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I. AY X~RAY EXAMINATION OF THE IRON-COPPER SYSTEM

I. INTRODUCTIOR

The iron-copper phase diagram has been the subject
of much controversy., The greatest differsnce in opinions
occurs cohcerning the miscibllity of iron and copper in
the liquid state.

The usual methods of thermal and microscoplc analyses
have formed the basgis of previous investigations of this
gystem. Each of these methods detscts the presence of two
or more phaseg but nelther of them definitely establishes
the identity of all phases present.

The object of the present study was to apply x-ray
nmethods of examinatlon to certain seolld slloys of iron and
copper with the view of locating the region of immiscibility.
The rate of cooling of the alloys was falrly rapid. The
region of immisecibility detected, therefore, corresponds
to that which existed in the liquid state at the time of
golidification. More rapid rates of cooling and also higher
temperatures will be employed in fubture work.
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IL. HISTORICAL

A review of the lliterature shows no previous work
on the applicatlion of xz-ray methods to the study of any
portion of the iron-copper system, The work thsat has
heen done on this system wes based entirely upon thermal
and mlieroscopic observations,

Considerable controversy has occurred between some
experimentors using the same methods. Chief smong these
was the heated argument betwesn Ruer (1) and FHuller (2)
concerning the miseibllity of 1liquid iron and liguid
copper al temperatures represented by points just above
the liquidus curve on thelphase'diagram.

Ruer and Soerens (3} have determined that the mutual
solubility between iron and eopper in the liquid state
decrenges with increasing btemperature., Seomingly sap-
parent contradictions to the phase rule exhibited by
their experimentally determined diagram are explained on
the basis of the system acting =9 a ternary one, The
limits of miseibility of iron and copper in tihe liquid
state ot the melting poink are given as 25.8 7 and 8b%
copper, Separation into two layers takes wlace only when
the sysbtem iz heabed 20° or more above its melting point.
Otherwise the two mebals remsin emuleified., '"his type of

diagram, shown in Pigure I, would result from the inter-
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gection of a miscibility gap in the liqgquid phase with
the liquidus line of the phsse dlsgram. The phase dla-
gram offered by these authors is identical with the one

given in the International Critical Tables.
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On the other hand, Miller (2),(4) came to the con-
clusion that there was a misclibility zap in the liquld
state whieh had a lower critical point at about 1500° C.
Muller?* s proposed dlagrsm is shown in Pigure II,

Ruer claims that Fuller’s results are due to the
presence of impurities, If z lower critlcal point ex-
igted, then the two phases separating should become
identical in composition at this temperature, On slow
cooling to 1445% ¢, and with vigorous stirring, Ruer
Goerens 4did not suceceed in obtaining complete misci-
bility.

Benedicks (5) points out that an intersection of
the miselibility curve with the liquidus curve appemrs
abgsolutely possible, The decreage ln mutual solubility
with increasce in temporature is explained on the basgis
of a larger temperature coefflclent of atomic volume
for copper than for iron, At low temperabures the atomie
volume of copper is smaller than that of iron, However,
the possiblility exists that by inereasing the temperature
the difference in voclume becomes important encugh to
cange a reduction of the mubual solubility.

Benedicks proposed the diagram shown in Fig., ITI
which, he says, confirms the interpretation of Muller
without conflicting greatly with the observations of

Ruer and Goerens.,
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11T, WXPLERIMERETAL

A. Preparation of Alloys,

The alloys used in thils work were made by melting
together pileces of Armco iron rods and elechrolytic
copper of high purity. The melting was carried out in
a magnesia crucihle in connection with an Ajax induction
furnace. The magnesia crucibles were made by molding
moistened magnesis into form inside g graophite crucible
end then, after drying, the crucibles were balkted at aboul
1700° C. for approximately one hour. A modification of
this method , using 107 MgCly, has been sugzested by
Jordan, Peterson, and Phelps (6)., The graphite erucibles
were 4 inches in length and 1 1/2 inches in inside die
ameter, The walls and bobtom of the magnesia lining were
about 3/8 inches thick.,

About 15¢ grams of iron and copper, in the approxi-
mate ratio in which they were desired in any particular
malt, were charged into the magnesia crucible snd melted.
& continuouns stream of nitrogen gas was peassed over the
surface of the melt to prevent oxidation of the charge.
This method was used by Ruer and Kushman {7) and also by
Ruer and Fiek (8) in the preparation of thelr smples,

The low per cent copper alloys were prepared by

melbing the iron separately and then adding the copper.
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This proceedure lessened the danger of oxidsatlon of the
copper by shortening the time during whiech it remained
in the erueible, After the charge was complebely molien
and the copper had bsen added, about 10 to 15 minutes
were allowed for the melt Lo become wnlfcmmily mixed, The
current was then shul off and the melt allowed to eool
until it could be removed from the furnace. The samples
were then ground on an emery vheel in order Lo remove
the ontaide surface, The finished sample was aboubt £
inches in lengbth and 3/4 inches in dimmeter,

A gqualitative chemical analysis of several of the
alloys showed that no Impurities had been introduced

during their preparation,

B, JAnalysis of Alloys.

The alloys were aﬁalyzed for per ecent copper accord-
ing to the method given by Lord and Demorest {(9). The
iron was romoved as Fe{0H), and the copper determined
by the leodlde method., Three check determinations were
made and the aversage per cent recorded, The reaults of

this analysls are given below.



TABLY I,

s : :
: Alloy 1o, % ou 1 Alloy Xo, 7 :
H 1 1edb : 55 D4 84 H
: P 1.48 : 60 DL 428 :
H 5] ey : F535) 72,58 H
H 4 445 H 70 74,91 :
H & 4 o Gk : 75 B e ol H
H 15 13,02 : 30 83,59 :
3 28 15.08 H 85 87 .85 H
b S0 26,11 : Q0 90,15 H
H D4 B2 408 3 Qg GO 420 H

Co lleabt Treabment of Alloys,

In order to determine the effect of heat treatment on
the structure of the alloys, each smaple was cut into two
nleces and one plece of each sample was placed in a2 Hump
apmealing furnace. The temperature of the furnace was
maintained at 1700° C, for a period of twelve hours. Then
the current was shut off and the samples were left in the
furnace until they had cooled to room temperabure before
being removed,

The furnace temperabure was regulated and recorded by
moeans of a Leeds and Northrun avbomatic recorder in cone-

junction with an iron~constanbtan thermocoupnle,

D. ZXZ-Ray Photography of Alloys.

An z-ray punotogram was made ol each alloy as cast and



of representative alloys after they had been heat treated,
The photograms were medes by the Hull-Debye~Sherrer method

on a General Blectrie Multiple Diffraction spnaratus, The
x=-vays were gonerated by a Coolidge-type =x-ray tube having
a Holybdenum target., The samples were obbtalned in the form
of Filings and were mounted on the casettes by means of thin
zlass tubes sbout one or two millimeters in dilameter. The
gverage length of exposure was 24 hours,

The photograms of the original alloys, as cast, are
showvn in Figures IV %o XII, Photograms of the heabt treated
samples are shown in Pigures XITII to XVIII.

