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Corrosion of Low-Alloy Irons and Steels in Soils

Irving A. Denison and Melvin Romanoff

The results of measurements of the corrosion of 10 low-alloy iroms and steels exposed

to 14 soils for periods up to 13 years are given.

The magnitude and progress of corrosion

as determined by weight-loss and pit-depth measurements are correlated with the composition
of the materials and the nature of the environmental eonditions to which the test specimens

were exposed.

1. Introduction

In 1932 the National Bureau of Standards in
cooperation with a number of manufacturers and
consumers of pipe materials initiated an extensive
investigation of the eorrosiom of certain materials
used in underground construction. Examination
of the test specimens removed during the early
periods of exposure indicated that certain alloy steels
had improved corrosion resistance over ordinary
irons and steels. Clonsequently, specimens repre-
senting & greater variety of alloy irons and steels
were installed at the sites at intervals during the
course of the exposure tests. The condition of the
specimens removed from the various sites after
successively longer periods of exposure has been
described in a series of progress reports, and in
1950 a final report on the specimens buried in 1932
was published [1].! The present report contains
the results of measurements of weight loss and pitting
on samples of 10 varieties of irons and steels that
were exposed in 1937 and removed from the test
sites after five periods of exposure, ranging from
2- to 13-yr duration. The properties of the soils
at the test sites, the installation of the specimens
at the sites, and the methods used in cleaning the
specimens removed prior to 1946 are described In
earlier papers [1, 2]. Specimens subsequently re-
moved were cleaned by immersion in fused sodium
hydride [3].

2. Description of the Materials

The specimens were in the form of plates 12 in.
long and 25 in. wide, ranging in thickness from.

0.175 t0 0.265 in. The compositions of the materials
are given in table 1.

3. Resulis of the Exposure Tests

The corrosion of the different materials in typical
soils is illustrated in figures 1 and 2. Kach of the
four environmental groups based on aeration is rep-
resented as follows: good aeration, soil 55; fair aera-
tion, soil 66; poor aeration, soil 61; and very poor
aeration, soil 56,

The extent of corrosion damage was determined
from the loss in weight of the specimens as s result
of the exposure, and from the depths of the deepest
pits. The results of these measurements for the
different periods of exposure are given in tables 2
and 3. Unless indicated otherwise, these values are
the averages of measurements on two specimens,
The exposure periods did not differ from the average
values given in the tables by more than 5 percent.

A number of the specimens exposed for the longer
periods in the more corrosive soils were perforated by
pitting. Because the depths of the pits producing
these perforations would obviously have been greater
after successively longer periods of exposure if
thicker specimens had been used, some adjustment of
the values for pitting of the perforated specimens was
desirable. An approximate adjustment was made by
multiplying the average penetration of the perforated
specimens by the pitting factor, defined as the ratio
of the maximum to the average penetration. Deni-
son and Hobbs [4] showed that the pitting factor of
plain irons and steels decreased with time during
the early periods of exposure underground but
became approximately constant after exposures for 6
to 8 yr. The value of the pitting factor was con-

TasLE 1. Compesition of the malerials
Material Tl ¢ | 8 | Ma | 8 P | € | Ni | Cu | Mo Other sloments
% % % % % %o % % % Yo

Open-hearthsteel...._________.___.___.______ A 0.033 [ 0.002 | 0.028 (0017 |0.006 | Q.49 |0.034 | 0.052 |.____.__
Copper-molybdenum open-hearth iron.______ O .03 03 .18 032 07 02 .15 .45 0.07

DO e - N .08 . 001 L0938 | .029 . 069 .02 L4 .54 Bt
Copper-nickel steel aJ .06 047 | .49 25 | L0RE (L .52 85 |
NMickel-copper steel *B 07 J14 44 .22 L0e L. 1.96 UL T
Chrominm-silicen-copper-phinsphorus steel.__ [ 075 " 20 .18 24 1102 0022 [ 0.428 | .._....
2% chrominm steel with melybdengm_______ KK 082 .51 46 Rk L0177 | 201 07 . 004 57
4 1o chromjum steel .. ___._ . . . _________ D 077 .43 37 [1],] L0l5 | 502 .09 008 .
4 to 8% chromium steel with melybdennm .. E ard A4l 32 006 013 | L&T .08 004 &1 Al (.030, Ti0.022,

L H 060 .39 EH .0l4 021 | B.T6 A7 i 43 Al 027,

o Bome mili geale on the specimens at time of b

urial,
4 8pecimens somplotely covered with s hard, black mill scale at the time of burial.

