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Abstract

A brief background on the history of the corrosion of uranium metal fuel plates from the Zero Power Physics Re-

actor (ZPPR) and the ®ndings of a recent characterization of the corrosion are presented. The characterization encom-

passed visual examination, metallography, scanning electron microscopy, and X-ray di�raction. Corrosion of the plates

has been observed essentially since their manufacture. The corrosion was found to have both general and localized

forms. A black powder corrosion product associated with areas of localized attack was determined to be UH3, while

the remainder of the corrosion product was UO2�x. Ó 1998 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

Interest in the long-term storage properties of urani-

um metal has been renewed in recent years due to the ex-

tended underwater storage of metallic spent nuclear

fuels (SNF) and the anticipated interim to long-term

dry storage of SNF and uranium metal feedstock. Me-

tallic SNF currently of concern in the US Department

of Energy (DOE) complex include N-reactor fuel, Ex-

perimental Breeder Reactor-II (EBR-II) fuel, and Fermi

reactor fuel. The principal concern with storage of ura-

nium metal is degradation due to oxidation and corro-

sion during the storage period, and the possibility of

forming reactive corrosion products, such as metallic

®nes or uranium hydride (UH3) powder. Formation of

reactive corrosion products presents safety hazards

when handling the material after storage. Early anecdot-

al evidence on the hazards of handling improperly

stored uranium was documented by Smith in 1956 [1].

Since that date, the reactions of uranium with oxygen

and water vapor have been fairly extensively studied;

two detailed reviews have been published by Colmenares

[2,3]. Uranium reacts slowly with dry air or dry oxygen,

forming an initially passive layer of slightly supers-

toichiometric UO2. Di�usion of oxygen ions through

the passive layer is rate controlling; cracking of the oxide

at greater thickness limits its protective abilities. The re-

action of uranium with water vapor also produces UO2,

according to the formula

U� 2H2O! UO2 � 2H2: �1�

This reaction occurs at a much greater rate than the ura-

nium±oxygen reaction at low temperatures. It is general-

ly found that less than the stoichiometric amount of

hydrogen gas is formed in this reaction; most researchers

report the presence of UH3 to account for the remainder

of the hydrogen. The reported values of the percentages

of UH3 in the nominally oxide reaction product vary

from 2 to 30 wt% of the total product [4±6]; the exact

mechanism of hydride formation has not been conclu-

sively identi®ed. The formation of higher percentages

appears to be limited to crevice-type corrosion where

there is limited access of the ambient environment to

the reaction product. In such a situation trapped hydro-

gen may react with the metal directly to form hydride.

UH3 forms as a ®ne powder, is reported to be pyro-

phoric in the presence of air [7], and can burn at room

temperature according to the relation

3UH3 � 25

4
O2 ! U3O8 � 9

2
H2O: �2�

This reaction liberates a signi®cant amount of heat, 1490

kJ/mol UH3. U metal ®nes may also be produced as a

result of corrosion ± these will also oxidize very rapidly
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at room temperature and generate heat. As uranium

products are removed from enclosed storage situations

where hydride and/or metal ®nes may have formed, ex-

posure of the corrosion products to air may result in

pyrophoric incidents, or in some cases even burning of

the bulk metal itself [1].

Few reports currently exist in the literature docu-

menting instances where hydride has been found as a

corrosion product of U metal after extended storage

[8]. The corrosion in storage of highly-enriched uranium

(HEU) fuel plates manufactured for use in the Zero

Power Physics Reactor (ZPPR) at Argonne National

Laboratory (ANL) provides one such example. These

plates are coupons of HEU clad in stainless steel; crevice

corrosion of the plates has occurred since they were orig-

inally clad in 1982. A detailed characterization of the

plates and their corrosion products is currently being

performed to gain a better understanding of the nature

of uranium corrosion.

This paper presents a brief background of the ZPPR

fuel plate corrosion problem and the results of an initial

characterization of the corrosion and products. The

background describing the history of the ZPPR fuel

plate corrosion problem is ®rst presented. The ®ndings

of a recent characterization of the corrosion using visual

examination, metallography, scanning electron micros-

copy (SEM), and X-ray di�raction (XRD) are then de-

scribed, followed by a discussion of the potential

factors contributing to the severity of the corrosion

and the high UH3 contents present in the corrosion

products.

