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Background

At the March 1965 meeting of National Association of Corrosion Engineers
(N.A.C.E.) Technical Conmmittee T-3L for Anodic Protection a large
number of attendees expressed an interest in participating in a round-robin
potentiostatic anodic polarization test program. Since a large amount of data
have been reported in the technical literature on the anodic behavior of nickel
in sulfuric acid solutions, it was decided that the T-3L Program should consist
of conducting a potentiostatic anodic polarization curve for pure nickel in
hydrogen-saturated, N H,50; at 25°C using the experimental technique usually
used in each participant's laboratory. FEach participant was requested to submit
a potentiostatic anodic polarization curve and supplemental data which were
to include values for: (1) corrosion potential (Ecorr)' (2) cathode potential,
(3) critical current density (igp), (4) critical potential (Ecr)s (5) passive
current density (ip), and (6) Tafel Slopes for anodic dissolution and transpas-
sive behavior. A1l data were to be reported in accordance with the generalized
potentiostatic anodic polarization curve (Fiqure 1) which was tentatively
agreed upon at the March 1965 T-3L Conmittee Meetina,

Since it is well known that experimental procedure can stronqly affect
the potentiostatic anodic polarization curve, it was anticipated that widely
different results would be reported. However, it was believed that the
completion of such a round-robin test program would permit a more meaningful
comparison of the data reported by various investiqators and focus attention
to the need for a standardized technique for conducting potentiostatic anodic

polarization studies.
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Subsequent to the 1965 T-31 Committee Meetina, specimens of pure nickel
(Nickel 270) were provided the twenty-five investinators expressing a desire
to actively participate in the round-robin test program. Of these twenty-
five participants, fifteen (Table I) submitted results. These data were

collected and compiled at the AFIT Corrosion Research Laboratory.




Table |

Participants in T-3L Round-Robin Test Program

“TInvestigator

Affiliation

James R, Myers
Richard L. Martin
Olen L. Riggs
Howard A, Porte
R. F. Steiqerwald
Howard Vaeth

John D. Hatfield

tdward L. Wiehe

G. A. Saltzman

C. t. Locke

Monte S. Walker

G. J. Biefer

Ing. M. Prazak CSc.

George tconomy & G. A. DiBari

Air Force Institute of Technology

Monsanto Company

Continental 0il Company

U. S. Naval Civil Engineering Laboratory
E. 1. du Pont de Nemours & Company
Republic Steel Corporation

TVA National Fertilizer Development Center
The International Nickel Company, Inc.
Jones & Laughlin Steei Corporation
Crucible Steel Company of America
Continental 0il Company

General Motors Technical Center

Mines Branch of Canada

State Institute for Material (Czechoslovakia)

James W. Johnson

||ver51ty of Missouri at Rolla

Test Material

Because of the large number of investiaators expressing an interest in
participating in the T-3L test program, it was necessary to use Nickel 270 rod
(furnished by The International Nickel Company) from two different heats. Since
the test materials were produced using the same mill practice and had nearly the
same chemistry (Table Il), it was not expected that this possible variable would

affect the anodic polarization curve. This was verified by tests conducted in

the AFIT Corrosion Research taboratory (see results reported by . R. Myers
in Appendix M),
Table 11
Chemical Analysis of Nickel 270 Used in T-3L Round-Robin
Test Program (values expressed in weight percent)

" "Yeat | C | ™ | Fe ~—“S“ '“"ST" Cu cr o |
NP-327-H | 0.002 | <0.001 0 0006 0.001 0,0005 <0.001 0.0001 0.0004
NP - 385-H 1»0.006 <O.UO| 0 0005 <0. OOI‘JEO 0007 <0.001 0.0001 0.0003




Results
Anodic polarization data were submitted by the fifteen active participants
of the T-3L Round-Robin Test Program. Of these fifteen: (1) eleven conducted
their studies using a potentiostatic technique with Hp-saturated, 1N H,50,; (2)
two used 3 potentiostatic technique with Nz-saturated, IN Hy504: (3) one used
a potentiostatic technique with air-saturated, IN H,50,; (4) one used a poter-
tipstatic technique with IN HZSO4 containing no saturating qas: and (5) one used
,-saturated, 1IN H

2 2
important polarization data reported by the fourteen participants using a poten-

a qalvanostatic technique with H 504. A compilation of the

tiostatic technique is qgiven in Tables IIla and IIIb, (The data sheets and
anodic polarization curves submitted by all fifteen inves .1gators are included
in Appendix A.) Examination of Tables Illa and Ilib revealed that the reported

polarization data are within the following limits:

Cathode Potential -0.240 t. -0.269 Volt vs. S.C.E.
Corrosion Potential (t.gpr) -0.200 to -0.300 Volt vs, S.C.E.
Anodic Dissolution Tafel Slope  0.044 to 0.089 Volt/decade
Critical Zurrent iensity (icp) 6.8 toc 199 ma/ci

Criticed Fotentiai {[¢p) -0.100 to +0.40n Volt vs. S.C.E.
Pascive Current Dens.ty (i,) 0.0022 to 0.3 ma/c

tEar!y Transpassive Tafel S?ope 0.040 to 0,185 Volt/decade
Oxyuser tvoluticn latel Slope 0.08 to 1.48% Voit/decade

Conclusions

it nas been estabiished that experimental technique strongly affects the
potentiostatic anodic polarization data for Nickel 270 in IN Hy504. However,
as a result of this round-robin test program, it should be possible for the

active participants to more meaninafully compare future data.

