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THERMODYNAMIC HODEL OF WASTE TANK CORROSION WITH IMPLICATIONS 
TO PITTING DURING IN-TANK PROCESSING, WASHING AND STORAGE 

INTRODUCTION 

The electrochemical thermodynamics of iron dissolution can be 
applied to past studies of pitting and general corrosion of 
carbon steel waste tanks for the storage of radioactive waste. 
Such studies seek to reproduce in the laboratory the 
electrochemical conditions existing in waste tanks. The tests 
employed are either coupon tests in solutions intended to be 
typical of the environment, or potentiodynamic or potentiostatic 
tests which impress a voltage on the sample, and measure the 
resulting electric currents. All types of test samples are 
microscopically examined for crevice or pitting corrosion. This 
review discusses the electrochemical processes that occur during 
such testing. By stating the assumptions which are inherent in 
such testing, this review seeks to familiarize process engineers 
and chemists with the conditions favorable for pitting corrosion, 
and some of the means of controlling it. 

Also included is a review of the conditions which exist during 
the washing and storage of cesium tetraphenylborate, and high 
aluminum waste. Implications of the model to the chemical control\ 
of pitting during these processes are summarized, along with 
potential alternative methods of controlling the pitting. 

·••J, 

CONCLUSIONS AND RECOMMENDATIONS \j'\ 
1) Halides contribute to the pitting seen at or near the 
water line in coupon tests of washed precipitate. 
Unfortunately, a chloride specific removal process does not exist 
in the pH range appropriate for waste tanks. This does however, 
reemphasize the need for reliable measurements of halide contents 
in solution for each washed sludge and washed precipitate batch. 
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• It also indi'e:ates the catastrophic effect of concentration 
gradients resulting from localized evaporation, sludge leachi n g, 
etc. As an example, the coupon tests conducted by A. F. Riechman 
might be interpreted as having pitted as the result of 
concentration of halides to about 0.05 M, caused by evaporation i n 
the wetted film at the air/ water interface. 

Addition of calcium may remove harmful fluoride ion from soluLion 
in the washed precipitate. Calcium addition is not necessary for 
washed sludge, since sludge is already saturated with respe~t to 
calcium. 

2) The washed precipitate slurried in 0.01 M NaOH, and less than 
0.01 M nitrite is weakly buffered against drifts in pH and Eh 
(oxidation/reduction potential). This makes the mixture sensitive 
to carbon dioxide absorbtion, and decomposition of potassium 
tetraphenyl borate. Washed sludge is somewhat less sensitive 
since it contains about 13 wt% hydroxides of transition metals, 
which tend to buffer both Eh and pH. 

3) Initial coupon tests for washed precipitate were conducted at 
Eh values between -0.1 and +0.1 relative to the standard hydrogen 
electrode (SHE). The addition of minor redox species as corrosion 
inhibitors, or to reflect improved understanding of the waste 
compositions may change this. The effect of radiolytic 
decomposition of washed precipitate, and the strength of redox 
buffering by washed sludge are unknown. There is also uncertainty 
in the tendency for halides to leach out of washed sludge, and 
lead to increased halide concentrations. It is therefore 
necessary to directly measure the redox potential, and waste tank 
potential for existing washed precipitate and washed sludge. It 
is also desireable to map the pH and soluble chloride content as 
a function of height in the tank. This will increase the 
certainty that laboratory tests will be representable of actual 
conditions. The necessary probes have been ordered, and 
measurement in the washed precipitate tank i~ expected within the 
next month. 

4) The addi tr · of oil ( e.g. n-paraf ins ) to the waste tank may 
provide a mf.. ~ . .s of preventing OH- depletion by CO2 absorbt ion, 
and may also disrupt the formation of electrochemical cells at 
the air/ water interface. The direct protective effect of oil on 
carbon steel may be an additional benefit. Unanswered questions 
for this approach include: The affect of H2 evolution on tank 
coil cracking, the stability of oil in radiation fields 
associated with washed precipitatP., the interaction of an organic 
oil with the aromatic precipitate, and the change in fire safety 
in the storage tanks. Host of the concerns could be addressed in 
the next few months, but will need support for radiation and 
steel cracking studies. 