The follewing table gives the composition of the various

alloys and the number of the phobogram corresponding to it,



TABLE IX.

Alloy % Cu Figure flemarks
" Fumber Humber
& 4,64 IV a As cast
tu 100,00 ivoy As cast
1 1.15 V a As cast
2 1.48 Vb As cast
3 ZeHG Vi a As cast
4 4,43 VI b As cast
83 18,08 VIiI a As ecast
S0 26411 VIl b As cast
50 DE 408 VIII a As caab
55 hd L84 YIiIi b As cast
76 4,91 IX a 48 caat
75 B e IX b As cast
8o 83,359 X a A casb
i85 154,08 b As casth
35 a7 .85 X a2 As cast
9y 90,12 XI b As cast
bl (e 00 AIT a Ag cast
96 DO ¢ 26 XIt b Ag east
& 4,84 FITI a Heated
15 13.042 XIII b Heated
28 18,05 XIV =» Heated
50 2Ce11 XIV b Heabted
50 BE 468 XV a Heated
Hhb 94 o 34 XV b Heated
76 T4 UL XVI a Teabed
75 224,31 VI D Heated
30 BEReS X¥II a Heated
85 37 35 XVII b Heated
96 6,26 AVIII a Heated
20 Q0,12 XVIII b Heated

fe Photondicrographs of Allova.

Photomicrograpns were made of each alloy for which a
photogram was Laken. 7These photomicerographs are shiown in
Piures XIX to XXV, Dach sorple was ebehed with 57 nibtrie

acid in alcohol solution for & seconds, The magnification

in each case 1z 220 diamocbers.



{a) {b)
Fig. IV




i R

(a) (Db) (a) (D) (a) _ (b)
Pig. VII Fig. VIII Fig. IX
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(b}
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(a)
Fig. XI

(b}

(=)
Fig. XII

(b)
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) : ; (b) (a) (b
Pig. XIII Plg. XIV Fig. XV )

(a) {v) (a)
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(a) () {a) {b) (a) (b}
Fig. XV Plg. XVII Pig, XVIII



Fige XIX  Sample 15 Fig. XIX Sample 15
Az eant 13,027 Cu Hosted 13,024 Cu

Fig. XX Sample 22 Fig. XX Sample 22
Az cast 18,059 Ccu Heated 18.05% Ou



Fig. XXI  Sample 30 Pilg. XXI  Sample 30
As cast 26,117 Cu Heated 26,119 Cu
e

o

Fig. XXII  Sample 55 Fig. XXIT  Semple 56
As casgt 54,849 Cu Hosoted 54 ,.84% Cu
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Fige XXIII Sample 70 Fig. XXIII Sample 70

hg cast 744917 Cu Heated Y4.91% Cu

ample 80 Pig, XXIV  Samnl
gfgSJ Cu ﬁaﬁteﬁ 85.39%

Pig. XXIV
Asgéast g

80
Cu
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Flg. XKV Sample 90 Fig. XXV
As cest 90,127 Cu Heated
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IV, TREATWENT OF RISULTL AND CONCLUSIONS

An examinatlon of the phobograms of the samples as
cast reveals three distincet types of results, The high
per cent copper alleys do nobt give any indication of
iron lines in the photograms. The low copper alloys
show only iron lines, Then there is a reglon, of approxie
mately equal per eent composition, over which the photo-
arams show both lron and copper lines,

As sbanderds for reference, photograms were made of
nure iron and pure copper, Waen checked sgalnst these
standards, the photograms of the iron-copper alloys show
no lines which are not given by one or the other of the
pure matals, Hence only two patterns, that of pure copper
and that of pure iron, are to be considered.

It is evident from a study of the x-ray photograms
that the copper lines make their [irst appearance in the
caze of sample nmumber 22, o trace of copper lines is
noticeabhle for sample number 15. This Indicates a change
of structure in passing from sample number 15 to sample
nunber £2, These sawples conbtain 15.02¢ Cu and 18,057 Cu
regpectively. The photogram of sample numbsr 22 shows all
the lines of bobth iron and coppor,.

As we examine the high per cent copper alloys, we

find only copper lines Tor the samples numbering above 80,
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The change 1is somewhat more difficult to detect than 1t

wag for the low per cent copper, This is probably due to
the fact That copper shows more lines than iron. 4 close
examination, however, shows bho first appearsnce of iron

lines a2z we pass from sample number 80 to sarmple number

¥

75, These samples correspond to 835,307 Cu and 02.01% Cu
reapectively.

These results indicabte that a miseibility gap does
exist, ‘"he region of Immiscibility bogins between 135 and
187 ceooper on bthe low ner cent copper side of the diagram
and continues up bo bebwesn 82 and 847 copper on the high

1)

per cenb conper side of the diagram. These results are
in fair agreement with those of Ruer and Goerens (35) for
the upper limit bubt vary conaiderably for the lower limit,
Huer and Goerens gave hthe limits as 235,87 Cu and 857 Cu
rogpaetively,

Copper crystallizes in a2 face-cenbered cubic sysbem,
Clerk {(10) gives the value of the edpge of the unit cube
for copper as equal bo 3,803 AU, The ecorresponding

value for garmma iron, which also eryastallizes in the face=-

centered cuble system, is 3,82 AU, These cubes, therefore,

j~

areg not very mach different in size and solution of esch
element in the other 1s not surprising, ¥vidently the x-ray
pattorn of the solvent, in this system, is the only one

shown untlil the concentratlion of the solute reaches approxi-



mately 15% by weight, This marks the appenrsnce of a new
phage.

An exaringtion of the pholbograms made of the heat
tregbed semples shows resulbts ldentieal with those of the
samnles az caabt, Prom this, we coneclude that either the
time of sanmnealing was insufficisnt or thst heat treastment
had no effect on the structurs of the alloyg,.

In order to obltain fMirther informabtlon concerning
this last mentioned point, ssmples of the alloys, both
pefore snd after hest treabment, were examined mlcroscopil-
cally. A study of the phobomicrographs shown in Figures
XIX to XXV indiesbtes that the smealing process hags gsbarted
some changes, Evidently the time of annealing was not

suffieclient, Lsck of time has prevented further work on

[

his point, but it is hoped that fubure work may be done
to determine the offech of heat treatment on the limibs
of miseibility sz found by examinstlion of the unheated
sarmles,

Swrmarizing, we may ssy that the results obtained
seem to confirm the results of Ruer and Goerens ag to the
exisbence of an Immiscibllity gap. A fair agreement as to
the limits of miseibility was obtained, Annealing at 1700°
Centligrade for twelve hours evidently starts some change
of astruecture, but the change 1=z not sufficiently advanced

to be detected by xeray methods.
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IT, A STUDY OF THE CORROSION OF GALVANRIZED SHAELT IRON
I. INTRODUCTION

The large and inereasing tommage of metals subject
to corrosion in the industries has brought the question
of conservation to the front as a major englneering prob-
lem. In the o0il indusbtry alone, losses and cost of main®
tenance of pipe lines, tanks, and oil refineries amount
to millions of dollars per year. Considerable losses have
been experienced by the manufacturers of sheet metal to
be used for culverts, water tanks, etc,

Prevention of corrosion may be worked out along three
lines: (1) by developing more resistant metals, (£) by
reducing the corrosive character of the environment, or
{(3) by the use of more staeble protective layers of
materials which are cheaper and mueh more resistant than
the metal,

The present study is concerned wlith the second of
theszse methods and was undertaken with the objeet of 1so-
lating a2 certain range of gaz compositions most f{avorable
to the progress of localized, or “bu6kshot“, corrosion.
This type of corrosion, sometimes referred to as pltting,
oceursg quite generally on galvanized sheet iron. Rust
spots form on the surface of the metal and the corrosion

gradually advances untlil a small hole, about the size of



D
a shot, has beon formed. In the case of large water tanks,
these holes appear first near the bothom of the tank. The
corresion products usually colleet around the pit in the
form of a tubercle, or they may stream from the pilt and
atart carﬁoéion at other points. Xvans (1) describes this

phenomenon as point corrosion.



