
L05.0 -0,064 401.0 0,000 4L05,2  -0.003 L25.6 0.010
L29.7 -0.062 L25.6 0,000 L29.7 -0.003 L49.0 0.009
L53.2 -0.058 L49.2 0.004 453.,3 ~0.002 473.0 0.012
L77.3  =0.057 473.1 0.000 L77.2 -0.002



Admixture 0.1 N CaCl.-0.1 N NaOH

Cell No. C 17

Time
Hours
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Current
M, A,

~0.046
-0,112
0,055
-0.048
~0.038
~0.089
-0.153
~0.189
~0.046
~0.057
-0,030
-0,003
0,035
~0.051
~-0,049
0,052
-0.05l
-0.048
-0.036
-0.040
-0.030
~0,020
-0,011
-0,000
~0.006
~0.0LL
~0.036
~0,0,8
-0.052
-0.057
-0.062
~0.062
0,069
-0.065
-0.067
~0.060
-0.058
-0.064
-0,050
-0.046
-0.052
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TABLE XX (continued)

Cell No. C 10

Time
Hours
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108.

Current
M, A.

-0.010
-0.170
-0.070
0.127
0.150
0.145
0.166
0.173
0.154
0.134
0.102
0,096
0,076"
0.038
~0.004
~0.014
-0.012
-0.013
-0.008
-0.000
-0.017
-0.016
0.028
0.022
0.020
0.023.
0.020
0.020
0.020
0.020
0.012
0.003
0.000
~0.003
~-0.008
-0.001
-0.018
-0.024
-0.024

Admixture 0.1 N CaCl

Cell No. C 15

Time
Hours
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108,

130.9
141.4
152.6
166.5
192.2
204 .2
213.3
229.4
237.8
261.4
285.2
308.5
344 .6
366.3
382.4
404 .9
429 .6
453.2
479.2

Current
MO j:\b

0.034
0.006
0.057
0.053
0.062
0.000
0.154
0,211
0.251
0.254
0,241
0.219
0.118
Q.Q21
-0.011
-0.041
-0.038
-0,045
-0.044
-0.045
-0,042
-0.042
-0.052
-0,049
~0.045
~0.045
~0.046
-0,037
~0.031
-0.034
-0.034
-0.036
-0,036
=0.036
-0.040
-0.040
-0,040
-0.040
-0,038
~0.040
-0.042
-0.039

79

5=0.1 NaOH
Cell No. C 4
Time Current
Hours M. A.
0.0 0.004
Ou4 0.042
1.7 0.137
2.6 0.184
3.8 0.258
L7 0.275
5.5 0.232
7.9 0.126
16.3 0,025
20.1 0.031
23.8 0.034
26.5 0.020
30.0 0,015
47.3 0.021
50.6 0.026
54.8 0.029
56,4 0,034
65.6 0,037
71.9 0.038
80.8 0.036
104.2 0.023
113.5 0.025
127.0 0.026
137.6 0.025
148.7 0.022
162.5 0.027
188.3 0.024
200.4 0.022
209.5 0.026
2206 0.025
234.5 0,025
257.6 0.C22
281.5 0.019
305.5 0.020
340.8 0.019
362.5 0.018
378.6 0,017
401.2 0.016
4L25.8 0.012
449 .4 0.011
473.3 0.008



CURRENT-TIME VALUES FROM GALVANIC CELLS FOR 5154-H34 ALIOY

Admixture None

Cell No. D 20

Time
Hours

o . &
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Current
MB AO

0.000
0.036
0,042
0.0,1
0.052
0.125
~0.068
~-0,062
0.004
0.070
0,079
-0.075
-0.020
-0,016
0.037
0.075
0.129
0.144
0.160
0,147
0.144
0,137
0.132
0.129
0.124
0,122
0,114
0.112
0,123
0.177
0.215
0.197
0.182
0.176
0.170
0.163
0.150
0.136
0.124
0.131
0.127

TABLE XXI

Cell No. D 3
Time Current
Hours M. A,

0.0 . 0.079
0.7 0.243
1.9 0.266
L.2 0.175
5.1 0,147
6.2 0.173

10.5 0.257

13.3 0.184

14.4 0.158

18.1 0.109

22.4 0.058

35.1 0.016

L0.6 0.031

46.8 0.037

58.4 0.052

Th.l 0.042

84.6 0.020

89.3 0.032

96.4 (.01l
106.1 0.005
120.1 =0.022
132.9 -0,025
3.2 -0,029
156,9 -0.045
166.2  -0.043
181.3 -0.052
190.8  -0.043
201.5 -0,051
216.7 =0.045
225.7 ~0.046
2L,0.6 -0.048
279.8  -0.048
26L.6  -0.047
270.9 -0.048
288.8  =0.04L7
297.9 0,044
321.8 -0.043
346.9 -0.038
362.0 ~=0.031
394,.1 -0.030
41.9 -0.025
4L71.5 -0,025

Admixture 0.01 N NaOH

Cell No. D 8
Time Current
Hours M. A,

0.0 0.028
0.6 0.319
1.7 0.329
2.3 0.347
3.3 0.345
4.0 0.279
5.6 0.174
7.8 0.154
9.3 0.216

12.4 0.220

13.6 0.218

17.8 0.105

21.9 0.119

29.8 0.010

L2.0 -0.066

53.8 =0,040

65.4 0,044

80.9 -0,038

90.6 -0.042

96.2 -0.045
103.5 -0.045
113.1  -0.046
126.9 -0.056
139.1  -0.064
150.1 -=0.074
163.6 -0.076
173.1 -0.076
188.1 -0.076
197.6 -0.083
208.L, -0.078
221.4 -0.068
223.6 -0.064
247.6  =0.072
256.6  =0,070
271.6 -0,069
295.6  =0.070
304,.9 -0.070
353.3 0.040
376.9 =0.034
400.9  -0.006
L48.9  =0.006
L77.0 =0,001
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Cell No. D 2
Time Current
Hours M. A,

0.0 0,052
1.3 0.136
2.6 0.163
4.9 -0.151
5.8 =0.353

7.0 =0.270

11.3 0.098

14.1 0.150

15.3 0.137

18.8 0.117

23.2 0,068

35.5 ~0.054

41.0 -0.017

57.2 0.003

58.8 0.042

The5 0.057

85.0 0.074

89.5 0.057

96.9 0.051
106.5 0.047
120.5 0.016
133.3 0.003
143.5 0.005
157.2 0,009
166.5 -0.002
181.5 -0.003
191.2 -0.005
201.9 -0.005
217.1 -0,018
226.1 0.024
241,0 0,025
250.0 0.030
265.0 0,030
27L.3 0.038
298.3 0.047
346.8 0.064
370.4 0.052
39h .4 Q.055
418.3 0.044
422.3 0.063
471.8 0.048
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TABLE XXI (continued)

Admixture 0.05 N NaOH Admixture 0.10 N NaCH
Cell No, D 21 Cell No. D 19 Cell No. D 10 Cell No. D 24
Time Current Time Current Time Current Time Current
Hours M. A. Hours M. A. Hours M. A. Hours M. A,
0 0,130 0.0 0.085 0.0 0.043 0.0 0.148
1.3 0.261 1.1 0.154 0.7 0.672 1.2 0.885
2.0 0.245 2.2 0.185 1.7 0.42L4 2.4 0.030
2.9 =0.051 L.5 =0.202 3.0 =0.,678 L.7T =0.220
3.8 ~0.205 5.3 -0.136 L.8 ~0.552 5.5 <0.171
L.6 =0.377 7.4  =0.047 6.8 =0.249 6.7 0.393
5.8 =0.231 10.8 0.722 8.3 =0.150 11.0 0.168
7.7 -0,382 13.2 0.670 10.5  <0.473 13.8 0.045
11.3 -=0.371 14.7 0.774 12.5 -0,712 14.9  -0.174
13.3 =0.474 18.3 0.333 16.9 =0.952 19.5 -0.180
17.7 =0.572 22.7 0,114 21.0 -0.984 22,9 -0.363
20.5 =0.556 35.0 0.047 24,5 -0.993 35.2 -0.258
25,2 =0.506 L0.5 -0.036 28.7 -=0.923 LO.7 -0.229
41.8 ~0.229 46,7 -0.041 41,0 -0.853 4L6.9  -0.194
L7.3 =-0.141 58.3 -0.012 L6.6 =0.797 58.5 =0.170
53.3 =0.053 74.0 0.002 52.8 =0.645 The2 =0,128
65.1 -0.025 8L .5 0.006 b6L.2 =0.528 84.7 -0.109
80.9 0.027 89.0 0.001 80,0 -0,352 89.2 -0.089
96.5 0.012 97.3 0.006 90.6  =0.244 9.3 -0,068
97.0 0.012 106.0 0.014 95.1 =0,207 106.3 -0.042
104.2 0,023 120.0 0.006 .102.5 -0,174 120.2 -0.032
113.8 0.025 132.2 0,060 112.2  -0.148 133.0 ~0.041
127 .8 0.016 143.0 -0.006 126,0 -0,109 143.6 -0.035
140.8 0,010 156.6 =0.024 139.2 -0.093 156.9 -0.028
164.5 0.003 166.0 -0.008 149.2  =0.077 166.3 -0.012
178.1 0.014 181.0 -0.013 162.8 -0.074 181.3 0.012
189.0 0.029 190.7 ~0.019 172.2 =0.050 190.9 0.011
198.6 0.023 201.4 0.010 187.2 -0.042 201.6 0.013
209.,3 0,026 216.6 0.040 196.7 =0.029 214.8 0.046
222.7 0.057 225.6 0,022 207.5 -0.030 216.8 0.051
224.3 0.061 24L0,5 0.050 222.7 -0.006 225.8 0.062
272.3 0.050 24L9.7 0.037 231.7 -0.0C05 240,.7 0.065
296.5 0.035 264..5 0.031 246,7 -0.012 264..7 0.055
305.6 0.035 273.8 0.032 270.7. =0.000 288.8 0.029
354 .2 0.033 288.6 0.028 279.9 -0.008 321.9 0,032
377 .8 0.028 297.2 0.032 294.8 -0.004 346.5 0.038
L01.8 0.033 321.7 0.033 303.9 =0.006 370.2 0.032
L25.7 0.029 346.3 0.019 327.7 ~0.005 394.1 0.026
LL9.7 0.141 369.8 0.098 352.3 ~0.007 418.0 0.018
478.8 0.128 4L17.0 0.080 4L00.0 -0.011 LL2.0 0.018
4L71.3 0.088 LLW8.0 ~0.004 L71.5 0.013
‘ L77.5 -0.004
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TABLE XXI(continued)