2. Background

The Zero Power Physics Reactor (ZPPR ± originally

termed the Zero Power Plutonium Reactor) began oper-

ation in 1969. It was built to provide a testbed for fast-

critical assembly reactor physics experiments in support

of advanced fast reactor designs, and was the culmina-

tion of a series of fast critical facilities ± Zero Power Re-

actor (ZPR)-3, ZPR-6, and ZPR-9. Most ZPPR fuel

elements were stainless steel drawer-type containers that

were loaded with rectangular pieces of reactor materials;

many types of materials were available for use, including

high enriched uranium (HEU) metal. The fuel has essen-

tially zero burnup due to the extremely low power na-

ture of the reactor.

The HEU plates used in the ZPPR reactor were orig-

inally manufactured for use in the earlier ZPR reactors.

The manufacture of the ®rst HEU plates for use in ZPR-

3 was described in 1955 by Yaggee [9]. These plates were

7.6 cm by 5.1 cm by 3.2 mm in dimension, and were pro-

duced by hot rolling cast billets of uranium. The rolled

sheet was sheared, stamped, and machined to close ®nal

dimensional tolerances.

All of the ZPPR plates originally were coated with a

non-hydrogenous, organic polymer coating, (C2F3Cl)n,

commonly referred to as KEL-F. This coating was ap-

plied to prevent spread of contamination, and to retard

oxidation of the plates during their exposure to the am-

bient environment. Apparently this coating was not fully

e�ective in preventing oxidation, as the plates ± some de-

scribed as `badly oxidized' ± were re-coated in 1969. In

1981, the decision was made to remove the KEL-F coat-

ing and place the plates into stainless-steel cladding. The

prime motivation for use of a cladding was containment

of alpha contamination.

The cladding operation was performed from Febru-

ary 1982 through January 1983. The stainless steel clad-

ding was sealed at each end by a porous metal frit end

plug. The porous end plugs were speci®cally chosen to

allow any residual organic vapors to escape from inside

the cladding and to allow the plates to `breathe'. Subse-

quent experience revealed this decision to only worsen

the corrosion problem by allowing access of gaseous re-

actants (such as H2O) to the U metal.

At this point, the terminology that will be used to

describe the plates should be clari®ed. For the purposes

of this paper, `coupon' will refer to the rectangular

HEU metal pieces themselves, while `plate' will refer

to a stainless-steel clad assembly of one or more `cou-

pons'. Fig. 1 is a schematic diagram showing a clad as-

sembly of plates. As described above, as-manufactured

coupons came in di�erent lengths and thickness; all

coupons were 51 mm wide. The two available lengths

were 51 mm and 76 mm; 3.2 mm and 1.6 mm thickness-

es were available. These coupons were assembled into

clad plates with lengths varying from 51 mm to 200

mm. The plates have been, and are currently, stored

in rectangular aluminum overpack canisters which have

rubber gasket seals.

Corrosion of the clad HEU plates in the form of clad-

ding bulging was ®rst noticed in 1985, only three years

after the cladding operation. To determine the nature

of the corrosion, four defect plates were examined.

The plates were declad in an air hood, and when the

cladding was peeled back from a particularly bulged

area of one plate, a strong ¯ash was observed. X-ray dif-

fraction of corrosion products from the four plates

showed the presence of UO2, both a and b forms of

UH3, and UN. The observation of pyrophoric events

during decladding was linked to the presence of UH3

in the corrosion product.

The ®rst remedial action to inhibit the corrosion was

to place bags of anhydrous Mg(ClO4)2 desiccant in the

overpack canisters with the plates. The desiccant was in-

tended to remove moisture from the ambient atmo-

sphere in which the plates were stored. In 1990,

however, continued corrosion was observed. The anhy-

drous Mg(ClO4)2 apparently did not act as an e�ective

desiccant because of the reversibility of Mg(ClO4)2
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hydration. A second attempt to halt corrosion was made

by evacuating the overpack canisters.

Unfortunately, the canisters were not originally de-

signed for evacuation; the upper and lower halves of

the canister were joined by only two bolts, one at each

end. Most canisters leaked su�ciently to allow a return

to atmospheric pressure fairly quickly. Cycles of evacu-

ation, in-leakage, and re-evacuation only exacerbated

the corrosion problem. When air leaked into a canister,

O2 and H2O reacted with U in the plates, the ®nal can-

ister environment being mostly nitrogen at nearly atmo-

spheric pressure. At that point oxidation of the plates

should have essentially stopped, although, as discussed

below, di�usion of H2O and O2 through the elastomer

seal would still have occurred.