ITI. HISTORICAL

A review of the literature reveals but very little
information concerning the effect of subjeecting 2 metal
to varying compositions of the asbtmospheric gases, oxygen,
carbon dioxide, and nitrogen. Carbon dioxide (2), oxygen
(3), and electrochemical action (4) have been regarded as
the cause of the corrosion of iron, Arndt (5) states that
when rusting begins it spreads with inereasing rapidity,
by the galvanle actlion between the rust and the metal. A
surface covered with rust is not necessarily protected
from further corrosion beeause the coating is usually
porous and the oxygen of the alir penetratez it. Gunderson
(8) found that, in order to inhibit corrosion, the hydrogen
ion concentrastion should be reduced to a low value, or
oxygen should be removed from the water in which the metal
was gubmerged.

The work of Shipley and MeHaffie (7) also shows quali-
tatively the influence of oxygen. At a pH of ¥.4 and in
the absence of oxygen, bhey found that corrosion occurs
and that the rate of corrosion increased directly as the
hydrogen ion eoncentration. The presence of oxygen acceler-
ated the corrosion due, they say, to the oxidation of

ferrous ionz to form ferric hydroxide, thereby increasing
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the hydrogen ion concentration.

Friend (8) exposed a cylinder of polished iron or
steel to air enclosed in a flask over pobassium hydroxide
gsolution. The surface was not tarnished althouch it was
kept constantly molst by condensation of the water vapor
rising from the warmed pobtassium hydroxide solution.

In an investigation of the influence of oxygen and
carbon dioxide on the corrosion of iron in water Inamura
{9) has shown that the corroslion depends on the presence
of oxygen in water free from carbon dioxlde and that
carbon dloxide accelerates corrosion in the presence of
oxygen. Corrosion may proceed in water conbtaining carbon
dlioxide in the absence of oxygen.

Bablik (10) holds that the protective action of zine
coatings does not depend on the formation of a galvanle
couple between the zinc and the base metal, as none of the
latter should be exposed if the galvanizing has been proper-
1y done. It is most probably due, he says, to the formation
of a thin, tenuous film of zine hydroxide and basic zine
carbonate on the surface of the coating. The presence of
any substance in the abtmosphere which wlll dissolve this
coating tends to cause local perforations of the zinc and
the setting up of local currents which eventually destroy

the metal,
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After watching the development of rust by means of a
binocular microscope, lanson (11) came bo the conclusion
thet electrolybtic action begins in the presence of water

sccording to the equation:
Pe + 2H' (ionie) + 2(0H) "= Fe™ ¥ (ioniec) + 2(0H)™ + H

The product of this reaction, Fe(OH),, forms a film on
the metal and proteets it from further corrosion. Carbon
dioxide then reacts with this film ferming ferrous carbone-
ate which is later precipitated in the form of ferric
hydroxide, when oxygen of the alr dissolves in the water,

Hicks (12), using Malin’s number 10 Music Wire ,
tried the effect of dry oxygen, dry ecarbon dioxide, moist
oxygen, and moist carbon dioxide on the rate of corrosion.
His results are glven in the following table,

Prom the table 1t will be seen that the moist mixture
of oxygen and carbon dioxide 1s the most active., However,

no attermnt was made bto determine the optimum concentrations.
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TABLE I.
i Gas in ¢ Days Lo T increase in ¢ Romarks
: Flask : reach constant: weight s
: : welght : mg/sq.em. s
1 s 256° 0° 3 25° 0° 3
tDry Og 1 O o : None HNone : From tanks
: H H ;3 dried Dy H;S50,4
tDry GO0 ¢ 5 5 : Jone Kone : Same as sbove
:Dry Og +3 : :
: s D 5 : Hone Hone : Igqual volumes
tDry ainr,: : :
tC0, free: 5 5 : None Xone : Dried as above
tHL0 : H s+ Test plece hung
s vapor ¢ O s} ¢ None HNone : over H,0; air
b : H : removed by Hg
tMoist 0, 10 7 P 0«3 2,0 : Hung over Hz0
H H H : sat, with 0,
tMoist : : + Hung over H,0
1 COp ¢ 12 g s 1.1 D6 t sat, with CC,
sHolst 0g: : : Hung over H,O0
t +G0g s 10 8 P 2.7 1o.2 1 Gas-flow rates
s : s 1 equal
:Kolst : o : s Alr bubbled
: air P 84 13 s 1.2 1.1 ¢ through HgO

Recent results of Cox and Roetheli (13) led these

authors to the conclusion that
in oxygenasted water are approximately proportional to the

oxygen concentration below concentrations of 5.5 e.c. per

t

corrosion rates of steel

liter, while at higher conecentrations the rates ef cor-

rosion are conslderably lower than those demanded Ly a

)
strict adherence to the linear relationship.

at 99 a8

20 @8 G0 GF &N BP AR S8 S0 4l 4% PP op 2 op U6 E A% &9 §% DT
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ITI. EXPERIMENTAL
A. Preparation of Ixperimental Set-Up.

The corrosion set-up included three sets of twenty
sample cans each. The sample cans were made from 18 gauge
galvanized Armeco sheet iron. The sheets, after being cut
to the desired size, were rolled into shape. The sides
woere lapped one inch, riveted, and then soldered. The
bottom was soldered to the can and the top was held in
position by means of twelve 3/16 inch bolts, A 2-inch
hole through the top, fitted with a rubber stopner, served
as bthe inlet and the outlet for the gases., A double rubber
gagket was used to make the top water tight. The cans were
filled to within twe inches of the top with conduectivity
water, Four wabtch glagses were placed syrmetrically, convex
side downwgrd, on the bottom of each can. Tach sample can,
when finlshed, measured 23 inches in heipht by © 1/4 inches
in diameter,

Fach set of sample eans was lmmersed in a thermostatb
tank which was made of the same material as the cans. The
aize of each of these hHenks was 60 inches in length by 45
inches in width by 28 inchezs in height. Fach bank was
equipped with o heater and a stirring device.