Admixture 0,01 N Ca012 Admixture 0.10 N Ca012

Cell No. D 16 Cell No. D 1 Cell No. D 12 Cell No. D 5
Time Current Time Current Time Current Time Current
Hours M. A, Hours M. A, Hours M. A, Hours M. A.

0.0 0.067 0.0 0.026 0.0 0,013 0.0 0.027
0.6 0,088 1.5 0.100 0.5 0.104 1.5 0.052
1.5 0.083 2.9 0.076 2.2 0.098 3.6 0.022
2.3 0.090 3.1 -=0.023 3.0 0.101 L.6 0.075
3.2 0.057 6.0 -0.071 L.l 0.079 5.8 0.167
6.0 0,057 7.2 -0.067 6.1 0,094 10.1 0.072
7.5 0.100 11.5 -0.129 7.7 0.243 12.6 0.019

10.7 0,327 14.0 0.000 10.0 0,217 14.1  ~0,004
~11.8 0.333 15.4 0.084 12.0 0.177 17.5 -0.013

16.2 0.326 18.9 0.210 16.3 0.072 22.0 0.032

20.3 0.252 33.3 0.224 19.2 0.037 3.2 0.032

28,0 0.102 35.5 0.116 23.9 0.045 39.8 0.007

LO.2 0.396 L6.2 0.062 28,3 0,048 L6.0 =0.,020

46 .0 0.040 L7 .4 0.022 L0.5 <0.066 57.4 -0.009

52.0 0.011 59.0 0.019 L6.0 =-0,055 73.3 0,018

63.5 0.026 Th.7 0.015 63.9 =0.009 83.8 0.026

79.7 0.033 85.1 0.028 79.5 0.025 88.3 0,018

89.9 0,026 89.7 0.022 0.0 0.034 95.7 0.011

94.5 0.022 97.1 0.022 94 .6 0.025 105,3 0.006
101.2 0,004 106.7 0.020 102.0 0.010 119.2 =0.038
111.3 0.001 120.5 0.008 111.5 0,005 131.5 -0,063
125.3 -0,.010 132.8 0.000 123.5 ~0.024 142.5 =0,086
137.5 =0.002 143.7 -0,010 138.3 =0.025 156.0 =0.106
162.0 -0.014 157.3 -0.016 148.6  -0.060 165.5 =0,119
170.5 -0,017 166.7 -0.018 162.2  -0.084L 180.5 -=0.118
186.5 -0,026 191.2 -0.017 186.7 =0.093 200.8 -0.119
206.8 =0,024 202,0 -0.022 196.2 -0.093 213.7 -0,120
219.3 =0.021 215.0 =0,020 206.9  =0.097 216.,1  -0,119
219.4 ~ =0.026 217.2 -=0.017 222.1 ~0.090 225,0 =0.133
222.0 =0.025 226.2 -0.025 231.1 -0.096 2L0,0  «0,126
231.0 =0.032 241,2 -0.032 2u6.o -0,095 2,9.0 -0.126
255,0 =0,036 250.3 =0.034 255,0 -=0.095 264,.0 =0.120
270,0 =0,038 265.,2 -0.036 270.0 =0.094 273.2 «0.120
294,.0 -0.035 273.5 -0.038 297.3 =0.096 288.1 -0.114
303.,0 -0.036 298.5 -0.038 303.5 =0.095 297.2 -=0.115
327.0 =0.031 322.3 =0,041 351.8 -0.086 321.0 -=0.104
375.3 -0.026 370.5 -0,042 375.5 -0.084 345.7 -0.100
399.0 =0.023 394.5  -G.041 399.5 -0.086 393.3 =0.086
L23,0 -0,018 4L18.5 ~0.038 L23.4  -0.080 417.3  =0.080
LLW7.0 -0.020 Li2 .5 -0.036 LL7.3  -0.081 W1.3 ~0.080
L76.,8 -0.018 L72,0 -0.038 L76.8 =0.078 L70.8  -0.074



Admixture 1.0 N Ca012

Cell No. D 18

Time
Hours
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125.0
138.0
148.0
161.7
171.3
186.2
195.8
221.6
230.7
2L5.7
254.8
269.6
278.9
293.7
303.0
326.8
351.3
375.0
399.0
423.0
LL6.9
L76.4

Current
Mﬂ A.

0.125
O.442
0.239
0.376
0.289
0.130
0.016
~-0.019
-0.115
-0.134
-0.176
-0.198
-0.058
~-0.010
0.003
0.009
0.011
0.013
0.011
0.011
0.011
-0,006
-0,005
-0.003
-0.006
~0.009
0.011
0.009
0.006
0.006
0.007
0.007
0.009
0.006
0,006
0.006
0.005
0.007
0.005
0.005
0.006

TABLE XXI (continued)

Cell No. D 17

Time
Hours
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131.8
142.0
155.7
165.0
180.2
200.5
213.7
215.6
224.6
239.6
248.8
263.5
272.8
296.9
320.7
346.3
369.0
393.0
416.8
LLO.9
470.4

Current
M. A,

0.025
£.032
0.213
0.191
0.164
0.053
~-0.006
0.001
~-0.019
-0.053
-0.081
0.012
0.052
0.073
0.081
0.089
0.087
0.086
0.087
0.047
0.034
0.013
0,020
0,018
0.017
0.010
0.042
0.033
0.032
0.031
0.031
0.037
0.035
0.034
0.033
0.030
0.029
0.025
0.023
0.022
0.021
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Admixture 0,01 N CaClZ—O.Ol N NaOH

Cell No. D 9
Time Current
Hours M. A.

0.0 0.051
0.3 0,048
1.8 0.045
3.0 0.039
5.0 =0.180
9.7 -0.307

10.5 =0.334

11.5 =0.245

16,0 -0,002

18.5 0.051

23 .4 0,079

27.8 0.023

L0.1 0.013

L5.7 0,041

51.9 0.054

63.3 0.065

79.3 0.053

89.7 0,056

94.3 0.004
101.7 0.0473
111.3 0.038
125.1 0.024
137.3 0.012
148.3 0.002
161.8 0.008
186.3 0,006
195.8 0.003
206.5 0.010
219.3 0.014
219.3 0.012
230.8 0.026
24L5.8 0.023
269.8 0.030
293.8 0,037
326.8 0.044
351.3 0.056
375.0 0.049
399.0 0.041
L23.0 0.104
L47.0 0.029
L76.5 0.088

Cell No. D 22

Time
Hours
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140.3
154.0
163.3
178.3
198.8
213.9
222.9
237.8
247.1
261.8
271.1
280.0
295,.2
319.1
343.6
367 .2
391.2
415.2
439.2
L68.7
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Current
M. A.