The cycle of continuing corrosion was con®rmed in

1992 by analysis of the gas present in the canisters about

a year after evacuation [10]. Five canisters were studied:

two containing plates already rejected by excessive bulg-

ing, and three containing what were considered to be

`good' plates. The pressure in four of the ®ve canisters

was nearly at atmospheric levels, con®rming that leak-

age had occurred. The pressure in the ®fth canister

was approximately one-third of atmospheric. The O2

content in all canisters had been reduced to less than

one volume percent, and H2 levels were high, ranging

from 0.16 vol.% to 13.34 vol.%. The conclusion was that

oxidation by O2 and H2O had occurred, even in canis-

ters with good plates.

As a result of these ®ndings, evacuation of the canis-

ters was discontinued. A second getter system was cho-

sen for use which consisted of a packet containing

unsaturated hydrocarbon with a palladium catalyst

and lithium hydride. The hydrocarbon is 1,4-bis (phe-

nylethynyl) benzene (referred to as `DEB'), which con-

tains two carbon±carbon triple bonds. The getter

system removes H2, H2O, and O2. This system has ap-

parently been e�ective. The gas in several canisters was

initially sampled monthly and checked for O2 and H2.

No concentrations in excess of 0.1% percent were ob-

served. In addition, yearly inspection of the canisters

containing non-corroded plates has revealed no addi-

tional corrosion since the use of the getters. Unfortu-

nately, through the course of the 12-year time period

from the cladding operation to the use of getters, over

25% of the total plate inventory underwent su�cient

corrosion to be reject, an amount which corresponds

to over 2000 plates.

In 1995 the US Department of Energy approached

ANL-W to obtain HEU from the corroded ZPPR plates

for production of research reactor fuel. A procedure for

separation of useful metal from the cladding and corro-

sion products was proposed and implemented. The pro-

cedure entailed decladding of the plates in an inert

atmosphere glovebox, separation of loose corrosion

products from the metal coupons, `passivation' of the

separated corrosion products by grinding and exposure

to an Ar±3%O2 environment, and casting of the metal

coupons in an induction furnace. Approximately 1200

plates with about 376 kg of HEU have been processed

using this procedure. No pyrophoric incidents occurred

during execution of the procedure, however, an event

did occur in March 1998 during handling of the `passiva-

ted' powders after extended vault storage. This event is

currently being investigated and no further plates have

been processed.

3. Characterization procedures

During the recent period of processing, plates were

examined to better understand the nature of the corro-

sion and corrosion products. Many plates were visually

inspected as they were declad during processing; the ex-

tent and morphology of corrosion were noted. Photo-

graphs were taken of typical plates, corroded metal

coupons, and corrosion products. Metallographic

cross-sections of three corroded coupons were prepared

to investigate the relationship between coupon micro-

structure and corrosion. The ®rst coupon was severely

corroded, the second showed moderate localized corro-

sion, and the third did not show any localized corrosion

Fig. 1. Schematic diagram of ZPPR plate and coupons.
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but some general surface oxidation. Cross-sections of

the coupons were prepared using standard metallo-

graphic techniques and examined using a light micro-

scope.

Loose corrosion products found upon decladding the

plates were examined both visually and using scanning

electron microscopy (SEM). SEM examination was per-

formed on samples of the loose corrosion products from

two plates ± plate 2652, which was badly corroded, and

plate 2249, which was relatively intact. The degree of

corrosion for all plates was qualitatively assessed by

the relative extent of cladding bulging. The corrosion

product samples were loaded onto carbon sticky pads

in an inert atmosphere glovebox and coated with palla-

dium prior to examination. Examination was performed

using a ISI SS40 SEM operating at 20 kV.

X-ray di�raction (XRD) was used for identi®cation

of phases present in the loose corrosion products.

XRD analysis was performed on samples from four

plates, plates 2652, 2249, 4042, and 4414. Plates 2652

and 2249 are mentioned above. Plate 4042 was badly

corroded, and plate 4414 showed little sign of corrosion.

The samples analyzed were believed to be representative

of the loose corrosion product in a given plate. To

achieve this, the loose corrosion products from each

plate were collected and stirred to a uniform mixture,

and samples were taken of the mixture. XRD was also

performed on small samples of the two forms of corro-

sion product observed, ¯ake and powder. These two

forms are described in Section 4.2. All samples were

crushed to a ®ne powder in a high-purity Ar glovebox

and then loaded into a sealed environmental chamber.