The corrosion samples were also made from 18 gauge

galvanized Armeco sheet iron. The size of each sample was
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9 inches In length by 2 inches in width. TFTach sarple was
perforated at five points on each side by means of a small
power drill, It was intended that the perforations should
just penetrate the zine coating. Sixteen of these cor-
rosion samples were placed in each can and were supported,
by means of glass hooks, on a framework suspended from the
top of the sample can. Bight of the samples were arranged
circularly at the tpp of the sample can and the other
eight placed likewise at the botitom. A photograph of this
arrangement is given in Figure I,

Pregsure cans for holding the gaseous mixtures were
made similarly to the sample cansg with the exceptlion that
both the top snd the bottom were soldered to the can. These
cans were soldered extra heavy in order to withstand a
pressure of two atmospheres.

4 photograph of the entire set-up is shown in Figure

11,
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Be Oneration of the Corrosion Seb=Un.

The corrosion experiment extended from ¥arch 1, 1931
to July ¢4, 1931, In gén@ral, the experiment consisted in
exposing samples of 18 gauge galvanized Armeco sheet iron,
submerged in conductivity wabter, to the action of certain
mixtures of carbon dioxide, oxygen, and nitrogen gazes.
The compositions of the different gaseous mixbures used
are given in the following table, The gases were taken

directly from the commerclial steel cylinders,

TABLL I,

: Mizxture 3 : : :
:_oumber 3 9 COg i 0 oog : 7N :
H i) : 0.00 : 5400 : Oh L0 :
3 2 $ 0,00 H 10.00 : QU LU0 H
H S H (.00 : 15,00 : 85,00 :
s 4 : 0,00 H 20600 : BC .00 H
H B H 0.00 : 2500 : 75400 H
K H H : :
: G 3 003 s 5,00 H 94,97 H
H 7 H 003 z 10,00 H 89,97 :
H 8 H Q03 : 15,00 : o4 2% H
H 9 : Q.05 H 20,00 H 79497 :
2 10 H 003 : 25 400 : 74,97 H
2 s : : :
H 11 3 D408 H 500 : Q4,04 :
b L& : (0 4 06 H 10,00 : 80 W04 :
H '3 H (}006 H 15 .?‘O . 8’1 094 H
H 14 : 0,06 : 20,0 : V904 :
3 15 : 0,006 H 25 4 0C H 74,904 H
* - * * .
: 18 : 0,10 : 5.00 : 04,90 :
: 17 H (el0 : 10,00 s 438,90 :
H 18 3 04,10 t 15,00 H 84.90 s
H 19 H 0,10 : 20,00 : 79,90 :
H <0 : [P Re) : =5 400 : 74,90 H




The compositions of the different gaseous mixbures
and the rate of bubbling of the gases through the sample
cans wore checked dally. The gases were forced through
the sample cans by means of the pressure reservoirs which
woere kept at about two atmospheres. The rate of bubbling
was adjusted so that the gases entered the sarmle cans at
the rate of one bubble per second, az measured by zlass
Bips with an inslde diameter of about one millimeter,

The gases enbtered the sample cans through the small
glazs tipsg placed midway between the upper snd lower
3&mplea.‘ In order tp prevent any bubbles of the gases from
becoming abtached to the upper set of samples, sections of
zalvanized pipe were suspended { by a chromel wire) around
the gaa inlets, These sections of pnipe were U inches in

lengtn by 2 Iinches in diameter and they extended from the

s

level at which the gases ontered to within £ 1/2 inches

of the water level. Figure IIb shows the pipe in its position.
The temperature of the sommles was held within two

degrecs olther side of 2¢° 8., On the average, the temper-

ature was quite constant at 26° C,
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IV. OBINRVATIONS

Y

A, Corrosion of Samplesa,

An examination of each corrosion sample was made.

The number of perforations which had been attacked on each

sample and the degree of corrosion were noted,

The pH values of samples of water from both top and

bottom portlons of the sample cans from sel-ups one and

two were determined,

The pH values were determined

colorimetrically by the use of a set of Lallolte standards,

Sarmles of water

from the middle portion of the sample

cans from sete-up btwo were tested for total dissolved solids,

The resulbts of these observabions are glven in the

following table,

TABLE III,

The notation for sample numbers is as follows:

25
40
65
oy

EY &
By
i)

Og0=

i

o

Puon

set number
set number
set mumbeor
Top sample from can number 4
Bottem sample from can number 1
Wew sample _
0l¢ sample which had been used
previously abt 40° for three months

L RSl o)

Thus 40 T, 04, represents a top sample from

can npumber

4 of set number £ and which had

been used previously at 40° for three months,



TABLE III {continued)

Sammle COg Og Hg pH Points of Relative
Number Corrosion Corrosion
26 Ty X G 5 go 70 O=mO=0m0 0
25 Ty Ogg 50«95«10 P
256 By W 71 Q=(=Q=( 0
235 Bl Ogg 0-0-0-4 4
40 T, N 0 5] 96 6.9 16~8~10=5 33
40 B, W 6.9 10=2=9=5 26
40 By 04, 10-9-10-10 59
55 T, W O 5 95 O=10=8-8 33
55 Ty Oap 7afaBab 26
55 By W 4mGmOmi) 27
55 By Ouo 9=10=56 33
25 Ty N 0 10 90 7.2 OwOmdm0 4
25 Ty Ops G=0m0al 36
25 B W 74l 0=0=0=0 0
40 Tg Ogq 10-9=9=8 36
4:0 }3«;} }g 6.9 4'5-‘3"‘0 ,7
‘,}:O 12 ’:}4:0 4:"'4:"2-2 12
155 1}}{3 {}&g 5"8“10"7 50
55 By ¥ 7=2«10-8 27
55 By Og GmBmTm 25
25 Ty N C 15 86 7ol 0e(i=0=0 0
285 By W 7eld OmGm (=} o
25 }.555 {}535 5"8-5-(} 21
40 Ty N 0 15 85 W15 3=9=0-4 2
40 By N 740 OO0 0 0
40 By Ouo bmQwBm0 10
55 T4 M 0 15 85 OmBed=( 5
55 Ty Ogo QmOm Gmdk 7
55 By N Dm0 7

55 By Oso 2a0=T=p 11



Diassolved

Zolids

]G
TABL™ III (continued)

Remarks

0.0185

0,0386

00050

No action

Medium - only 1 real btuberclo
Ko action

Very slight « just started

Strong - 16 tubercles starting
Strong - no closed tubercles - mich streaming
Very slight « rust just started
Very slight « rust just started

Medium - 12 small tubercles
Medium - & small bubercles
Hedium - ¢ small tubercles
Fedium - 1 small tubercle

Very slight - rust just started
Medium -~ 4 small tuberecles

No action

Very slight - rust Just started

Hediwm

Kedium -« 1 tubercle - streaning
Very slight « rust just started
Very slight - rust just started

Hedium - o tubercles
Medium

Slight - 3 bubercles
8light - rust just started

No action

Medium « stresming -~ L0 small tubercles
No action

31ight

Medium « 2 tubercles

Strong - streaming - 17 tubercles
No aetion

8light « rust just started

3light - rust just started
8light « rust just started
3light « rust Just started
31light - rust just started
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TABLE ITI (continued)

