Q/@ V517
| DP - 911

AEC RESEARCH AND DEVELOPMENT REPORT ’

ALUMINUM CORROSION IN
SUBCRITICAL AND ZIERO POWER
~CRITICAL REACTORS

M. E. BERGSTRESSER

REG. U. 5. PAT OFF
ISSUED BY

Savannah River Laboratory
Aiken, South Carolina



[

This report was prepared as an account of Qovernment sponsored work.
Nelther the United States, nor the Commigsion, nor any person acting
on hehalf of the Commission:

A. Mzkes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in thls report, or that the
use of any informatilon, apparatus, methoed, or process dis-.
¢losed In this report may not infringe privately owned

rights; or ',“
. »

B. Assumes any liabllitles with respect to the use ofjiér for
damages resultlng from the use of any information, appara-
tus, method, or process disclosed in this report.

As used 4in the above, "person acting on behalf of the Commission"
includes any employee or contractor of the Commlssion, or employee
¢of auch contractor, to the extent that such employee or contractor
of the Commlsslon, or employee of such contractor prepares, dis-
geminates, or provides accessg to, any information pursuant to his
employment or contract wlth the Commission, or his employment

with such contractor.

Printed in USA. FPrice $0.50
Available from the O0fflce of Technlcal 3ervices
U. 8. Department of Commerce
Washington 25, D. C.



Dr-911

Metals, Ceramles, and Materlals
oy | (TID-4500, 3lst Ed.)

ALUMINUM CORROSION IN SUBCRITICAL AND
ZERO POWER CRITICAL REACTORS
s . :

N by

Mack E. Bergstresser

Approved by

T. C. Evans, Superintendent
Engineering Assistance Section
Works Technical Department
Savannah River Plant

July 1964

E. |I. DU PONT DE NEMOURS & COMPANY
SAVANNAH RIVER LABORATORY
AIKEN, SOUTH CAROLINA

CONTRACT AT(07-2)-1 WITH THE
UNITED STATES ATOMIC ENERGY COMMISSION




ABSTRACT

Natural uranium alumlinum-clad fuel slugs are
subject to corrosion in low temperature (<100°C)
water during service in subcrltical and zero power
nuclear reactors. This report discusses pltting
corrosion and galvanlc correoslen of aluminum in
gsuch gervice. The use of hlgh purlty water or the
addition of chromates as inhibitors wilill minimize
the cocrrosion rates.
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ALUMINUM CORROSION IN SUBCRITICAL AND
ZERO POWER CRITICAL REACTORS

INTRODUCTION

Suberitical and zero power criltical reactors are used
for nuclear research and instruction by agencies outside
the Atomlc¢ Energy Commisslon. BSuch reactors are fueled
with slugs of natural uranium c¢lad with type 110C aluminum,
and are moderated by Hy0, D0, or graphlte. In all cases
the fuel siugs are Immersed 1n either H,0 or Dz0 and operate
at room temperature. Corrosion cof the aluminum cladding
material occurs during operatlon of these reactors. This
report describes the types of alumlnum corroslon that cccur
in low temperature water (<100°C)} and recommends methods of
preventing such corrosion. The recommendations, which are
based on operating experience at the Savannah River Plant,
may be ugeful to those who operate subceritical and zero
power c¢ritlical reactors.

SUMMARY

Aluminum c¢ladding on slugs, and aluminum reactor compo-
nents used 1n small research reactors are subject to pltting
and galvanle corrosion while lmmersed 1in stagnant Hp0 or
D0 at low temperatures (<100°C).

Pitting corrosion 1s promoted by the presence of
chloride 1ons and heavy metal lons such as Cu, Cr, Hg, and
Ag. Remeoval of such lons from solution prevents pltting.

Galvanlc corrosion occurs when dissimllar metals In
electrical contact are exposed to an electrolyte. 3uch
couples between aluminum-clad slugs and dissimilar metals
should be avolded. Reductlon of the conductivity of the
electrolyte (by purifying or deionizing the water) reduces
the current flow.

