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Specimens of ten binary alloys of nickel and iron containing 3, 5, 10, 16, 20,30,36,50 ,57, and 81 
percent Ni and of the metals nic kel and iron were immersed for 7 months in 265 gallons of c ity water 
to which had been added 3 percent by weight of sodium chloride. 

Cathodic and anodic polarization curves of the specimens were obtained at about 22 periodic 
intervals throughout the exposure period. Corrosion currents, calculated from curre nts at break s in 
the curves, were converted to corrosion rates e xpressed as weight losses by applying Farad ay's law. 
The calculated weight losses were in reasonable agreement with the actual we ight losses. 

The polarization rates, /lV/M , of the spec ime ns calc ulated from ca thodic polarization curves 
(cathodic control pre vailed) at several intervals throughout the ex pos ure period were plotted on log
arithmic coordinates with respec t to the corrosion curre nt de ns ities calculated from breaks in the same 
curves . S imilarly, the ave rages of these /lV/M valu es we re also plotted on logarithmic coordinates 
versus the actua l corrosion rates ex pressed as weight losses. Both plots conformed to the theoretical 
slope of - 1. 

Key Words : Corros ion rates, Ni-Fe a lloys, polarization techniques, polarization rate , polarization 
resis tance, polarization ci rcuits, Ni-Fe pitti ng. 

1. Introduction 

A few years ago, it was de monstrated experime ntally 
tha t the corrosion rates of a series of ferrous alloys, 
containing chromium addition s up to 18 perce nt and a 
similar series with 3 perce nt of silico n in addi tion to 
the chromium, exposed to a 3 pe rcent sodium chloride 
soluti on, could be calculated from c urre nts associ
ated with changes of slope (b reaks) in polarization 
curves [1]_1 The sensitivity of the me thod was shown 
by th e fact that the weight loss of the 18 Cr alloy 
attributed to corrosion was meas ured satisfac torily 
e ve n though the appare nt area affec ted by co rrosion 
was less than 1 percent of the entire surface_ Th e 
polarization curves of the alloys showed that the known 
critical change in corrosion rate (expressed as weight 
loss) for this range of chromium occurred when the 
corrosion reaction changed from cathodic to a nodic 
control, between 11.4 and 14.3 percent Cr. 

The reason for the laboratory measurements de
scribed in this paper, using binary alloys of nickel and 
iron, was to explore further the practicability of polari
zation techniques as methods of evaluatin g rates of 
corrosion . The corrosion rates of several binary alloys 
between 3 and 81 percent nic kel , includi.ng the un
alloyed metals, were measured by the above technique 
and also by a method which has been called "polariza
tion resistance" but is referred to by this writer as 
polarization rate !1V/ilI_ 

t Fi~I,II"(' S in Im.l<'kd s. indica te tht· l il t'rallHt' rl'ft'!'t'nct's al the e nd Hf thi s papn . 

The significance of the slope , !1V/ M , of the control
ling polarization curve was obse rved by the author and 
related to the break method [2J but was never further 
pursued until after Skold and Larso n [3] found the 
me thod favora bl e. They observed that a linear rela
tion ship exi sted whe n corrosion rate (expressed as 
weight loss) was plotted ve rsus !1V/!11 on logarithmic 
coordinates. Shortly thereafte r, Stern provided a 
theore ti cal bas is for th e polarizat ion res is tance method 
[4]. Th ese me thods a mong others have also bee n 
di scussed by Phelps [5] . The writer has found it 
des irabl e to use both techniqu es simultaneously as an 
aid in inte rpreting a nd c hecking data [6 , 7] and thi s 
procedure was followed in the meas urements about 
to be described. 

2. Experimental Procedure 

2 .1. Preparation and Exposure of Specimens 

The binary alloys were forged and heat treated by 
the Armco Steel Corporation_ Their compositions 
according to analysis are shown in table 1. Forgings , 
0.875 in. X 0.875 (2.2 em X 2.2 em) in cross section, 
were machined into specimens 0.625 in. (1.59 em) diam 
X 12 in. (30 em) long_ - A hole, 0.25 in_ (6_3 mm) diam 
centered 0.32 in. (8.1 mm) from one end, was drilled 
through the specimen to permit insertion of a Nichrome 
wire, No. 30 B & S gage, 0.010 in. (0.25 mm) diam, which 
served as a loop to hold the specimen in suspension 
below the surface of the corrodent. All edges were 
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rounded, particularly at the hole, in order to assure 
accuracy in weight loss measurements. This precau
tion also prevented nicking of the suspension wire and 
provided good electrical contact as this wire also con
ducted the polarizing current. 

The method used in suspending the specimens and 
the reasons therefor were previously described [1]. 
The Nichrome was always cathodic to the specimens, 
even to the nickel specimen, and galvanic action, if any, 
was insignificant as previously observed with the Fe-Cr 
alloys. 