Polints of Relstive
Corrosion Corroslon

Senmple
Humber

Chg G ® u e ‘QI{

3 ]

2t T, N 0 20 a0 7.1 O=OmOmd 2
25 Ty Opg GmlO=8=8 74
20 By H 7.0 OmQe=0mG 0
f-j«r) )‘3& O:gz; O-'G-O-O O
40 T, W O 20 SIN 7olh emlewdmd 19
40 T, Oap Ge'uB=8 50
40 By M Tel  0mO=0=0 0
40 B, Oup 0=0=0=0 Q

5 T, ® O 20 a0 Qe me o ], 8
55 T, Ogg bt mBel 16
55 By W Lel-l-4 8
55 B, Oap 7efe6al 19
25 Ty W 0 25 75 7.l TelGeDed 55
25 rj?s {}335 10"10*16"%) 159
25 Bg N 30l 0=Bm0=0 3
2’35 Bg, C‘gvr:; 9“10“.()“’/ t’el_s
40 Tg ¥ O 2 78 7 el CmDm 2l
4G Ty Ogo QuCmB~E 33
40 By N 7¢2  O=(m0=0 0
40 By Ogo Om0mQ=C ¢
55 T W 0 25 75 Om Qe i t
555"‘ F.‘i,‘f; C"’:Q 8"6‘-1"3 18
5B By H Tmlmbmb 18
55 By Ogo H=E=10=7 28
&b Ty W 0,035 5 05 Ted Qul=Ea0 &
256 Tg Ugs 10~9=8=8 s
05 Bg W 7e0  0=0=0=0 0
25 Bg Oung 10=5=0-10 25
40 Ty ¥ 0,05 5 oh 7«2 lwdmZml) 7
40 To Ogo 6=7-0-3 2
40 B, N 7e2 (mGmOm0 0
40 Bg Oao OmG=0=0 "
55 T4 N 00 5 956 GmSm - 15
55 Ty O4p BmBmGmd 2
55 Be N T 10
55 By Oao BealTeimb 29



Dissolved
Soli@g

] S

PTABLE III (continued)

Remarks

00100

D.0056

31ight « rust just started
Medium « 10 tuhercles

Yo metion

Ho action

8light -~ 2 btubercles

Medium -~ & tubercles -~ streaming
Ho =zetion

Ho actlon

Very slight « rust Just started
31isht
31ight
$light

Medivm -~ 15 tuberclesn
¥edium - 25 tubercles
Very slight

Fedium

Yedium = 1 hubercle

Medium -« 3 bubercles -« streaming
H#o action

Ko action

31light - rust on edges
311 ;g;ht

Very slight

Very alight

Very 2light

Medium - © tubercles - streaming
o action

31light

31light

31ight - 1 tubercle
Ho action

No action

Very slight « rust just startoed
Very slight - rust just started
Very slight - rust Just started
3light
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TABLE IIXI (conbinued)

Humber GCorrosion Corrosion
2D Tg 1 0.08 10 00 741 Se10~8=9 5
25 Ty Opg 10~10=10-10 40
“25 Be N 7 ek OwBmBed S
£5 Be Ops 9=Owl0=10 38

LG o W 6,06 10 90 7.0 VOl =5
4 f‘"'? Dn o 3 ary
O %L O et e 06 5

R 40

40 By W© 740 O=Q=0=0 0
a0 Z’;? Q&Q o Lo SO
55 Ty, ¥ 0.05 10 g0 SmbimBe 15
55 T., Oao lalamb 9
ED By ¥ fmGmlad 10
F"{) 1%7 0&9 3-“2-6-'7 16
25 Ty ® 0.0 15 85 7.4 CwmDwm Gl 7
25 T, Cpo o Bl 03
25 By N 7.2 0202080 0

:‘:5" E‘B Ggg O-G-}.-O 1

40 Ty N 0,08 15 85 V.7 10m7wbas o1
46 Tg Ogp G Gm B 7 2

Le
40 By N 7.1 Om Om0m0) )
40 By Oap 2w0m2m0 4

Tg W 008 5] ab Emdm(e2 G

fing

e 3‘@ [

55 g O fmBele0 5
;,,_. 8 ; 4 n (¥ - L
55 By N 0=0=0=0 0
55 By Ogg ledebah 15
ah Uy 1 0,03 2 S0 Tel 2=-080=0 2
fr??} {3"5 G‘;’;s 0“1“4:“1 6
Fa® e 3

&
3
0
Serers
=
~3
.
)

\ Qe Qu(m( )
o Ces G Om GOm0 s

»,
R
;:;J ord o

40 T4 W 0.03 20 80 7.1 Om0=0=8 5
40 Ty Oug L= Qebmb 15

40 By W Tel5  QmQ=0=0 0
fi(? R’r@ G@Q C’-‘O-O"‘G 0

B Ty W 0.05 20 e Qm=D=0 ¢
55 B, W 5=0=0=0 5
55 Dy 040 0=1~0=0 1



Giazolved
Soelids

TABLY III (conbinued)

00138

0,0085

Hoediwn -
Strong -
Glight

Hediwg -

Hedium =
Yedlum -

21 tubercles
57 btubercles - sbtreaning

20 tubercles - atreaming

9 tubercles
18 tubercles

¥o action

3light -

3light -
Slight -
2light -

Jlight -

Very sli
¥Medium

Z tuberclesn

rust just starbed

rust just started -~ 1 tuherele
rust just starbed

rust Jjust sbarbed
ght - rust just sbarted

Ho action
%o actlon

3light -
Medium

Ho actio
Veory sli

Very sli
Very sli
o actio
Slight -

Very ali
31light
No actio

2 tubercleg
I 41

ght
ght

cht
141
rust Just started

1
&
o
@
<

Just started

i
%
&
@
ot

Just started
Juast started

]
3
u
ct

¢ht ~ rust just started

)41

Ho achtion

Very sli
51ight

zht

¥o achtion
Wo action

3light -
Very sli
Very s1i
Very ali

rust just stated
ght « rust just started
ght - rust Just started
ght = rust just started



TABLY III {conbtinued)

Sormle GOgp Og [Ap8 BH Points of Helative
Humber Corrosion Corrosion
a5 Ty N UeOS 25 75 £.9 lawlewl-0 3

20 U 90pg Swlamd w&

25 Bleﬁ Vel 1w G & 9

s
N

40 T, N 0.05 25 75 el  l-leieg
40 7 10 Qﬁ: & Q=Qw(=0
By N 7,1 lale0«0

1=0«0-0

IO

0003 f5 75 \f"‘ "‘t)"'{: 11
il Qb 14

Colwdml 6

T o e Sy O 1o

0,06 5 Go Tel Omilemzell )
Gallmb=7 26

Tel Q== 0

1-0=6=3 16

4G W a N 0406 5 95 Telh (=Qw(-0
‘J:(.?‘ g};’il(},azc i)-Q*Q-l
40 By 4N 7 ol g ¢ Py Sy
4C 3110‘&@ 020"0"0

oo

B5 Ty 4N 04,06 5 ah G=l=0=C
fl‘f,k 'i.gnl(}&g 4:"4:"‘4-2 1

5D Baa N Hmlw(wl
By104s0 Lo o D ()