5) Recent coupon tests give the impression that there is a large 
amount of evaporation, and recondensation in the tanks. Direct 
observation of the tanks over a range of climati.~ conditions is 
necessary to determine if this is true. If it is not true, then 
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recent coup& tests may have pi~ted as the result of inhibit o r 
depletion at the water line, in dn unrealistic corrosion mode . 

6) One method of reducing the tendency of the washed precipitat e 
to pit the waste tank is to remove MgO from the frit fed t o 
the DWPF melter, and add the equivalent amount of Ba(OH)2, 
Ca(OH)2 and SrO to the washed precipitate. This could be 
controlled so that it results in no change in the alkali or 
alkaline earth content of DWPF glass, and therefore has 
negligible effect on glass quality. The th~rmodynamic model of 
glass leaching has been used to indicate what alkaline earth 
elements could be used, and what their overall effect would be on 
relative leachability. Calculations indicate that the molar 
fraction of alkaline earth elements added to ~he DWPF process 
could be increased by 50% without a significant change in the 
leachability. This corresponds to an average MlOH)2 addition rate 
of 35 M / hour, which is sufficient to maintain t~e pH above 12 
in washed precipitate if the tank purge rate is maintained at the 
current 350 scf~ - With partial carbon dioxide scrubbing of the 
tank purge gas, higher purge air flow rates could be used. 
Impact on glass quality, melt rates and melter redox will 
need to be assessed, but appears reasonable. 

7) Phenol, sodium phenolate, boric acid and phenylboric acid are 
the organic decomposition products most likely to enhance pitting. 
Aside from the pH shift they cause, it is unlikely that they 
cause pitting in these solutions. They may increase the tendency 
to form oxygen occluded cells above the watt~ line, by changing 
the surface tension of the water, or by physically blocking the 
diffusion of air to the cell. 

8) Washed sludge is saturated with respect to Fe(OH)3 and 
hydroxides of other transition metals. Since the passivating 
layer on carbon steel has a similar composition, simulated washed 
sludge should (as a minimum) be allowed to equilibrate with AFF 
sludge, or similar substitute for these speciea. The addition o f 
a smcill amount of Fe(II) to the simulated washed precipitate may 
help to establish a passivated layer . 

9) Attack of the stainless steel transfer equipment from the 
waste tank to the DWPF is less likely to occur than pitting in 
the waste tanks. Should the organic become mixed with other 
wastes and transferred to the waste evaporators, then the 
possibility of evaporator tube pitting is increased . 

DISCUSSION 

In the last twenty years, the use of Pourbaix diagrams for the 
study of thermodynamic stability of alloys in solution, and the 
use of potentiodynamic scanning of alloys in solution have become 
standard methods of investigating aqueous general corrosion, and 
pitting corrosion [1-3]. The use of Pourbaix diagrams permits the 
display of the driving force for ~itting for all the pH and redox 
conditions which can exist in solution. Pourbaix diagrams can 
also indicate the predominant species present in the solut i on , 
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and therefore aid in the prediction of conditions of immunity , 
passivation or general corrosion. Actual corrosion, and pit t ing 
in particular, is a dynamic process which can be accelerated o r 
retarded by local conditions which are not characteristic of t he 
average thermodynamic process. For example, the coating of 
carbon steel with organic materials such as paint or oil does no t 
change overall thermodynamic conditions, but can reduce the rat e 
of corrosion by interfering with the transfer of material. 

