
NI-CR-MO-W ALLOYS (C-GROUP

ALLOYS) ARE WELL KNOWN AS

MATERIALS WITH VERY HIGH CORROSION

R E S I S T A N C E I N V E R Y A G G R E S S I V E

ENVIRONMENTS, AN ASSET THAT HAS

MOTIVATED THE SELECTION OF ALLOY 22 AS

A WASTE

PACKAGE MATERIAL IN THE

YUCCA MOUNTAIN

FOR THE LONG-
TERM GEOLOGIC DISPOSAL OF

SPENT NUCLEAR FUEL AND

O T H E R H I G H - L E V E L

RADIOACTIVE WASTES.
THE AIM OF THIS PROJECT

I S T O E L U C I D A T E T H E

CORROSION PERFORMANCE

O F A L L O Y 2 2 U N D E R

AGGRESSIVE CONDITIONS

AND TO PROVIDE A

C O N C E P T U A L

UNDERSTANDING AND

P A R A M E T E R D A T A

BASE THAT COULD ACT

A S A B A S I S F O R

M O D E L I N G T H E

C O R R O S I O N

P E R F O R M A N C E O F

WASTE PACKAGES.
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S OLUTION - 5 MOL/L NACL.

T = 2 5 C - 9 0 C .

SOLUTION WAS DEAERATED WITH

ARGON OR SATURATED WITH

OXYGEN.

O O

REMOVING AIRFORMED

OXIDE FILM

FILM GROW

FORWARD SCAN - TO

OBSERVE THE CURRENTS

FOR OXYGEN AND WATER

REDUCTION.

BACK SCAN - TO DETERMINE

W H E T H E R O X I D E F I L M

REDUCTION INFLUENCED

THE OXYGEN REDUCTION

REACTION KINETICS.

POTENTAILS:

FOR EIS EXPERI-

MENTS: -0.8 V - 0.8 V;
FOR CV EXPERI-

MENTS -0.6 V - 0.6 V.
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RESULTS AND DISCUSSION
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IS DATA SHOWS THAT

F I L M R E S I S T A N C E

DEPENDS ON HOLDING POTEN-
TIAL WITH MAXIMUM IN

POTENTIAL INTERVAL -200 TO

200 MV.
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T HE EX-SITU XPS DATA ON THE PROTECTIVE FILMS FORMED AT DIFFERENT

HOLDING POTENTIALS AT 30 C, SHOWN THAT AT PH= 8 - 8.5 THE PROTEC-
TIVE LAYER CONSISTS OF THREE GROUPS OF COMPOUNDS:
1. HYDROXIDES OF CHROMIUM AND NICKEL, AS WELL AS THE HIGHER OXIDES

OF MOLYBDENUM AND TUNGSTEN. RELATIVE CONCENTRATIONS OF THE COM-

POUNDS INCREASE MAINLY AT FORMATION POTENTIALS MORE POSITIVE THAN 0.2

V.
2. OXIDES OF NICKEL AND CHROMIUM ARE MIXED WITH LOWER OXIDES OF

MOLYBDENUM AND TUNGSTEN. IN THIS CASE, THE RELATIVE CONCENTRATIONS

OF THE COMPOUNDS HAVE VERY WEEK DEPENDENCIES ON THE POTENTIAL.
3. METALLIC NICKEL, CHROMIUM, MOLYBDENUM AND TUNGSTEN. THE CON-
CENTRATIONS OF METALS DECREASE WITH INCREASING POTENTIAL, AND CHANGE
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DATA SHOWS THAT FILM RESISTANCE DEPENDS ON HOLDING POTENTIAL WITH MAXIMUM IN

POTENTIAL INTERVAL -200 TO 200 MV;

VOLTAMMOGRAMS SHOW THAT ALLOY 22 CAN SUPPORT OXYGEN REDUCTION REACTION ON

THE SURFACE AT SOME CONDITIONS;

DATA SHOWS THAT THE COMPOSITION, AND PERHAPS ALSO THE THICKNESS, OF THE OXIDE FILM

ON ALLOY 22 HAVE A SIGNIFICANT EFFECT ON THE ALLOYS ABILITY TO SUPPORT OXYGEN REDUCTION.