1 Figgres in brackets indicate the literature references at the end of this paper.
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SOIL 55

SOIL 66

SOIL 6l

SOIL 56

N J , 8

Fioure 1. Corrosion of plain steel, copper-molybdenum open-hearth irons and nickel-copper steels in several soil environments
1.8 Ni, 1.1 Cu.  Boil 55,
: soil 61, poorly sernted

A, open-hearth steal; O, open-tisarth iron, 0.45 Cu, 0.07 Mo; N, open-hearth iron, 0.54 Cu, 0.13 Mo; T, steel, 0.85 Cu, 0.52 Ni; B, steel
well-oxidized acid silt loam deficlent in soluble salts; soil 66, fairly well aerated alkaline loam eontaining a high cone tlon of soluble materl:
clay eantalning a moderate amount of soluble material; soil 5, very poorly aerated heavy clay containing a high concentration of soluble salts.
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SoiL 55 _

SOIL 686

SOIL 6l

SOIL 56
‘ . !
! K D
Fiaure 2. Corrosion of chromium-containing steels in several soil environments.
Hoil 56, well oxidized

S steid, 2.00 Cr, 0.57 Mo; D, steel, 5.02 Cr; E, steel, 4.67 Or, 0.51 Mo; H, steel, 578 Cr, 0.43 Cr,
irly well aerated loam containing a high concentration of seluble material; soil 61, poorly aerated clay containing a

C, Or-8{-Cu-F stool, 1.02 Cr, 042 On; KK, &
acid silt loam deflelent in soluble salts; soil 66,
moderate amount of soluble material; soil 56, very poorly aerated heavy clay containing a high concentration of soluble salts,
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TasLe 3.

Maximum penetration of alloy irons and steels
[Aversge of two shecimens, in mils]