Before exposure, the specimens were degreased, 
scrubbed with scouring powder, rinsed, rubbed with 
fine-grit abrasive, scrubbed under running hot water, 
dried by air-blast and then weighed to the nearest 
2 mg. 

Twelve specimens, each of different composItIOn 
(table 1) were exposed to Washington, D.C. city water 
to which was added 3 percent by weight of sodium 
chloride. The salt water was contained by an open 
cylindrical vat, 66 in. (16.7 dm) diam. The depth of 
the water was maintained at 18 in. and the volume of 
water about 265 gal. The specimens, about 13 in. 
(33 cm) apart, were staggered and suspended in two 
rows across the center of the vat, the tops of the speci
mens being 2 in. (5 cm) below the water surface. 
Electrical contact with a given specimen was made 
through a terminal strip mounted on the outside of the 
vat from which wires were permanently connected to 
the Nichrome suspension loops by battery clips. The 
temperature of the water was not controlled but was 
measured regularly during exposure. 

TABLE 1. Composition of alloys 

Compos iton, percen l* 
S pec imen f------.- - -

Iron Nicke l 

I 100 0 
2 97 3 
3 95 5 
4 9 1 10 
5 85 16 
6 81 20 
7 70 30 
8 64 36 
9 49 50 

10 43 57 
II 21 81 
12 0 100 

* Analyzed by x-ray fluorescence techniques for iron and nickel in each specimen. Iron 
and nickel were determined separately. Values as measured were within ± O. S pe rcent 
and are rounded off to the nearest 1 percent. Two specimens, 1 and 11 , were analyzed 
by a qualitative s pec trochemical me thod for impurities, resulting in the following: Specimen 
1 had Ni , Cu, Si, Ti , each between 0.01 - 0.1 percent , AI < 0.01 percent. Specimen II 
had Si between 0.1 - 1.0 percent , Cu, Co. Ti , each between 0.01-0.1 percent , AI , Mn each 
< 0.01 percent. 

2.2. Electrical Measurements 

Potentials were measured with reference to a satu
rated calomel half-cell. Contact between the salt 
water and the half-cell was by an agar-salt bridge in the 
form of a 5-ft (152 cm) length of flexible tubing contain
ing a mixture of agar and potassium chloride. The 
electrical continuity of the agar-salt bridge was assured 

by a co tton cord saturated with potassium chloride . 
The cord extended the entire length of the tube 
enveloped by the agar-salt mixture. The end of the 
tube was placed into the water through a sleeve 
mounted about 6 in. (15 cm) from the wall inside of the 
vaL. The di stance between the tip of the salt-bridge 
and a specimen varied between 18 in. (46 cm) and 40 in. 
(101 cm), depending on the location of the specimen. 
When electrical measureme nts were not in progress, 
the salt-bridge was removed from the water. When 
polarization measurements we re being made , aux
iliary electrodes consisting of two s trips of zinc sheet, 
4 in. (10 em) wide X 18 in. (46 cm) long, were hung over 
the wall of the vat. 

Measurements were made on about 22 occasions 
during the exposure period of 210 days. The measure
ments involved corrosion potential and the running 
of cathodic and anodic polarization curves. For a 
given specimen, an interval of several hours, some
times 24 hr, was permitted between cathodic and 
anodic polarization runs, not necessarily in that order, 
but usually so. 

Corrosion potentials were measured with a high 
resistance voltmeter and polarization was measured 
and recorded with a two-pen (current and potential) 
strip-chart recorder. The length of time required for 
obtaining a polarization curve varied from about 15 
to 30 min. Most of the polarization data were obtained 
by using the galvanodynamic method and about 25 
percent using a potentiodynamic method for compari
son. The schematic circuit diagrams for these 
methods are shown in figures 1 and 2, respectively. 
Both circuits incorporate the Holler bridge for balanc
ing out undesirable voltage drop (IR) from the recorded 
potentials [8]. In figure 1, the polarizing current is 
steadily increased by varying the applied voltage at a 
linear rate by means of the ten-turn motor-driven poten
tiometer Rl with resistor R3 set for a predetermined 
range of polarizing current. In figure 2, initially the 
applied voltage between the specimen and the refer
ence electrode is manually adjusted by setting R4 to a 
value equal to the corrosion potential after which R4 
becomes motor-driven and sweeps the range of poten
tial required for polarization while R3 is set at a com
paratively low value of resistance so as to not unduly 
limit the applied current. In viewing the recorder 
charts, the break in the curve is more evident on the 
potential plot than on the current plot with the galvano
dynamic method, while the reverse is true when the 
potential sweep circuit (fig. 2) is used. 

