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: | TRIP REPCRT - ALCOA FERFAKCH IABORATORIES

This memorandum outllines the information cbtained on a technical consultat
txip to the Alcoa Research laboratories in New Kennsington, Pennsylvenias,’
during the period April 29 to May &, 1951. The information was gaimed by:
parsonal contact with Mr. R, H., Brown and his stafr. The staff menbers B
‘8upplied the majority of information woere Mesers. W. W. Binger, J. 8.
#nd R, Willdams., The principle informetion will be considered by subject
patter and dlscussed separately.

I. TEE EYFECT OF pH ON ALUMINUM CORROSION

i On the basis of research work done at the Alcoa lLaboratory over a
' ) two-year period, with a great number of different impurities in water,
there appears to be no optimum pH value for aluminum corrosion. How-
ever, in general, there does appear to be an optimum renge of pH
. values which will give minimum corrosion for a given type of water.
Ol . This range of pH vaiues is from ebout 4.5 to 8,5. The end value may
very slightly for differeunt impurities present in the water. The
, ost noticeable variastion {rom the sbove rule was cbserved when fluorina
E“w E ompounds were prescnt in the water. It appears that the pH is rela- s

ively wnimportant in comparison to the type and amount of foreign

RE ions present in the water.
1956

%A THE EFFECT QF TURBULENCE ON ALUMINUM CCRROSION

e'oo“g@ Mn the bagis of the thesls work done by R. H. Brown at the M.I.T., it
CLASS was esteblished that & definite relatiomship exists between the corro~
gion rate and corrosion distribution for steel and the turbulence of
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The relationship determined in this work is oketched below:

/ \
The shape of the
curve for very
high turbulence
is not known.

N Turbulence —mee. N
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IThe Alcoa Laboratories are now investigating this same relationship for
laluminum, and preliminary information iudicates that the sams type of

curve will probeably hold for this metal. This m:y sxplain, to some ex-

tent, the front tube corrosion present in the Hanford Piles, since in the
tube entrance, when thore is no dummy pattern, the velocity and Reynolds
number are low. Thus, since thie Peynolds rumber is e measure of turbulence,
this section of the tube could be operating near the pesk of the above curve..

III. THE INFLUENCE OF HEAVY META

The metals lead, copper, nickle, cobalt, tin and mercury accelerate the
corrosion rate of aluminum. Since chemical analysis of the f£ilm which
forms on the flow surfaces of the process tubes of the Hanford Piles in-
dicates there is about 3.9 per cent by weight of lesd, this element could
be contridbuting to the corresion rate.

Mercury 1s extremely cnynblo of corroding aluwimm. Even minute traces

of colloidal mercury have produced very large aluminum corrosion rates in
industrial installations, The mercury can enter the system as wmsuspected
traces in the process mnterials or by leakege from mercury instruments.

IV, A NPW INHIBITER FOR ALUMINUM CORROSION

Research vork done by the Alcoa lahoratorles indicates they have discovered
a new inhibiter which appears to be far superior to chromates. Work in
both beaker type experiments and in flowing systems under severe corrosion
conditions, demonstrates the velue of nitretes as a corroeion inhibviter for
aluminum.

V. CHROMATES AS ALUMINUM CORROSION INHIBITERS

In general, Alcoa recourends the addition of at least 1/8 of an ounce of
dichromates per gnllon of wnter or roughly 1,000 ppm, for effective corrosion
inhibition. There is ne evidence thut chromates cnn produce a lasting rever-
sal of the polerity reluticnships between two aluminum allows exposed to

a water containing chromntes, It is possible that temporery and varieble
changes in the polarity can ocour if chromates are present. This effect is
independent of the chromate concentration and can occur at either high or
low concentrations., Low chromate comcentrations appear to have no effect

on the corrosion rate.
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VI. ELECTRICAL POTENTIAL DIFFERENCES DUE TO DIFFERENCE IN SURFACE TEMPERATURES

Normally 72S alloy-clid aluminum has higher electrical potential than 3S
alloy aluminum. In 2 demonstration performed at the Alcoa Laboratories in
which %two tubes, ono of 3S and one of 72S clad were submerged in tap water,
it was found that the potential of the 38 was about 70 mv below the 728 clad.
When etmospheric steam was introduced into the 3S tube and tap water into the
728 e¢lad tube, the potential of the 3S was about 280 mv above that of the
725 c¢lad. It was further found that as the temperature of the bulk water
increased the potential difference increased.

