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INHIBITION OF FIUORITE-CATALYZED CORROSION OF STAINIESS STERLS

INTRODUCTION:

1 of the flowsheets currently being consldered for the Thorex process call for
the presence of from 0,05 to 0.075 M fluorlde during the dissoluticn step. Con-
siderable concern is being evidenced over the possible effects of fluoride on
both plant equipment corrosion and solvent extraction operation in the Therex
process. Accordingly, a study of the di:solution of thorium and thoria was made
in an effort to either eliminate the need for fluoride or to dlscover a way to
use an amount small enough to be harmless 10 the equipment and process. This
stuldy reveaisd mo aitermele catalyst Or dissv.ving msdia capable ol dissolving
thorium and/or thoria. I+ also estabiished the fact that the concentraticn of

fluoride cannot be reduced appreciably if an acceptable dissolution rate 1is tc
be maintained (1),

Since fluoride apparently will be present in the Thorex process, a serles of
gxperimonts has besn conductad to demonstrate the magnitude of 1ts corrosive
behavior and to test & number of substances as possible corrosion inhibitors,

SUMMARY AND CONCIUSIONS:

Corrosion tests of type 309 SCb, 347, and 304 L stainless steel coupoms demon-
strated the accelerated corrosion caused by the vresence of fluoride ions in
solution, The effects ¢f several metal cations upon this fluoride-catalyzed

corrosion were also determined. The following sconclusions were drawn from these
tests:

1. The presence of 0,2 M IF in boiling nivris acid solutions causes very
rapid cerrosion of stainlass steels (300 « 900 mils’year), However,
the presence of 1L M Th it solution will reducw rois corrosior rate to

an acceptable level,

+ Althcugh several wmetal cations will !nhibit fluoride corresion, zivconium
produces the best inhibition of throse vestad. reducing the corrosion rate
approximately 25-fold,
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3., Titenlum and vanadium oxides waore o0 insoluble to glve the needed con-
centrations of cations in solutlien to inhitit corrosion,

L, Vapcr phase corrosicn of type 309 SCt stainless steel is approximately
equal to the liquid phase corrosion of the same steel.

5. Ammonium silicofluorilde apparerntly hydrolyzes completely in boiling nitric
acid to give six moles of active fluoride lon per mole of ammonium silico-
fluoride and iz equally corrosive,

6. Further corrosion work is needed in equipment which could simulate more
closely the Thorex dissolving cycle and & nitric acid recovery system,

EXPERT ERTAL:
1. Procedure

The stainless steel coupons used in this study were furnished by the Corrosion ‘
group of the Metallurgy Unit. All of ths coupcns were glven a standard, desensitizing
pretreatment cousisting of a twenty-minvte immersion in 24% HRO, at 60°C, The sppar-
atus used consisted of a one-liter stainimss steel pot fitted with a stainless steel
reflux condenser., Provision wes made for suspending samples in the vapor phase as
well =5 immersing them in the bolling solution., The reproducibility of the corrosion:
date obtained using this spparatus was established by preliminary runs mede in dupll
cate, Therefore, the numbers reported in this document were obtained from single.
determinations, in ordesr to gather as much information as possible from the limited
nurber of coupons available,

The corrosion rates were all determined at boiling temperatures {100-110°C); they
vwers caliculated from careful measurements of the initial dimensions mnd of the weight
losses of the individual coupons. Stainless steels 347, 304%L, and 309 SCb were tsste

in the boiling liquid phese., The best of these, 309 SCb, was also tested in the vapor:
phase .,

2. Results:

Since thorium forms a8 tight complex with fIuoride, the need for a corrosion inhibi-
tor is expected to be grestest in the pots where thorium is absent, i.e,, the nitric
acld recovery system or waste concentrators. Therefore, most of the determinations
were made in nitric acid-hydrofluoric acid solutions in the adbsence of thorium, In
order to accelerate the corrosion rate and thereby reduce the time required for each
individuel experiment, 13 M HNO, - 0,1 M BF sclutions were used rather than the
lower concentrations which would actually occur in the nrocess, The results of
these experiments are recorded in Part A of Table I. Three corrosion tests om 347
stainless steel were made in 5,5 M HNO, and are recorded in Part C of Table I.
These tests indicate corrosion to be 1§ss than half that at the higher HNO,-HF
coucentrations. Although all of the polyvalent ions tests showed some inhibiting
effect upon corrosion, zirconium appears to te by far the best irhibitor. When