Figure 1 indicates the region where water is thermodynamically 
stable. It is plotted against the variables of pH and Eh. Eh is 
the electrical potential of a sample relative to a standard 
hydrogen electrode. Eh and pH are related to the oxygen and 
hydrogen activities in solution, by the decomposition of water, 
such that Eh• 1,23 + (0.059/4) log pO2 - 0.059 pH. Similarly, Eh 
• -(0.059/2) log ptH2) -0.059 pH. The lowest line in Figure l i s 
for iron/ magnetite equilibrium. This line is outside of the 
stability region for water, indicating that at any pH bare iron 
will tend to react with water to produce hydrogen and ferrous ion 
or magnetite. Under more oxidizing conditions, ir0n wi~l corrode 
to produce hematite and ferric ions. 

In the pre.sence of other substances, the fields of phase 
predominance will shift, and new fields can be added. Figure 2 is 
the same as Figure l, except the total dissolved carbonate 
species is 0.01 molar. Thus, if 0.02 molar sodium hydroxide in 
contact with iron is allowed to equilibrate with air, it will 
contain about 0.01 molar sodium carbonate, and if slightly 
reducing conditons exist, then the pH will drift down to about 
10, and a non-protective [6] siderite phase will form on the 
iron, instead of a protective magnetite or hematite layer. At 
lower carbonate concentrations, the size of the siderite field i s 
decreased. At higher elkali contents in contact with air, the 
carbonate concentrati• will be higher , and the siderite field 
will be larger. 

In addition to pH buffers, there are Eh buffars which contrL l the 
redox potential of the solutions. Figure 3 ind i cates the Eh of 
balanced reactions between several of the redox buffers found in 
waste. The nitrite and nitrate buffer lines are of p~rticular 
concern, since nitrite appears to inhibit corrosion in washerl 
precipitate, and nitrate is a major anion in sludge. The effects 
of the redox buffers can be illustrated by taking the example of 
Separations Department nitric acid solutions neutralized with 
sodium hydroxide and fed to the waste tanks. The fresh solution 
can be expected to have an Eh close to that of the NO3- / N2 
buffer line if no nitrite is add~d. These solutions are highly 
oxidizing and result in a sufficiently large Eh difference 
between the average potential of iron in th~ solution and pits 
and crevices, that hydrogen can evolve in the pits and result in 
embrittlement and cracking. The addition of nitrite to the 
solution lowers the oxidizing strength of the solution, shift i ng 
it closer to the NO3- / NO2- equil~brium line, which decreases 
the electrical potential for hydrogen evolution. 
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The. net resu1t of Eh and pH on the dissolution of iron or carbon 
steel is shown in Figure 4, where the Eh/pH diagram is divided 
into regions of immunity, corrosion and passivation. In the 
immunity region, there is no thermodynamic driving force for 
dissolution, and no corrosion occurs. In the corrosion region, 
there is sufficient driving force for corrosion, and corrosion 
proceeds. In the passivation region, there is sufficient driving 
force for corrosion, but the initial corrosion results in the 
formation of a protective hydrated oxide layer which restricts 
corrosion to negligible levels. Thus, even though the dissolution 
of iron is predicted at all pH and Eh conditions, it can be 
ignored for many conditions in water at pH 10 and higher. 