Recommendations
It is recommended that a s-.~.....cal study be made (by an appointed committee)
of the data contained in this report to quantitatively evaluate the affect of

experimental technique on the potentiostatic anodic polarization curve.
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Apperdix A
Nata Sheets and Anodic Polarization Curves for the Fiftcen

Active Participants in T-3L Round Robin Test Program.




James R, Myers

Corrosion Rescarch L aboratory
Nir Force Institute of Technoloqy

Wright-Patterson AFL, Ohio 45433

s —————— o0 &
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T-3L ROUND-ROBIN ANODIC POLARIZATION
TEST PROGRAM DATA SHEET

Specimen.......... Mhickel 270 (iiP-385-ii)

E]ectm]yte.......... -'“ HQSQI.L

Temperature, °C...... 2+ 1 °C

Saturating Gas....... Purified liydrogen

Specimen Preparation.... firound throuah 4/0 emery paper, cleaned

in boiling benzene, and rinsed in distilled water.

Specimen Activaticn Treatment...., Cathodically activated at -1.5

volts for 5 minutes.

!,‘CferenCe E]ectmde ..... Saturated Calomsd (’?.F[ )
Cathode Potential....... -UL 0 volt vs. SLCLL.
Corrosion Potential..... -0.280 volt vs. S.C.1.

Micdic Potential Sweep Rate (if continuous)...

0 mv 10 active reqion, 40 mv
fnodic Potentia) Increment {if stepwise)...... in passive and transpassive

Time at Each Anodic Potential (if stepwise)...3 minutes

Critical Current Density (igp)..... 51 ma/cm?
Critical Potential (E..)..... +0.700 volt vs. S.C.F.
Passive Current Density (ip) ..... 0.039 ma/cme

Anodic Dissolution Tafel Siupe..._ (1.050 to 0.070 volt/decade




Y
|
E
F

N TER THEN DU W Y

Transpassive Tafel Stope(s)..... @- tarly transpassive: 0.140 to 0.150 volt/decade
{identify each)

b. Oxvaen evolution: 0.090 to 0.100 volt/decade

Additional Comments............. Critical potential reported was

potential associated with the critical current depsity, Passi-

vation actually occurred over the potential range +0.100 to 40.160

voit vs. S.C.L.

Name James R, IMyers

Address Corrosion Researcn Laboratory

Air Force Institute of Technoloay

kright-Patterson AFB, Ohio 45433
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T-3L ROUND-ROBIN ANODIC POLARIZATION
TEST PROGRAM DATA SHEET

Specimen.......... Nickel 270 (KP-327-li)

E]ectm}yte.......... ]N ”2504

Temperature, °C...... 22 +1 °C

Saturating Gas..... oo Purified iivdrogen

Specimen Preparation.... Ground throunh 4/0 emerv paper, cleaned in

boilina benzene, and rinsed in distilled water.

Specimen Activation Treatment..... Cathodically activated at -1.5

voits Tor 5 minutes.

Reference Electrode..... Saturated Calomel (S ¢ 1)
Cathode Potential....... .26k volt vs. S.C.E.
Corrosion Potential..... __=0.271 volt vs. S.C.E.

Anodic Potential Sweep Rate (if continuous)...

_ 10 mv in active reqion, 40 awv in
Anodic Potential Increment (if stepwise)...... passive 2ad 20 v in transpassive

Time at Each Anodic Potential (if stepwise)... 3 minutes

Critical Current Den.ity (icr) ..... o7 ma/cu?
Critical Potential (Ecr) ..... +0.120 volt vs. S.C.[,
Passive Current Density (ip) ..... 0.015 ma/cmé

Anodic Dissolution Tafel Slope... 0.060 to 0.080 volt/decade




Q. Transpassive Tafel Slope(s)..... a. Larly transpassive: 0.130 to 0.140 volt/decade
(identify each)

b. Oxygen evolution: 0.080 to 0.090 volt/decade

R. Additional Comments............. Critical potential reported was

potential associated with the critical current density. Passi-

vation actually occurred over the potential range +0.120 to +0.200

volt vs. S.C.E.