0.137
0.175
0,167
0.185
-0.015
~0.222
0.047
0.119
0.213
0.245
0.032
0.033
-0.058
-0.054
-0.041
~-0.0L43
-0.046
~0.042
-0.035
-0,035
-0.034
-0.036
~0.044
-0.036
-0.034
-0.036
-0.006
-0.006
~0.000
-~0.000
-0.000
0.001

© 0.004

0.004
0,006
0.012
0.010
0.013
0.011
0.019
0.018



Admixture 0.10 N CaCl,-0.01 N NaOH

Cell No. D 15

Time
Hours
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50.8

62.5
78.2
88.7

93.2
100.6
110.2
124.2
136.3
147.2
16017
170.2
185.2
194.7
205.6
218.7
220.8
229.7
244 .7
253.9
268.7
278.0
292.8
301.2
350.4
373.0
422.0
LT75.6

Current
M. A.

0.04L
0,031
0,052
0,088
0,085
0.382
0.333
0.217
0.210
0.196
0,192
0.140
0.080
0.010
0.022
0.040
0,050
0.052
0.035
0,019
0.002
0.030
-0,062
-0.078
-0.098
-0,102
-0.110
-0.110
-0.110
-0.108
-0.108
-0.108
-0,108
-0,106
-0.104
-0.104
-0.100
-0.100
-0.090
-0.083
-0.072
-0.066

TABLE XXI (continued)

2
Cell No. D 7
Time Current
Hours M. A,
0.0 0.334
0.8 0.162
1.8 0.233
2.6 0.305
3.8 0.372
8.1 0.212
11.0 0.296
11.9 0.259
15.7 0.163.
20.0 0.129
32.5 0.036
37.8 0.0L4
L4 .,0 0.04L9
54.6 0.054
71.3 0.027
81.9 0,008
86.5 0.006
93.0 ~0.025
103.4, -0.032
117.3  ~-0.046
130.1 -0.052
14063 -0.,058
154.,0 ~0.060
163.3  =0.057
178.5 -0.053
188.1 -0.050
198.8 0.048
210.2 0.030
213.9  -0.034
223.0 -=0.048
238.0 -0.048
2L47.3 =0.048
262.0  -0.044
271.3 =0.043
286.2 -0,038
295.4  -0.037
319.3 -0.032
343.8 -0.025
367.5 =0.019
415.4  -0,016
4L39.4 -0.014
L4L68.9 -0.011
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Admixture 0.1 N CaClz—O.l N NaOH

Cell No. D 23

Time
Hours
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160.5
170.0
185.0
194.5
205.2
217.6
220.5
24h .5
253.5
268.5
277.7
292.5
301.5
325.5
350.2
373.8
421.8
Lh5.8
L75.3

Current
M. AI

0.022
0.072
0.039
0.046
0.026
0.428
04500
0.484
0.335
0.180
0.070
0.011

-0.022

-0,032
0,041

-0.038

20.022

-0.026

~0.022

~0.018

-0.007

-0.005
0.002
0.015

- 0.019
0.029
0.035
0.042
0.052

-0.061

-0.114

-0,113

-0.105

~0.100

-0.091

-0.085

-0.074

-0.065

~0.051,

~0.043

-0,038

~0.034
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Cell No. D 6

Time
Hours
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129.0
140.0
153.5
163.0
178.0
187.5
198.3
210.8
210.8
213.5
222.5
237 .4
246 .5
261.5
270.7
285,6
2914'65
318.5
343.3
390.6
438.

L68.4

Current
M. A,

0.060
0,203
0,261
0,382
0.254
0.015
0.351
0.371
0.194
-0.056
-0.151
-0.210
-0.194
-0.203
-0,105
-0.092
-0.086
£0.070
-0,056
~0.049
-0.031
-0.023
~0.084
-0.008
-0,010
0,020
0.025
0.034
0.028
0,030
0.040
0.04LL
0.046
0.049
0.028
0.020
0.020
0.022
0.022
0.042
0,040
0.044



Admixture 1.0 N Ca012—0105 N NaOH

Cell No. D 4
Time Current
Hours M. A,

0.0 ~=0.,224
0.7 0.608
1.6 0.795
2.6 0.664
46 0.376
6.1 0.212
8.3 0,059
9.2 0.014

10.3 0.042

14.6 -0.113

17.5 =0.123

18.5 -0.112

22.1 -~0,104

26,5 -0.084

38.8 -0,017

L4 .3 -0,001

50.5 0,010

62.1 0,013

77.8 0.007

88,3 0,003

92.9 0,001
100.2 0.000
109.8 0.003
123.8 0,010
136.6  -0.004
14,6.9 -0,003
160.5 ~0.004
169.9 ~0.000
185.0 ~0.054
194.5 -0.000
205.2  -=0.000
220.4  -0.000
373.7 0.000
LL5.7 0,000
475.1 0,000

TABLE XXI (continued)

Cell No. D 14

Time
Hours
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127.6

3

153.6
163.0
178.0
187.5
198.3
211.4
213.6
222.5
237.5
261.5
270.8
285.6
2947
318.7
343.3
366.8
390.8
L1k .8
L38.8
L67.3

Current

M. AO

0.791
0.311
0.366
0.213
0.449
0.091
0.000
-0.032
-0.083
~0.110
-0.091
-0.015
0.016
0.032
0.026
0.019
0.019
0.020
0.023
0.206
0.259
0.210
0.251
0.383
0.416
0.406
0.350
0.006
0.016
0.015
0.017
0.020
0.019
0,018
0.018
.017
.019
.016
.015
.013
016
015

QO OOOO0OO
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Admixture 1.0 N CaClz—O.lO N NaOH

Cell No. D 13

Time
Hours
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136.4
146.6
160.2
169.8
1847
194.3
205.0
220.1
229,.1
2442
253.3
268.0
277.3
292.2
301.4
325.2
349.9
373.5
397.5
L21.4
169,14
L7049

Current

M. A.

0,151
O.454
0.360
0.458
0.373
0.142
0.096
0.021
~0.011
=0.044
-0.047
0.026
0.053
0.060
0.057
0.036
0.031
0.024
0.016
0.016
0.014
0.015
0.013

- 0.013

0.012
0.012
0.016
0.015
0.015
0.016
0.061
0.014
0.013
0.013
0.013
0.013
0.011
0.011
0.008
0,009
0.007

Cell No. D 11

Time
Hours

3 . ° .
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128.9
139.8
153.3
162.8
177.8
187.3
198.1
L69.3

Current
M. A,

0,092
0.554
-0.522
-0.322
-0.069
0.028
0.059
0.072
0.002
0.004
0.005
0,012
0.047
0,004
0.000
0.002
0..003
-0.001
0.000
-0.001
0,001
0.000
0.000
0.000
0.002
-0.003
0,000
0.000



CURRENT-TIME VALUES FROM GALVANIC CELLS FOR 5154-H34 ALLOY

Admixture None

Cell No. E 14

Time
Hours

« o o a
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132.5
142.0
166.0
199.8
213.8
238.0
262.0
286.0
309.8
345.5
406.3
429.9
455.3
489.3

Current

MD -AD

-0.044
0.039
0.024

-0.197

~0.240

-0.293

~-0.273

-0,270

-0.,175

-0.058

~0,055

-0.052

-0.021
0.014
0.030
0.022
0.016
0.011
0,005

-0.004

-0.026

-0.056

-0.069

-0.086

-0.043

-0.032

-0.009

~-0,008

-0.028
0.047
0.050
0.056
0.057
0.054
0.050
0.046
0.0LL
0.032
0,026
0.033

TABLE XXIT

Cell No. E 18

Time
Hours
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131.0
140.4
164 .4
198.3
212.3
236.5
260.5
284.5
308.2
344.0
404 .8
L28.5
L52.8
487.8

Current

M. A,

0.015
0.067
-0.104
-0.128
-0.,086
-0.08L
-0.081
0.044
0.129
0.286
0.066
0.058
0.078
0.060
0.033
0.006
-0.010
-0.037
-0.030
-0.044
-0.036
~0,020
-0.018
-0.016
~0.020
~-0.022
-0,000
0.014
0.016
0.022
0.022
0.021
0.013
-0.003
~-0.000
~0.022
-0.006
-0.008

Cell No. E 2
Time Current
Hours M. A,

0.0 0.054
0.9 0,107
1.6 0.016
2,0 ~0,031
2.8 =0,056
3.2 -0,060
3.7 =0.130
L.3 =0.131
6.4 ~0.047
8.0 -0.048
9.8 ~0.003

11.8 -~0.003

20,0 0.045

23.4 0.036

26.6 0.038

30.3 0.025

3L.4 0.022

45.0 0.018

59.3 0.000

68.6 ~0.021

82.4 0.007

92.4 0.005
107.9 0.006
116.4 0.006
131.2 0.116
140.7 0.015
164.6 0.017
198.6 0,027
212.7 0.029
236.7 0.032
260.8 0.029
284.9 0.036
308.4 0.036
344..2 0.039
LOL .9 0.042
L28.5 0.041
L52.0 0.041
487.0

Admixture None

Oool-'—2
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Cell No. E 1
Time Current
Hours M. A,

0.0 0.173
0.3 0.106
0.6 0,058
1.2 0.017
1.8 -0.074
2.7 <0.044
3.1 -0.010
3.6 0.021
L.2 0.045
L7 0.058
5.4 0.139
7.1 0.192
9.1 0.114

11.0 0.060

13.0 0.066

21.3 0.023

2L.6 0.015

27.8 0.002

31.5 0.006

35.7 -0.006

L6.3  -0.030

60.6 -0.036

70.0 <=0.050

83.7 -0.062

93,7 =0.068
108.3 -0.070
117.7  -0.066
132.5 = -0.,052
142.0  ~0,048
165.9 -0.032
199.8 =0.010
213.,8 -0.005
237.9 -=0.001
262.0 0.004
286.0 0,008
309.7  0.010
345.5 0.010
4,06.3 0.014
L30.0 0.010
4L54.3 0.012
489.3 0.006



TABLE XXII(continued)

Admixture 0,01 N NaOQH

Cell No. E 3
Time Current
Hours M. A.