25 T oW 0.06 RRY Q0 Ge9 O Qw00
£} 'i‘g)a@;gg 2"‘&“8"5
l O"‘ - \./

e

DOHOC ORI

‘f’ O f;l 3 g}:{ ¢ » G6 3.. 0 e 9] Dwlim O" G
40 Typ044 Bmiwmlml
40 BiaK 7 o4 Qo G GO
4C BipOgq 0=0=0~0

(.;:';
<
v}

ot
CcCOTO

50 Wygl 04006 10 20 SmdmS=1 11
55 Byph Cmleded 7
BE By nOge 0=5=0=0 3



Tilissolved
Solids

TN
St WTVL

TABLE ITI (conbtinued)

Homarks

G 0086

C.0180

31light - rust jJust started
Fedium - 15 small tubercles

No action

3light - rust just started
Very slight -~ rust Just started
¥o action

Very slight « rust just startoed
No action

5light «~ rust just starbed
31ight rust Just started
Siight rust just started
31ight rust just started

]

i

t

51ight - 2 small tubercles
Medium ~ 18 tubercles

Ko acktion

81ight - rust just started

No action
Ho action
Ho asetion
Ho zetlion

Bo action
31ight - rust just started
Very slight

Very slight - rust just started

Ko action

¥edium -~ 12 bubercles

o action

8light - rust just started

Ho action
8ligznht

Ho action
Ho action

3light - rust just started
Slight - rust just sitarted
51light = rust just started
Slight - rust just started
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TABLY III (continued)

Sample 004 Og We pH Points of Relative
Number Corrosion  Corrosion
25 Tyl 0406 15 85 7,5  0=0=1-2 3
235 Tli’:ﬁﬁs 7"4-3"2 15
3.35 I;lgﬁ */7-15 0"'0"0-0 6
05 ng(}gﬁ G""O"O"O 0
40 T, gN 0.006 15 85 Te7 OmOmQu=( 0
4@ TlgO%g 4:"'6"9"'5 24
40 BygN e QeQw(=0 O
4{} .81;504,{) 5"'0-0-2 7
o8 Ty al 0,06 15 85 Que(w(m0 O
:}5 1111304‘0 10"7"6"8 31
55 Byl GuOml-l 5
b Ty N Ca06 20 80 SPRY QuQw(=0 0
2»;5 ‘1‘3‘4025 1-7’5‘2 15
wh quti\:f rio"z Qu(jw 0= O
25 By g0ao dem0=0 v
40 Ty aN 0406 20 80 7,25 1l=Be=Y=0 11
4@ ‘T;AGM 0"2"2".7 11
40 By N 740  Om0=0=0 0
‘.‘3:0 Blé{)%e O-O-Q-Q O
D5 Wi,aW 0.06 20 80 bdwleial e
55 T14040 1=0=0=0 1
55 ByoN SwleCel 7
«65’) 5140*9 1"5*0*0 4
25 TygN 0406 25 %75 .0  8ed=Ta% 26
25 Ty6040 €=10=10=10 36
«5 Bygl 649 TGl Q= 54
25 Bys0a0 8=10=10-10 58
40 TygN 0,06 25 75 7,1 8-10-7-8 55
40 Ty 5040 mBmYm 32
40 Bygh €eQ  0mQ=0=O= )
40 Bys0a0 OwQm0=0m o
55 TN 0.06 2h 75 Omlwm]l 4
513 TlSO‘&Q 4‘"5'4"4: l’?
55 BN Omle=lel 3
SS }3;50&9 0‘1"1‘2 4
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TABLE III (continued)

Dissolved Remarks
Solids
Hlight - rust just started
51ight « 1 tubercle
Ho aection
No actlon
0. 01286 No =ebion
3light - rust just started - strecaming
To action
3light « rust just started
¥o agbion
81light - 3 tubercles
Very slight -« rust just started
31light -~ rust just started
No =etion
8light - 4 tubercles
Ko action
Very slight - rust just started
0.0133 Very slight - rust just started
5light
Ho action
Ho action
Very slight « »ust just started
¥o aetion
Very slight -« rust just started
Very slight - rust just started
Very strong = 24 large tubercles
Very strong - 23 large tubercles - streaming
Hedium « 15 small tubercles
Medlum « 3 small tubercles - streaming
00,0092 Hedium

Medlum = streaming
Ho aetion
Ko action

81light = rust jusht started
Medium
Slight
31light - rust just storted
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TABLY TIT {conbtinued)

COs Og He nH Points of Helabive

Corrosion Corrosion
25 Tyl 0,10 5 05 £49 1=0=2-0 7
LS D W 7 GmOml 37
25 By gl 740 O=0m0=0 0
25 @18035 0-1-5“2 8
40 TyaN 0,10 5 05 £,85  G-G-D-d 15
%Q fleQ&g 9”8’9‘9 55
40 Byl 2485  0=0=0-0 0
é@ Eiae&g 0‘0“0-0 O
55 Ty N 0410 5 95 0-1-0=1 2
55 Ty 6040 O=2=080 2
55 B, oW 1-0=1-1 3
55 BygQaso ZmQm0m] 3
20 Weel 0,10 1c Q0 el Dl Qud 9
QS T&qggﬁ 8*7‘&“8 51
S5 Bpell 7 o0 O Q=00 o
25 quegﬁ 0‘0‘1'1 8
4G Py08 0410 10 90 75 BeGed~{ 26
QG ?176@9 8"%*1@”J 52
40 Ba ol (o8 O=l=0=0 1
4@ 3170@9 8‘7*5*5 36
Oob Tyl (.10 10 90 Qoo Qo 0
56 Ty w040 bl 23
BE By 4N Sede0=0 g
8§ Birlao 1=Gm0~0 1
25 5, gN 0 QLo 15 55 7ol CmOwlmd 6
25 YeamBm T s 26
. Qim0 G
=510 7
5 oH el 1-l-l=l 4

15

8bH

7.0

4alubm
(= 0=0=Q
Q0= 0=0

Zedelel
Gl =T

HemOmlwi

Dwmleml
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TABLE III (continued)

Remarks

31light - % small btubercles
Mediuwm « 7 small tubercles
o action

31light - rust just started

(o 01838 Very strong
S3trong - <l bubercles -~ stresming
o action
jo action

(%]
¢t
e

3light - rost just art ol
Very slight -« rust just starbed
Very slight - rust just started
Very slighft - rush just sharted

(o]
7

id

"
~
]

Very slight - rugt just stapbed
Vedium - 10 medium tubercles

Ho action

Very slight - rust just started

0,004 Pedium - 11 small tubsrcles
' Very strong - 11 tubercles - streaming
ie action
S81light - rust just started

Ko action - edges rusting
31light - rust just started
3light - rust Just started
No action - edpes rustiag

Very slight - rust Just starbed
Medium
Ho action

Very slight -~ rust just started
0.,0120 Very slight - rust just started
Very slight - rust Just started