0.2 M zirconium was used as inhibitor, the corrosion rate in 13 M HNO; - 0,1 M HF
vag lowered by factors ranging from 19 to 33 for the different steels tested, This
experimentally observed fact is in agreement with the tueory that the corrosicn
inhi{bition {s the resuit of a cation-flucride complex., Complexing constan'.s

DECLASSIFIE]

R N TR P .;mv\W'WA’*';:..._-m




* DECLASSIFIER
ol

-3- HW-33075

reported by several investigators (2}, (3), (4) indtcate tnat, of the cetions
tested, zirconium forms the tightest complax vith fluoride (complexing constants
repa: ved for room temperature in dilute acid, however). Vanadium and titanium,
wvhich might conceivably have given bettar results from a considsration of their

charge and jonic radius, were too insolubles to produce the necessary concentrati.onl
of cution in sclutiom.

One experiment was made to ascertain whather or not the corrosive effect of fluor
is indapendent of the form in vhich it 1s addsd, Previous results (1) indicated
that ammonium silicofluoride will accelerate thorium dissoclution at the same rate.
es six times its mol.r conceatration of hydrofluoris acid. Prom the results in
Part A of Table I it is apparenmt that 0.0167 M NH§SiFg acts very nearly the sane

as 0.1 M HF, bearing out the conclusion that ammonium silicofluoride i3 completely
hydrolyzed in bolling nitric acid.

In order to test the supposition that a high thorium concentration would adequately
protect s‘ainless steel equipment from fluoride corrosiom, the two experimsnts

recorded in Part B of Table I were conducted., The concentrations of 1.0 M Th and
6.0 M HNO, were picked to simulate an intermediate point in the dissolution sclmm.
Since litéh increass in thorium dissolution rate results from increasing the
hydrofluoric acid concentration above 0.1 M, this concentration was selacted as
the probable maximm concentration in ths dissolver pot. The corrosion dats ob-
tained from these runs indicate that 1.0 M thorium was a very effective corrosion
inhibitor under ths conditions used. No additional improvemsnt resulted when o
0.1 M Zr was added in addition to the thorium, In fact, corrosion appesred slightl

higher for the run containing rirconium {these numbers probably fall within the
limits of experimental error).

The Fresence of fluoride apparently causes a gersral pitting attack of stainless
stss5l surfaces. TFigure 1 spovws Doth this pitting attack and the inhidbiting effect
of zirconium lons in solution. Figure 1-A shows the general unifora attack of
nitric acid alons, Figure 1-B shows the general pitting attack caused by fluoride
ions., Figure 1-C damonstrates the corrosion inhibition caused by thes prasence of

0,1 X zirconium., These photomicrographs wvere taken ¢n a dark field at 1Ny =agni-~
fication,

DISCUSSION:

Although the corrosion rates of the stainless steel samples tested were lowered
to the 15-40 mil/year range by the presence of 0,1 to 0.2 M Zr, additional gaine
are needed if the dasired equipment life spans ave to ba realized. 'This is

especially true vhen one considsrs the eccelerated corrosion generally experienced
at welds, hot spots, etc,

Due to the preliminary nature of this study, no attempt was made to measure the
depth of ths pits caused by fluoride corrcsior. The true nature and sxtent of

these pits would, of course, need to be defined by any further experiments of a

more thorough nature, In fact, establizhment of optimum conditions for the Thorex
dissolving and nitric acid recovery eyelss will, in gereral, require such additional

exprerimeals cunducted over extended porioda with conventional zorrosion study
facilities,
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