EP 0 305 943 A2

Européisches Patentamt

0 European Patent Office @ Publication number: 0 305 943
Office européen des brevets A2

® EUROPEAN PATENT APPLICATION

@) Application number: 88114045.3 &) int. cl.4 C23F 1/26

& Date of filing: 29.08.88

@) Priority: 31.08.87 US 91225 @) Applicant: WESTINGHOUSE ELECTRIC
CORPORATION
Date of publication of application: Westinghouse Building Gateway Center
08.03.89 Builetin 89/10 Pittsburgh Pennsyivania 15222(US)
Designated Contracting States: @ Inventor: Panson, Armand Julian
BE DE ES FR GB IT SE 305 Dixon Avenue

Pittsburgh Pennsyivania 15216(US)

Representative: Gallo, Wolfgang, Dipl.-ing.
(FH) et al
Patentanwélte Dipl.Ing. R. Holzer,
Dipl.ing.(FH) W. Gallo
Philippine-Welser-Strasse 14
D-8900 Augsburg(DE)

@ Etching process for zirconium metallic objects.

@ A process for determining the dissolved zirco- 17

nium content of a hydrofluoric acid - nitric acid ~N 11
etching bath (7) for zirconium articles by determining CONTRO‘:
the rise in temperature of a volume of the bath (7) SYSTEM
upon immersion therein of a known quantity of zirco- N ar /
nium metal (15), immersing a known quantity of 9_
zirconium metal (15) into a portion of the bath (7),

measuring the rise in temperature over a predeter- /
mined period of time of said portion (7), determining
the dissolved zirconium content of the bath (7) as a =
function of the rise in temperature, and treating the 19
bath (7) dependent upon the dissolved zirconium L~
content so determined to be in the bath (7). H/
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ETCHING PROCESS FOR ZIRCONIUM METALLIC OBJECTS

The present invention relates to a process for
etching metallic objects formed from zirconium or a
zirconium alloy and specifically to a process for
determining when an etching bath should be regen-
erated.

Zirconium components are especially preferred
in nuclear reactor systems such as nuclear fuel
cladding. As described in my co-pending applica-
tion Serial No. 888,293 filed July 22, 1986, as-
signed to the assignee of the present invention,
zirconium alloy tubes are pilgered to reduce the
size thereof, and are subsequently eiched ic re-
move defects from the tubing surface. The pre-
ferred zirconium alloys for use in nuclear fuel clad-
ding include Zircaloy-2 and Zircaloy-4. An aqueous
hydrofluoric acid -nitric acid etching bath is the
preferred etching medium. it is known that the
etching rate of such an agueous bath decreases
with use, upon dissolution of zirconium into the
bath, until a limiting rate of about 20 percent of the
fresh or initial bath is reached. At such a stage. the
used or spent bath, which will generally contain
about 24g/l of dissolved zirconium alloy was dis-
carded. The spent bath was treated to render it
disposable before being discarded. The spent bath
contains, among other components, various zirco-
nium compounds or complexes, some tin compo-
nents when Zircaloy is etched, and residual
hydrofluoric and nitric acids.

In my previous co-pending application, Serial
No. 888,293, | provided a process for etching zirco-
nium articles where a spent bath is replenished in
acid to increase the etching rate thereof without the
need o remove dissolved zirconium from the bath.
Such a process extends the life of a hydrofluoric
acid - nitric acid etching bath without a need for
precipitating and removing dissolved zirconium ma-
terial therefrom.

In order for an operator to know when an
etching bath is spent to the extent that the same
should be either regenerated or discarded, the dis-
solved zirconium content of the bath must be de-
termined. One method of determining the dissolved
zirconium content of an etching bath is to remove a
sample of the bath and analyze the same in a
laboratory to ascertain the zirconium content, a
time consuming and costly process. Other faster
and less costly procedures have been proposed,
but as described in published German Patent Dis-
closure No. 28 28 547, the determination of zirco-
nium metal content in hydrofluoric acid containing
etching baths by calorimetric or titrimetric methods
is not feasible. In said German patent disciosure,
the zirconium content of a hydrofluoric acid - nitric
acid eiching bath is determined by drawing off a
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portion of the bath, precipitating the metal in the
portion in a form of a difficult to dissoive com-
pound, and determining the concentration of the
difficult to dissolve compound in a diluting agent by
measuring the turbidity thereof. The preferred pre-
cipitating agent is a solution of caustic soda which
precipitates the zirconium in the form of zirconium
hydroxide, and water to adjust fo the necessary
dilution.

It is an object of the present invention to pro-
vide an efficient and economical process for deter-
mining the zirconium metal content of a
hydrofluoric acid - nifric acid zirconium metal etch-
ing bath.

