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DESCRIPTION OF INVENTION

Many of the proposed reactor fuel elements incorporate passive fuel alloys or Jackets
which will require at least catalytic amounts of fluoride to bring about their ’
dissolution in nitric acid, Studies of the behavior of this fluoride in the Purex .
acid recovery process(1)(2)(3)(4)(5) indicate that it will reflux and build up

in the Purex acid fractionator and thus, because of the attendant corrosion

problems, constitute the major obstacle to the processing of such fuel elements

in the Purex plant. To prevent this difficulty, it is proposed that a small con-
centration of an inorganic fluoride cowplexant, such as zirconium{IV), aluminum(III),
thorium(IV), or iron(III) be added to the fluoride containing solutions. This

will prevent the fluoride from volatilizing with the recovered acid and concentrating
in the acid fractionators, or being.recycled to process. Instead it will be
discharged in the IWW waste stream, Use of the fluoride complexing agent will have
the further benefit of drastically reducing corrosion of both the acid fractionator pot

. and of the waste storage tanks. Experimental data supporting'these claims is

presented in the following paragraphs.

The distribution coefficient of.fluoride between boiling 8 M nitric acid (the
concentration in the waste fractionator bottoms) and its eqﬁilibrium vapor is
shown in Table I as a function of type and concentration of additive (all added as
the nitrate salts), ' : v

TABLE I

EFFECT OF COMPLEXING AGENTS ON
FLUORIDE DISTILLATION

All solutions 8 M HNO3, 0.1 M F-

: Volatility

Additive M Additive K (HF)* Depression (R)
None _— 0.78 -
Zr(IV) 0,025 0.28 2.8
Zr(IV) 0.05 . 0.067 - 11.6
Zr(IV) 0.1 €0,006 >130
A1(IIT) 0,05 0.25 3.1
AL(IIT) 0.1 0.091 8.6
AL(TIIT) 0.25 0.0183 43
Th(IV) 0.1 0,08 10
Fe(III) 0.25 0.21 3.7

* K(HF) = ratlo of congentg&tion of fluoride in equilibrium condensate to that
in still bottoms. .
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It will be noted that, of the complexing agents tested, zirconium was by far the
most effective. In fact 0.1 wolar zirconium (added as zirconyl nitrate) reduced the
fluoride concentration in the distillate to less than the analytical detection
limit (0.0l grams fluoride per liter). Aluminum nitrate was also effective,
although less so than zirconium. Thorium nitrate appeared to be about equal to
sluminum on a molar basis, However, in this case a precipitate tended to form’

in the still pot on cooling, Couwplexing with iron was wmuch weaker than with the
others, and a large molar excess would be required to achieve the same reduction

in fluoride volatilization.

It was noted that corrosion of the 309 8Cb stainless steel still was negligible
and that the solutions remained water-white when aluminum, thorium, or zirconium
was present. In the absence of these complexants, corrosion was severe, copious
evolution of oxides of nitrogen (iq@icating attack of the metal) was observed,
and the pot solution took on the cplor of the dissolved chromium and iron

* corrosion products, Microscopic examination of test coupons showed a pitting type
attack in the nitric acid - hydrofluoric acid solutions which was not observed
when the fluoride complexants were present.

1

(& Additional experiwental data, as well as informetion on the equilibria in the
nitric acid - water - trace fluoride system, is given in the following reports:

(1) HW-L0692-H, Separations Section Monthly Report - December, 1955, p. 40.

(2) HW-41205-H, Separations Section Monthly Report - January, 1956, p. 50.

(3) HEW-41702-H, Separations Section Monthly Report February, 1956, p. 43, kk,

(%) HW-42219-H, Separations Section Monthly Report - March, 1956, p. 69,

April, 1956, p. 51,

t

(5) HW-42626-H, Separations Section Monthly Report
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