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DEPASSIVATIOR OF 304 -L STAINIESS STEEL
IN SULFEX DECLADDING SOLUTIONS

_'—'__"‘_-—*—-—_

I. INTRODUCTION

In the Sulfex process, stainless steel cladding, gemerally 304-L, is
removed from fﬁgl elements by dissolutiom in boiling four to six wolar
sulfuric acial® . Whem cladding removal is complete, the decladding
golution is removed to waste, The exposed fuel cores are rinsed and

< T L Al o w2z
dizsclved in pitri- acid.

Instances have beer noted, particularly in laboratary studieg, in
vhich stainless steel has been passive to boiling dilute sulfuric
acid solutions 1"'3). The passive condition my be produced in a
number of weys sucr as trestment with oxidizing media, exposure to
bigh tempersture water in g nuclear rsactor, coupling to a noble

-

Zelal, or simply ~lug term exposare to air,

It is desirable that the Sulfes decladding procedure te such that

the stainless steel is not made passive to the decladding sclution

or thet activation can be assured for cladding already passive.
Chemical and electrochemical meens of activating pessive stairless
steel surfaces in boiling dilute sulfurie acid vere studied. Chemical
metbods included reducing agerts and Penetreting ions; electrocheaical
methods included galvanic and electroliytic coupling.

Sirce nitrate may be present in Sulfex sclutions due t0 entrapment of
sOme previous nitric acid dissclver sclution, the effect of nitrate

on depassivation was investigated. Destruction of nitretes in Sulfex
decladding solution was als50 studied

II. SUMMARY

Chemical depassivatioa of passive 304-L was accomplished by penetrat
ions. Fluoride concentrations of 0.02 - Q.10 Min kN HpB0y, at 106 ¢
produced depassivation. However, attack on uranium core metal was
increasged excessively by the presence of flucride ioms in Sulfex de-
cisdding solutions, Reducing agests evaluated did not depessivate
pessive 304-L steinless steel in beiling Sulfex solutions,

Electrochemical depassivatior gf passive 304-L stairless steel in
boiling Sulfex de-ladding solitions ves accomplished by both galvacic
and electrolytic rrocesses loe abiltty to produce gelvanic depassi-
vBlior was zontrolled by tie megnitude and polarity of the contact
potential developed betveer rassive 304-1 steel and a dissimilar metal.
Electrolytic depasaivatior,

was dependent op the magritude and polarity
of the impressed potentipl

Nitrate ions in excess of 2. + M ir boiling & M HoSO), suppressed electro-
chemical depassivetion of pasz2ive 304-L gtainless steel. Nitrate con-
taminants were effectively destroyed with formldehyde.




URCLASSIFIED -3~ BW-65925

III. DISCUSSION AND EXPERIMENTAL RESULTS
—_— e et STNIAL RESULTS

A. General

Since no method is Presently known for measuring the degree of passivity
or activity of metal surfaces, it was necessary to arbitrarily define
"passive” and "active" surfaces before the varisbles influencing pessi-
vation and depassivation could be measured. In this work, surfaces not
attacked by the chemical environment for a pPeriod of twenty or more
minutes were called passive. Those attacked vithin twenty minutes were
called active. "Chemical attank” was defined as continued gas evolution
immediately adjacent to the metal surfaces.

Specimens of 304-l stainless steel used were obtained from "cut-off"

meterial = heat and manufacturer unknown. Coupons used were two inches
by two inches by 1/8-inch,

Active surfaces were Prepared on 304-1L steinless gtesl by heat treating
the coupones for thirty to sixty minutes at 2000 F end then cooling
rapidly to room tempersture. Such surfaces were more reactive to dilute
sulfuric acid than "mill-condition™ surfaces.

Active surfaces on 304-L stainless steel were made passive by imrsing :
the coupons for one hour in boiling 4 M HxS0), - 0.5 M ENO3. The surfaces
produced, in all casesa, resisted attack by boiling 2-14'M HoS0, for sixty

minutes, indicating a bhigh degree of passivity on the surfaces.

B. Chemicsl DeEssivation

Reducing agents and penetrating ions were tried as chemical agents for
depassivating passive 30k-L stainless steel surfaces in boiling 4 N
HpSO, Nome of the reductants tried wvas effective. These were hydrazine
and sodium bilsulfite at concentrations up to 0.1 N, formic acid end

formaldehyde at concentrations up to 0.025 M, and hydroger gas Tlowed
Oover the 304-L surfsces.