A process is provided for determining the dis-
solved zirconium content of a hydrofluoric acid -
nitric acid etching bath for zirconium articles.

An initial determination is made of the rise in
temperature of a predetermined volume of the
aqueous etching bath upon immersion of a known
quantity of a zirconium article, having a known
surface area, therein, over a known period of time,
as a function of the dissolved zirconium content of
the bath. After this determination is made, the
dissolved zirconium content of the bath at various
times during an etching process is determined by
immersing a known quantity of a zirconium metal
object having a known surface area into a portion
of the bath having the predstermined volume, mea-
suring the rise in temperature of the bath portion
over a predetermined time period, and then deter-
mining the dissolved zirconium metal content of the
bath as a function of the rise in temperature.

Preferably, only a small volume of the bath is
used by separating or otherwise segregating the
predetermined volume from the bulk of the bath,
and immersing the zirconium metal object therein
while stirring the bath portion and measuring the
temperature rise by use .of a thermocouple im-
mersed in the bath portion.

The invention will become more readily appar-
ent from the following description and the accom-
panying drawings, wherein:

Figure 1 is a graphic illustration showing the
proportionality of the temperature rise to weight of
Zircaloy-4 in an aqueous HF-HNO:; etching bath;

Figure 2 is a graphic illustration showing the
decrease in etching rate versus loading of dis-
solved zirconium content of an aqueous HF-HNO3
etching bath:

Figure 3 is a graphic illustration showing the
relationship between temperature increase and
bath loading of dissolved zirconium content in a
aqueous HF-HNO; bath; and
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Figure 4 is a schematic illustration of an
apparatus for use in carrying out the present pro-
cess.

The present process provides a calorimetric
method for determining the loading of zirconium in
an etching bath so as to provide an indication of
when the bath should be replenished or replaced.
The process thus provides a practical method for
determining the dissolved zirconium content or
loading of aqueous hydrofluoric acid -nitric acid
etching baths for nuclear fuel cladding.

In conventional etching of zirconium metal arti-
cles, such as Zircaloy-4 nuclear fuel cladding tub-
ing, etching is used for surface polishing and also
to increase the inside diameter of the tubing. The
articles are etched by being immersed into an
aqueous acid bath. Current etching baths for such
articles can use horizontal unstirred etching baths
that contain an aqueous solution of 2 to 4 percent,
preferably 2 or 3 percent, by weight hydrofluoric
acid and 12 to 35 percent, preferably 15 percent,
by weight nitric acid. The Zircaloy-4 tubes are
immersed in the bath for a predetermined period of
time, with the immersion duration increased for a
given increase of inside diameters of the tubes due
to the exhaustion of bath strength with use.

The contact of the zirconium metal article with
the etching bath results in dissolution of metallic
components, particularly zirconium metal in ionic or
complex form, in the bath and hydrofluoric acid
and nitric acid are consumed such that the activity
of the bath must be either regenerated or the bath
discarded and fresh etching solution provided.

The present process comprises a calorimetric
method for determining the dissolved zirconium
content of an etching bath at any desired time
during use of the bath for etching of zirconium
metal articles. .

An initial determination is made of the rise in
temperature of a predetermined volume of the
aqueous etching bath upon immersion of a known
quantity of a zirconium metal article, having a
known surface area, over a known period of time,
as a function of the dissolved zirconium content of
the acid bath. This information then allows the bath
loading to be determined by simple measurement
of temperature increase for a given etching time.
The dissolved zirconium content of the bath at
various times during an etching process can then
be determined by immersing a known quantity of a
zirconium metal object having the known surface
area into a portion of the bath having the predeter-
mined volume and measuring the rise in tempera-
ture of the bath portion over a predetermined time
period. The dissolved zirconium content of the bath
can then be determined as a function of the rise in
temperature by comparing the measured rise in
temperature of the bath portion having the unknown
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concentration of zirconium over the predetermined
time period with the information initially obtained
for baths having a known concentration of zirco-
nium.

