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ESTIMATION OF CORROSION ON ALUMINUM PIFE BELLOWS IN ACCELERATOR
HOUSING FROM RADIATION-INDUCED REACTIONS IN THE HOUSING ATMOSPHERE

The operatlon of the accelerator will profluce a variety of radiation pro-
ducts within the accelerator housing structure. Celculations of the effect of
the radiation on the housing atmosphere and on the cooling water were oresented
by H. DeSteebler.* It is the purpose hers to examine the chemical corrosion
problem resulting from the action of the noxicus chemicals formed on the alumi-
num bellows connecting the 40-foot lengths of aluminum support and alignment
pipe. As the bellows is oniy 0.020-inch-~thick, it would appear to be the most
vulnerable single item inside the housing from the standpoint of chemical corra-

sion.

I. Operating Conditions Within the Accelerator Houging

Fresent plans are to operate the accelerabtor with no air circulation through
the housing. This will eliminate the problem of dealing with the radioactive
meerials {chiefly 10-mimute N> and 2-minute O'®). The active chemicals pro-
duced by the radistion will consist essentially of ozone end a mixture of nitro-
gen oxides. With no air replacement, the sctive chemicals produced will build
up to some maximum equilibrium level at which the decomposition and reaction
rate will equal the rate of formation. At sresent the equilibrium level is un-
known, and there is no good method of estimsting what 1t will be; however, the
rate of formation of chemically sasctive molecules was estimated by DeStaebler to
be 9.8 x 10%° molecules per day, and at egullibrium the total amount formed will
reacht or decompose.

45 there are no provisions for meintsining completely dry alr in the housing,
it iz assumed that the dew point of the air will approximabte the lowest surface
temperature in the housing, that of the concrete walls. Assuming sn air tempera-
ture of sboud 105°F and a wall temperatiure of about 90°F, the alr will have a
reletive humidity of 55 4o 60% and there will presumsbly be s thin film of mois-
ture on the walls. As long as any sigpificant mugber of water molecules is

available, the nitrogen oxides formed will eventually convert to nitric scid®’’



in the retio of one molecule of HR03 rer atom of nitrogen in the oxides. There-
fore, in the housing as a whole, it can be expected that sbout 8 X 102 mcle-
cules of HIiO3 per day will be formed. (This assumes that sbout 20% of the chemi-
cals formed will be ozone and 80% nitrogen oxides.)

II. Corrosion Inside the Accelerstor Housing

The HNO, and o, (ozone) formed in the housing will react with the housing
walls and the accelerator components. It would appear that most of the HN03
formed would react with the concrete wells; they would be expected to have a
thip film of water on the surface, and, being et a lower temperature, would tend
to condense the HE’O3 vapor. However, the H]i!():5 can also attack both copper and
eluminum. '

Consider the aluminum bellows, the thinnest materiael in the housing, es the
item most likely to‘show eny pltting fatlure. Ozone should not affect the alumi-
num, but dilute BNO3 will react with aluminum to form aluminum ions and ammonium
nitrate, as shown in the equation

8 AL+ 30 H +6n0;~8 A" 4 3 +3%0,+9 B0

An estimate of the time necessary for pits to be formed through the aluminum
can be made by adopting the following simplifying assumptions: the‘HN‘O3 is dis~
tributed uniformly throughout the hbusing; the attack of the HII’O3 will be in
direct proportion to the total exposed area; and the pitting rate will be about
ten times faster than the uniform surface attack rate.

Consider a LO-foot length of the housing:

Bellows surface = 2% x'ig = 1.57 £t2 = 1460 cn®
Aluminum pipe surface = 2x X 40 = 251 £t2

Tunnel walle surface = 2 X %0 X 10 + 2 X 40 X 11 = 1680 £¢2
Other surfaces (mostly Cu) allow = 67 ft2

Total surface of 40-foot length =~ 2000 £t?



Tohal number of HNGﬁ molecules avallsble to react with esch slundnum beli-
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Atoms of Al in) om® of bellows:

Thickneas = 0.030 inch; Bn. gr. = 2.7

Weight in grems - {0.0%0){2.548)(1)2 (2.7} = 0.206

Atoms Al = é?%?'é}* 6 x 1027 o b6 x 107

As 8 pit hole is assumed to form at the 10% reaction point and 8 atoms of Al

react with 6 molecules of Eﬁ@zg the time for a2 pit hols to Torm will bhe:
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As this iz roughly 550 years, it would appear that direct corrosion of the
metal surfaces in the housling from rediation-formed chemicels will not e a
presgsing problem. It should be remewbersd, howsver, that any caleculations of
this nature are no betier than the assumptions on which they are Ywased, znd other
effects may be of great imporbance. It will be possible to make corrosion itssts
on coprer and sluminum samples by insizlling in the “18th" (water return) sene-
tration in one of the gectors a smell tesi agsembly, which could be withdrawn
during cperations for ezeminations. It Is recommendsd that such corrosiocn tests

be made.
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