Since 25 and 35 aluminum alloys are quite similar, this demonstration could
explain the corrosicn rate observed at the uctive section of the Hanford
Process.

VII, THE CORROSION FROBLEM IN TEE HANFORD PROCESS TUEES

It is the opinion of the staff of the Alcoa Research Laboratory, that the
corrogion problem of the process tubes itc A cowbination of two different
corrogion problems. First the problem of fromt tute corrosion, and second,
the problem of the active ssctiuvn slug corrosion.

The front tube corrosion is probably due to the low turbulence of the water,

the lack of electrical shiolding against the electrical potential differencex:
betwesn the nozzle, slugs and the 1238 clad tube, the presence of corrosion~
causing compounds, or a combination of these erfects. The corrosion-causing
ecompound could very probably be lead chromate, which is insoluble and settles
out due to the low turbulence and thus causes = pitt.ng type of attack.

The problem of the active section slug corrosicn is probebly due to ihe po-
tential relationship resulting from the differences of surface temperatures .
of the slugs and tube, the incremsed bulk water temperature, the presence of.
corrogion-causing compounds, or a combination of these effects.

IX. THE USE OF MAGNESTUM DUMMIES TO PREVENT FRONT TUEE CORROSTON

On the basis of available information, the staff of the Alcoa lLabo.satories
doces not recommend the use of magnesium dummles for fromt tube protection
for the followlng reascons.

1. There 1s a very narrow range of potentinl differences between megnesium
and aluminum which will give protection to the aluminum. A potential
difference above this range causes icnization of the water and the CH
ions pruduce a high rate of cnustic attack on the aluminum. However,
the poteatial differencc con be influenced by water composition, metal
temperatures, and wacer turbulence. The effects of these factors on
the application of magnesiur dummies to the Hanford problem can not be
readily evaluated and must be deterained experimentally.

2. They believe that a more feasidle method of protecting the fromt tubes
Zrom corrosion may ve to install 725 clad dummies.
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X, THE REMOVAYL QF CORROSION PRODUCTS FROM fiﬁ; ﬂ%ﬁéi]l

The staff of the Alcoa Laboratory recoimended that in the event of changing
the water quality either by the omission of the dichromatc or the addition
of other inhibiters, that the preesent corrogion product be removed by either
chemical or mechanicel means. They emnhasized the importunce of removing
all the produc since removel of only part of the material may actually ac-
celerate the corrosion rate.

XI. FUTURE EXPERIMENTAL FROGRAM FOR THE HANFORD CCRROSION PROBIEMS

Experimental cetups for determining the relationship betweon the corrosion
rate and the varlables of alloy compositlon, bulk water temperature, alloy
gurface tempercture difference, shiclding effect for the electrical potentials,
water turbulence, and the e¢ffect of sodium nitrate e8 e corrogion inhibiter
were discussed in detall.

The experimental equipment necessary for this work is of a type which could
be fabricated quickly and economically.

CONCLUSICNS

8ince the corrosion nroblem »f the process tubes at the Hunford Piles is seriocys
it can be concluded that (1) there is a solution to the problem (2) the in- -
formation secured from the Alcoa Resealch Luboratories gives an excellent
starting point for finding the solutiorn, and (3) a program for finding the
solution should be started imuediately.

It may be concluded as a rusult of the iaformet’on obtained from the con-
ferences with the Aleoa laboratory people, thet inmediate steps should be
taken to:

1., Find the source of, and a way to eliminate, the lead present in the
process woter of the plles.

2. Determine if the dichromate mey be rerioved as a process water additive.
The above two ateps wculd elimiuate the presence of lead chromate which
is sugpected of causing the front tibe pitting.

Determine the alectrical potential reletionshipe between magnesium dwmmles
and the alcled process tubes to determine if these durmies mey safely be
used .

Determin3 the electiical jotential ralationship between the 28 slugs and
the alclad tube due to tii. temperature differeuce of these swurfaces in
the active section in order to find a method of reducing the slug corrosioiy

Determine the relationships between the corrosion rate and the process
tube water turbulence in order to discover a method of eliminating the
front tube corrosion.
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6.

T.

Test the effectiveness of sodium nitrate es o corrosion inhibitor in

the Hanford type process water.

Evaluate the present weter system and its instrumentation in order to
prohibit the addition of mercury to the process weter either by accident
or as a means of sabotage.

g
7/5//.’ ;3«7 -//%éfW
¥

R. M. Fryar
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