Name James R, Myers

Address Corrosion Pesearch Laboratory

Air Force Institute of Technology

wright-Patterson AFB, Ohio 45433
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Richard L. Martin
Monsanto Company
800 North Lindberg Boulevard

St. Louis, Missouri 63166
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CURVE NO. 1

T-3L ROUND-ROBIN ANODIC POLARIZATION
T TEST PROGRAM DATA SHEET

Specimen.......... Nickel 270 (NP-385-H)
Electrolyte.......... IN HoS04
Temperature, °C...... 25°C

Saturating Gas....... Ultrapure Hydrogen

Specimen Preparation.... Polished through 0000 emery paper, washed

_!ith soap and water, deqreased with hot benzene, washed three times

with distilled water, dried at 65°C for 15 minutes and cooled to

room temperature (25°C) in desiccator.

Specimen Activation Treatment..... -0.300 volt cathodic for 15
minutes,

Reference Electrode..... Saturated calomel (S.C.E.)

Cathode Potential....... _-0.267 volt vs. S.C.E.

Corrosion Potential.....  -0.293 volt vs. S.C.E.

Anodic Potential Sweep Rate (if continuous)... 0.4 voit/hour

Anodic Potential Increment (if stepwise)......

Time at Each Anodic Potential (if stepwise)...

Critical Current Density (icp)..... 190.0 ma/cml
Critical Potential (Ecr) ..... +0.400 volt
Passive Current Density (ip) ..... 0.016 ma/cmd
Anodic Dissolution Tafel Slope... 0.050 volt/decade




(). Transpassive Tafel Slope(s)..... 0.040 volt/decade

(identify cach)

R. Additional Comments...... veses.. Curve No. 1 was obtained by

traversing at 0.40 volt/hour from-0.30 volt to +1.40 volts.

Name Richard L. Martin

Address Monsanto Company

800 North Lindbergq Boulevard

_St. Louis, Missouri 63166
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CURVE NO. 2
T-3L ROUND-ROBIN ANODIC POLARIZATION

T 7 T YEST PROGRAM DATA
Specimen.......... Nickel 270 (NP-385-H)
E]QCtFOIyte.......... 1N stqif
Temperature, °C...... 25°C
Saturating Gas....... Ultrapure Hydrogen

Specimen Preparation.... Polished through 0000 emery paper,

washed with soap and water, deqreased with hot benzene, washed

three times with distilled water, dried at 65°C for 15 minutes

_and cooled to room temperature (25°C) in desiccator,

Specimen Activation Treatment..... none
Reference Flectrode..... Saturated calomel (S.C.E.)
Cathode Potential....... -0.267 voit vs. S.C.E.
Corrosion Potential..... -0.300 volt vs. S.C.C

Anodic Potential Sweep Pate (if continuous)... 0.4 volt/hour

Anodic Potential Increment (if stepwise)......

Time at fach Anodic Potential (1f stepwise)...

Critical Current Density (igp)..... 38.12 ma/cm’
Criticail Potential (Ecr) ..... -0.040 volt
Passive Current Density (ip) e 0.002¢ ma[cm2

Anodic nssolution Tafel Slope... 0.080 volt/decade




Transpassive Tafel Slope(s).....  0.040 volt/decade
(identify each)

Additional Comments............ . Curve No. 2 was obtained by

traversing 0.40 volt/hour from 1.0 volt noble to -0.350 volt active.

Name Richard L, Martin

Address Monsanto Company

800 horth Lindberq Boulevard

_St. Louis, Missouri 63166
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Olen L. Riqqs
Continental 0i1 Company
P. 0. Drawer 1267

Ponca City, Oklahoma 74601
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T-3L ROUND-ROBIN ANODIC POLARIZATION

TEST PROGRAM DATA
Specimen.......... Nickel 270 (NP-385-K)
Electrolyte.......... 1N H>S04
Temperature, °C...... 25°C
Saturating Gas....... Ho

Specimen Preparation.... Machine polished; the exposed portic.

of the specimen remained cylindrical (1/2" diameter, 1" length).

A long (1 1/2") flat handle extended from center of top for

electrical connection. The approximate surface area was calculated

to be 10.7 cml.

Specimen Activation Treatment..... Cathodically activated at 50 ma/cm?

for % minutes.