E WISH TO NOTE THAT THE EIS DATA, THE DATA OBTAINED FROM THE CURRENT TRANSIENTS, AND

THE CV DATA ARE IN GOOD AGREEMENT. THEY SHOW THAT THE OXIDE FILM FORMED AT HOLDING

POTENTIALS BETWEEN -0.2 V AND 0.2 V HAS THE STRONGEST PROTECTIVE PROPERTIES. THE CONCENTRA-
TION OF DEFECTS IN FILMS FORMED AT MORE NEGATIVE POTENTIALS WAS HIGHER AND THE FILM HAD

LESSER PROTECTIVE PROPERTIES. AT MORE POSITIVE FILM FORMATION POTENTIALS, MO AND W CAN

SERVE AS CATALYSTS OF THE OXYGEN REDUCTION REACTION. IN CONJUNCTION WITH CR FORMATION BY

OXIDIZING PROTECTIVE CR O , THIS CAN ENABLE A SITUATION IN WHICH THE OXYGEN REDUCTION REAC-

TION (CATHODIC HALF-REACTION) IS POSSIBLE. AS RESULT, THE ANODIC HALF-REACTION (CORROSION)
WILL TAKE PLACE AS WELL.
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T

y scanning to -1 V
we changed the

structure of the oxide
layer formed on the

surface by reducing MoO

and WO to MoO, MoO , Mo O

(MoO ), and WO . The hysteresis seen

in the backward scan provides some
qualitative information about the
stability of the film. A small hysteresis
between the forward and the backward
scans indicates that the scan to -1 V
caused insignificant changes to the
structure of the film. By contrast, a
large hysteresis shows that the structure
of the protective film has been changed
strongly, and oxygen reduction can
often be observed on backward scan.

he plots for 40 C and 50 C show
that the film formed at 0.6 V can

support oxygen reduction on the
forward scan. This means that the film
formed has a high defect density and the
defects can serve as charge carriers. As
a result, the film formed at these
conditions will have limited protective
properties.
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HE TRANSIENTS OBTAINED FOR THE

POTENTIALS -0.6 V AND -0.4 V FORM A

FIRST GROUP. FOR THIS GROUP, NEGA-
TIVE CURRENT DOMINATED BECAUSE OF THE OXY-
GEN REDUCTION REACTION OCCURRING AT THESE

POTENTIALS. GROWTH OF THE PROTECTIVE FILM

WAS VERY LIMITED.
SECOND GROUP IS FORMED BY THE TRAN-

SIENTS OBTAINED AT -0.2V, 0V AND 0.2V.
TRANSIENTS HAVE A DISTINCTIVE FILM

GROWTH SHAPE AFTER AN INITIAL HORIZONTAL

REGION. THE FINAL CURRENT VALUES FOR THE

TRANSIENTS FROM THIS GROUP ARE THE SMALLEST

OF ANY IN THE WHOLE SET OF APPLIED POTENTIALS.
HE TRANSIENTS OBTAINED AT 0.4 V AND

0.6 V FORM A THIRD GROUP. TAKING

INTO CONSIDERATION THE XPS DATA,
THE CURRENT IS MAINLY ATTRIBUTABLE TO THE

FOLLOWING REACTIONS:

MO MO +3

AS WELL AS CHROMIUM AND NICKEL HYDROXIDE

FORMATION. IT IS KNOWN THAT THE OXIDES WITH

HIGH OXIDATION NUMBERS CAN SUPPORT ADDI-
TION CHARGE TRANSFER THROUGH THE FILM.
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DEFECTS

CONCENTRA-
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