2.3. Removal of Corrosion Products 

Following removal from the salt water, the specimens 
were held under running hot water and scrubbed with a 
stiff fiber-bristle brush. They were then placed into 
an ultrasonic cleaning tank (for 10 min) containing a 
10 percent solution, at 150 of, of ammonium citrate 
made alkaline (PH 9-10) by the addition of ammo
nium hydroxide. Then, the specimens were again 
brushed under running hot water, dried under an air 
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blast and weighed to the nearest 2 mg. After repeat
ing this procedure the third time, there was no signifi
cant change in weight; the final weights were then 
subtracted from the original weights in computing the 
actual metal loss attributed to corrosion. 

3. Results and Discussion 

On the 210th day of exposure the specimens were 
re moved from the salt water. Although the obj ec t of 
the experimental work was primarily that of evaluating 
the corrosion rate meas uring techniques, the data in 
table 2 show how the results to be described are related 
to the apparent areas corroded and to the depths of the 

pits. Note, that all apparent corros ion on the ni cke l 
(specimen 12) seems to have been con fin ed to one pit. 

Polarization c urves from data on recorde r cha rts 
obtained on the 202d day of expos ure are s how n in 
figures 3 and 4 on se milogarithmic a nd rec tangular 
coordinates, respectively. Whil e s uc h data , ord i· 
narily, are shown on semilogarithmic coordin ates, th e 
rectangular plot helps to verify the break in the c urve 
and the value of applied current at whic h it occ urs . 
The absence of a break on the latter would place doubt 
on the extrapolated semilogarithmic value. The 
values of Ip (break in the cathodic curve) and of I q 
(break in the anodic curve) c hosen in calculating the 
corrosion c urre nt s (table 3) are marked I" and Iq in 
fi gures 3 and 4 and are indi cated by vertical dashes 
(where dashed lin es intersec t). It will be noted that 
there is reaso nably good agree me nt between fi gures 
3 and 4 for a given s pecimen in the values of I p , but 
apparently not as good agree me nt in the values of Iq. 

TABLE 2. Appearance of the binary aLlays of nickeL and iran after 
cLeaning which fo LLowed 210 days af exposure to saLt water 

Apparent 
Speci men area 

corroded 

Percellt 
I (100 Fe) 85 

2 (3 Ni) 70 

3 (5 Ni) 80 

4 (10 Ni) 75 

5 (16 Ni) 65 

6 (20 Ni) 50 

7 (30 Ni) 40 

8 (36 Ni) 50 

9 (50 Ni) 15 

10 (57 Ni) < I 

II (81 Ni) < 0.05 

12 (100 Ni) < 0.02 

Re marks, pit de pths 

General corrosion (0- 3 mi ls*). 

Cene raJ corrosion (0- 3 mils), except for one pit (5 mi ls). 

Gene raJ corrosion (0- 3 mils). 

General corrosion (0- 3 mi ls ). 

CeneraJ corrosion (0- 5 mils). 

Ceneral corrosion (0- 8 mils). 

Lower 4.5 in. ( II c m) (opposite suspension e nd) of sp ec ime n 
length not corroded, othe rw ise-general corrosion (0- 8 mils). 

Spott y corros ion It) 10-mil de p ths. 

8 in . (20 e m) of the s pecimen measured fro rn the lowe r e nd was 
not corroded. 

Spott y corros ion (8- 12 mils) on the upper 4 in. (10 e m). P its to 
45 mils in d e pth a t th e top end . 

Scattered pits (2- 6 mi ls) in about 24 places . One pit (50 mils) 
at the top e nd. 

Three pit s (5- 25 mils) on the surface. One p it (50 mils) insid e 
of the mounting hole. 

No corros ion , except for onc pit (60 mils deep) ins ide the mount 
ing h ole. 

*mil = O.ool in. (25.4/L). 

The values of I q , pe rtaining to these data , selec ted from 
the rec tangular coordinates are considered the more 
significant, except for specimens 11 (81 Ni) and 12 
(100 Ni). The actual values of Ip and /q were obtained 
before compressing the scales (particularly the ordi· 
nates) as shown in figures 3 and 4. The data for all 
specimens are shown on one figure so that the reader 
can get an overall picture of what the curves portray for 
different rates of corrosion. When calculati ng th e 
corrosion current (see the equation , foo tnote b, table 
3), the smaller current, whether it be 1" or I" , is the 
more significant (controlling) and fortun ate ly can be 
extrapolated with the greater degree of accuracy. 
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FI GURE 3. Polarization curves of iron, nickel , and binary alloys 
of nickel and iron obtained on the 202d day of exposure to city 
water having added 3 percent by weight of sodium chloride. 

o a nodic . ca thodic. 
NOT E: Va lues of il! a nd /'1 ac tu a ll y used fu r the ca lc ulations (ta ble 3) are ma rked I I' and 

1'1 (fi gs. 3 and 4), for exam ple. 'I' (fi g. 3) is used with Iq (fig. 4) for the 100 Fe speci men. In 
the c ase of the 100 Ni s pecim en. II! and 1'1 of figure 3 arc used . etc. The ordina tes (figs. 
3 a nd 4) a re comp ressed to save space. In going up the sca le . the put e ntia ls become le ss 
negati ve . Thus . fu r the 30 Ni s pecime n. the corros ion pot e nt ial is abHul - O.58 V (see fi g. 4). 