Reference Electrode..... Saturated calomel (S.C.E.)
Cathode Potential....... . -0.245 * .001 volt (active)
Corrosion Potential..... ~0.263 + .003 volt (active)

Anodic Potential Sweep Rate (if continuous)... 20 second scan

Anodic Potential Increment (if stepwise)...... 50 mv

Time at Each Anodic Potential (if stepwise)... 2 minutes

Critical Current Density (ic )..... 60.2 ma/cm? (scan) 29.0 ma/cm_(stepwise)
Critical Potential (Ecr) ..... +0.250 volt (scan) +0.150 volt (stepwise)
Passive Current Density (ip) ..... 0.30 ma/cm (scan) 0.019 ma/cmé (stepwise)

Anodic Dissolution Tafel Slope... 0.054 volt/decade




0. Transpassive “afel Slope(s).....1. Prior to secondary passivation:
(identify each)

0.107 volt/decade

2. After secondary passivation:

R. Additional Comments..... 0.485 volt/decade
(1) ._In my opinion. tafel slopes should traverse a minimum of 2 log

———-—fecades preferably 3 or 4 to render the researcher meaningful

information,

(2)__Curve submitted was obtained stepwise

Name ~_Olen L. Riggs

Address Continental 0il Company

P. 0., Drawer 1267

Ponca City, Oklahoma 74601

e
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Howard A. Porte
Chemistry Division
U. S. Naval Civil Engineering Laboratory

Port Hueneme, California 93041




T-3L ROUND-ROBIN ANODIC POLARIZATION
’ TEST PROGRAM DATA SHEET

Specimen.......... Nickel 270 (NP-327-H)
Electrolyte.......... 1N HyS04
Temperature, °C...... 25°C

Saturating Gas....... H,

Specimen Preparation.... tlectrode was wet-polished (demineralized

water as lubricant) with succeeding finer grades of silicon-carbide

paper through No. 400, rinsed with demineralized water and inserted

in cell,

Specimen Activation Treatment..... Left in solution overnight prior

to polarization.

Reference Electrode..... Saturated calomel (S.C.E.)
Cathode Potential....... L
Corrosion Potential..... -0.263 volt vs. S.C.E.

Anodic Potential Sweep Pate (if continuous)... & volts/hour

Anodic Patential Increment (if stepwise)......

Time at €ach Anodic Potential (if stepwise)...

Critical Current Density (icp).....

Critical Potential (Ecr) .....

Passive Current Density (ip) .....

Anodic Dissolution Tafel Slope...




). Transpassive Tafel Slope(s).....
(identify cach)

R. Additional Comments............., Polarization was conducted from

corrosion potential in noble direction. After the transpassive

region was reached, the potential sweep was reversed and polariza-

tion was conducted in the active direction.

Name Howard A. Porte

AddressChemistry Division

U. §. Naval Civil Engineering Laboratory

Port Hueneme, California 93041
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R. F. Steigerwald
Engineering Materials Laboratory
t. I. du Pont de Nemours & Co.
Experimental Station

Wilmington, Delaware 19898




0.

6.

H.

N,

<

T-3L ROUND-ROBIN ANODIC POLARIZATION
~TEST PROGRAM DATA SREET

Specimen..... e Nickel 270 (NP-385-H)
Electrolyte......... . IN H550,
Temperature, °C...... 26°C

Saturating Gas....... Ha

Specimen Preparation.... Ground on 400 qrit emery; rinsed;

etched in 10 parts formic acid - 10 parts hydrogen peroxide

(30%) - 80 parts water at 80°C for 2 minutes; rinsed in distilled

water,

Specimen Activation Treatment..... 1 min at -0.6 volt v, S,C,E,
Reference Electrode..... Saturated Calomel (S.C.E.)

Cathode Potential....... £ =-0.2630 volt vs. S.C.E.

Corrosion Potential.. ... ~-0.2615 voit vs. S.C.E.

Anodic Potential Sweep Rate (if continuous)...

Anodic Potential Increment (if stepwise)...... Yariable,

Time at Eacn Anodic Potential (if stepwise)... "steady-state” or 5 min.

Critical Current Density (i-.)..... 8.17 ma/cml

Critical Potential (Ecr) ..... -0.05 volt vs. S.C.E,

fassive Current Density minimgm 1, = G 005 ma

lcmd

Anodic Dis<olution Tafel Slope... 0.05 volt/decade




Additional Comments,.

Transpassive Tafel Slope(s)..... 0.14 volt/decade
(identify cach)

Name R, F, Steigerwald

Address Engineering Materials Labaoratory
E. I, du Pont de Nemours & Co.
Experimental Station

_Milmington, Delaware 19898
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Howard Vaeth
Republic Steel Corporation
Research Center
6801 Brecksville Road
Independence, Ohio 44131




H.

T-3L ROUND-ROBIN ANODIC POLARIZATION
~TEST PROGRAM DATA

SpﬁCimn.......... !!I‘kgl ZZQ ‘HE“3272H)

Electrolyte..........
Temperature, °C...... 24 +1 °C
Saturating Gas....... Hydrogen

Specimen Preparation...._ Cross section of sampie mounted in plastic
{Quickmount) and polished metallographically, finisping with 0.05

micron alumina,

Specimen Activation Treatment..... One hour age in electrolyte

followed by one minute at -0.5C0 volt followed by a one minute

period after which the polarization run was started.

Reference Electrode..... Saturated Calomel (S.C.E.)
Cathode Potential.......
Corrosion Potential,.... -0.260 volt vs, S.C.E.