RECOMMENDATIONS

The fcollowing procedure is recommended to prevent low
temperature corrcesion of aluminum in Hz20 or Dz0.

1. Use high purlty water wlth a conductlvity of
0.1-0.2 umho/em. Water may be purified and
maintalned pure through the use of an lon ex-
change resin column such as is shown 1n Flgure 1.
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As an alternative method for preventlng
corrosion, MgCrQs at 0.03M concentration

ls preferred. However, CaCrQCs or Na-CrOg4-
MgCrOs at C.03M concentration can be used.
(NOTE: Inhibitors and icn exchange resin
columng cannot be used in the same system.)

2. Avold couples between aluminum and dis-
" similar metals.

3. Handle aluminum-clad slugs with utmost care.
Do not remove, break, or destrcy the pro-
tective oxide layer on the alumlnum sgurface.

DISCUSSION

A protective hydrated oxide layer ~0.0001 inch thick
ig formed on the aluminum cladding surface of fuel slugs by
steam autoclaving followlng the fabrlcation procesgs. This
protective oxide (aBlo05-Ho0) provides a passive surface
that 1lncreases the corrogion resistance of aluminum in water.

In service, aluminum claddling and reactor components
are subJect to four types of corrosion: piltting, galvanle,
general, and intergranular. Because there are dlfferences
in these corroslon phenomena, "low temperature" corrosion
(€100°C) 1is distinguished from "high temperature" corrosion
(>100°C). Pitting and galvanic corrosion occur generally in
the low temperature range, while general and intergranular
corrosion cceur in the hilgh temperature range. Other than
temperature, the princlpal factor Influencing the corrosion
rates of aluminum 1s the purlty of the water.

Low Temperature Corresion

Pitting Corrosion

Small, normally white, crystalline or gelatinous
deposlts on the surface of aluminum are evidence cof plttlng
corrosion. Pitting(l’e) begins by breakdown of passivity
at a favored nucleus. This breakdewn 1s followed by the
formation of an electrolytic cell where the exposed metal
at the minute area under the broken film is anodilec, resulting
In a rapld corroslon rate.

The reactions for the general corroslion of aluminum 1n
H,0 or D-0 where Al%T® is the dominant ion can be expressed

as follows:




oAL = 28172 + 6e” Ancdic reactlon

e  + BH,0 = 3H, + 60H Cathodic reaction
2817® + 60H” = 2A1(0H)s (B-trihydrate) Precipitation reaction
241 + 6H,0 = 281(0H) s + 3H» Over-all reaction

The concentration of alumlinum ic¢ns 1n the solution adjla-
cent to the polnt of fallure scoon exceeds the soclubllity of
the aluminum hydroxide and a precipitate 1is formed (3?7 2!,
Initially, the precipitate 1s gelatinous (Figure 2), which
hinders the migratlion of the aluminum lons from the surface
and causes a crystalline deposit te form around the polnt of
attack. The reactlions of the aluminum lons, lmpurlty ions,
and hydroxyl lons from the water form seoluble complexes to
produce acldity at the point where no fllm exists. The
acldlty prevents formatlon of a passlve oxlde fllm 1n this
area and results 1n little or no resistance to corrosicon of
the metal under the deposlt. The rate of corroslion 1s then
governed by the cathodlc reactlon; therefore, the factors
Initlating the plt formation are no longer essential for 1its
growth.

Pitting corroslon ls strongly inltlated by chlorldes and
the ilons of heavy metals such as Cu, Cr, Hg, and Ag. The
quantity(z’ of thege ions in the water must be reduced below
a critical concentratlcon to prevent pltting, because these
metals will deposit electrochemlically and have potentlals
that are noble (cathodlc) to the potential of the aluminum.

The potential on the aluminum surface varies from point to
point; at highly anodlc polnts the depoglition potential is
greatest and a more noble metal 1s most likely to be deposited.