The concept of the invention can be illustrated
with reference to Figures 1, 2 and 3. A 1-inch (25.4
mm) length of Zircaloy-4 tubing (typically 0.375
inch (9.53 mm) outer diameter and wali thickness
of 0.023 inch (0.58 mm) ), of known surface area,
was immersed in a 40 ml portion of the
hydrofluoric acid (2%) - nitric acid (15%) agueous
etching bath. The bath was agitated with a mag-
netic stirring bar and the temperature rise of the
bath portion over a one minute time period was
measured. As illustrated in Figure 1, a temperature
rise of 1°C was observed when the dissolved
zirconium content of the portion was about 0.012
gms; a rise of about 2" C corresponded to a con-
tent of about 0.028 gms; a rise of about 5°C
corresponded to a content of about 0.072 gms; and
a rise of about 6° C corresponded to a content of
about 0.085 gms. The temperature rise is propor-
tional to the weight of zirconium dissolved in the
acid bath, with the temperature increase due to the
heat of the dissolution reaction, which was deter-
mined to be about 2.72 kcal/gm Zircaloy-4 dis-
solved.

it is known that the eiching rate of a
hydrofiuoric acid - nitric acid bath for zirconium
metals decreases as the bath loading or dissolved
zirconium content of the bath increases. As de-
scribed in my aforementioned co-pending applica-
tion, etch rates of the bath decrease with use until
a limiting rate of about 20 percent of the fresh or
initial bath is reached. Figure 2 illustrates graphi-
cally the etching rate of the previously described
Zircaloy-4 sample in a 2% hydrofluoric acid - 15%
nitric acid aqueous etching bath versus the loading,
or disscived zirconium content, of the bath. A linear
decrease of etch rate with loading of 0.241 (mgs
zirconium to be dissolved/min cm?2 zirconium metal
object)/(gm dissolved zirconium/liter bath) was ob-
served. It can be further understood from Figure 2,
that by the time that the acid bath contains about
24 gm dissolved zirconium per liter of bath, the
etch rate of the bath is only about 0.5mgs
zirconium/min cm? zirconium metal object. This
rate is so slow that the acid bath should be rejuve-
nated when the bath loading reaches the level of
24 gm dissolved zirconium per liter of bath.

From a combination of Figures t and 2, it can
be seen that, as illustrated in Figure 3, the rise in
temperature (T~ C/Min.) of the acid bath when the
previously described Zircaloy-4 sample is im-
mersed therein is inversely proportional to the acid
bath loading, grams per liter (g/l). Further from
Figure 3, it can readily be seen that the unknown
zirconium concentration of an acid bath can be
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determined by first immersing several of the pre-
viously described Zircaloy-4 samples in separate
acid baths of various known zirconium concentra-
tions for a minute and measuring the temperature
rise of the baths at the end of that minute. Another
of the previously described Zircaloy-4 samples is
then immersed in the acid bath of unknown zirco-
nium concentration for a minute and the tempera-
ture rise after one minute can be compared with
the previously determined temperature rise after
one minute of baths of known zirconium concenira-
tion to determine the unknown zirconium concen-
tration of the acid bath having the unknown zirco-
nium concentration.

The zirconium concentration of the acid bath
can be determined in this way several times during
the etching process until the zirconium concenira-
tion of the bath is such that the bath needs to be
rejuvenated.

The present process is useful in etching of
articles, such a nuclear fuel cladding, that are com-
posed of zirconium or a zirconium alloy such as
Zircaloy-2 or Zircaloy-4. The alloy Zircaloy-2 con-
tains, by weight, about 1.2 to 1.7 percent tin, 0.07
to 0.20 percent iron, 0.05 to 0.15 perceni chro-
mium, and about 0.03 to 0.08 percent nickel, the
balance being zirconium, while Zircaloy-4 contains,
by weight, about 1.2 to 1.7 percent tin, 0.12 t0 0.18
percent iron, and 0.05 to 0.15 percent chromium,
the balance being zirconium.

The etching process is effected at atmospheric
pressure and ambient temperature, although upon
exothermic reaction of the acids and the metal, an
increase in bath temperature will result. Tempera-
tures of between about 20° C and 50° C are gen-
erally used.

Generally, only a small volume of the acid bath
of unknown zirconium ion concentration needs to
be tested, by separating or otherwise segregating
the predetermined volume of the acid bath from
the bulk of the acid bath, and immersing the zirco-
nium object therein while stirring the acid bath
portion and measuring the temperature rise by use
of a thermocouple immersed in the bath portion.

A test of the present invention was effected on
a plant scale etching system. During the plant test,
a sample of spent etch bath was measured using
the present calorimetric method to determine the
zirconium content of the bath. The etching bath
contained about 500 gallons (1893 ) of agueous
nitric acid - hydrofluoric acid solution (2%HF -
15%HNQ;), and was used to etch final-size
Zircaloy-4 fuel cladding. The tube lengths were
about 12 feet (3.66 m). The etching was carried out
on successive lots of these tubes until the bath was
judged to be exhausted by the operator based on
experience with the immersion fime required to
achieve a required size reduction. A 40ml sampie
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of the spent bath was removed and showed a
temperature increase of 0.4°C after a one inch
(25.4 mm) length of final-size Zircaloy-4 tubing was
immersed in the sample, with the sample stirred,
for one minute duration. A comparison of the data
of Figure 3 showed that this temperature rise in-
dicates the bath loading to be 24¢/l. This value
confirms to expectations based on previous exper-
ience using such etching baths.