Anodic Potential Sweep Rate (if continuous)...

Anodic Potential Increment (if stepwise)...... 20 mv

Time at Each Anodic Potential (if stepwise)... 2 minutes

Critical Current Density (igp)..... 140 ma/cm?
Critical Potential (Ecr) ..... 0.3 volt vs. S.C.E, See reverse side
Passive Current Density (ip) ..... 19.8 u a/sq cm

Anodic Dissolution Tafel Slope... 0.089 volt/decade




0. Transpassive Tafel Slope(s)..... 0,182 volt/decade
(identify each)

This is before the transpassive

inflection.

R. Additional Comments......coo0nse
1. _Critical Potential, No distinct "nose" was observed. Rather a_
range of potentials over which the current remained at a con-_
stant maximum value was observed. The approximate middle of this
potential range is at 0.3 volt and is the yaluye reparted an the
reverse side. The current density through this range is taken _

as the critical current density.

2. General. Four runs were made using _four cross sections cut from

the original sample.

Name Howard Vaeth

Address _ Republic Steel Corporation

Research Center

6801 Brecksville Road

Independence, Ohic 44131
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John D. Katfield
Fundamental Research Branch
TVA National Fertilizer Development Center

Muscle Shoals, Alabama 35660




G.

H.

T-3L ROUND-ROBIN ANODIC POLARIZATION
TEST PROGRAH DATA SHEE]

Specimen.......... Nickel 270 (NP-327-H)

Electrolyte.......... 1.0N H2S0,
Temperature, °C...... 25.0 °C
Saturating Gas....... Hydrogen

Specimen Preparation.... Ground with Nos. 2, 1, 0, 2/0, 3/0 and 4/0

emery paper in kerosene. Washed at 25 °C in acetone. Dried 20 minutes

at 60 °C and desiccated overnight at room temperature.

Specimen Activation Treatment..... Cathodized in 1N HoS04 immediately

prior to measurements at approximately 1 ampere for 5 minutes.

Reference Electrode..... Saturated calomel (S.C.E.)
Cathode Potential....... _u}nitially -0.262 volt vs. S.C.E.
Corrosion Potential..... -0.265 volt vs. S.C.E.

Anodic Potential Sweep Rate (if continuous)... 2.50 mv/min

Anodic Potential Increment (if stepwise)......

Time at Each Anodic Potential (if stepwise)...

Critical Current Density (icy)..... 27 ma/cnf
Critical Potential (E..)..... -0.025 volt vs. S.C.E.
Passive Current Density (ip) ..... 0.05 to 0.18 ma/cn?

Anodic Dissolution Tafel Slope...  0.06 volt/decade




). Transpassive Tafel Sicpe(s)..... No oxygen evolution: 0.17 volt/decade
(identify cach)

With oxygen evolution: 0.37 volt/decade

R. Additional Comments............ ., The attached curve is a composite of

two runs. Although anodic dissolution and transpassive dissolution

slopes, as well as passivation currents of each run, were essentially

identical, the first specimen (not subjected to an activation treat-

ment) failed to passivate until a current density of 150 ma/cm? at a

potential of +0.32 volt vs. SCE had been attained.

Name  John D. Hatfield

Address Fundamental Research Branch

TVA National Fertilizer Development Center

Muscle Shoals, Alabama 35660
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T-3L ROUND-RUBIN ANODIC POLARIZATION
TEST PROGRAM DATA SHEET

Specimen..........  iickel 270 ('iP-385-ii)

Eiectrolyte.......... 1.00050 ”2;04

Temperature, °C...... 25 + 0.5 °C

Saturating Gas....... nvdroaen (eoxo Purified)

Specimen Preparation.... Lxposed surface aiven mirror polisn.

Specimen Activation Treatment..... oreoadscd Wi dectone . rinsed in

l“',t‘.i]h"l; v“-:‘ Vrooraod In tn ] ”1fr“i(‘-n‘:;v[‘ic (](:j” Q()l“tion’ rinse(l

bt bl e cang el L0 S -l ntaccd in cell.
deterence tlectrooe. . ... :

Catrode Potential. ..., . v

Corrosion Potentigl.. ... T wedtvs s bl

Anodic Potential Sweep Rate (if continuous)...

Anogic Potential Increment (if Stepwise)...... irrcoalar

Time at tach Anodic Potential (if stepwise)... » vnutes te le hours

Critical Current Density (i.p)..... e
{ritical Motential (Ecr) ,,,,, ©ooae Wl vel s 0L
Passive Current Density (ia) ..... wlce

NS ol ;
i v U G caae

Ancdic Dissolution Tafel Siope...




(). Transpassive Tafel Slope(s)..... 0.1u0 volt/decade

(identify eacn)

R. Additional Comments............. Gtcr WO'id be +0.08y volt vs. S.C.L.

if take: at 1cr,

Name S T T

S

AddreSSﬁ":‘: Lo Terres odearen Laroratery

v anternatieod Tl Company, Inc.