0.0 0.058
O 0.374
1.3 0.061
1.8 0.148
Raly 0.377
2.9 0.542
3.4 0.717
L.O 0.742
L.7 0.816
6.3 0.813
8.3 0.588

10.3 0.466

12.3 0.495

20.5 0,364

23.9 0.246

27.0 0,200

30.8 0.138

35.0 0.119

45.5 0.048

59.8 0,019

69.2 -0.016

83.0 ~0.030

92.9 =0.044
107.4  -0.037
116.9 -0.042
131.7 -0.019
141.1 -0.033
165.1 =0.030
199.0 -0.022
213.0 -0,022
237.5 -0,018
261.2 -0.020
285.,2 ~0.013
308.9 -0.020
3447 -0.034
L05.5 -0,032
L29 .2 ~0. 0L
L53.3 -0.053
L88.L  -0.046

Cell No. E 15

Time
Hours

e s & & o e ¢ o © o © o . .
ROV ONIHOHFEIFETVNRBWINIIO

HNORFWOWVMMNDOHFO~TITNWNODNDHEFOO

OO\ WO

Current

M, A.

-0.004
~-0.040
-0.088
-0.098
-0.084
-0.080
-0.082
-0.000

0.807

0.836

0.662

0.317

0.178

0.108

0.071

0.056

0.022

0,004
-0.020
~0.04LL
-0.052
-0.054
-0.055
-0.040
~0.042
-0.033
-0.020
-0.018
-0.014
-0.015
-0.012
-0.018
-0.016
-0.013
-0.015
-0.018
-0.019

Admixture 0.01 N NaOH

Cell No. E 4
Time Current
Hours M. A.

0.0 0.030
0.4 0.048
1.0 =0.,033
1.8 -=0.076
2.3 =0.106
2.8 =0.120
3.3 =0,121
3.8 -0.084
L.7 -0.024
6.3 0.266
8.3 0.268

10.3 0.250

12.3 0.234

20,5 0.086

23.8 0.067

27.0 0.052

30.8 0.037

34.9 0.030

L5.5 0.017

59.8 0.031

69.5 0.020

83.0 -=0,001

93.0 ~-0.008
107.5 ~0,008
117.0 -0.008
132.0 -0.004
141.1  -0.001
165.1 -Q,006
189.0 0.016
213.0 0.020
237.1 0.024
261.1 0.030
285.3 0.038
309.0 0.030
345.0 0.018
LO5.5 0.021
4L29.1 0.019
453.5 0.022
L88,5 &,021

87

Cell No. E 7
Time Current
Hours M. A.

0.0 -0.002
0.7 0.038
1.1 0.030
1.4 0,094
1.6 0,080
2.3 0,037
2.7 0.016
3.4 0,034
5.1 0.518
7.0 0.800
9.0 0.676

11.0 0.478

18.8 0.285

22.6 0,180

25.8 0.108

29.5 0,072

33.8 0.045

L1 .3 0,002

58,7 ~0,003

68.0 -0.024

8l.8 -0.036

91.7 -0.034
106.3 ~0.032
115.,7 -0.031
130.5 =0.200
140,0 -~0,120
164.0 =0.014
197.8 -0.008
211.8 ~0.005
236.0 =0.000
260.0 0.002
284.0 0.001
307.7 0.005
343.5  -0.029
403,3 -0.030
4L28.,1 -0,032
L52.3 -0.038
LB87.3 =0.044



TABLE XXII (continued)

Admixture 0.05 N NaOH

Cell No. E 22

Time
Hours
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117.6
132.3
141.8
165.8
199.7
213.7
237.8
262.9
287.9
309.6
345.3
406.2
429 .8
L5L .2
488.1

Current
M. A.

-0.650
-0.020
0.215
-0,077
-0.266
-0.198
0.041
0.231
0.338
0.322
0.554
0.055
0.08l
0.182
0.210
0.112
0.103
0.010
0.090
0.094
0.077
0.053
0,030
0.038
0,037
0.034
0.026
0.021
0.018
0.004
0.008
0.014
~0.021
-0.034
-0.038
-0.048
-0,048
-0.035
-0.047
-0.047
~0.054

Cell No. E 24

Time
Hours
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140.5
1614'@5
198.3
212.3
236.5
260.5
28L.6
308.3
344.0
LOL .8
L28.5
L52.5
L87.8

Current

M‘ A-‘

0.
-0.
0.
O.
0.
O.
0.
0.
0.
0.
O.
O.
0.
0.
0.
O.
0.
0.
0.
C.
0.
o
0.
OO
0.
0.
0.
0.
.008

-0

-0.
.027
-0,
-0.
066
-0
-0.
-0.
~-0.

-0

-0

081
285
163
153
347
387
397
542
434
061
113
210
188
159
112
070
0oL8
036
029
026
026
016
036
027
039
027
020
000

021

037
OL8

060
078
090
101

Admixture 0,05 N NaOH

Cell No. E 12

Time
Hours
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116.2
119.0
140.3
1644
198.3
212.3
236.4
260.0
284.5
308.3
344 .0
40L .8
428.5
L52.8
L87.8

Current
M. A.

0.032
-0.012
0.194
-0.030
0.124
0.284
0.406
0.739
0.971
0.642
1.100
1.329
0.836
0.638
0.578
0.462
0.346
0.154
0.116

© 0,068

0.026

0.010

0,006

0,003

0.012
-0.002
-0.015
-0.023
-0.033
-0.039
-0,052
-0.050
~0.054
-0.058
-0.041
-0.055
-0.052
~0.058
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Cell No. E 13

Time
Hours
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Current
M. A,

-0.005
0.065
0.081
0.111
0.148

-0.081

-0.011
0.090
0.175
0.246
0.289
0.205
0.182
0.167
0.126
0.046
0.039
0.036
0.041
0.046
0.0LL
0.037
0,048
0,026
0.021
0.016
0.019
0:014
0.011
0.064

-0.050

~-0.080

-0.089

-0.077

-0.016

~0.013

-0.018
0.021
0.020
0.019
0.016
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TABLE XXII (continued)

Admixture 0.1 N CaCl, Admixture 0.1 N CaCl,

Cell No., E 19 Cell No. E 23 Cell No., E 9 Cell No. E 11
Time Current Time Current Time Current Time Current
Hours M. A, Hours M. A, Hours M. A. Hours M. A,

0.0 0,009 0.0 0.034 0.0 -0,002 0.0 0.056
0.1 0.023 0.1 0.005 0.1 ~0.008 0.0 0.062
0.4 0,031 0.3 0.000 0.3 0,014 0.4 =0.216
0.9 0,048 1.0 0.094 1.0 0,058 1.1  -0.144
1.7 0.209 1.5 0.166 1.7 0.069 1.5 -0.131
2.4 0,035 2.0 0,272 2.4 0,098 2.1 =0.126
2.9 0.415 2.6 0.373 2.9 0.114 2.6  =0.40L
3.5 0.496 3.1 0,402 3.4 0.126 3.2 =0.363
L .0 0.521 3.8 0.398 4.0 0.170 3.9 0.106
L.5 0.552 5.8 0.346 L.3 0,180 6.9 0,104
5.2 0.560 7.5 0.203 5.2 0.170 7.5 0.071
72 0,622 9.5 0.112 7.0 0.095 9.4 0.126
8.9 O.443 11.4 0.146 8.8 0.077 11.6 0.307