All the values of l p and 1 q, calculated corrosion c ur
rents, calculated weight losses, and actual weight 
losses for all specimens are tabulated in table 3. In 
calculating weight losses , the electrochemical equiva
lent for ferrous iron was chosen for the alloys with less 
than 50 percent of nickel, and that of nickel for the 
alloys having 50 percent or more of nickel. Actually , 
the equivalent value chosen is not significant here as 
the differe nce (about 5%) in results obtained is within 
the limit of accuracy with which the polarization curves 
can be evaluated. 

In table 3, beginning with the 78th day of exposure 
and on thro ugh the 117th day, all data were obtained 
using the po tentiodynamic method of polarization. It 
will be noted that the data pattern fits in quite well with 
the pattern before and after thi s period obtain ed usin g 
the galvanodynamic polarization technique . For 
specimens 1 through 6, the change from 11/ = 10 l p to 
lesser values of Iq is not believed to be s ignificant. 
The pote ntiodynamic method offered no advantage in 
obtaining these data and required more instrumentation. 
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FI GU RE 4. S ame dat a as in figure 3, platted on rec t ang ula r 
coordinates . 

o a nud ic. () ca th ud ic, See " Nu te" fi gure 3. 

Figure 5 shows how the corrosion rates vary with th e 
nickel content and how the calc ulated and actual 
values compare . The bigges t reduction in corrosion 
rate occurred in changing from 50 Ni to 57 Ni. FOl'the 
parti cular environment , nickel in amounts up to 20 
percent see m to offer no advantage from the s tand
point of corrosion resistance_ P e ttibone [9] de mon
strated an advantage in the corrosion resistance of 
36.53 Ni steel over mild steel in four sea water envi ron
ments for exposure periods varying from 5 to 15 ye ars . 
It has also been re ported that the corrosion ra te of a 
26 percent Ni alloy of iro n and nickel was about one
third that of wrought iron in sea water as well as in 
the atmosphere [10]. 

When specime n 8 (36 Ni) was initially exposed , the 
corrosion c urrent was about one-eighth that of the 
specimens with lesser amounts of ni ckel (table 3). 
Between the 4th and 7th days , the corrosion pote ntial 
of s pecimen 8 changed from - 0.355 V to - 0.540 V 
(potentials are not shown in the table) and the corro
s ion current increased fivefold _ On s pecimen 9 (50 
Ni), a low rate of corrosion prevailed through the 34th 
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TABLE 3. Corrosion weight losses calc alated from polarization 
data obtained on a series 0/ alloys containing nickel and iron 
exposed to a 3-percent sodium chloride solution lor 7 months 

Polarizing current Corros ion We ight loss C 

at break in cu rve a current IJ 

Speci· Expos ure 
men time 

Cathodic Anodic io Ca lcu lated A ctual 

I" I , cumulative 

Days filA rnA iliA mg mg 

I 
(100 Fe) 4 1.8 IOlp It 1.6 160 

14 1.0 lOfp d 0.9 1 470 
20 0.75 lO/,. d 0.68 590 
28 1.0 10/pd 0.9 1 750 
34 0.93 10/'1 d 0.84 920 
41 l.l 1011' d 1.0 11 00 
% 1.0 10/" d 0.9 1 1200 
54 0.95 10/,. d 0.86 1400 
62 l.l 10/,,(1 1.0 1600 
70 1.2 101,} d 1. 1 1800 
78 1.1 6.0 0.93 2000 
88 1.2 8.2 1.0 2200 
95 1.1 8.0 0.96 2400 

102 1.3 7.3 1. 1 2600 
11 7 1.2 7.8 1.0 3000 
125 l.l 9.0 0.98 3200 
137 1.0 7.0 0.88 3400 
145 0.80 4.7 0.68 3600 
159 1.2 4.5 0.95 3900 
172 l.l 4.5 0.88 4200 
202 1.1 3.5 0.84 4800 
210 5000 4590 

2 
(3 Nil 4 1.6 10/,. d 1.4 140 

14 1.3 10/" d 1.2 460 
20 0.95 101,. d 0.85 610 
28 1. 2 10lv d 1.1 810 
34 1.1 10lpo 1.0 970 
41 1. 1 10/,1 d 1.0 1100 
% 1.0 IO/pd 0.9 1 1300 
54 0.95 IOl"d 0.85 1400 
62 1.2 10/, • l.l 1600 
70 1.3 10lp d 1.2 1900 
77 1.3 7.5 1.1 2100 
88 1.3 8.0 1.1 2400 
95 1.2 7.5 1.0 2500 