Di�raction was performed on a Scintag X1 powder dif-

fractometer using Cu K-alpha radiation. The scan range

was from 20° to 100° 2h with a scan rate of 0.75° per

minute. The di�raction patterns obtained were analyzed

using Sietronics standardless quantitative XRD phase

analysis software.

4. Results

4.1. Corrosion morphology

Corrosion of the U coupons manifested itself in the

clad plates as extensive bulging of the cladding. Fig. 2

shows a single plate (3606) with extensive cladding de-

formation along the two long edges of the plate. The in-

set close-up in Fig. 2 shows a signi®cant breach which

has resulted from excessive cladding deformation. The

bulges were most commonly found along the edges of

the cladding, rather than in the center. Severe localized

corrosion attack was correspondingly found to initiate

along the edges of the uranium coupons, as described

below. The cladding itself showed no sign of corrosion

attack; breaching of the cladding appears to have been

solely due to the volume expansion of the corrosion

product relative to the parent metal. For transformation

of U metal to UO2 a minimum expansion of 72% occurs.

A wide range of cladding bulging was observed. Some

plates showed very little sign of bulging, while others

were grossly deformed with more than one cladding

breach.

The severe corrosion of the U coupons was clearly

observed upon de-cladding of the plates. Loose powder

and dust quickly spread throughout the glovebox during

the decladding operation. Figs. 3 and 4 show coupons

immediately following cladding removal. Fig. 3 is an ar-

chival photo from 1985, and Fig. 4 is a recent photo

showing coupons from the bulged plate of Fig. 2. A

clear di�erence between the two sets of coupons was

the extent of general corrosion. The coupons in Fig. 4

showed a large amount of general corrosion which was

manifest in the form of gray ¯akes and ®ne dust. Much

of the gross corrosion product was removed from these

coupons before they were photographed. In contrast, lit-

tle general corrosion was observed for the coupons in

Fig. 3; especially for the two coupons on the left side.

Fig. 2. Bulged ZPPR plate (3606); inset shows close-up of cladding breach.
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A second form of corrosion observed was more se-

vere and localized. This type of corrosion is clearly

shown on the right hand coupon in Fig. 3 and the top

coupon in Fig. 4. This form of corrosion had several no-

table characteristics. First, localized corrosion was al-

most always observed on only a single coupon for

each plate (a plate contains two or three coupons).

The corrosion appeared to have initiated at the trans-

verse edges of the coupons, and often took the form of

blistering or transverse cracking. The right hand coupon

in Fig. 3 shows lifting of metal due to sub-surface crack-

ing and attack. Cracking and blistering were most com-

monly observed at early stages of corrosion (judging on

the basis of overall attack). For more severely corroded

coupons the localized attack consumed large areas of the

coupon. The top coupon in Fig. 4 is a good example,

with large quantities of material missing from its edges.

There was no consistent location of localized corrosion,

i.e. it did not occur in any particular place, such as near

the metal frit endplugs.

4.2. Coupon microstructure

The above characteristics suggest that the localized

corrosion may be microstructurally related since the cor-

rosion appeared to initiate on the coupon edges. The

microstructures of three plates were examined to deter-

mine if such a link exists. Due to the thickness of oxide

on the coupons, all three proved di�cult to polish. Dur-

ing ®nal polishing, oxide particles tended to separate

themselves from the plates and scratch the metal surface.

The two coupons which had localized corrosion showed

interior cracking along their longitudinal axes, as shown

in Fig. 5. The severely corroded coupon had many more

cracks than the moderately corrosion coupon, and the

coupon with localized corrosion did not show any inte-

rior cracking. Unfortunately, no distinct microstructural

features were identi®ed which could account for the ap-

parent increased susceptibility of some coupons to local-

ized corrosion compared to others. Although the grains

visible in Fig. 5 are slightly elongated in the rolling di-

rection, no highly elongated grains or oriented inclu-

sions were observed in the coupons with localized

corrosion. Slightly elongated grains were also observed

in the coupon which did not show localized corrosion.

4.3. Corrosion products

The corrosion products analyzed in detail were loose

products, i.e. those which were removed from the cou-

pons by light brushing. Such brushing left a dark gray

adherent product on the metal surface, which was

Fig. 4. Coupons from plate in Fig. 2 showing severe local and

general corrosion.

Fig. 5. Metallographic cross-section of coupon from plate 3401

showing interior cracking and equiaxed grains.