Th~ addition of chloride or other halides to the water can 
result in pitting. Pitting is rapid localized corrosion under 
conditions whera the majority of the metal surface is behaving as 
if it were immune. Figure 5 shows how the addition of 0.01 molar 
chloride ion to the solution changes the shape of the passive 
region. In the region of perfect passivity, pitting neither 
initiates nor ~ropagates. In the region of imperfect passivity 
pitting is not initiated, but existing pits can propagate. Figure 
6 shows how the passive region is further reduced when the 
chloride concentration is increased to 0.1 molar. The circle with 
a dot in it at pH 3.5 and Eh -0.2 is the approximate condition in 
a pit or crevice corroded region. The low Eh is the result of thP. 
evolution of hydrogen during iron dissolution in the pit. The low 
pH occurs when chloride diffuses into the pit and stabilizes a 
relatively high hydrogen ion concentration. Chloride ion is 
attracted by the electrical field set up between the pit and 
metal in contact with the bulk solution. Once the pit is 
established, corrosion will continue as long as the electrical 
potential is maintained, and species are permitted to move 
through the opening. Thus, increasing the pH of the bulk solution 
makes it more difficult to pit, because it makes it more 
difficult for local corrosion to stabilize the necessary electric 
potential. Other species can inhibit pitting by raising the 
potential or pH in the pit, or interfering with the transfer of 
material through the pit. Polarization scans conducted by A. F. 
Riechman all indicated that the Eh in washed precipitate and 
~ashed sludge is between -0.1 and +O.l volt. Pitting occured in 
the samples at pH 9.3, but not in the samples at pH 12. This is 
indicated by the X's and OK's on Figure 6. Since Riechman's 
starting solutions were less than 0.01 M chloride, this could be 
interpret~d as indicating that the evaporation of water in the 
wetted film at the air/ water interface resulted in a local 
chloride content to about 0.05 H, resulting in pitting near the 
water line. 

The pitting proceeds as the result of an electrochemical cell. 
Figure 8 shows how the passive and immune regions are enlarged 
for iron in chloride free solutions oy the addition of different 
oxidizing species to the solutions. The usefulness of such 
inhibitors is bein3 investigated by J. W. Co• .gdon and R. F. 
Ondrejcin. 
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APPLICATION TO WA~HED PRECIPITATE STORAGE 

There continues to be a concern that the storage of washed 
potassium tetraphenyl borate precipitate may result in the 
pitting of carbon steel waste tanks at or near the interfac~ of 
the air and liquid [17-19]. The first test solutions considered 
contained only about 0.01 M NaOH to buffer the pH, and about 0.02 
molar nitrite to buffer the Eh. In such a case it is easy to 
see that the pH may be considerably lower, and the Eh may be 
drastically different in the wetted film existing on the iron 
above the surface of the washed precipitate. In the case of 
solution in equilibrium with the washed precipitate, a small and 
reasonable deviation, such as 0.3 volts, is likely to extend into 
the pitting region. Once this occurs, conditions inside the pits 
~an rapidly approach the conditions for pitting in Figure 6. This 
tendency would be increased if the organic precipitate provides a 
film resistant to penetration by air. 

Low inhibitor levels, in combination with halides in the washed 
sludge and precipitate make coupon tests and tank operations 
sensitive to the effects of evaporation and condensation. For 
instance, if water evaporates, condenses and runs down the tank 
wall or test coupon, it will leave water low in pH and inhibitors 
at the surface of the water. Halides may migrate to the area more 
rapidly than the inhibitors, and a concentration cell may be set 
up which is favorable for pitting. It is therfefore necessary to 
determine how much condensation may occur in the waste tanks, for 
a range of climatic conditions. Coupon tests should then simulate 
those conditions. 

Tests on DWPF melter offgas solutions recycled to the waste farm 
indicate that 0.01 MOH- is not sufficient to prevent general 
corrosion or pitting of carbon steel waste tanks. However, an 
increase in OH- to 0.5 H results in the development of 
a protective layer which is resistant to abrasion and attack by 
concentrated acids [22]. Thus, pH control is probably the surest 
way of controlling pitting. 

Table 1 represents one approach at determining which chemical 
species can be suspected of contributing to pitting in washed 
precipitate. It consists of general corrosion rates of carbon 
steel in various commercially pure solutions. For thA most part 
the solutions are at a concentration of 101, but data for 100% 
pure chemicals are shown where more dilute data was not 
available, or where there is limited solubility. There is a 
general trend for the organics to become more aggressive as they 
are more oxidized in the sequence: 1) hydrocarbon (e.g. toluene), 
2) alcohol (e.g. ethanol), 3) aldehyde (e.g. formaldehyde), 4) 
acid (e.g. acetic, formic or benzoic acids). The acids cause 
direct dissolution of iron, but their salts with alkali or 
alktline earth metals are generally not aggressive to carbon 
stee~. Exceptions to this are oxalic acid salts, and sodium 
phenate (phenolate) resulting from the reaction between phenol 
and sodium hydroxide. Thus, it appears that the only organic 
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likely to di'tectly contribute to corrosion is phenol. 