102 1.3 6.8 1.1 2700 
11 7 1.4 8.8 1.2 3200 
125 0.95 6.0 0.82 3400 
137 1.3 6.0 1.1 3600 
145 1. 1 4.0 0.86 3800 
159 1.3 9.0 1.1 4200 
172 1.2 4.0 0.92 4500 
202 l.l 4.0 0.86 5200 
210 ...... ... 5300 4660 

3 
(5 Ni) 4 1.6 10/" d 1.4 140 

14 1.0 10/'1 d 0.91 4 10 
20 0.80 10/, • 0.73 540 
28 1.2 10/" d 1. 1 720 
34 1. 1 10/" d 1.0 890 
41 1.3 lOJp d 1.2 1100 
% l.l 101'1 d 1.0 1200 
54 0.98 WI" d 0.89 1400 
62 1.3 1011' II 1.2 1600 
70 1.5 IOJ, • 1.4 1900 
78 1.3 8 1.1 2100 
88 1.2 8.3 1.0 2400 
95 1.5 7.5 1.3 2600 

102 1.5 7.3 1.2 2800 
ll8 1.3 8.0 l.l 3300 
125 l.l 7.0 0.96 3400 
137 1.3 9.0 l.l 3700 
145 1.2 5.0 0.97 3900 
159 1.3 4.5 1.0 4300 
172 1.2 4.2 0.93 %00 
202 1.2 4.0 0.92 5300 
210 5500 4860 

TABLE 3. Corrasion weight Losses calculated from polarization 
data obtained on a series 0/ alloys contuining nickel and iron 
exposed to a 3-percent sodium chloride solation/or 7 m.onths
Continued 

Polarizing curre nt Corrosion Weight loss C 

at break in curve a current h 

Speci. Exposure 
men l ime 

Cathod ic Anodic i, Calculated Actual 
I, I , c umulative 

Dltys mA mA rnA mg mg 

4 
(10 Ni) 4 1.5 lOll} d 1.4 140 

14 1.3 10/1' d 1. 2 470 
20 1.0 lO/,} d 0.91 630 
28 1.3 IOlpd 1. 2 830 
34 1.3 1011' d 1. 2 1000 
41 1.1 WI,} d 1.0 1200 
% 1. 2 10/,} d 1.1 1300 
55 1. 2 10/,} II 1.1 1600 
62 1.2 lOll} d 1. 1 1800 
70 1.3 lOll} d 1.2 2000 
78 1.2 7.5 1.0 2200 
88 1.2 9.0 1.1 2500 
95 1.2 8.0 1.0 2600 

102 1.3 8.0 1.1 2800 
117 1.3 7.0 1.1 3200 
125 1.2 7.0 1.0 3400 
137 1.5 14.0 1.4 3800 
145 1.2 5.0 0.97 4000 
159 1.3 4.0 0.98 4400 
172 1.3 4.2 0.99 4700 
202 1.3 4.0 0.98 5400 
210 5600 4880 

5 
(16 Ni) 4 1.9 10/,} d 1. 7 170 

14 1.4 10/,} d 1.3 550 
20 1.2 IO/,} II 1.1 720 
28 1.5 10/'1 d 1.4 980 
34 1.0 10/'1 d 0.90 1100 
41 1. 2 101'1 d 1. 1 1300 
% 1.2 10/1' d 1. 1 1500 
55 1.3 lOll} d 1.2 1700 
62 1.5 10/,} d 1.4 1900 
70 1.5 WI,} d 1.4 2200 
78 1.4 8.7 1.2 2500 
88 1.5 9.0 1.3 2800 
95 1.4 8.0 1.2 3000 

102 J.7 7. 1 1.4 3200 
117 1.6 8.4 1.3 3700 
125 1.4 6.0 1.1 4000 
137 1.5 5.0 1.1 4300 
145 1.5 4.5 1.1 4500 
159 1.4 4.0 1.0 4900 
172 1.5 4.0 1. 1 5200 
202 1.4 4.5 1. 1 6 100 
210 6300 5350 

6 
(20 Ni) 5 2.0 10/'1 d 1.8 220 

12 1.5 10/// d 1.4 500 
20 1.1 101,1 II 1.0 740 
28 1.5 1011' d 1.4 990 
34 1.2 10111 d l.l 1200 
41 1.1 1011' d 1.0 1400 
46 1.1 lOll} d 1.0 1500 
55 1.2 10/, d 1.1 1700 
62 l.l 1011' II 1.0 1900 
70 1.2 10/'1 d 1. 1 2 100 
77 1.2 8.3 1.0 2300 
88 1.3 7.7 1.1 2600 
95 1.3 7.3 1.1 2800 

102 1.3 8.0 1.1 3000 
11 7 1.5 6.8 1.2 3400 
125 1.1 6.3 0.94 3600 
137 1.4 6.0 1.1 3900 
145 1.0 