Fig. 3. Declad ZPPR plate showing localized corrosion of right

coupon (1985 examination).
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assumed to be oxide. The loose products were composed

of two distinctly di�erent types ± a light gray, ¯ake-like

material, and a black powder. Fig. 6 is a photograph of

the loose products obtained from the plate in Fig. 2. For

this plate, which was considered to be relatively badly

corroded, there were approximately equal amounts of

¯ake and powder. Some of the powder was found ag-

glomerated into fairly large chunks one or two millime-

ters in size. These chunks could be easily broken into

powder. The quantity of powder appeared to be depen-

dent on the extent of localized corrosion. The corrosion

products from plates which did not show severe bulging

and localized corrosion were composed nearly entirely

of ¯ake material.

X-ray di�raction patterns from samples of ¯ake and

powder material in the 2h range from 20° to 60° are

shown in Fig. 7. The powder material was found to have

strong b-UH3 peaks, with a small peaks of either UO2,

U3O7 (UO2�x), or a mixture of both. Both types of ura-

nium oxide had a good match with the di�raction pat-

tern. Due to the width of the peaks it was not possible

to di�erentiate between the two. In contrast, the ¯ake

material showed strong peaks from the oxide and only

minor hydride peaks.

The di�raction patterns of the samples taken from

plates 2249, 2652, 4042, and 4414 also showed oxide

and hydride peaks. The results of the standardless quan-

titative analysis of the patterns for the four samples are

given in Table 1. Samples from plates showing little cor-

rosion (2249 and 4414) had no or very little hydride,

while the samples from the highly corroded plates

(2652 and 4042) had signi®cant hydride contents.

SEM examination of the loose corrosion products

from plates 2249 and 2652 revealed marked di�erences

between them. Figs. 8 and 9 show images of the prod-

ucts from the two plates at equivalent magni®cations.

The sample from plate 2249 was comprised of relatively

large plate-like particles of sizes varying from nearly a

millimeter to tens of microns. The platelets shown in

Fig. 8 are approximately 150 lm in size. The thickness

of the platelets could not be determined. In contrast,

the sample from plate 2652 was comprised of some

platelets along with a considerable fraction of ®ner par-

ticles (Fig. 9). Fig. 10 shows a higher magni®cation

Fig. 6. Loose ¯ake and powder corrosion product from plate

shown in Fig. 2.

Fig. 7. XRD patterns from ¯ake and powder corrosion products. Only major peaks are labeled; unlabeled peaks in the powder trace

are from UH3.
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image of the ®ne particles next to a larger platelet. The

sizes of the ®ne particles ranged from less than a micron

to approximately 10 lm. The di�erent types of product,

platelets and ®ne particles, are believed to correspond to

the ¯ake and powder observed visually ± the large plates

are uranium oxide, and the ®ne particles are hydride.

This has not been con®rmed directly; the energy-disper-

sive X-ray spectrometer available does not permit anal-

ysis for oxygen or hydrogen.

5. Discussion

The ZPPR fuel plates are one example of U corrosion

resulting in the creation of products containing high

concentrations of UH3. Because of the current sensitivi-

ty of this subject, it is important to attempt to under-

stand the causes of the corrosion, both initially and

continuing, and the means by which UH3 was created

in such large quantities. The root cause for the severe

corrosion appears to be the crevice-producing e�ects of

the tight ®tting cladding and the use of metal frit end-

plugs which allowed access of a corrosive atmosphere

to the coupons. If the metal coupons had been hermeti-

cally sealed into the cladding jackets, very little corro-

sion would have occurred because the reactant would

be limited to the small amount of gas present in the free

space inside the cladding. Severe localized corrosion also

would not have been expected had the coupons been left

exposed to ambient air without a jacket. The experience

with the coupons prior to cladding supports this state-

ment. General oxidation was observed, but not severe

localized corrosion.

Based on the results of the 1985 examination, the

corrosion began soon after the coupons were clad. It

was speculated at that time that the initiator for the lo-

calized corrosion was water adsorbed onto the coupons

just prior to their insertion into the cladding jackets.

The cladding operation was performed in an air envi-

ronment, and all of the plates found to be badly cor-

roded in 1985 were clad in the early summer of 1982,

likely a period of high humidity. Water was postulated

to have entered into rolling-related cracks on the trans-

verse faces of the coupon, thereby initiating a cycle of

localized attack. In this scenario the formation of UH3

in the initial reaction of the adsorbed water with U

causes the UO2 also formed to be non-protective, lead-

ing to continued accelerated attack in the area. The

formation of UH3 in the reaction of U with H2O was

linked to accelerated oxidation rates by Kondo et al.