Table 2 is similar to Table ~. but includes more inorganic 
species, and also addresses the question of attack of the 
stainless steel transfer lines and waste evaporators. Just as i n 
Table l, there is not much evidence that direct attack will 
occur. However, should any of the organics become trapped under 
salt deposits in the waste evaporators it is possible that the 
combination of high halogen concentration and a reducing agent at 
temperatures above the boiling point of water will result in 
pitting. 

In the absence of chlorides or other halides, the passive region 
is large, and there is much reduced tendancy to pit . Ion exchange 
resins are available to reduce the the chloride level to the ppb 
range, but are not effective at the pH of neutr.alized waste [23] . 

With washed precipitate, the solution will not provide a strong 
reservoir of Eh or pH control. Localized variations i n potential 
can be expected because of local composition differences (e.g. 
manganese sulfide inclusions or breaks in the mill scale) 
resulting in localized attack. Once the pH has dropped below 
about 10.3, the precipitation of FeC03 could stabilize the 
environment around a pit, tending to sustain or accelerate the 
corrosion. Another way of looking at this is that once the pH i s 
p~rmitted to drift into the bicarbonate field of stability, then 
it becomes relatively easy for local conditions to drop in pH to 
the bicarbonate/carbonic acid buffer (pH• 6.5), which makes it 
easier to maintain conditions in the pit favorable for p i tt i ng . 

Just as in pH buffering, it is likely that a small number of 
species are providing Eh buffering. Dependent upon the exact 
ratio of nitrate to nitrite, the buffering probably shif t s 
between the N03/N2 line and the N02/NH4+ line. 

Radiation can be expected to cause a shift in both pH and Eh. 
Radiolysis of air produces nitric acid and ozone, which wi ll tend 
to oxidize and lower the pH of the solution . In typical waste 
tank solutions, the overall reaction is reducing rather than 
oxidizing, and conversion of nitrate to nitrite can occur at the 
rate of 4.7 X lOE-14 mole N02- / liter-joule of waste heat [9]. 
In the case of irradiated washed precipitate this is probably a 
minimum value, since the irradiation products of the organic 
portion of the slurries should je more reducing than comparable 
irradiations of inorganic salt solutions. Thus, with a ran1e of 
waste activity during the first few years equivalent to 0 . 06 and 
0.29 watts/gallon (24), convers~on is from 2 x lOE-9 to 9.5 x 
lOE-9 moles nitrite per month, which is negligable . Radiolysis of 
the organic could produce nascent hydrogen, which would be a 
reducing agent. In the irradiation of aromatic compounds this is 
much less of a concern than in the radiation of saturated 
organics, which more easily lose their hydrogen (26). The rate o f 
such production has not been estimated, but is not expected to be 
signifigant for aromatics in the bulk solution. The effect may 
become important where layers of organic phase contact the s t ee l 
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tanks with: minimum of solution present. In these areas t.here 
will be a tendency for reduction under the film, leading to 
anodic conditions. The exact nature of the film created by the 
organic is unknown, but increase in the Ca or Mg content of the 
solution may cause it to curdle, much like soap in hard water, 
changing its tendancy t~ create an airtight film, and also 
changing the rate at which ions can diffuse through the 
precipitate. 