Ho action
¥o action

Hedium - 2 medium btubercles
Fedium -~ blaeck oxide

Slight - rust just started
31light - rust just started



TABLE III {continued)

Sample GO O, . o)zl Points of Relstive
Hymber Jorrosion Corrosion
25 Ty N 0,10 20 a0 Tal 10T =8= 31

25 T1¢0gs 10=9-83-10 3%

25 By W B0 T BTG 31

25 B;eOgs 10-10-10-10 40

40 TyoH 0.10 20 8O 7e5  0=0=0=0 0
40 ngvg}ﬂég&x O"O"’O"O O
40 By N 7ol OmOmOa( 0
40 Biglso 0=0=0=0 0

55 9y ol 0,10 20 80 OmOmbmb 29
55 T16040 Smdmb=/ 21
55 By N O G 20
55 ByeOas Do Gmlem 12
25 TgoN 0,10 25 75 7ol GmGeeb 21
25 T.o0ap S I 30
25 BN Vel GmTembaE 26
25 BaoUns 10=0wtw8 B0
20 P, N G.10 25 7B 715 Omimled 2
40 Tpolao 1-1-5=1 6
40 BN Ved  Gelw0=l 7

4:(:? BQ, {}.049 1‘0"3."'1 :J

55 Tyoll D410 25 Wb dw(=1=0 o
55 Tpel40 bwbedwd 17

55 BN BB Gemd 17
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TABLE III (continued)

Digsasolved Remarks
Bolids e
Very sbrong -~ 24 bubercles
Very strong « &5 tubereles
Slight - black oxide
Medium « 23 small tubercles
040107 No action
No action
Ho action
No action
Modium - & small tubercles
Mediuwm « 4 small Lubercles
Blight
Siight
VYery strong - 19 large btuboercles
Tery strong - =5 laprge tubercles
Very strong -« 19 large tubercles
Very atrong - 28 large tubercles
Oe U410 Medium - 37 snall tubercles - hlack oxide

a1

Medium - tubercles - junt starbing
Alight - rust jJust sbarted
5light - rust just starbed

Medium - edges rusling badly - 1 Lubercle
Medium - edges rusting bacly - & bubercles
S5light - ruat just started

S3light - edges rusting - £ large Lubercles



A study of the photographs, pages 30 Lo 50 inclusive,
shows the comparative results of the corrosion of the
gamples, A representative sample from the top and one
from the bottom of one can subjected Lo eaech zas com-

position were photographed,

TABLE IV,

Index to Photographs of Representative Samnles,

Gas com- Figure Sarple
position number e B
1 IIT 1 2
2 v <) 4
3 v 5 8
& Vi 7 g
5] VII 9 10
& VIII 11 12
7 IX 13 14
8 X 15 16
9 XX 17 18
10 XII 19 20
i1 XIIT 21 2z
12 XIV 22 24
13 v 25 26
& AVI 27 Gt
5 XVIT 3¢ 30
16 XvIiz 31 32
17 XIX 53 34
18 X 55 26
19 KKI a7 58
20 XTI 59 4.0

Fligure XXIII shows samples as taken from cans for

obaervations.
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B Corrosion of Sammle Cans and Thermostat Tanks.

The sample cans were divided into three ssets of
twenty cans each, The firat set was made up of old cans
which had been paraifined on the inside at the water line
and on the rivets during a previous run ané were re-
paraffinod for this experiment. The paraffin prevented
corrosion of all parts which it covered. Yhe second set
was also made up of old cans whieh had been paraffined
inside, These cans were not reparaffined for the present
experiment., This set showed considerable corrosion at
the water line and on the rivets, The third set was made
up of new eans and were not paraffined. Thls set showed
rich less corrosion than the second set,

The corresion of the inner walls of the sample cans
took nlace either at the water line or on the rivets (when
not covered with paraffin),., The degree of corrosion
raried from weak to strong. Th@\results of an observation
of the corrosion at the water line, of cans of the second

set, are given in Table V.,

TABLY V.,
Can Yo, Corrogion Oon No. Corrosion

1 Medium 11 Strong

2 Mediunm 12 Strong

& Very Strong 13 Modium

4 Medium 14 Very strong
5 Medium 15 Very Strong
6 Weak 16 Hedium

7 Medium iRy4 Strong

8 Medium 18 Strong

9 Wealk 19 Medlum

10 Weak 20 Weak



The bottoms of the cans were not corroded In any can
at the time of this observatlion. Apparently the only
effect of the wabch plaogsses was to prevent a deposition
of sludge on that parbt of the bobtom which they cover,

The oubtsides of the gample cans were not corroded,

In all casesg, however, a whitc depcsit of vasic zinc
carbonate had formed aboult the water line,

Ab the time these observallions were made none of the
gemple canz had corroded very hadly. AL the present time
{ four months later), however, large hubercles may be
ound on the inside and oubside wells end on tho bobhtonms
of the sample cans, These cans have been standing open in
Lthoe thermostat btanks and 2till have the conduetivits water
in them, Thue far none of the sample eans have corroded to
the exbtent of bein; comlebsly perforated at any point,

ihe econdition of the thermoatat tanks at the time the
seb-up wng dissembled was bthe ssme as that of the oubsides
of the sammle cans, Whe same romarks apply to their present
condiblon as were applied to the smumle cans, These tanks

nave been in use now for aboub two years,

C., Obhgervations of 3ludge,.

A gualitative chemical mmalysis of the sludge token
from ean number 20 of the third set-up showed that iron,

zine, snd a small per cent of carbonabte were present.



Apparently this sludge 1s, for the most part, a mixture of
iron and zinc oxides and hydroxides with a small per cent
of carbonatesn.

The welght of the sludge from cans numbers 2 and 20 of
the third set-up was found to be 11885 grams and 159.83
grams respectively. The amount of sludge in the other cans
appeared to be within this range,

Since the color of the sludge in different sample csns
was found to vary comsiderably, an examinatlion of set-up

number 2 was made, The resulbts are given in Table VI.

TABLE VI.
3T Gan T GColor of @ Can T Golor of :
: Humber : Sludge ¢ Number : Sludge H
T 1 Dark red &t 11 ¢ ﬁﬁiée :
1 2 Ilght red @ 12 White :
3 3 Dark red H 13 ILight red :
: 4 Light red 14 light »red H
3 5 Light red 15 Light red H
: 6 White 3 186 Light red H
1 7 Light vred 7 Dark red :
% 8 Light red 3 18 Iight red H
% 9 ¥White 3 19 White H
s 10 White : 20 Light red :
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V. OCORRELATION OF DATA

The relatlve corrosion values given in Table III
were summed up for all cans having the same gas compo-

gitions. The resulis are glven in Table VII.