Aeration, tezt site nutnber and sofl type ¥

A Cood seration Fuir aoration Poor aeration Very poor aeration
veor-
Identi- age |
feation Material o oxpo- | 53 85 62 85 64 a3 70 8 | 60 61 51 5 59 63 &7
sure
- : Mohave
Cecil | Hagers| Busque- | Chino |y fi Merced Rifl Sharkey | 4 Lake | o opi; Tidal
clay | town | hanna silt 0038 ne silt Muek 1re rEey eadia | ohores arisi I Cinders
loam | joam | clay loam | ©8¥ grﬁ];erily loam peat clay clay olay muck ; marsh
yr
21 40 42 M 47 44 ] 56 31 30 a4 b5t &0 & 13 4
4.0 76 5 47 51 78 © 1884 7 Bl 40 | I 100 22 a5 « 1324
A Open-hearthsteel .. .. . . ..., 9.0 51 o0 -] 7h 57 £6 1364 a0 56 o0 f 1384 126+ ] 436 188+
11.1 72 i 7 70 1564 | =« {2024)| 1884 [ 1614 63 103 U, 1884 96 18 188+
12,7 8 66 84 91 188+ | f(22%54)|r(106+)| 1884 | 6O 85 (LI (206+)| 90 44 188+
21 38 a1 36 44 it 105 48 a0 21 3 54 100 G 420 0
4,0 T4 44 28 65 75 8 « g7 48 28 ] 116 20 48 55
4] Open-hearth [ron; (.45 Cu, 007 Mo_....._.__[2 0.0 72 1] 66 102 102 &3 89 97 38 64 f2424 174 BG 74 0
' i1 68 81 59 97 125 154 2061 | 106 55 ¢ O P 2434 70 85 118
12.7 [ 76 51 116 143 145 244 | 114 50 B8 [ 243+ 5% 60 140
2.1 38 2 36 32 T2 132 51 32 20 32 66 e L] 3 &
4.0 | 72 51 49 «57 78 98 |1122 44 .2 [ T I 100 16 47 74
N Open-hearth lron; 0.54 Cu, 013 Mo . ....___|« 0.0 53 92 56 52 50 62 92 102 35 70 14 162+ a8 50 &8
. 11,1 8l 84 8% S 4l 118 137 214+ | 118 43 78 250 74 66 139
12.7 59 67 68 44 129 141 179+ 7l 44 - P £(2681) 54 Ta 152
2.1 38 34 a8 49 i) 108 48 20 24 53 63 82 6 14 58
4.0 57 50 60 60 B4 85 82 i 40 63 means 96 15 28 o0
J Copper-nickel stecl; 095 Cu, 0652 Ni _..____. 8.0 38 7 ag 58 76 a7 136 T2 57 84 F 4B+ 1404 33 40 102
1.1 83 76 BT 67 109 149 150 127 56 ng 266+ 30 48 2184
27 ] T2 ] ™ 132 1w | 192 173 60 w00 | (2304 47 50 4133
2.1 26 M 51 45 o a8 50 36 20 82 5 100 [ 22 84
4.0 5 52 89 84 85 73 78 52 = [ S I 139 12 25 24
B#* | Nickel-copper steel; 1.96 Ni, 1.0l Cu_________ 9.0 45 HR 0 75 a0 &l 1472 97 e} &0 1614+ 135 22 a7 a4
11.1 72 70 3] 79 lei2g 53 165 107 59 L 1984+ 41 46 164
12.7 17 H 115 124 102 109 159 1] 63 we 25 5 E] 138
2.1 40 40 36 50 42 56 [i i} 71 23 30 58 52 14 a1 58
4.0 6t 51 44 44 70 20 123 52 67 41 42 41 47
o] Cr-8i-Cu-P steel; 102 Cr, 042 Cu....__._____|4 0.0 45 i 5 &6 80 58 145+ 08 1124 78 58 4 50 58
111 68 79 83 94 ) « 1194 |r(2374)| 110 ns 67 53 Bl 147+
12.7 78 92 BY 105 62 1284 (s{278+)| 106 107 &6 64 58 1384
2.1 40 26 % i 5 78 102 20 19 31 22 20 58
4.0 52 52 58 55 70 1304 i 43 2% 35 7 b 47
KK | 2.01% chromium steel with 0.57 Mo.....__ Y 1 [i:!] 4 58 76 70 20 114 67 57 i} 34 41 58
1.1 6 &g 87 a7 73 1574 | 1764 76 67 75 48 54 1464
12.7 48 114 72 70 66 146+ 1754 74 71 65 43 58 139+
2.1 43 34 32 ar 43 59 87 48 32 30 18 62 53
4.0 57 48 52 46 60 ] 4 4d [ 36 39 70 B8
D 5025 ehromivm Steel...... oo iaeiooo 8.0 66 70 4 ] ] 92 1M 64 64 42 66 108 * 784
11.1 7 66 B B 87 115 208 o [ 55 n 118 #1054
2.7 84 5 113 B 154 126 ¢ 158 63 69 42 b5 135 11
2.1 36 34 26 39 4 a1 70 39 26 26 20 46 46
4.0 50 47 46 48 W% 88 106 46 36 36 26 73 57
E 4,67%; chromlom steel with 0.51 Mo____________|y 4.0 66 51 54 52 48 57T ] 1M 5 T2 0 55 ) 48
11.1 75 49 5 76 14 | 1734 7% 7 35 5t # 51
127 98 i} ! 0 74 1124+ | 41R8 88 '.'% 33 46 -3 60
21 | 432 30 32 50 46 72 B8 49 28 24 18 ¢ 42 56
4.0 57 34 58 5h 72 117 ™ 444 32 32 |eeea- a0 a3 72 52
H 5.76% chromium steel with 0,43 Mo____.______ [+ 8.0 7l 58 56 i) 70 76 1324 52 Fi 438 LI LI S PO i i) 52
11.1 7 a1 b6 ] . 414 | 164 1 87 R 2034 63 72 48
127 83 54 470 68 L] 1524 | 423034 | 460 100 L= R PR, (%124 55 108 55

s See table 1 for eompositicn of materials,
& See reference [1] for properties of aoils.