Ions, such as chloride and fluoride, which can Penetrate oxide }aﬂera,
8re known to promote attack on passive stainless steel surfaces\//,

As shown in Figure 1, low concentrations of fluoride ion in boiling
b M #5580, promoted attack on passive 304-L surfaces, Increasing the
flucride content decreased the time required for depassivation. The
eff=:t of added fluoride on uranium metal attack is shown slso in
Figure 1. The advantagas of fluaride as @ depassivating agent in
Sulfex decladding would have to be balanced against increased attack
on fuel cores and, possibly more important, on the container.

c. Blectrochelical Eaasivation

1. Galvanic Depassivation

The polarity and magnitude of the contact potential developed, when
Pessive 304-L is 1n contact with a dissimilar ®etal, determine whether




UNCLASSIFIED ~b~ BW-65925

Or not depassivation of the stainless steel will occur. Platinum and
carbon, which are more noble than passiva 304-1L stainless steel, did
bot produce depessivation when contacted with passive 304-L in boiling
b M H380;. Aluminum and 1020 mila steel, vhich are less noble than
passive 304-L, did produce depassivation vhen in contact with passive
304-L in boiling 4 M HpS0),. The mignitude of the contact potential
irfluenced tkhe time required to produce depassivation. Aluminum
Promoted depassivation more rapidly than 1020 steel in boiling 4 M
aasoh, in the absence of nitrate ion, as shown by comparison of the
points for zero nitrate in Figures 2 and 3.

Galvanic depassivation wasg hindered by the presence of nitrate ioms
in boiling 4 M HpS0y,. As shown in Figure 2, aluminum in contact with
passive 304-L in boiling (106 c) & M H,S0), did not produce depassiva-
tion at nitrate cOncentrations above 0.05 M. Galvanic depassivation
by 1020 mild steel in contact with passive 30L-L occurred at nitrate
concentrations up to 0.5 M in boiling & M H,S0),, as shown in Figure 3.
Hovever, wher the 1020 steel was removed from contact with the

depassivated 304-L, repassivation Occurred at nitrate concentrations
above 0.1 M.

2. Electrol&ie De&ssivation

The polarity arnd the mguitude of the potential impressed on passive
304-L stainless steel in boiling 4 M }Ifsoh determine whether or not
depassivation occurs, Making the passive 304-L stainless steel posi-
tive in potential (anodic) aia not, in any case, produce depassive -
tion, Electrolytic depassivation could be induced when passive

ments to produce electrolytic depassivation. When the potential was
in excess of the ainimum voltage required to pProduce depassivation »
the time for depassivation decreased. This effect 1s shown in Figure
6 for an emvirocment of 4 M HS0, .

Electrelytie depaziivation of passive 30k-L stainless steel in contact
vith Hastelloy F or Ni-o-nel, Tepresenting conditions where the dis-
sColver vessel is made the cathode terminai, did not increase the rate
of corrosion of these dissolver metals. No weight loss was detectable
vhen Hastelloy ¥ or Ni-o-nel vas made cathodic and subjected %o a
poOtential of four volts, at an electrode aeparation of two inches,

for onme hour ia boiling u M BoS0),. Also, using Hastelloy F or Ni-o-pel

&s an adjacent cathode had no adverse effects on electrolytic depassiva-
tion of passive 304-L stainless steel,

Fag © #3635 a Form N L Toe
The presence of nitrate lons in boiling interferes with
electroiytic Jepassivation of 304-L gtainless steel. The minimum
potential required for depassivation increased vith increasing nitrate
concentratiocn ms shown ig Figure 7. The conditions 8iven in Figure 7
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simulate dissolver conditions with respect to the 304-L steel: Ni-o-nel
dissolver cathode couple. At nitrate concentratioms in excess of 0.1 M,
304-L stainleas steel, which was electrolytically activated ; repassivated
vhen the applied potential was removed. '

D. Destruction of Bitrate Ions in Sulfex Solutioms

While formaldehyde is not effective as a depassivating agent, it mey be
used to destroy nitrate iors present in Sulfex decladding solutions (5'7)~
Boiling &4 M soh - 0.1 M HNO,, made 0.1 M with formaldehyde, contained
less than O, 1M BN03 after five minutes. The resulting solutions
exhibited the same ease of galvanic and electrolytic depassivation of

passive 304-L stainless steel as Sulfex solutioms containing no nitrate
ions.

IV. CONCLUSION

Electrochemical processes offer the best methods to insure depassivation
and dissolution of passive 304-L stainless steels in boiling Sulfex
decladding solutions. Where it is impossible to cttain or insure
galvanic contact between passive 304-I stainless steel and a less noble
metal, electrolytic depassivation should be employed. For best depassi-

vation results, nitrate contamination should first be destroyed with
formeldehyde.
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