Radiolysis of TPB has also been shown to cause a lowering of pH. 
This is because of the production of phenol, which is acidic in 
an alkalin~ ~nvironment, and phenylboric acid. As a gross 
approximation, this can be seen as the decomposition of a 
monovalant salt to yield three monovalant acids, and one divalant 
acid and one alkali ion. Thus, the net increase in unbalanced 
functional acid groups can be considered to be one mole of 
acid for each mole of phenol produced, and one net mole of 
unbalanced acid for each mole of phenyl boric acid produced. 
Under average conditions, the rates of evolution per liter of 
average slurry are 0.25 g/1/month phenol, and 0.17 g/1/month 
phenylboric acid (25]. This is equivalent to an average depletion 
of 0.0042 molar hydroxide per month from radiolysis. 

The pH is also reduced because of consumption of hydroxide by 
reaction with carbon dioxide in the air (21]. About 75% of the 
carbon dioxide in the air used to purge the tanks is absorbed by 
fresh caustic in the tanks. This results in an average hydroxide 
depletion rate of 0.0064 molar hydroxide per month for a 100% 
full waste tank. For waste tanks that are less than full, the 
surface area for contact is unaffected, but the solution volume 
is reduced. Therefore, the rate of hydroxide reduction by carbon 
dioxide is inversely proportional to the tank level, and for a 
10% full tank the rate is 0.064 molar per month. Consideration 
has been given to scrubbing of carbon dioxide from the incoming 
air to slow the loss of hydroxide (27]. A simpler, less 
expensive, and perhaps more effective method may be to float an 
oil layer on the top of the mixture, to provide a barrier to 
carbon dioxide transport. 

Based upon the previous discussion, it is desireable to buffer 
both the pH and Eh of washed precipitate. Recent work by B. A. 
Hacker indicates that part of the alkali content in the frit an 
be removed, and additional sodium hydroxide added. This is 
sufficient to increase the pH buffering capacity by a factor of 
about 1.6. Clearly, this is in the right direction, but a factor 
of ten or more would be preferable. An additional possible source 
of hydroxide is a similar change in the location of the addition 
of the alkaline earths currently in the frit, possibly combined 
with an overall increase in their content in the glass. The DWPF 
Basic Data Report shows 1.93 lb/hr MgO in the fresh frit slurry 
to the SME and 0.95 lb/hr HgO in spent can decon slurry to the 
SHE. If this were diverted to the 596 lb/hr water flow in the 
precipitate slurry to the precipitate reactor, then this would 
increase hydroxide molarity by 2 x 0.12 molar, or 0.24m OH-. 
Obviously, this would not be in solution, but with the ad1ition 
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of equivalerit Ca(OH)2 or MgO, the overall buffering capability 
would increase by this amount. 

By adjusting the amount and species of alkaline earth elements 
used, it is probably possible to maximize the pH of ~he washed 
precipitate, without adversely affecting glass durability or 
processing. A thermodynamic model exists for predicting the rate 
of glass dissolution as a function of glass composition [29]. 
Recently, C. M. Jantzen and I used this model to estimate the 
amount of alkaline earth elements that could be added to the 
glass while keeping the glass quality similar to that for Frit 
165 glasses. The model also permits the investigation of the 
tradeoffs between various alkaline earth elements. The optimum 
results have about 501 higher alkaline earth concentration than 
normal. This is reasonable, since Frit 131 contained twice the 
MgO content of Frit 165, together with more alkali. This would 
need to be neutralized with formic acid in the precipitate 
reactor, which would increase the formic acid going to the melter 
by 2 x 0.119 lb mole/hr formic acirl, or 11 pounds per hour. This 
is 571 of the amount currently flowsheeted to the SRAT, and is 
sufficient to cause concern about redox problems in the melter. 
It is probably not necessary to go that high, however, to reach 
the desired effect. Table 3 indicates the pH of a stock solution 
based upon BDR washed precipitate composition (but without 
precipitate), combined with various concentrations of alkaline 
earths. These experimentally determined values indicate that pH 
as high as 12.5 is readily achieved using the alkaline earths, 
without affecting DWPF glass quality. 