¢ The plus sign Indieates 1 or mare specimens contained holes beeause of corrosion,
d Dats for 1 specimen

« Data for th

¢ Individual specimens differed from the average by more than 507,

7 Average of § specimens. .
s Numbers{n parentheses are pit depths adjusted for perforation by multiplying the average penetration
by the pitting factor (see text}.
& The mill seale waa not removed from these speeimens.




sidered by Denison and Hebbs to be characteristic
of soils and Logan [2] showed that it varied directly
with' the aeration. Adjusted values of pit depths
recorded in table 3 are enclosed in parentheses.

The over-all bebavior of materials and the effect of
the various alloying constituents on the corrosion of
iron and steel in the soils is indicated by the weight
loss and pit depth-time curves shown in figures 3 and
4. In preparing these curves, the values for weight
loss and pit depth for each material in all of thae soils,
except 51,2 were averaged for each period of exposure.
The logarithms of these average values were then
plotted against the logarithms of the periods of
exposure.

The curves shown in figure 3 and 4 conform to the

equations
P=kT" 1)
W=k'T* 2

waere P is the d€pth of the deepest pit at the time T
and Wis the weight loss at the ttme T
Converting to logarithms,

log P=n log T+log k
log W=u log T-+log ¥’.

@)
()

Hence n(u) is the slope of the line and k(%’) is the
intercept on the log P(W) axis.

Equations 1 and 2 were derived originally by
Logan, Ewing, and Denison [5], and by Martin [6],
respectively,

. The constants of the equations, expressing the
initial corrosion rate of the materials and the change
in the rate with time, were calculated by the method
of least squares for each material in each soil. By
means of these constants, values of the average
weight loss and pitting of each material in all of the
soils were caleculated for the maximum periods of
exposure. ‘These values, together with the constants
of the equations and their standard errors, are tabu-
lated in table 4. )

In order to estimate the probability that the weight
loss or pitting of each material was significantly
different from the corresponding values for plain
steel, taken as the reference material, the standard
{-test was applied, and from the calculated values of
t, the probability of the differences being due to
chance was obtained [7].

The weight loss and pitting data for the copper-
molybdenum open-hearth irons O and N and for the
nickel-copper steels J and B, presented in figure 3
and in table 4 show that these alloys corroded shightly
less than the plain steel A. However, the probability
is high that several of the observed differences are
due to chance. Because mill scale was not removed
from the specimens of steel B before burial, the data
recorded for this steel cannot be taken as truly
representing the effect of additions of 2 percent of
nickel and 1 percent of copper on the corrosion of
steel in these soils.

T The data for the speclinens in soil 51 were omitted hecause data were available
or two periods only,

The average depths of the deepest pits on these
materials, given by the values of the constant k&
(y-intercept), indicate that the low-alloy steels had a
greater initial pitting rate than the plain steel,
However, as the exposure increased, the rate of
pitting of the alloy steels diminished more rapidly
than the rate for the plain steel so that after 13 yr
the order of the materials was reversed.

The weight loss and pit depth data for the group of
chromium and chromium-molybdenum steels, C,
KK, D, E, and H, (fig. 4 and table 4) exhibit. similar
hut somewhat greater effects of the elloying con-
stituents than the copper-molybdenum and copper-
nickel irons and steels. Chromium reduced the
weight losses in a fairly regular manner, but increased
the initial pitting rates of the steels. However, the
rates of pitting of the alloy steels decreased more
rapidly with time than the rate for plain steel.