. . - )
Atorianng Dorest

Suttorn, Tww Yors 1o
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Fdward |. Wieche
d & L Graham Research Laboratory
900 Aqnew Road

Pittshurah, Pennsylvania 15227




T-3L ROUND-ROBIN ANCDGIC POLARIZATION
TEST PROGRA™ DATA SHEET

Specimen.......... Nickel 270 (NP-385-H)}

Electrolyte.......... IN HpS0q

Temperature, °C...... Start 23°C Finich z4°C

Saturating Gas....... Hoy

Specimen Preparation....Finished with 120 qrit paper and then

deqreased in an ultrasonic cleaner,

Specimen Activation Treatment..... Electrode immersed overnight ip

Ho - saturated cell prior to poiarizatior studies.

Reference | lectrode..... Sa}urated Calomel (S.C.E.)

‘ -.2686 volt vs. S.C.E. (start):
Cathode Potential....... =.2080 volt vs, S.C.E. (finish)
Corrosion Potential..... =.2000 volt vs. S.C.E. (time dependent)

Anodic Potential Sweep Rate (if continuous)...

Anodic Potential Increment (if stepwise)...... 25 mv to icp then S0 mv
Time at Each Anodic Potential (if stepwise)...5 minutes

Critical Cur::nt Density (icp)..... 140,000 y amp/cm?

Critical Potential (E_.)..... -.0570 volt

Passive Current Density (ip) ..... 3w amp/cm?

Anodic Dissolution Tafel Slope... not determined




0.

R.

Transpassive Tafel Slope(s)..... Not determined.

(identify each)

Additional Comments..

r——— i o

Name

Edward L. Wiehe

Address Y & L Graham Research Laboratory

900 Aanew Roead

Pittsburah, Pennsylvania 15227
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G. A. Saltzman
Crucible Steel Co. of America
Central Research Laboratory

234 Atwood Street

Pittsburgh, Pennsylvania 15213




G.

H,

J.

M.

N.

T-3L ROUND-ROBIN ANQDIC PGLARIZATION
7 TTEST PROGRAM DATA SHEET

Specimen,......... Nickel 270 (NP-327-H)

Eiectrolyte.......... lﬂ'ﬁasQ4

Temperature, °C...... 25+ 1 °C

Saturating Gas......._Hs

Specimen Preparation.... Surface abraded with 500 grit silicon car-

bide paper, scrubbed with an alkaline cleaner, deqreased in hof

chloroform, rinsed with distilled water.

Specimen Activation Treatment..... Pre-exposure to test solution

for 1 hour prior to beginning potentiostatic polarization,

Reference Llectrode..... Saturated Calomel

Cathode Potential....... _-0.259 volt vs. S.C.E,

Corrosion Potential..... N -0.272 volt vs, S.C.E.

Anodic Potential Sweep Rate (if continuous)... 0.64 volt/hour
Anodic Patential Increment (if stepwise)......

Time at Fach Anodic Potential (if stepwise)...

Critical Current Density (i¢cp)..... 7.75 x 108 4 a/em?
Critical Potential (Ecr) ..... 0.055 voit vs. S.C.E.
Passive Current Density (ip) ..... Ju a/Cﬁg (minimum)

Anodic Dissolution Tafel Siope... 0.063 volt/decade




B e TSSO .

0.

R'

Transpassive Tafel Slope(s).....

{identify each)

Additional Comments.

" s e boe st

Not determined

Name

Address

_G. A, Saltzman

Crucible Steel Cn. of America

Central Research Laboratory

234 Atwond Street

_Pittsburgh, Pennsylvania 15213
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C. E. Locke

Anotrol Division
Continental Gil Company
P. 0. DPrawer 1267

Ponca City, Oklahoma 7460]




T-3L ROUNC-ROGIN ANODIC POLARIZATION
“YEST PROGRAM DATA SHEET

Specimn........_' Nickel 270 (NP-BBS‘H)

flectrolyte.......... N HpS04

Temperature, °C...... 23 °C

Satuyrating Gas....... None

Specimen Preparation.... Abraded on a disc sander (medium arit)

followed by silicon carbide sanding disc. Washed with Ho0, acetone,

and dried.

Specimen Activation Treatment..... Catnodically activated at 15 ma/in?

for three minutes in test solution.

Reference tliectroge.. ... Saturated Calomel flectrode (S.C.E.)
Cathode Potential....... -240 mv (active) vo. S.C.F. _
Corrosion Potential..... -220 mv {active) vs. S.C.F.

Anodic Potential Sweep Pate J3f continuous)...