[4]. Recent results obtained by Moreno et al. [11] indi-

cate that UH3 tends to initially form at crystallographic

irregularities such as grain boundaries and twins.

Hence, the observation of localized attack in the ZPPR

coupons primarily on the ends of the rolled plates need

not be dependent on the presence of edge cracks, but

Fig. 8. SEM micrograph of plate 2249 corrosion product.

Fig. 9. SEM micrograph of plate 2652 corrosion product.

Table 1

Semi-quantitative XRD di�raction results from loose ZPPR fu-

el corrosion products

Plate ID UH3 (wt%) UO2�x (wt%) Relative corrosion

extent

2249 5 95 Light

2652 50 50 Severe

4042 85 15 Severe

4414 0 100 Light

Fig. 10. Higher magni®cation SEM micrograph of plate 2652

corrosion product.
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could be simply related to the increased density of

grain boundaries on the transverse sections relative to

the longitudinal faces.

The continuing corrosion is certainly related to access

of the ambient storage environment to the plates and

coupons. The gas within the aluminum overpack canister

would provide an initial source of oxygen and water va-

por, however this amount alone cannot account for the

extent of corrosion observed. There are several mecha-

nisms for gases to enter the canister. Simple opening of

the canister to use the plates or to perform accountability

checks will renew the gases. Another mechanism is

`breathing' of the canister due to varying atmospheric

pressure over time. The varying pressure di�erential pro-

vides a driving force for exchange of gases through a

non-hermetic seal. Evacuation of the canister, as imple-

mented for several years, provides a strong driving force

for in-leakage of gases. Finally, simple permeation of O2

and H2O through the elastomer seal can occur even at

equilibrated pressure. All of the above routes would pro-

vide additional reactants to sustain the corrosion.

The high UH3 concentrations in the loose corrosion

product for some of the plates and the observation of

H2 gas in the canisters strongly suggests that the reaction

of the coupons is primarily with H2O rather than O2.

This observation further implies that H2O has preferen-

tial access to the plates. The reaction of U with a mixture

of H2O and O2 (i.e. humid air) does not produce H2 gas.

Only when O2 levels are less than approximately 100

ppm does the reaction produce H2 and UH3 [3]. One

possible mechanism by which this could occur is prefer-

ential permeation of H2O through the elastomer seal.

Permeation rates of H2O through polymers are much

greater than those of oxygen [12]. In this scenario, the

U metal reacts ®rst with O2 originally present in the can-

ister and then H2O. H2O then preferentially enters the

canister through permeation and continues the react

with the metal, creating H2 gas and UH3. The entrap-

ment of H2 gas in the canister likely promotes UH3 for-

mation. The crevices of areas of localized corrosion also

will tend to trap hydrogen and promote UH3 formation.

The formation of UH3 in crevice corrosion of U with

H2O has been documented [13].

The results of the XRD and visual observations of

corrosion indicate that UH3 is associated with areas of

localized corrosion. Plates for which severe localized

corrosion was not observed contained very little or no

detectable UH3. It is unclear why some plates had local-

ized corrosion and some did not. Because localized cor-

rosion tended to be associated with only a single coupon

within a plate, it seems likely that the coupons which

showed localized corrosion are di�erent in a way that

would render them more susceptible to attack. The met-

allurgical examination, however, did not reveal any ob-

vious microstructural di�erences between severely

corroded coupons and those which were relatively unaf-

fected. It is possible that a di�erence exists that was not

discovered in the inital examination. Another possibility

is that only certain coupons retained su�cient adsorbed

H2O during the cladding operation to initiate localized

corrosion. Additional characterization and testing is re-

quired to resolve this issue.

6. Conclusions

This paper summarized the past experience at ANL-

W with uranium metal ZPPR fuel plates and presented

the results of a recent characterization of the corrosion

morphology and products. The ZPPR plates have a long

history of corrosion problems, which became more seri-

ous following cladding of the plates using porous metal

endplugs. The corrosion was found to have both general

and localized forms. The localized attack originated on

the transverse faces of the rolled uranium metal cou-

pons. A black powder corrosion product associated with

the areas of localized attack was determined to be UH3,

while the more general ¯ake-like product was UO2 or

UO2�x.
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