The separaie effects of chromium and molybdenum
on the pitting of steel are difficult to determine
because the chromium steels also generally contain
molybdenum. It will be observed that steels C and
ID, containing 1 and § percent of chromium, respee-
tively, had pits of about the same depth. Within
this range chrominm alone in excess of 1 or 2 percent
does not appreciably increase the resistance of the
material to pitting. On the other hand, the influence
of molybdenum in reducing pitting is quite definite
because all of the chromium steels containing
molybdenum, KK, E, and H, had shallower pits than
the straight chromium steel D.

The pit-depth—time curves, figures 3 and 4, indi-
cate that the change in the rate of pitting with time
depends on the composition of the steel, In general,
the greater the amount of nickel, chromium and
molybdenum in the steels, the greater was the change
in the rate of pitting of the steels with time. It may
be assumed that t%ne alloying constituents induced
the formation of corrosion products, which were
effective in diminishing the rates of pitting of the
alloy steels with time. The results of a previous
study of the effect of corrosion products on the rate
of pitting of steel [8] suggests a probable explanation
for the observed differences in corrosion rate. In
that study it wes observed that in soils in which the
corrosion products of ferrous metals diffused outward
into the soil, the rate of pitting changed relatively
little with time, but in soils in which the corresion
products remained in close contact with the corroding
surface, the rate of pitting diminished with time,
often becoming negligible after relatively short
periods of exposure.

The conclusions that can be drawn from the data
in table 4 and in figures 3, 4, and 5 are necessarily
limited because these data indicate only the average
behavior of the materials under a wide variety of
environmental conditions. Whether a particular
alloy is more resistant to corrosion than plain steel
in a specific soll environment obviously cannot be
predicted from these average values, though the
average rates of pitting of the alloy steels decrease
more rapidly than the pitting rate of plain steel, it
should be recalled that this effect is a consequence

320



of the environment as well as of the material. For
example, in a very pogj::{liy aerated soil, corrosion
products would tend to diffuse and migrate outward
mto the soil rather than to form protective layers
enclosing pits. Under such conditions, the higher
initial rate of pitting of the alloy steels would tend
to be maintained.

For comparison of the behavior of the materials
under different environmental conditions, the cor-
rosion data for the soils classified according to
aeration (tables 2 and 3) were calculated on a
relative bagis for each material for all periods of
-exposure, the weight losses and pit depths of the
reference steel A being taken ag 100 percent. The
averages of these values for all periods and for all
soils in the same environmental groups are given in
table 5. Because the data for soil 51 are incomplete,
they were not included in calculating the relative
values.

The relative corrodibility of the low-alloy irons
and steels as measured by weight loss was not affected
appreciably by differences in the aeration of the soils.
However, the 4- to 6-percent chromium steels were
deeply pitted in gll of the very poorly aerated soils,
. except cinders. These steels had higher initial rates
of pitting than plain steel, but the rates decreased
considerably with time in most of the soils. In the
poorly aerated soils, however, this high rate of pitting
continued throughout the exposure period, probably
because conditions were not favorable to the forma-
tion of tubercles, which would have diminished the
pitting rate. In contrast is the behavior of these
steels in cinders (table 3 and fig. 5), where the initial
pitting of all the steels was about the same. The
pitting of the plain steel continued at a high rate for
the entire exposure period, but most of the pitting of
the 4- to 6-percent chromium steels occurred during
the first 4 yr of the test, there being only slight
increases in pit depth of these steels after that time.
This is even more marked in the case of the steels
containing molybdenum in addition to chromium (E
and H), in which there was practically no additional
pitting after the first 4 yr.

Steels containing copper and molybdenum also
show more resistance to pitting in cinders after 4 yr
of exposure than the plain steel, although to a lesser
extent than the 4- to 6-percent-chromium steels.