Anodi: Fotential Increment (i f stepwise)...... P oy

Time at fach Anodic Potential (1f stepwise)... 3 mirutes

. v -~ . r - \ hl ~ L2
Critical Current Density {icp)..... R oma/ine

Critical Potential (& -1I0 mv Lactive)

el ; AL

rassive Current Density (%p} ..... "6 malond

Ariodre Ms<ciution Tafel Slene. .. "0 mv/decade




Leyn

Transpassive Tafel Slope(s)..... 140 mv/decade

(identify eacn)

Additional CommentS.............

Aqgregs_ Anptrel Mivisaion

Continental 11 (o=pany

N - . )
PoUL Trawer 1007

Penza Thty, Taianoma 18601




Monte S. Walker
General Motors Technical Center
12 Mile and Mound Roads

Warren, Micnigan 48090




G,

H.

T-3L ROUND-ROBIN ANODIC POLARIZATION
"~ TTEST PROGRAM DATA SHEET

SLOW SWEEP RATE

Specimen....coeees Nickel 270 (NP-385-H)
Electrolyte.......... 1IN HoS04

Temperature, °C...... 25°C

Saturating Gas....... Nitrogen

Specimen Preparation.... The specimen was polished with emery

paper, finishing with a 0000 grade. It was then stored in a

udesiccator. Just prior to use, it was repolished with 0000 emery

paper and rinsed in alcohol and distilled water.

Specimen Activation Treatment..... Catnodically activated at -1.85 volt

for 5 minutes.

Reference Llectrode..... Saturated calomel (S.C.E.)
Cathode Potential....... . ' ';
Corrosion Potential,.... -0.22 voit vs. S.C.t. ]

Anodic Potential Sweep Rate (if continuous).., 1/3 volt hour

Anodic Potential Increment (if stepwise)......

o i

Time at Each Anodic Potential {if stepwise)...

Critical Current Density (icp)..... 24 ma/cnf
Critical Potential (L_.)..... +0.11 volt vs. S.C.E.
Passive Current Density (i,)..... 0.02 to 0.2 ma/cm?

Anodic Dissolution Tafel Slope..._ 0.050 volt/decade




i, dranspessive Tafel Slope{s)..... O ']‘[if)__vo‘]_»t_/.(%g(iade —
{(rdentify ecach)

. Additional Comments............ .

(1) The electrolyte was mechanically stirred at the rate of

250 rpm,

(2) Initially, the test specimen was prepared using the full

1/2-inch bar of Inconel 270. Thjs specimen would not passivate.

Preferential attack of the outer edge of the specimen occurred

during a controlled potential sweep. By machining the specimen

down to 0.50 cm2, the edge suffering preferential attack was

eliminated.

Name »MOnte S. Walker

Address General Motors Technical Center

12 Mile and Mound Roads

Warren, Michigan 48090




6.,

T-3L ROUND-ROBIN ANODIC POLARIZATION
T T JEST PROGRAM DATA SHEET

FAST SWEEP RATE

Specimen,....... . Nickel 270 (NP-385-H)
Electrolyte...... oo 1N HyS04

Temperature, °C...... 25°C

Saturating Gas....... Nitrogen

Specimen Preparation.... The specimen was polished with emery

paper, finishing with 0000 grade. It was then stored in a

desiccator. Just prior to use, it was repolished with 0000

emery paper and rinsed in alcohol and distilled water.

Specimen Activaticn Treatment..... Cathodically activated at -1.85

— —

volt for 5 minutes

Reference Electrode.. ... Saturated calomel (S.C.E.)
Cathode Potential....... ,‘, .
Corrosion Potential..... 0.2z volt vs. S.C.E.

Anodic Potential Sweep Rate (if continuous)... 30 volts/hour

Anodic Potential Increment (if stepwise)......

Time at Each Anodic Potential (if stepwise)...

Critical Current Density (icp)..... 18 ma/ el
Critical Potential (E..)..... -0.05 volt vs. S.C.E.
Passive Current Density (iy)..... * 1 ma/ené

Anodic Dissolution Tafel Slope... Not linear




0.

R.

Transpassive Tafel Slope{(s)..... Not linear
(identify each)

Additional Comments. . ..cvvneures

A1) __The electrolyte was mechanically stirred at the rate of 250 rpm.
(2) At the fast scan rate (30 volt/hour), the second current maxi-_

mum does not have time to develop.

Name  Monte S. Walker

AddressGeneral Motors Technical Center

12 Mile and Mound Roads

Warren, Michigan 48090




G. J. Biefer
Corrosion Section
Phyeical Metallurgy Divisicn
Mines Branch of Canada
568 Booth Street

Ottawa, Ont, Canada
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6.

H,

M.

N.