Reductlon of the thickness of the protective layer, or
complete removal in localized areas, can result from lmproper
hanéling of the slugs durlng charglng or dlschargling opera-
tions. Minor hreaks 1In the protectlve layer produce ldeal
locations for pilt formatlon. The utmost care should therefore
be used in handling uranium slugs.

Galvanie Corrosion

Galvanlc corrosion of aluminum is related to pltting
corroslon; however, i1t i1s normally assoclated wlth the con-
tact of aluminum and dlssimilar metzls. When dlssimllar
metals ®’ in electrical contact are exposed to an eleetrolyte,
& galvanle current flows from one to the other; corroslon of
the anodic member of the couple 1s directly related to the
galvanlc current by Faraday's law.
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FIG.2 PITTING CORROSION ATTACK ON TYPE 1100 ALUMINUM
The AI{OH), deposit around the periphery of the pit
is in the gelatinous state




Couples between aluminum-clad slugs and supborts of
dissimilar metals should be avolded. In addltilon, reduction
of the conductivity of the electrolyte wilill reduce the
current flow.

Corrosion Medium

- Tests'?l) have shown that no piltting corrosion wilill occur
on aluminum, even when 1n contact with stainless steel, as
long as the water 1ls sufficlently pure. Water becomes more
corrosive to alumlnum with inereasing content of corrosion
products. Fallure to remove or prevent the formatlon of
corrosion products eventually makes the water so corrosive
that pitting develops.

The Hz0 and D:0 used 1n aluminum corrosicon tests(l)
turned milky (blulsh-white) after about 60 days, probably
due to colloidal A1(OH)s. Such dissclved ccrrosion products
increase the conductivity of the water and Ilncrease the
probabllity of pltting or galvanle corrosion.

Chlorlde lon concentrations as low as 7 ppm c¢an cause
corrosion attack on aluminum. Chlorldes break down the
passlvity of the protective oxlde layer and increase the con-
ductlvity of the water.

Methods of Preventing Corrosion

High Purity Water

High purlty water with very low conductivity 1ls an
effectlive means of controlllng the corroslon of alumlnum.
Tests(4’5) wlith varlous lon exchange resins at the Savannah
River Laboratory showed that lons are effectlively removed
from effluent DzC with the strong acld - strong base mixed
ped resin "Amberlite"® XE-150. D0 conductivity was main-
tained at 0.02 pmho/cm, which demonstrated that the columns
delonlzed Dz0 effectlvely and that few lonlc 1mpuritiles
rassed through the cclumns. Llght water effluent can be re-
duced to a conductivity of ©.1-0.05 umho/em; bulk water con-
ductivity can be malntained at approximately 0.1-0.2 pmho/cm.

* Trademark of Rohm and Haas Company, Phlladelphia,
Pennsylvania.




The constructlion and operation of an lon exchange resin
column ls relatlively easy; minimum design requirements for a
column sultable for a asmgll research reactor are ghown in
Figure 1.

Contlnuous operation of the lon exchange column ig
deslrable; however, it can be used intermlttently. The
effectiveness and exhaustion polint of the resin column are
determined by the use of 1n-line conductlvlity cells wilth a
cell constant of <0.1.

Industrlial Instruments, Inc, Cedar Grove, N. J. can
supply sultable conductivlity cells. Conductivity values can
be read directly from a conductivity bridge (eg, Industrial
Instruments Model RC16Bl} or recorded on a Brown ElectronikK
Conductivity Recorder supplled by Minneapeolis-Honeywell
Regulator Co., Brown Instrument Divislon, Philadelphisa,
Pennsylvanila.

Inhibitors

The addition cof =amall amounts of inhlbltors to H0 or
D.0 effectlvely decreasesg the corrcslion rate of aluminum.
Tests‘é) have shown that chromates are specific corroslion
inhibltors for aluminum 1n water; MgCrOs4 at 0.03M concen-
tration is the meost effective. TIn addition, 0.03M concen-
trations of CaCr04 or Na.Cr04-MgCr0Os. can be used. Experilence
wlth inhibifors is limited, but no difficulty 1s antlcipated.
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