The thermodynamic leaching model uses the total free energy of 
hydration as a measure of the rate of dissolution. It is 
indicated as •oELTA G• in Tables 4-7. Importa11t structural 
parameters are the amount of excess silica available to stabilize 
the protective gel layer on the glass, and the fraction of non
bridging oxygen atoms in the glass structure. The amount of 
excess silica is proportional to the •Excess si• value in the 
tables. The fraction non-bridging oxygens is labeled •Nao•. Table 
4 summarizes these values for typical simulated waste glasses, as 
an indication of what values appear to be satisfactory. Tables 5-
7 indicate compositions with modified alkaline earth contents 
that are similar to average sludge glass made with Frit 131, an 
early acid hydrolysis glass, and an acid hydrolysis glass 
developed by C. M. Jantzen to be similar to Frit 165, 
respectively. The modified Alkaline earth glasses were computed 
by removing the MgO from the frits, and subtituting 0.7 x Wt. of 
MgO as Cao, and 0.9 x Wt. of MgO as both SrO and Bao. The 
resulting glasses have negligable shifts in the parameters, when 
compared to the corresponding shifts caused by sludge variation. 

APPLICATION TO WASHED PRECIPITATE STORAGE 

Urilike the washed precipitate , washed sludge contains a vast 
supply of Eh and pH buffering specie~, in the form of 
precipitated hydroxides of alkaline earth and transition metals 
with absorbded anions. During storage the dilute inhibited water 
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will seek eg'tiilibrium with the sludge, and final solution 
concentrations will be controlled by the sludge. It is likely 
that since the sludge is saturated with Fe(OH)J, that there will 
be so much iron present in the solution that mildly passivating 
conditions will assure a protective layer. Sin~e additional 
nitrite is not expected to adversely affect sludge processing in 
the DWPF, additional nitrite could be added to this waste. Major 
shifts in the alkali content are not quite as restrictive as for 
washed precipitate, because of volumetric flow rate differences, 
but cannot be ignored. 

APPLICATION TO IN-TANK PROCESSING 

Testing to date has concentrated on tl.d storage of dilute 
solu~ions. It must be remembered that the waste processin~ tanks 
will see a range of solution concentrations between those levels 
which will be stored ~rd the concentrated solutions added to the 
tanks for washing. Thus, testing of washed sludge or precipitate 
is not adequate to assure the prevention of pitting in the 
processing tanks. Once the conditions for prevention of pitting 
in the storage tanks are assured, it is probable that the 
intermediate concentrations will also be found to be safe. 
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TABLE~ 
RELATI E RATES Of' ATTACIC Of' ORGANIC SPECIES ON CARBON STEEL• 
(ALL REAGENTS AT 10\ UNLESS NOTED OTHERWISE) 
DFB l2t85 

CARBON STEEL 25•c CARBON STEEL 1s·c 

(GREATER THAN 50 MILS PER YEAR) 
ACETIC A. (AERATED,10-1001) CH)COO-H SCHJCOO-HS 
ACETIC A. (NO AIR) SCH)COO-HS SCHJCOO-HS 
BENZALDEHYDE C6H5-CHO SC6H5-CHOS 
BENZOIC ACID Ph-COOH SPh-COOHS 
CALCIUM OXALATE Ca•OOCCOO SCa•OOCCOOS 
CARBONIC ACID HO-COOH 
FATTY ACIDS, Na SALTS R-OOH R-OOH 
FORMALDEHYDE H-CHO H-CHO 
FORMIC ACID H-COOH H-COOH 
GLYCEROL (1001) + NaCl (CH20H)2CHOH 
HYDRAZINE ( 201) H2N-NH2 SH2N-NH2S 
NITROPHENOL C6H4(N02)0H 
OXALIC ACID SH-OOCCOO-HS SH-OOCCOO-HS 
POTASSIUM OXALATE K-OOCCOO-IC SIC-OOCCOO-KS 
SORIOS! C6H6(0H)6 SC6H6(0Hl6S 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
(20 TO 50 MILS PER YEAR) 
BENZAHIDE (1001) 
BENZYL ACETATE (951) 
BENZYLPHENOL (1001) 
OLEIC ACID (1001) 
tSODIUM PHENATE 
STEARIC ACID (1001) 