A schematic illustration of an apparatus t for
carrying out the present process is illustrated in
Figure 4. A vessel 3, such as a plastic container, is
disposed on a magnetic stirrer 5, for recasipt of a
predetermined volume of an acid bath 7, from a vat
containing an existing etching bath, the zirconium
content of which is to be measured. A plastic
coated magnetic stirring bar 8 is placed in the bath,
and a thermocouple 9 inserted into the bath which
is connected to a thermocouple detector 11 for
temperature readings. A plastic support 13 extends
from a base (not shown) to a location within the
bath 7. A known quantity of zirconium metal 15,
having a known surface area, is suspended on the
plastic support 13 within the bath and the bath
agitated by actuation of the magnetic stirrer 5 and
movement of the magnetic stirring bar 8. The tem-
perature rise of the bath 7 over a predetermined
time period, such as a minute, is measured. This
temperature rise is then used to determine the
zirconium content of the acid bath. The thermocou-
ple detector 11, as iilustraled may be associated
with a conirol system 17, that will determine the
amount of fresh acid to be added to the existing
etching bath to regenerate the same.

The present process thus provides a
calorimetric measurement and control of an efching
process, a simple, direct, and inexpensive process
to provide production control measurements for
etching operations. The process provides for on-
line detection of bath loading and etching rates and
forms the basis for production control systems.

Claims

1. A process for etching of zirconium metallic
articles formed from zirconium or a zirconium alloy,
wherein said zirconium metallic article is contacted
with a bath (7) of aqueous hydrofluoric acid - nitric
acid etching solution in a tank, whereby the zirco-
nium metal content of the bath is treated by being
regenerated or discharged, dependent upon said
zirconium metal content, characterized in thai:
the rate of the rise in temperature of a predeter-
mined volume of said bath (7) is determined upon

- immersion of a known quantity of said zirconium

metal (15), having a known surface area, therein,
over a known period of time as a function of the
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dissolved zirconium content of said bath (7);

a known quantity of a zirconium metal object (15),
having a known surface area is immersed into a
portion of said bath (7) having said predetermined
volume;

the rise in temperature of said bath portion (7) due
to dissolution of said zirconium metal object (15)
therein is measured over a predetermined period of
time;

the dissolved zirconium metal content of said bath
(7) is determined as a function of said rise of
temperature of said bath (7) portion; and

said bath (7) is treated dependent upon said zirco-
nium metal content.

2. The process for etching of zirconium metal
articles according to claim 1 further characterized
in that said portion of said bath (7) is removed from
said bath (7) and transferred to a vessel (3)
wherein said rise in temperature is measured.

3. The process for etching of zirconium metal
articles according to either of claims 1 or 2 further
characterized in that said bath (7) is treated by
regenerating the same and further etching of zirco-
nium metallic articles effected in said regenerated
bath.

4. The process for etching of zirconium metal
articles according to any of claims 1, 2 or 3 further
characterized in that said bath (7) is treated by
removing the same from said tank and discarding
the same.

5. The process for etching of zirconium metal
articles according to any of claims 1-4 further char-
acterized in that said articles are composed of by
weight, about 1.2 to 1.7 percent tin, 0.12 to 0.18
percent iron, and 0.05 to 0.15 percent chromium,
the balance being essentially zirconium.

6. The process for etching of zirconium metal
articles according to any of claims 1-5 further char-
acterized in that said articles comprise nuclear fuel
clad tubing.

7. A process of determining the dissolved zir-
conium content of an aqueous hydrofluoric acid -
nitric acid etching bath (7) for zirconium metal
objects characterized by:
determining the rate of rise in temperature of a
predetermined volume of said bath (7) upon im-
mersion of a known quantity of said zirconium
metal (15) having a known surface area therein
over a known period of time, as a function of the
dissolved zirconium content of said bath (7);
immersing a known quantity of a zirconium metal
object (15), having a known surface area, into a
portion of said bath (7), having said predetermined
volume;
measuring the rise in temperature of said bath
portion (7) due to dissolution of said zirconium
metal object (15) therein over a predetermined
period of time; and
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determining the dissolved zirconium metal content
of said bath (7) as a function of said rise of tem-
perature of said bath portion (7).

8. The process of determining the dissolved
zirconium content of an aqueous hydrofluoric acid -
nitric acid etching bath according to claim 7 further
characterized in that said portion of said bath (7) is
removed from an existing bath (7) and transferred
to a vessel (3) wherein said measuring is effected.
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