10.8 0.280 19.5 0,053 10.8 0,140 19.0 0.026

12.8 0.202 23,0 0,018 12.8 0.085 23.0 0.012

20.8 0.067 26.2 =0,013 22.0 0.045 26.2 0.003

24 .4 0,050 29,8 ~0.04L8 2L .4 0.026 29,8 -0.020

27 .5 0.028 34,0 -0,071 275 0.020 34,0 0,045

29.3 0.016 L. -0.098 31.2 0.011 L7  =0,052

35.4 0.005 59.0 =0.105 35.4 0.001 59.0 =0,038

L6.0 -0,036 68.3 ~0.096 L6.0 . ~0.013 68.4 ~-0,101

60.4  =0.046 82.0 =0.070 60,2 -0.007 82.0 ~0,099

69.5 -0,032 92.0 =0.060 69.5 =0.004 92.1 -0.103

83.3 -0,020 106.5 =0.024 83.3 0.010 102.5 -0.139

93.L -0,031 116.0 -0.036 93.3 0.010 116.0 -0.062
107.8  -0.017 130.8 -0.009 107.8 0.019 130.8  -0.026
117.3 -0,006 140.3 -0,.000 117.3 0.025 140.3 0.026
132.1 0.007 164.3 ~0.019 132.0 0.029 164.3 0.035
141.6 0.016 198.1 <0.042 141.5 0.036 198.2 0,029
165.5 0.039 212.1 —Q.054 165.5 0.037 212.3 0.033
199.5 0.068 236.3 0.067 199.3 0.042 236.3 0,034
213,5 0,069 260,3 0.059 213.3 0.044 260.3 0.036
237 .5 0,073 28L .4 0.061 237.3 0.042 28L .4  -0.080
261.6 0.077 308.0 0.061 261.5 0,042 308.0 -0.069
285,7 0.076 343.8 0.045 285.6 0.046 343.8 0,022
309.3 0.077 LOL.4 0.050 309.3 0.042 LOL .5 0.016
345.0 0,072 L28.3 0.046 345.0 0.034 L28.3 0.016
L05.9 0.068 L52.4 0.047 L05.5 0.035 452.7 0.012
L29.5 0,063 L87.5 0.040 L29.5 0.034 LB7 .6 0.014
454.0 0.063 454.0 0.033

489.0 0.058 488.8 0.028
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TABLE XXII (continued)

Admixture 0.1 N CaClénoel N NaOH Admixture 0.1 N CaCl2—O.l N NaOH
Cell No. E 16 Cell No. E 17 Cell No. E 8 Cell No. E 5
Time Current Time Current Time Gurrent Time Current
Hours M. A. Hours M. A. Hours M. A. Hours M. A.

0.0 1.556 0.0 0,014 0,0 0.020 0.0 -0,007
O.4 1.668 0.3 ©~ 0.040 0.2 -0.132 0.2 0.039
0.6 1.700 1.9 0,046 1.0 0.109 0.8 0.358
1.0 1.734 1.4 0.137 1.5 0.12i4, 1.7 0.534
1.6 1.710 2.0 0.276 2.1 0.222 2.4 0.558
2.1 1.5600 3.5 0,500 2.7 0.287 3.0 0.65L4
2.9 1.468 3.0 0.897 3.1 0.546 3.4 0.644
L7 1.232 3.7 0.882 3.8 0.662 4.0 0.559
6.5 1.166 7.8 2,913 5.8 0.644 L.5 0.453
8.5 1.143 7.3 2.038 N 0.300 5.1 0.399
10.4 0.920 9.3 1.705 9.3 0.105 7.2 0.256
18.8 0.426 7.3 1.69. 11.3 0.126 8.7 0.208
22.1 0.316 19.4 0.754 19.5 0.107 10.6 0.162
25.3 0.261 22.9 0.619 22,9 0.083 12,6 0,132
29,0 0,200 26.0 0.534 26.1 0.083 17.8 0.065
33.2 0.142 29.7 0.400 29.9 0.068 24,2 0.055
L3,.8 0.054 33.9 0.316 34,0 0.061 27.3 0.040
58.1 0,029 bl .5 0.143 Lb .6 0.046 31.1 0,032
67.5 0.018 58.8 0.060 58.9 0.046 35.2 0.003
81l.3 0.020 68,1 0.030 68.3 0.0,8 L5.8 0,033
91.3 0.018 81.9 0.014 83.0 0.048 00.2 0.038
105.7 0.022 91.9 0.008 92.0 0.043 69.5 0.004
115.2 0.016 106.4 0.016 106.5 0,051 83.2 0.046
130.0 0.021 115.9 0.002 116.3 0,044 93.3 0,039
138.5 0.021 130.7 0.014 130.8 0.055 97.7 0,050
163.3 0,015 1,0.2 0.000 140.2 0.057 117.3 0,051
197.4 0.011 164.1 0.007 164.2 0,039 132.0 0.054
211.3 0.006 198.0 =0.012 198.1 0.052 141.5 0.065
235.5 0,004 212.0 =0.017 2124 0,048 165.4 0.058
259.5 0.000 236.1 -0.024 236.2 0.048 199.4 0.052
283.5 ~0.004 260.2 -0,032 260.3 0.041 213.4 0.054
307.5 -0,008 284.3 -0.037 284 .4 0.045 237.5 0.049
343,00 =0.013 307.9 -0.046 308.0 0.044 261.6 0.041
403, -0.006 343.6 ~0,.047 3L3.7 0.048 285.6 0,049
L27 .5 -0,012 LOL.5 ~0,042 L0OL .0 0.04L6 309.3 0,045
451, -0.019 428,11  ~0.048 428.2 0.037 345.0 0. 047
L86.8 ~0,022 L52.5 =0,045 L52.6 0.038 4L05,9 0.041
L87 .5 -0.0,8 L87 .5 0.000 L28.5 0.043

453,.8 0.044

4L88.8 0.035
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TABLE XXII (continued)

Admixture 0,01 N-CaClzoo.Ol N NaOH Admixture 0,01 N.CaClZ—O.Ol N NaOH

Cell No. E 21 Cell No. E 20 Cell No. E 6 Cell No. E 10
Time Current Time Current Time Current Time Current
Hours M. A, Hours M. A, Hours M. A, Hours M. A,

0.0 0.034 0.0 0.070 0.0 0.014 0.0 =0.005
0.8 0,002 0.6 0.154 0.6 0.012 0.1 0,007
1.2 -0,061 1.3 0,030 1.3 0.000 1.0 0,009
1.8 -0.082 2.1 0.015 2.3 0.011 1.4 -0.028
2.3 -0.086 2.3 0.010 2.6 0.013 2.0 -=0.032
2.8 -0.110 3.1 0.039 3.2 =0.016 2.6 =0.034
3.5 -0,093 3.7 0.155 3.7 =0.013 3.1 0.042
5.4 =0.594 L2 0.244 4.2 -0,011 3.7 0.093
7.2 =0.79% 4.9 0.251 4.9 ~0.014 5.8 0.557
9.1 0.485 6.9 0.368 6.9 0.648 7.0 0.475

11.1 0.565 8.5 0.332 8.6 0.828 9.3 0.212

91.7 -0.108 10.4 0.238 10.5 1.098 11.2 0.097
106.3 =0.044 12.4 0.205 12.5 1.193 19.4 0.1C01
115.8 -0.035 20.6 0.087 20.4 0.401 22.7 0.074
130.5 =0,020 24,0 0,058 24.0 0.241 26.0 0.058
1,0.0 =0.022 27.0 0.048 27.2 0.119 29.7 0.047
164.0 -0,008 30.9 0.031 30.9 0.044 33.8 0.036
198.0 =0.000 36.1 0.026 36.1 0.000 Liy .l 0.016
212.0 0,004 L5.7 0,010 45.7 =0.551 58.7 =0.005
236.0 0.008 60.0 0.046 60.0 =0.078 68,0 -0.048
260.0 0,010 69.3 0,019 69.3 -0.105 81.8 ~0.031
284.2 0,003 83.1 0.025 83.1 -0.117 91.8 -0.,035
307.7 0.001 93.1 =0.024 93.1 -=0.117 106.3 -0.035
343.5 0.011 107.6 =0.022 107.6 -0.109 115.8 -0.033
L04.3 =0,002 117.1 -0.019 117.1 -0.101 130.6 -0.028
4L28.0 -0,000 131.9 -0,010 131.9 -=0.091 14,0.0 <=0.025
£53.8 -0,002 141.3 -0,004 »ni.3 -=0.079 166.2 -0.020
4L87.3 -0.003 165.3 0,007 165, 0,064 198.3 =0.007

199.2 0,013 199.2  =0.045 212,00 <0,008
213.2 0.018 113.2  -0,041 236,1 -0.008
237.3 0.020 237.3 =0.034 260.2 =0,072
261.4 0.024 261.4 -0.,032 248,2 =0,011
285.5 0.025 285.5 =0,032 307.8 -0.,012
309.1 0.023 309.1 0,031 343.5 ~0,012
344.8 0,020 344.8  -0.039 LOL  =0.014
4L05.7 0.022 L05.7 -0.034 428.0 -0,013
4L29.3 0.023 4L29.,3 =0.039 4L52.0 =0,012
4L53.7 0,031 Li3.7 -0.042 4L87.4 =0,009

488.6 0,026 488.,6 -0.038
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TABLE XXIII