TABLE VII,

: t 5% 0g ¢ 107 0p 3 157 0g: 207 0n: 257 0g:
t 0.00 % COp 3 282 & £24 ¢ 151 & 186 3 240 3
P 0,03 % C0g ¢ 181 T 268 : 111 ¢ 38 3 91 :
: 0,06 % C0g 2 Y1 ¢ 82 3 95 : 64 3 227
t 0,10 % COx ¢ 100 3 187 3 117 : 227 189

It con be seen from the table that, for any constant
carbon dioxide content, the degree of corrosion passes
through a minimm as the oxygen content inereases, If
the oxygen conbent is held constant, the degree of
corrosion a2lso passes through o minimum as the carbon
dioxlde content increases, The minimum corrosion occurs
at 207 oxygen and 0,05 % carbon dioxide,

Relative walues were assigned to the degree of attack
ag recordsed in Table III under "Remarkau « The results
were summed for all cans having the same gas composltions

and this daba tabulated in Table VIII.



TABLE VIII.
Ko aetion = 0 8light = 2 Strong = 4
Very slight = 1 Medium = 3 Very strong = 5
] 2 T H 3 : :
S 1 5% 05 ¢ 107 0g ¢ 15% Og: 20% Og: 254 0p 3
P | - N i 3 :
10,00 % G0 3 26 % 28t 21 3 I7 ¢ 22 :
10,05 $ 00, ¢ 16 ¢ 31 2 14 t 10 s 17 z
10,06 4 C0g ¢+ 11 ¢ 18 : 13 3 9 ¢ 31 3
10,10 £ C0p 3 21 3 19 3 17 s 24 3 41 :

This table shows results identical with those of
Table VII with the execepbion that the minimm is found
at 207 oxygen and 0,06% carbon dioxide. The regions of
low values correspond exsctly in the two tables.

An examination of the daba on dissolved solids,
color of slundge, and pH values gave no correlation that
ecould be detected., It is the opinion of the wrlter that
the deta on these observations are insufficient to
warrent the drawing of any conclusions, Although there
nay be enough observations on the pH values, the differ
ences of theas values are small compared to the degree

of aceuracy of the method of determlning them,
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VI, THUEORETICAL TREATHMENT AND CONCLUSIONS

Recent work on the fundamental processes of corrosion
has been done mainly on the study of metal surface films
snd potentials, Films can elther iInhibit or accelerate
corrosion, depending upon their physical properties,
potentials, and continuity,

Speller (14) was led to believe from his investigations
that the corrosion rate varlied linearly with the oxygen
concentration, This linear relationship has been accepted
in the past and used as a basis for calculating corrosion
ratea at different oxygen concentrations from known rates
at other concentrations. Later, Speller (15) modifies nis
conclusions to allow for the protective zction of the
corrosion films,

In order for the corrosion rate to be a2 linear function
of the oxygen concentration, (1) the rate of diffusion of
oxygen from the main body of the liquid to the surfaece of
the metal would have to be slow in comparison with the
rate at which the oxygen was consumed by reaction at the
metal surface: and (2) the resistence of the film formed
by the corrosion products should not change with varylng
oxygen concentratlion,

In the work of Porrest, Roetheli, and Brown (16) it

13 shown that the film formed in the corrosion of steel



in oxygenated water in a system permitting a low rate of
stirring is considersbly less protective than the f£ilm
formed in a similar system in which the liquid is kept
rapldly stirred. These authora conelude that the corrosion
rate is dependent largely upon the character and compo-
sition of the corrosion film. The composition of the film
ls dependent upon the pH of the liquid near the metal
surfate,

Cox and Roetheli (13} find that the corrosion rates
 are approximately proportionsl to the oxygen conecentration
below concentrations of 5.5 c.e. per liter, while at high-
er concentrations the rates ape lower than they wounld be
if they adhered strietly to a linear relationship. Their
maximum oxygen concenbration was 20 c.c. per liter,

Hieks (12} was led, by his experiments, to offer the
following mechanism of corrosion:

1. Meballic iren disseclves in water in an adherent
film of liquid water as Fe(O0H)g until pH = 0,4 ,
2. The presence of oxygen insures maximum E.M.F.,
and therefore acts as an accelerstor,
3« The system of equilibris
Fefaolid) = Pel{dissolved) + 2Hy0 = Fe(OH)p, + Hy
is shifted to the right, and corrosion main-
tained by oxygen and carbon dioxide as follows:
{a) 0p removes Fe(OH), by oxidation to less
soluble Pe(0H}s, also Hy by oxidation,
{b) COg removes Fe{OH}g by conversion to legs
seluble PeCl, , slso forms HpCOz, the H

of which dissolves metallic iron and
Favors corrosion.
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In the present experiment it was noted that the
corrosion of both the top =nd the botbtom samples was
wniform with respect to the points of perforation, This
indicetes that there was no oxygen or carbon dloxide
gradient notlceable in that portion of the water which
nathed each sample,

The’top samples were deecidedly more corroded than
the botbtom samples in praectically all esses, Dvidently
the gases diffused to the top and there was not enough
stirring action, nor enough gas, to maintain as high
concentration in the lower part of the can as in the
upper part,

In 211 cases the old semples showed much more
corrosion then did the new ones. The cages in which
sbreaming of the corrosion produects occurred were
reatricted entirely to the o0ld samples. This is probadbly
due to the previocus exposure of part of the samples,
hese o0ld samples were not perforated during the first
exposure bubt considerable amounts of the zinec coating
had been dissolved awzy. These results agree with those
of Bablik (10 previously mentilcned, The new samples
would probably show streaming action il the time of
exposure had been longer.

Wherever corrosion had proceeded to the extent of



the formation of a tuberele, it was found that the
greatest amount of corrosion had cecurred at a point
immediately below the original perforation, This fact
maey be explained on the basis of the differential
geration theory of Bvans {1l). If two electrodes of the
same meberiasl, joined to a gslvanometer, are immersed
in the solution of & salt such as sodium chleoride and
air is psssed over one electrode only, a current is
recorded, the aerated electrode being the cathode and
the unacrated eleetrode being the anode, This differw
ential aeratlion principle has been found eapable of
explaining numerous gasgses of intense localized cor-
rosion at polnts to which oxygen has little direct
access,

At first, corrosion produets form about the per-
forated points on the corrosion samples and stream
downward. In the presence of relatively high oxygen
concentrations the Pe(OH), formed is oxidized to Fe(OH) .
The less soluble Fe{0H), forms a film over the metal
surface which, acecording to the experiments of Forreat,
Roetheli, and Brown, 1s highly resistent to the dif-
fusion of oxygen and thereby causes a reglon of low
oxygen concentration beneath the film, This unaersated

portien is anodic te the surrounding serated portions
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and thus electrochemical action results, Iron goes into
solution at the anode as Fe{0H), and is deposited as Fe(OH)g
at the cathodlc areas, This deposition of Fe(UH) s results

in the formation of a membranous wall, or mantle, around

thie anode, When once the walls of the maentle have formed
around the anodic point they will protect it from oxygen,
and thus the anodic attack will persist indefinitely,

An imporbant feature of this type of corrosion is
that the anodie portion is often small compared to the
cathodie area and thus the whole effect 1s concentrated
on a small area., Corrosion localized at one or two points,
leading to pitting end perforation, is a much more serious
thing than general corrosion. %o long as corrosion 1is
gpread wniformly over the entire surface, its effects may
be neglected; 1t 1s the loealized type of attack, of
whiech pibtbing ia merely an extreme exarmple, thalt causes

the most btrouble.
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