... J 
4.0 0.80 4100 

159 1.3 6.0 1.1 4400 
172 1.2 4.2 0.93 4800 
202 1.3 4.0 0.98 5500 
210 5700 4440 
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TABLE 3. Corrosion weight losses calculated from polarization 
data obtained on a series of aLLoys containing nickel and iron 
exposed to a 3-percent sodium chloride solution for 7 months
Continued 

Speci- Exposure 
men time 

Days 

7 
(30 Nil 4 

12 
20 
28 
34 
40 
47 
55 
62 
70 
78 
SS 
95 

102 
11 7 
125 
137 
145 
159 
172 
202 
210 

8 
(36 Nil 4 

7 
12 
21 
29 
34 
41 
47 
55 
62 
70 
78 
SS 
95 

102 
117 
125 
137 
145 
159 
173 
202 
210 

9 
(50 Nil 4 

7 
12 
18 
28 
34 
40 
~ 
54 
62 
70 
78 
SS 
95 

102 
117 
125 
137 
145 
159 
173 
202 
2 10 

a See the text. 
'i, ~ /,· I,I(lo + l,l. 

.. 

Polarizing current 
at break in curve a 

Cathodic Anodic 
I, I, 

mA mA 

1.7 5.0 
1.5 7.5 
1.0 7.0 
1.2 IOlp d 

1.1 10/,' 
1.1 10/1,(\ 

0.93 IO/,d 
1.1 10/"d 
1.1 5.0 
1.0 6.0 
1.1 9.2 
1.2 11.5 
1. 1 8.0 
1.2 9.0 
1.0 8.8 
0.95 5.3 
1.0 6.5 
0.90 4.0 
0.98 2.5 
1.1 2.5 
1.0 4.5 

.. ... 

0.20 0 .90 
1.1 4.4 
1.4 8.2 
0.75 5.0 
1.3 5.5 
0.90 4.3 
1.0 5.8 
0.80 3.7 
0.90 5.5 
0.90 5.0 
1.0 5.0 
1.0 5.5 
1.1 6.0 
1.2 5.0 
1.2 4.8 
1.2 5 .0 
1.2 6.0 
0.:;0 6.5 
0.90 5.2 
1.3 6.0 
0.90 5.0 
0.90 5.7 

0.18 0.30 
0.11 0.11 
0.15 0.30 
0.32 0.14 
0.26 0.30 
0.29 0.25 
1.4 3.0 
1.3 3.0 
0.75 2.1 
1.0 2.5 
1.0 6.0 
0.90 6.0 
0.82 6.5 
0.75 6.5 
O.SS 5.9 
0.60 6.8 
0.55 2.5 
0.65 4.0 
0.60 2.8 
0.60 2.0 
0.67 2.5 
0.52 2.3 

Corrosion Weight loss C 

current b 

i, Calculated Actual 
c umulative 

mA mg mg 

1.3 130 
1.1 370 
0.87 570 
1.1 760 
1.0 920 
1.0 1100 
0.85 1200 
1.0 1400 
0.90 1600 
0.86 1800 
0.98 1900 
1.1 2200 
0.97 2400 
1.1 2500 
0.90 2900 
0.81 3 100 
0.87 3300 
0.74 3500 
0.70 3700 
0.76 4000 
0.82 ~oo 

4700 4100 

0. 16 16 
O.SS 55 
1.2 ISO 
0.65 390 
1.1 560 
0.74 680 
0.85 820 
0.66 930 
0.77 11 00 
0.76 1200 
0.83 1400 
0.85 1500 
0.93 1800 
0.97 1900 
0.96 2100 
0.97 2500 
1.0 2600 
0.79 2900 
0.77 3100 
1.1 3400 
0.76 3700 
0.78 4300 

4400 3110 

0.11 12 
0.055 18 
0.10 28 
0.097 43 
0.14 75 
0.13 96 
0.95 180 
0.91 330 
0.55 480 
0.71 610 
0.85 7SO 
0.78 950 
0.73 1100 
0.67 1300 
0.76 1400 
0.55 1700 
0.45 1800 
0.56 1900 
0.49 2000 
O.~ 2200 
0.53 2400 
0.42 2700 

2800 2860 

c Calculated weight loss (g)= Kt i, K = e1ec trochemicaJ equivalent (for speci mens 1- 8, 
assumed K = 2.8938 X 10- 4 gfcoulomb: for s pec imens 9- 12. assumed K = 3.0409 X 10- 4 

gJcou lomb; i = average of corrosion c urrents (A) for the exposure period (t in sec) between 
successive readings) . The values of io at the beginning and end of exposure are laken as 
the initial and final values. respec ti ve ly. as calculated. 

d Assumed. 