4. Summary

This report contains the results of measurements
of corrosion made on several low-alloy irons and
steels after exposure to different =oils for periods up
to 13 yr. Empirical equations fitted to weight loss
and pit-de?th—time curves permitted the initial rates
of weight loss and pitting and the change in these
rates with time to be evaluated. The general effect
of the alloying elements was to reduce the initial rate
of corrosion of the alloys as measured by weight loas

but to increase the initial rate of pitting. Except in
very poorly aerated soils, the rate of pitting of the
alloy steels diminished more rapidly with time than
the rate of pitting of plain steel, with the result that
the maximum depths of pits after the maximum
period of exposure were less on the alloy steels than
on the plain steels. Chromium was observed to have
the most pronounced effect on weight loss, but for.
maximutn reduction in pitting, molybdenum also was
necessary. Chromium and molybdenum were par-
ticularly effective in reducing the corrosion of alloy
steels exposed to cinders.

The field tests described in this paper were planned
and installed, and until 1946 were conducted under
the supervision of K. H. Logan. .

The writers gratefully acknowledge the coopera-
tion of O. B. Elhs, Research Laboratory, Armco Steel
Co. and of C. P. Larrabes, Research Laboratory,
United States Steel Co. in making available their
equipment for cleaning the specimens by the sodium
hydride process,

The authors also gratefully acknowledge the as-
sistance received from the following organizations

that cooperated in the project by providing the test

gites and the labor required during the installation
and removal of the test specimens: Water Depart--
ment, Charleston, 8. C.; Department of Water
Works, Atlanta, Ga.; City of Meridian, Meridian,
Miss. ; New Orleans Public Service Co., New Orleans,
La.; Sewerage and Water Board, New Orleans, La.;
Gulf Oil Corp., Houston, Tex.; Water Department,
Phoenix, Ariz.; Shell Oil Co., Inec., Wilmington,
Calif,; Pacific Gas & Electric Co., Bakersfield, Calif.;
Union Oil Company of California, San Luis Obispo,
Calif.; Milwaukee Gas & Electric Co., Milwaukee,
Wis,; City Light & Water Utilities, Kalamazoo,
Mich, ; C)(;Ium ia Enpgineering Corp., Columbus,
Ohio; Sinclair Refining Co., Fort Worth, Tex.; Bu-
reau of Water Supply, Baltimore, Md.
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Tasre 4. Caleulated average values of weight loss and pil depth after 18 years of exposure and conslonts of the weighi-loss and pil-deplh equations =

. Welght loss Maximum penetration
Reduetion in
v%:igg?tﬁgs ]ans Prob- maximum pit Prob-
Identi- . eompared with ability depth as com- abilicy
fleation Material — | Standard control A ofthe - | Standard pared with of the
Mean, X z te [differ- | e o=,y [ 7, | Mean, X = control A o jdiffer- | .oy = . -
(W!‘-lsn) erTor, & exnce [ (P!‘-mrz) eror, o enca [ Tn
{ Wraiayr) haing (Preiy) being
| _ | Rela- due o Rela- due to
X-X| tive chance - tive chance
basls basie
n2ffis azffid ozffti | Percent Percend | o2ifi* | ozffit Mils Mily Mily |Percend Pereent | Mils | Mils
A Open-hearth steel . _________ 17.7 W52 PRI RPN PR RS 3,78 | 052 | 060 | G OF 127 0.3 leaaaaa PSR RU PR P 2.8 42| i8S | 0.07
o oge(]llf.}]l&arth iron; 0.45 Cu, 15,2 1.2 2.5 14 | 147 16 | 4.79 i .45 .08 110 5.0 1.3 14 | 1.64 12 3L.4 2.9 L4 .06
N O%BD-hearth iron; 054 Cu, 15.2 0.8 2.5 14 | 1.74 10 | 4.02 | .45 .52 0§ 102 .7 25,1 20| 2.09 2| 33.2| 540 44 i)
13
I Co per-mcﬁel steal; 085 15.6 B 21 12 | 1.46 161 3.87 | .37 .5¢| .05 112 10. 4 15.3 12 | 1.9 2% | 30,8 58| .50 .10
1z, 0.52 Ni.,
B N;c]kel-oop steal; 1.96 17.3 il 0.4 2| 030 33| 25 .58 | .03 110 3.6 17.1 13|72 1| 31,1 20| .40 .03
i, L0l
Q 0!‘-31-('(‘}11-1’ steel; 1,02 Cr, 153 .6 2.4 14 | 1,70 10 | 3.30 | .|| .BO| .D4 107 7.0 20.2 16 | 1.74 10 28.3| 3.9| .&G 07
KK |2 01% ehrominm atee! with 12,0 7 6.7 32410 <1327} .02| .51 .03 93 &5 33.4 % | 310 <1130.3| 3.8 .4 06
o,
D 5.l 02‘3’ chromintn ateal . _____ 10,7 .6 7.0 40 1 5,22 <1 |28 )| 34| .62 .03 100 | - 3.0 24.4 19 | 2.50 21335 LS| .44 .03
E 4. % ‘3 chromium stech with 10.0 N 7 44 | 6.92 <1 |27 .28 .60 .05 85 4.2 41,1 32 4038 <1 (330 &1 it .03
51 M
H 5. '23% ihimmium steel with 10.1 LG 7.8 43 | 3.80 <1 | 286 20| .48 | .16 02 6.3 35.0 28| 315 <1 | 355 | 4.6 | .39 o7
o, ’