RESISTANCE DATA AND CALCULATED VOLUME LOSS FOR 6061-T6 ALILOY
Cell No. B 17 n@eIIYNd, B 20
Admixture 0.05 N NaQH Admixture 0.1 N NaQH

Decade 8lide Calculated Total Decade Slide Calculated Total
Box Wire Volume Loss Time Box Wire Volume Loss Time

(ohms) (in3/in?x103) Hours (ohms) (in3/in?x103) Hours
81 0.1904 0 71 0.0726 0
81 0.2104 0.08 15.7 71 0.0514 =0.14 1.0
81 0.,2150 0,10 25.7 71 0.0561 -0.11 L.2
81 0.2405 0.20 38.9 71 0.1348 0.40 17.0
81 0.2433 0.21 49,2 71 0.3463 1.66 32.7
81 0.3086 0.46 63.4 71 0.4932 2.47 42 .6
81 0.3062 Q.45 73.7 71 0.6760 3.39 55.9
81 0.3144 0.,8 90.4 71 0.8384 4.15 66,2
81 0.3493 0.62 133.2 62 0.3120 6.09 90.6
81 0.3686 0.68 158,2 62 0.6164 7.22 107.2
81 0.3700 0.69 192.7 57 0.489, 8.67 127 .4
81 0.4115 0.85 209.7 50 0.4280 10.77 150.2
81 0.4038 0.82 241.2 50 0.3104% 10,48 174.7
81 0.4559 1.01 276.0
83 0.8638 1.76 301.2
83  0,6425 0.97 324L.7
83 0.7110 1.22 349.2
83 0.6790 1.10 377.2
83  0.6866 1.13 395.9
183 0.7380 1.32 L21.8
83. 0.7522 1.37 Lu3 .4
83  0.7590 1.39 469.2
83  0.7740 1.44

492.2

#3trip separated after this reading



Decade

Box

(ohms)

Cell No. B 11

TABLE XXIII(continued)

Admixture 0.1 N NaOH

Slide Calculated Total
Wire %ume Loss Time
(in°/in°x103) Hours

0.6670 0
0.9L75 1.75 2.3
0.0197 5.21 6.9
0.0879 6.0, 9.1
0.0633 7.39 12.3
0.2904 8.20 25.1
0.4996 8.92 LO.7
0.5975 9.23 50.7
0.7248 9.62 63.9
00,7978 9.83 4.2
0.9457 10.24 88,2
1.0042 10.40 98.7
0.1995 10.63 115.4
0.3150 10.93 135.4
0.1697 11.22 158,2
0.3137 11.58 183.2
0.4695 11,95 217.7
0.5883 12.22 234.7
0.6432 12.34 266.2
0.6937 12.45 301.0
0.7378 12.54 326 .2
0.7634 12.59 349.7
0.7943 12,66 379.2
0.8170 12,71 - 402,2
0.8390 12.75 420.9
0.8674 12.81 Lu6 .7
0.9027 12.88 L68.L
0.9067 12.89 L9L .2
0.9433 12.90 517.2

Cell

No. B 21
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Admixture 0.1 N CaCl2—O,Ol N NaOH

Decade

Box

(ohms)

70
70
70
70
70
70
70
70
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

Slide
Wire

.0099
.0240
0632
.0980
.1085

.1207
1120
.3281
3654
3685
.3683
3698
.3798
3465
.3870
3592
.3482
3965
«370k
4037
3726

3752
0.4045
0.3953
0.3898
0.3896

OOOOOOOOOOOOOOOOOQOOOOO

LOTITO

Calculated
Volume Los
(in /1n xlO

. .

NNV M~ OO WD O

o © © ¢ .© * e L] e e . © *® © e o ° L) e o © e ©

Total
Time
Hours

0

0.
13.
29.
39.
52,
62.

5

=
o & & ¢ e @ © o L) LY ) )
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TABLE XXIII(continued)

Cell No. B 8 Cell No. B 5

Admixture 0.1 N CaCl2-O.l N NaOH Admixture 0.1 N CaCly~O.1 N NaCH
Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume Loss Time Box Wire Volume lLoss Time
(ohms) (in3/in?x103) Hours (ohms) (inB/in2x103) Hours

62 0.1342 0 8L 0.198L 0
62 0.3133 0.78 15.5 83 0.0802 0.84 3.5
62 0.3806 1.06 25,6 82 0.02L5 0.69 5.6
62 0.4165 1.22 38.8 83 0.0711 0.12 8.8
62 0.4896 1.51 L9.2 83 0.1764 0.29 21.6
62 0.5880 1.91 63.3 83 0.1939 0.35 37.1
62 0.2924 0,69 73.8 83 0.2220 0.L46 L7.1
62 0.5362 1.70 90.3 - 83 0.2403 0,53 60.4
62 0.6406 2.11 110.5 83 0.3630 0,98 70.7
62 0.6900 2.31 133.3 83 0.3217 0.83 84.9
62 0,7312 2.46 157.9 83 0.2579 0.59 95.2
62 0.7495 2.54 192.8 83 0.2512 0.57 111.9
62 0.7902 2.68 209.3 83 0.2953 0.73 132.2
62 0.8018 2.73 241.3 83 0.3162 0.81 154.7

62 0.8065 2.74 276.0 83 0.2750 0.66 179,
62 0.8152 2,78 301.1 83 0.2572 0.59 21 .4
62 0.8611 2.9 321 .8 83 0.3010 0.76 230,9
62 0.8665 2.96 345.3 83 0.2713 0.65 262.9
62 0.8590 2.9 377.3 83 0.2725 0.65 297.7
62 0.8841 3,03 396.0 83 0,2921 0.72 322.7
62 0.8777 3,01 L21 .4 83 0.3090 0.78 3L5.9
62 0.9128 3,14 LL3.5 83 0.3206 0.83 375.9
62 0.9270 3.19 169.3 83 0.2898 0.71 398.9
62 0.9350 3.22 L91.8 83 0.2969 0.74 L17.7
83 0.2983 0.75 LL3.2
83 0,3292 0.86 L65.2
83 0.3287 0.86 490.9
- ’ 83 0.3359 0.88 513.7
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TABLE XXIV

RESISTANCE DATA AND CALCULATED VOLUME 10SS FOR 6061-Té ALLOY

Cell No. C 1 Cell No. € 19
Admixture None Admixture 0.05 N NaOH
Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume Loss Time Box Wire Volume loss Time
(ohms) (in3/in?x103) Hours (ohms) (in3/irn”x103) Hours
70 0.4974 0 70 0.5244 0
70 0.5077 0.10 7.7 70 0.5321 0.18 2.9
70 0.5088 0.11 22.5 70 0.550L 0.60 16.8
70 0.5123 0.15 3L .6 70 0.5458 0.50 29.9
70 0.5176 0,20 49,1 70 0.5534 0.27 42,5
70 0.5057 0.08 L8.9 70 0.5794 1.24 56.1
70 0.5290 0.31 76.2 70 0.5673 0.98 71l.4
70 O.54L5k 0.46 97.8 70 0.5883 1.42 8%.9
70 0.4389 0.59 119.0 70 0.59%4 1.55 113.9
70 0.4550 0.43 2.7 70 0.5968 1.60 138.1
70 0.5590 0.54 167.9 70 0.5901 1.46 163.2
70 0.55L6 0.55 196.9 70 0.5928 1.52 192.3
70 0.5542 0.55 214.7 70 0.5876 1.41 209.9
70 0.5721 0.71 2384 70 0.5950 1.56 233.4
70 0.5792 0.78 262.8 70 0.5965 1.59 258.1
70 0.5682 0.68 286.6 70 0.5937 1.54 281.9
70 0.5666 0.66 310.8 70 0.5947 1.56 306.2
70 0. 5880 0.86 34L5.9 70 0.6135 1.93 341.1
70 0.5805 0.79 367.5 70 0.6173 2.01 362.8
70 0.5950 0.93 388,2 70 0.6208 2.08 379.1
70 0.5914 0.89 L06.3 70 0.628L 2.22 LO1.5
70 0.5892 0.87 431.6 70 0.6255 2.17 L26.9
70 0.4042 1.01 L5L.5 70 0.6426 2,49 LL9.7
70 0.5851 1.33 L78.3 70 ) 0.6423 2.49 L73.7
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TABLE XXIV (continued)

Cell No.w C 11 Cell No. C 16
Admixture 0.05 N NaOH Admixture 0.05 NaQOH

Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume Losg Time Box Wire Volume Los§ Time
(ohms) . (in2 /1n x10°) Hours (ohms) (in3/in?x10”) Hours