TABLE 3. Corrosion weight losses calculated from polarization 
data obtained on a series of alloys containing nickel and iron 
exposed to a 3-percent sodium chloride solution for 7 months
Continued 

Polarizing current Corrosion Weight loss C 

at break in curve a current h 

S ped· Exposure 
men time 

Cathodic Anodic i" Calculated Actual 
I, I, cu mu lative 

Days mA mA rnA mg mg 

10 
(57 Nil 4 0.10 0.25 0.071 7.5 

7 0.08 0.13 0.049 12 
12 0.18 0.32 0.11 23 
21 0.20 0.09 0.062 43 
29 0.15 0.1 3 0.07 57 
34 0.13 0.12 0.065 66 
40 0.29 0.14 0.094 78 
46 0.15 0.1 5 0.075 91 
54 0.15 0.19 0.084 110 
62 0.15 0.25 0.094 130 
70 0.21 0.41 0.14 ISO 
78 0.20 0.35 0.13 ISO 
SS 0. 18 0.25 0.10 210 
95 0.16 0.25 0.098 230 

102 0.14 0.4 1 0. 10 250 
1 17 0.17 0.40 0.12 290 
125 0. 13 0.56 0.11 320 
137 0.11 0.55 0.092 350 
I ~ 0. 17 0.38 0.12 370 
159 0.16 0.30 0.10 4 10 
173 0.13 0.25 0.085 440 
202 0. 15 0.28 0.097 5 10 
210 .................. . . . . . . . . . . . . . . . . .. ........ 530 332 

1\ 
(81 Nil 4 0.036 0.070 0.024 2.5 

7 0.009 0.0 10 0.0047 3.7 
12 0.025 0.027 0.013 4.9 
18 0.011 0.019 0.007 6.5 
29 0.010 0.014 0.0059 8.4 
34 0.0095 0.016 0.0060 9.2 
40 0.011 0.020 0.0071 10 
~ 0.010 0.0 18 0.0064 II 
54 0.0 12 0.022 0.0078 13 
62 0.009 0.022 0.0064 14 
70 0.010 0.027 0.0073 16 
78 0.011 0.027 0.0078 17 
SS 0.012 0.033 0.0088 20 
95 0.012 0.030 0.0086 21 

102 0.011 0.040 0.0085 23 
117 0.012 0.042 0.0094 26 
125 0.0085 0.027 0.0064 28 
137 0.0095 0.026 0.0070 30 
145 0.01 1 0.026 0.0077 32 
159 0.0082 0.025 0.0062 34 
173 0.012 0.030 0.0086 37 
202 0.010 0.030 0.0075 43 
210 45 61 

12 
(100 Nil 4 0.050 0.038 0.022 2.3 

7 0.0070 0.012 0.0044 3.3 
12 0.010 0.025 0.0071 4.0 
18 O.OOSS 0.028 0.0067 5. 1 
29 0.010 0.011 0.0052 7.8 
34 0.0095 0.011 0.0051 8.5 
40 0.010 0.020 0.0067 9.4 
~ 0.0075 0.020 0.0055 10 
54 0.0060 0 .020 O.OO~ II 
62 0.0090 0.020 0.0062 13 
70 0.0090 0.022 0.0064 14 
78 0.010 0.030 0.0075 16 
88 0.010 0.026 0.0072 17 
95 0.011 0.030 O.OOSO 19 

102 0.011 0.030 O.OOSO 20 
117 0.012 0.033 O.OOSS 24 
125 O.OOSO 0.021 0 .0058 25 
138 0.011 0.026 0.0077 27 
145 O.OOSS 0.030 0.0068 29 
159 0.0083 0.034 0.0067 3 1 
173 0.0090 0.027 0.0067 34 
202 O.OOSO 0.030 0.0063 39 
210 40 54 

NOTE: All spec imens were completely submerged and exposed at the same time in an 
open vat containing ,about 265 gal of sal.t water. Mean solu tion temp. , 73 OF; min, 64 OF; 
max, 81°F. Area of spec imen, 1/6 ft Z (ISS cmZ). 
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FIG URE 5. Effect 0/ nickel alloyed with irOIl all. the corrosioll rates 
0/ alloys exposed for 7 mOllths to Washingtoll , D.C. city water to 
which was added 3 percent by weigh t 0/ sodium chloride. 

• based on the actua l weight loss for 210 days. 
o based o n the cumulative weight loss as calculated from the breaks in polari zation 

c urves (table 3). 

day (table 3) after whi ch the corros ion potential 
changed from - 0.343 V to - 0.495 V and the corrosion 
curre nt in creased sevenfold . The corrosion current 
pertaining to specimen 9 was minimum whe n its corro
sion potential was the least ac tive (- 0.285 V) on the 
7th day of expos ure. For a comparison of the corro
sion potentials of all alloys on the 202d day of exposure, 
see figure 4 (at zero c urrent). P erhaps, the s till water 
s urrounding the specimens , where a greater chance 
for oxygen depletion occurred , may have prevented a 
continuation of th e film-forming tendencies initially 
exhibited by th e 36 and 50 Ni alloys. In moving water , 
the oxid e film s would probably ha ve been more s table 
and might have prevailed. 