o W=&'T's, P=¢ T, where W is the weight loss 2t the time T, and P is the depth of the deepest pit at the time 7,

Y

X-% .
2
°%, tom
TasLk 5. Effect of composition on the corrosion of low-alloy iron and steel specimens in soils classified according io aeration
{(mazimum exposure 13 yrs,)
Compasition of steel (percent} Aeration
. . : Yery |Very poor| . Very {Very poor
Identification Good | Fair | Poor poor | cinders CGtood | Fair | Poor poor | cinders
Cr Ni Cu Mo
Average loss in weight « Average max{mim penatration s
0. 034 0062 | ____ | 100 100 100 100 100 100 100 100 100 10
.18 .45 0.47 100 95 98 84 120 100 #5 82 120 75
.14 .54 .13 1K) a3 a7 4] 92 BY 9% B0 19 a3
.52 .95 I i) 98 W 81 94 46 92 102 a3 2
104 1.01 . 79 oL ) BL 127 110 8L 100 o5 72
0.22 0. 428 J— e B3 5 F] B) 1M B4 115 115 &
.07 004 .57 90 83 B0 63 66 97 41 78 103 [i1]
.08 008 | . 45 77 51 58 55 % 94 £3 178 64
N 004 .51 46 ™ 53 56 40 84 a3 78 148 54
17 . 004 .43 46 85 52 56 43 88 100 84 149 50

o Average for 5 perloda of exposare, relative {o open-hearth steel (A) =100,
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FIGURE 3. Average loss in weight and morimum penefration-
lime curves for copper-molybdenum open-hearth irong and 15
nickel-copper sleels in 138 soils,
A, open-hearth steel; O, open-hearth iron, 0.45 Cu, 0.07 Mo; N, open-hearth L . L L 1
irom, 0.54 Cu, 0,13 Mo; J, steel 0.85 Co, 0.52 N1; B, steel, 1.94 N1, 1.01 Cu, o 0.2 o4 06 08 b 2
L0G TIME, YEARS
Frourk 4. Average loss in weight and mazimum penefralion-
time curves for chromium and chromium-molybdenum steels
n 13 soils.
A, open-hearth steel; O, Cr-8i-Cu-P steel, 1.02 Cr, 0.42 Cu; KK, steel, 2.01 Cr,
0.57 Mo; I, steel, 5.02 Cr, E, steel, 4.67 Cr. 0.51 Mo: H, swel .76 Cr, 0 43 Ma,
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Ficure 5. Pit-depth—time curves of copper-molybdenum open-
I kearth irons, chromium and chromium molybdenum sleels in
cinders,

A, open-hearth steel; N, open-hearth lron, 0.5¢ Cu, 0.13 Mo; K, 2 percent Cr-
steel w?fh Mp; D, 502 pereent Cr-steel; E, 4.67 percent Cr-steel with Mo; H, 5.78
pereent Crsteel with Mo.

WasnINGTON, August 22, 1952,
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