77 0.5850 0 70 0.4307 0
77 0.6062 0.37 21.1 70 0.7838 2.92 7.3
77 0.6265 0.72 3.2 70 0.8L63 3.36 21.1
77 0.6206 0.62 46.8 70 0.8572 3. bl 34.3
77 0.6373 0.90 60,5 70 0.9054 3.76 L7.1
77 0.6581 1.24 75.8 70 0.9358 3,96 L8.5
77 0.6761 1.53 94.3 70 0.9705 4.18 78.8
77 0.6876 1.70 118.4 63 0.2758 L .6l 97.5
77 0.7031 1.94 142.3 63 0.3142 L.88 118.6
77 0.7128 2.08 167.5 63 0.3808 5.29 142.3
77 0.7389 2.46 196.6 63 0.4526 5.70 167.6
77 0.7,28 2.51 215.2 63 0.5550 6.26 196.6
77 0.7628 2.79 237.8 63 0.6439 6.72 214.2
77 0.7768 2.98 262.4 63 0.8114 7.52 237.9
77 0.7870 3.11 286.3 56 0.2826 8.19 262 4
70 0.0672 3.17 310.5 56 0.9212 10.91 286.2
70 0.0980 3.59 34L5.5 50 0.5934 12,01 310.5
70 0.1157 3.81 367.1 50 0.7113 - 12.30 345 .4
70 0.1154 3.81 383.4 50 0.7665 1244 367.2
70 0.1368 L .08 4L05.9 50 0.8189 12.56 387.9
70 0.1354 L.06 4L31.3 50 0.8689 12,68 4L05.9
70 0.1705 L.L8 4L54.1 50 0.9255 12.80 4L31.2
70 0.1704 L.48 L78.0 50 0.9924 12.95 L54.1
L3 0.1755 13.09 4L78.0



TABLE XXIV (continued)
Cell No. C 10
Admixture 0.1 N CaCl2—O.l N NaOH

Decade Slide Calculated Total

Box Wire Vo ume2Los Time

(ohms ) (in’/in xle) Hours
70 0.2460 0
70 0,3227 0.73 13.8
70 0.3357 0.85 26.9
70 0.3526 1.00 39.6
70 0.3629 1.10 53.2
70 0.3745 1.20 68.4
70 0.,3725 1.18 87.0
70 0.3701 1.16 111.1
70 0.3789 1.24 135.0
70 0.3784 1.23 160.3
70 0.4036 1.45 189.3
70 0.4055 147 206.9
70 0.4233 1.62 230.5
70 0.4460 1.81 255.1
70 0.4579 1.91 278.9
70 0.4585 1.92 303.2
70 0.4813 2.11 338.1
70 0.4758 2.06 359.9
70 0.4716 2.03 376.1
70 0.4738 2.05 398.6
70 0.4637 1.46 4L23.9
70 0.4851 2.14 LL6.8
70 0.4682 1.99 L70:7
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TABLE XXV

RESISTANCE DATA AND CALCULATED VOLUME 1OSS FOR 5154~H3. ALLOY

Cell No. D 3 Cell No. D 8
Admixture None Admixture 0.01 N NaOH
Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume loss Time Box Wire Volume Losg Time
(ohms) (in3/inRx103) Hours (ohms) (in3/in®x10°) Hours
70  0.,2202 0] 71 0.4892 0
70  0.2179 0.02 .2.0 71  0.4850 - <0.03 8.4
71  0.3330 0,06 - 11.8 71  0.4980 0.05 11.9
71  0.3520 0.19 23.9 71  0.5058 0.11 18.1
70  0.2368 0.12 37.7 71  0.5095 0.13 30.4
70  0.,2699 0.34 4L8.9 70  0.4212 0.24 43,4
70 0.2563 0.25 59.5 - 70  0,4305 0.30 55.1
70  0.2790 0.40 Th.7 70  0.4368 0.34 65.8
70 0.2874 0.46 8.4 70  0.4319 0.31 81l.2
70  0.2746 0.37 108.0 70  0.4420 0.37 90.5
70  0.3049 0.58 134.1 70  0.4504 0.42 114.2
70  0.,2815 0.42 158.0 70 0.4381 0.35 140.4
70  0.2971 0.53 182.0 70  0.4327 0.31 164.2
70  0.2748 0.37 202.7 70  0.4510 043 188.4
70  0.2967 0.52 227.3 70  0.4502 0.42  209.0
70  0.3088 0.60 251,8 70 04477 O.41 233.2
70  0.3207 0.68 275.5 70  0.4568 0.46 258.3
70  0.3210 0.68 299.2 70 04542 045 281.7
70  0.3305 0.75 333.2 70 0.4650 0.51 306 .4
70  0.3287 0.74 356.1 70  0.4695 0.54 339.6
70 0.3295 0.74 371.0 70  0.4554 045 362.4
70  0.3348 0.78 395.0 70  0.4580 0.47 377.3
70  0.3313 0.75 L19.4 70  0.4584 0.47 LO1.4
70  0.3386 0.80 LL3,2 70 0.4581 0.47 L25.6
70  0.3500 0.87 L72.7 70  0.4413 0.37 LLS.5

70 0.4495 0.2 478.9
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TABIE XXV (continued)

Cell No. D 2 Cell No. D 24
Admixture 0.0l N NaOH , Admixture 0.1 N NaOH
Decade Slide Calculated Total Decade Slide Calculared Total
Box Wire %ume Losg Time Box Wire Volume Los§ Time
(ohms) (in’/in xlO§ Hours (ohms) (in’/in?x10°) Hours
70 0.8167 o 70 0.3366 0
70 0.8185 0.01 L7 67 0.08L5 O.41 ~ 1.5
67 O0.L9LL 0.02 5.3 67 0.0902 0.50 5.2
63 0.0663 0.05 10.9 71 0.3382 0.60 11.3
63 0.1006 0.23 23.7 71 0.3970 0.96 23.5
63 0.0983 0.26 35.8 70 0.3175 1.11 35.6
63 0.1294 0.47 L8.4 70 0.5696 1.42 L8.3
63 0.1273 0.46 59.2 70 0.6023 1.60 59.0
63 0.1525 0.62 /N 70 0.6262 1.74 Th 2
63 0.1611 0.67 8L.1 70 0.6506 1.87 83.9
63 0.1776 0,78 107.8 70 0.6791 2,03 107.5
63 0.2130 1.00 133.8 70 0.7313 2.31 133.6
63 0.3106 1.60 157.6 70 0.7325 2.32 157 .4
63 0.3334 1.73 181.8 70 0.7946 2.64 181.5
63 0.3310 1.72 202.4 70 0.7878 2.51 202.2
63 0.3268 1.69 226.8 70 0.7683 2.51 226.6
63 0.3216 1.66 250.4 70 0.8435 2.89 251.2
63 0.3070 1.58 275.1 63 0.1526 3.25 27L .9
63 0.1997 1.69 298.9 63 0.1608 3.29 298.7
63 0.3263 1.53 332.9 63 0.2457 3.71 332.7
63 0.2983 1.53 355.8 63 0.2732 3.85 355.6
63 0.2993 1.53 370.6 63 0.3018 3.99 370.4
63 0.3047 1.50 394.7 63 0.3503 L.21 3945
63 0.3068 1.58 4L19.0 63 0.3955 L.43 418.9
63 0.2966 1.51 LL2.9 63 0.4270 L.57 LL2,7
63 0.3106 1.55 472.3 63 0.49,48 L .87 L72.1
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TABIE XXV (continued)

Admixture 0.1 N NaOH Admixture 0.01 N CaClZ-O.Ol N NaOH
Cell No. D 10 Cell No. D 9
Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume loss Time Box Wire Volume Losg Time
(ohms) (in3/in?x103) Hours (ohms) (in3/in*x10°) Hours
67 0.2178 0 70 0.1170 0
67 0.2942 0.53 6.7 70 0.1280 0,07 L.8
67 0.3265 0.74 10.9 70 0.1368 0.13 9.0
67 0.3537 0.92 17.2 70 0.1483 0.20 15.3
67 0.4035 1.24 29.3 70 0.1687 0.33 274
63 0.0342 1.63 L2 70 0.1909 047 LOJA
63 0.0749 1.88 53.0 70 0,1955 0.50 51.7
63 0.0850 1.95 6L .8 70 0.2050 0.50 62.8
63 0.1659 2.43 80.3 70 0.2114 0.59 78 .4
63 0.2160 2.72 89.5 70 0.2212 0.65 87.6
63 0.2742 3.05 112.5 70 0.2278 0.69 111.2
63 0.3419 3.42 139.3 70 0.2332 0.73 137 .4
63 0.4L078 3.77 163.2 70 0.2593 0.88 161.3
63 O.L4LL5 3.96 187.4 70 0.2567 0.87 206.1
63 0.5119 4.30 208.0 70 0.2360 0.74 230.1
53 0.L727 L.10 232.0 70 0.2505 0.83 254L.3
63 0.5634 L.55 256.2 70 0.2512 0.83 278.8
63 0.5867 L.66 280.7 70 0.2558 0.86 302.6
63 0.5720 L.59 304 .5 70 0.2793 - 1,00 336.8
63 0.5325 L.40 338.7 70 0.2633 0. 90 359.5
63 0.6280 L.85 361.5 70 0.2606: 0.89 374.3
63 0.6170 L .80 376.3 70 0.2846 1.03 398.4
63 0.6600 5.00 LOO .4 70 0.2875 1.05 L22.7
63 0.6965 5.17 L2L.6 70 0.3308 1.30 Lu6.5
63 0.7195 5.27 LL8.5 70 0.3552 1.44 475.9
63 0.7583 5.h4 L77.7
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TABLE XXVI