The relationship between the two corrosion rate 
measuring techniques is shown in fi gure 6. The lin e 
through the points is drawn with a slope of - 1, the 
theoretical basis for which was given by Stern [4]. 
The values of /j.Vj /j./ are based on the c hange in poten
tial caused by the increase of applied current from 
zero to a value slightly larger than the current Jp , as 
indicated by arrows in figure 3 when the corrosion 
current is zero or negligible as indicated by th e in
crease polarization rate. Selecting values of applied 
current smaller than Jp could result in erroneous values 
of /j.V because the changes in potential might be too 
small for reliable meas ureme nt. On ce a relation ship, 
as in figure 6 , is estabJjshed for a give n environment , 
corrosion rates can be approxim ated simply by measur
in g /j.VjM. 

As the corrosion curre nts were controlled by the 
cathodic reac tions, almost without exception (table 3) , 
the values /j.Vj /j./ were calculated from the cathodic 
polarization c urves. The relations hip between the 
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POLARIZATION RATE, OV/O I, V/mA/dm2 

F IGU RE 6. Logarithmic relationship between the corrosion current 
density , calculated from breaks in cathodic and anodic polariza
tion curves, and the controlling polarization rate (cathodic) 0/ 
nickel , iron, and binary alloys of nickel and iron . 

SubLegend: Seven values are s hown for each specimen based on measure men ts made 
at periodic intervals during the 21O·day ex posure period . 

• Specimens I through 7, 0- 30 Ni. 

o Speci men 8, 36 Ni. 

() Specimen 9, 50 Ni. 

o Specimen 10, 57 Ni. 

6 Specimen II , 81 Ni. 

Q Speci men 12, [OONi. 

polarization rates /j.Vj /j./ and the ac tual corrosion rates 
(weight losses) of the 12 specimens is shown in fi gure 7, 
the lin e through the point s again being drawn with 
slope of - 1. 

4. Summary 

Ten binary alloys of nickel and iron (series of 3 to 
81% Ni) and the me tals ni ckel and iron , 12 specim ens 
in all, were exposed for 210 days to about 265 gals 
of still Washington , D.C., tap water (64- 81 OF) to whi c h 
was added 3 percent by weight of sodium chloride. 
Corrosion currents were calculated periodically from 
breaks in polarization curves , averaged for each of 
the 22 periods and converted to cumulative weight 
losses by Faraday's law. The calculated weight 
losses differed from the actual weight losses (resulting 
from corrosion) by from 1 to 61 percent, averaging 22 
percent for the 12 specimens. The iron lost about 85 
times as much weight as did the nickel while the ratio 
of the respective areas apparently corroded was 
about 4000 to 1. Corrosion of the nickel seemed 
to be confined to one pit about 0.064 in. (1.6 mm) diam. 
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FI GU R E 7. Logarithmic relationship between corrosion rate based 
on actual weight loss and the controlling polarization rate of 
nickel , iron, and binary alloys of nickel and iron. 

Sublegend: Each point pertain s to a specimen and the polari za tion rate is the average of 
seven measureme nt s made at periodic intervals during the 21O-day exposure period. 

• Specimens I through 7. 0- 30 Ni. 

o S pecimen 8, 36 Ni. 

() Specimen 9, 50 Ni. 

o Specimen 10, 57 N i. 

t::. Specimen 11 , 81 Ni. 

~ Specimen 12. 100 N i. 

P olarizatio n rates, t1 V/ M , of the 12 s peci mens, 
referred to by mos t inves ti gators as polarization resis t
ance , were plott ed on logarithmic coordinates against 
corrosion c urre nt densities calculated from the same 
c urves by the break method and found to fit a c urve 
having the theore tical slope of - 1. Similarly , the 
actual weight losses of the 12 specime ns plotted on 
logarithmic coordinates versus th eir average polariza
tion rates also revealed a slope of - 1. Thus, once 
having es tabli shed the re lationship between corros ion 
c urre nt de nsity (from breaks in polarization c urves) 
and polarization rates, !1V/!1I, corrosion current 
de nsities can be approximated for other alloys in th e 
particular environment by simply measuring !1V/M. 
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The primary purpose of the la boratory work was to 
evalu ate two polarization techniques as methods for 
measuring ra tes of corrosion in an aqueous solution. 
Of secondary interest to the author was the observa
tion that the biggest bene fit in corros ion resistance 
occ urred in cha nging from 50 to 57 percent Ni. Both 
the calculated and the actual weight losses revealed 
a reduction in corrosion of over 80 perce nt for th e 57 
N i a lloy over th at of the 50 Ni a ll oy. 

The a uthor gra tefully ackn ow ledges the coo peration 
of the person ne l of the Research Laboratory, Armco 
Stee l Corporation , Balti more, Md., who arranged for 
the fabrication and pre pared the alloys. 
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