T-3L ROUND-ROBIN ANODIC POLARIZATION
TEST PROGRAM DATA SHEET

pecimen. . .....00s Nickel 270 {NP=-327-h)

Electrolyte.......... IN H,S50,

Temperature, °C...... 23.5 °C

Saturating Gas....... Purified Nitrogen

Specimen Preparation.... Surface-ground by hand on 120 qrit silicon

carbide paper under water cooling, rinsed in water, cleaned in

ultrasonically agitated carbon tetrachloride, then alcohol, then

dried in a blast of hot air.

Specimen Activation Treatment..... Specimen immersed in test solution

(1.6 Vitres) for 1 heur prior to meacurcients.

Reference Electrode..... Saturated Calomel (S.C.E.)
Cathode Potential....... .
Corrosion Petential,.... =280 mv vs S.C.E.

Anodic Potential Sweep Rate (if continuous)... 7 volts/hour

Anodic Potential increment (if stepwise)......

Time at Each Anodic Potential (if stepwise)...

Critical Current Density {i.p)..... 6.8 ma/cnl

c,.) ..... +185 mv vs S.C.E. .

Passive Current Density (ij)..... 32 w a/crf (minimum)

Critical Potential (E

Anodic Dissolution Tafel Siope. .. .054 volt/decade
trdm = U. 0 ma/cm? to - 2 ma/cm?)




. Jranspassive Tafel Slope(s)..... 111 mv/decade (from - 0.2 ma/cm’ to
(identafy each)

- 2 ma/cm?)

R. Additional Comments..... eeevsss. Ho- purifier at present under repair.

N, has been used in the past, at this laboratory, for this kind of run.

¢ — o ——

Na'm G. \J. B1efer

Address Corrosion Section

Physical Metallurgy Division

Mines Branch of Canada

553 dootn Street

Ottawa, Ont, Canada
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Ing. M. Prazak (Sc.
State Institute for Material
Protection Research,
Praaue 7

Ccechoslovaria




Ing M. Prazak CSc.
State Institute for Material
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T-3L ROUND-ROBIN ANGDIC POLARIZATION
~TEST PROGRAM DATA SHELT

Specimen.......... Nickel 270 {NP-327-H}
tiectroiyte.......... 1N HyS0gq
Temperature, °C...... 20°C

Saturating Gas....... Air

Specimen Preparation.... Mechanically polished, followed by

reqistration of the curve 2 times from -0.6 to +1.6 volts vs. S.C.E.

(i.e., electrochemically et:neu, refore final recistration; final

registration = Curve Nu. 3.

Specimen Activation Treatment..... at -0.6 volt (see above)

Reference Electrode. . ... Saturated calomel (S.C.E.) with satd. NHsNO3 junction

Cathode Potential.......

Corrosion Potential.....

Anodic Potential Sweep Rate (if continuous)... +0.010 volt/sec.

Anodic Potential Increment (if stepwise)......

Time at Each Anodic Potential (if stepwise)...

Critical Current Density (i.p)..... 14.5 ma/cm?
Critical Potential (E.p)..... -0.041 volt vs. S.C.E.
Passive Current Density (ip) ..... cannot be determined

Anodic Dissolution Tafel Slope...




). Transpassive Tafel Slope(s).....

(identify cach)

R. Additional Comments.............

Nome Ing. ™. Prazik CSc.

Address State Institute for Material

Protection Research,

———— — —

Prague 7

) Czechoslovakia
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James W. Johnson
Department of Chemical Engineering
University of Missouri at Rolla

Rolla, Missouri (5401




6.

H.

T-3L ROUND-RCBIN ANGDIC POLARIZATION

T T TTTEST PROGRAN DATA SHEET
Specimen.......... Nickel 270 (NP-385-H)
Electrolyte...covvuus TN 1550,
Temperature, °C...... 25°C
Saturating Gas....... Ha
Specimen Preparation.... Mounted in Teflon holder, smoothed with

belt sander (wet), final polished with No. 60G qrit wet hand grinder.

Specimen Activation Treatment..... ttched 30 seconas in iN H,S04
Reference Electrode..... Mercurous sulfate (IN H»S0,)

Cathode Potential....... ____-0.011 volt frest pot. of Ni)
Corrosion Potential..... <0.087 volt

Anodic Potential Sweep Rate (if continuous)...

Anodic Potential Increment (if stepwise)...... qalvanostatic measurement °

Time at Each Anodic Potential (if stepwise)...l hour

Critical Current Density (icp)..... 4 to 5 ma/cnd
Critical Potential (Ecr) ..... 0.2 volt (NHS)
Passive Current Density (ip).,...___ Not determined
Anodic Dissolution Tafel Siope... 0.062 volt/decade




. Transpassive Tafel Slope ri.. ., Ist: about 0.120 volt/dec’ Je

(identify cach)

R. Additional Comments............. Experiments were made

_galvanostaticaliy, so that "active-to-passive’ and

“passive" region could not be determined.

Name _games W. Johnson

Address Department of Chemical Engineering

University of Missouri at Rolia

Rolla, Missouri 65401
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