RESISTANCE DATA AND CALCULATED VOLUME LOSS FOR 5154~H34 ALLOY

Cell No. E 3 Cell No. E 24
Admixture 0.0l N NaOH ' Admixture 0.05 N NaOH
Decade Slide Calculated Total Decade Slide Calculated Total
Box Wire Volume Losgs Time Box Wire Volume Loss Time
(ohms) (in3/in?x103) Hours (ohms) (in°/in?x103) Hours
63 0.1947 0 70 0.2784 0
63 0.2018 0.06 0.2 70 0.2765 0.02 0.7
63 0.2885 0.82 12.5 70 0.3108 0.30 11.7
63 0.2981 0.90 22.4 70 0.2995 0.20 21.6
63 0.3238 1,11 L5.8 70 0.3182 0.37 L5.1
63 0.3478 1.31 82.7 70 0.3393 0.56 82.0
63 0.3652 1.45 93.3 70 0.3516 0.67 92.6
63 0.4211 1.89 123.0 70 0.3869 0.98 122.2
63 0.4228 1.90 141.7 70 0.3590 0.74 141.0
63 0.4336 1.98 166.8 70 0.3854 0.97 166.1
63 0.4491 2.10 . 214.1 70 0.4307 1.36 213.6
63 0.4L502 2.11 237.9 70 0.4308 1.36 237.2
63 0.4526 2.13 261.8 70 0.5278 2.14 © o 261.1
63 0.4602 2,18 345.2 70 0.6193 2.83 TV
63 0.4983 2.46 L05.1 70 0.6964 3.38 LOL.3
63 0.,5116 2.56 L29.4 70 0.7168 "3.52 L28.7
63 0.4806 2,33 L54.1 70 0.6998 3.40 L53.4
63 0.5315 2.70 488.8 70 0.7690 3.87 ,L88.0



Decade
Box
(ohms)

71
77
77
70
77
77
70
70
70
70
70
70
70
70
70
70
70

Cell No. E 19

TABLE XXVI (continued)

Admixture 0.1 N CaCl,

Slide
Wire

0.0888
0.7224
0.7465
0,0097

.0196
.0150
.0398
L0321
.0558
0442
.0950
.1028
0.1183
0.1104

sNoNoNoNoNoNoNeNe

Calculated Total
Volume loss Time
(in3/in?x103) Hours

HHHOOOOOOOOOOOOO

14
.36
.22
.26
240
A48
.31
27
.50
43
6L
-5k

.99

.05
018
<11

Cell No. E 17

102

Admixture 0.1 N CaCly-0.1 N NaOH

Decade
Box
(ohms )

70
70
70
70
70
70
70
70
70
70
70
70
70
63
63
63
63

Slide
Wire

0.7515
0.7477
0.8141
0.8085
0.8400
.8806
.8963
.8980
.8982
.9196
.9358
.9510
29956
0.3023
0.3185
0.3468
0.3043

eloNoRoRoRoRON®)

Calculated
Volume Loss

Total
Time

(in3/in?x103) Hours

-0.04
0.58
0.53
0.81
1.16
1.30
1.31
1.31
1.49
1.13
1.75
2.11
2.69
2.81
3.03
2.70



TABLE XXVI (continued)

Cell No. D 6

Admixture 0.1 CaClD—O.l N NaOH

Decade
Box
(ohms)

Slide
Wire

0.085L
0.0322
0.0897
0142
L1473
.2052
2177
.2350
.2700
.2828
.2907
.3185
.3312
.3600

oNoNoNoNoNooNoNeNoNoN®)

0.4080
0.4284
0.4786
0.5506
0,6526
0.6787
O 7457
0.8136
0.9278
0.6862

.3863

Ca
Vo
(in

lculated
lume,_ Los
3/in*x10°)

-0.36
0.03
-0.48
0.42
0.79
0.87
0.98
1.20
1.28
1.32
1.49
1.57

Total
Time
Hours
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Admixture

None

None

None

None

None

None

None

None

None

POTENTIAL MEASUREMENTS OF 6061—T6 EIECTRODES

Current
Density

M A/in2
1,0

005

0.2

1.0
0.5
0.2
1.0 .
0.5

0.2

*Mild steel anode used in place of aluminum.

TABLE XXVIT

Potential with Respect

to Saturated Calomel

Anode

-1.37
49.5
51.5
72.0
83.5

~1.27%
0.85
0.92
0.95
0.93

-0.72
5.70
742

10.80

17.40

-1.08
6ll- 020
74,00

-0098
32.1
38.0

"'0082
5.08
4 .00

0.75%
0.90
0.85

-0.98
6.10
Tob45

-1,22
Lo9
6.3

°

Cathode

-1.60
-1.80
-1.73
-1.71
~2.25

-1.78
-1.70
-1.64
-1.64
-1.66

-1.72
-1.61
-1.62
-1.63
-1.57

-109
-1.84
-1.76

-2.,02
"1077
-1.68

-1080
""1060
-1.68

—1085

-1.95
"'1088

~1.88

"le75
~1.70

—1075
-1.60

-1.55

104

Total
Time
(Hours)

69
118
213
287

69
118
213
287

118
213
287

118
Lk

118
143.5

118
2

L7
72

17
72

L7
7%



TABIE XXVII (continued)

Admixture Current
Density
M A/in?
0.1 N CaCl2 1.0
0.1 N CaCl2 0.5
0.L N CaCl, 0.20
0.1 N CaCl 1.00
2
0.1 N CaCl, 0.50
0.1 N CaClp 0.20
0.1 N CaCl, 1.0
~0450
10,20

#Mild steel anode used in place of aluminum,

Potential with Respect
to Saturated Calomel

Anode

"0050
-0.21
-0.10
-0.06
-0.01

-1.32
-0.09
-0.13
-0.09
-0.07

-0,07%

=0.17

£0.10
0.13
0.11

"0023
-0026

-0,16
~-0.23

-l ° OO T

0.96
0.03

-1.07

-0.39

-0.02

-0.18 .

-0.0L
-0.18

Cathode

-1.85
-1.83
-1.81
-1.69
=245

~1.72
-1,70
~-1.71
-1.72
"1072

-1.69
-1.60
~1.60
~-1.62
-1.63

"1078

-1,71-

_lo7o

-1.64

~1.88
- —l 0’58

-1.55 .

~1:77

=173

=17k

-1 80
"1061

;oS

Total
Time
(Hours)

69
118
213
287

69
118
213
287

118
213
287

118
143

118
1.3

72 :;:;

g2

é%g
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TABLE XXVII (continued)

Admixture Current Potential with Respect Total
Densit to Saturated Calomel Time
MA/in Anode Cathode (Hours)

0.1 N CaCl 1.0 -0,06% ~-1.74 0
0.1 N NaOH® 0.28 0.6l 69
0.34 -1.72 118

0.77 ~1,70 213

0.87 -1.73 287

0,1 N CaCl2 0.5 -0.54 -l,Zh 6O
0.1 N NaCH -0.08 -1.68 9
-0.18 -1.64 118

-0.30 -1.63 213

0.02 -1.35 287

0.1 N CaC12 0.2 -0,45 -1.61 O
0.1 N NaOH 0.10 <1.60 69
0.14 -1.63 118

Oooo -1062 213

-0.17 -1.59 287

0.1 N Ca012 1.0 =046 ~1.86 0
Ool N NaOH -0029 -1069 118
: -0.23 =1,67 RENA

0.1 N CaCl2 0.5 -0.46 ~-1.86 3]
0.1 N NaOH -0.21 -1.69 118
—On23 -1067 :]J+LP

Ool N Caclz 0'02 w——— -— 0
0.1 N NaOH 0.71 -1.60 118
—@. 06 ’l ° 58 Jl}ll

0.1 N Ca012 1.0 -0.45 ~1.78 0
O‘l N NaOH . —OuSLP F2»()]. Z.;,é)
-0.35 =2.47 72

0.1 N 03012 0.05 -0, 02% -1.73 0
0.1 N NaCOH -0.22 ~1.76 16
"Oolé _lu73 72

0.1 N CaCl2 0.2 -0.02 ~-1.75 0
0.1 N NaOH -0.22 -1.63 16
-0.16 -1.61 72

#Mild steel anode used in place of aluminum.
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