PhCH2C6H40H 
Cl 7H33COO-H 
C6HSO-Na 
CHJ(CH2 l l6COO-H 

SPhCONH2S 
HJCCOOCH2Ph 
GREATER THAN 20 
Cl7HJJCOO-H 
C6HSO-Na 
CHJ ( CH2) 16COO-H 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
(LESS THAN 20 MILS PER 
IBENZENE 
tBENZENE (1001) 
BENZI DINE ( 1001) 
BENZIL (1001) 

YEAR) 

BENZOIN (1001) 
BENZONITRILE (1001) 
BENZOYLBENZOIC ACID (1001) 
BENZYL BENZOATE (1001) 
CALCIUM ACETATE 
#CALCIUM CARBONATE 
CALCIUM STEARATE 
IMAGNESIUM CARBONATE 
METHANOL 
PALMITIC ACID (1001) 
#POTASSIUM CARBONATE 
SODIUM BENZOATE 
(SODIUM PHENYLFORMATE) 
SODIUM FORMATE 
IXYLENE (1001) 
ISODIUM BICARBONATE 

SC6H6S 
C6H6 
NH2C6H4-C6H4NH2 
PhCO-COPh 
PhCO-CH(OH)Ph 
C6H5-CN 
PhCOC6H4COO-H 
Ph-COOCH2-Ph 
CHJCOO-Ca-OOCCHJ 
COOO•Ca 
(CHJ(CH2)16C00)2•Ca 
COOO•Mg 
CHJOH 
ClSHJlCOO-H 
COOO•IC2 
PhCOO-Na 

Na-COOH 
C6H4He2 
HCOOO-Na 

SC6H6S 
C6H6 
NH2C6H4-C6H4NH2 
PhCO-COPh 
PhCO-CH(OH)Ph 
C6HS-CN 
PhCOC6H4COO-H 
Ph-COOCH2-Ph 
CHJCOO-Ca-OOCCHJ 

· cooo-ca 
(CHJ(CH,)16C00)2•Ca 
SCOOO•HgS 
CHJOH 

COOG•K2 
PhCOO-Na 

Na-COOH 
C6H4"1e2 
HCOOO - Na 

•••••••••••••••••••••••••••••••••••••••••• 
(LESS THAN 2 MILS PER YEAR) 
BENZYL ACETATE (1001) 
POTASSIUM ACETATE 
AMMONIUM HYDROXIDE 
ACRYLIC ACID (1001) 
AMMONIUM NITRATE 
BENnL ALCHOHOL 
BENZYL AMINE (1001) 
ETHANOL 
HYDRAZINE (decomposes) 
INITROBENZEN! (1001) 
NITROPHENOL (1001) 
tPHENOL (901) 
POTASSIUM FORMATE 
SODIUM ACETATE (201) 
#SODIUM CARBONATE 
ITOLUENE (1001) 

MeCOOCH2Ph 
CHJCOO-K 
NH4-0H 
CH2•CH-COOH 
NH4-N03 
PhCH20H 
PhCH2NH2 
C2HS-OH 
H2N-NH2 
C6HSN02 • 
C6H4(N02)0H 
C6H5-0tt 
Na-COOH 
CHJCOO-Na 
COOO•Na2 
C6ll5CH3 

• 
• 
• CHJCOO-K 
• NH4-0H 
••••••••••••••••••••••••••• 

NH4-N03 

LESS THAN 20 
C2H5-0H 
H2N-NH2 
C6H5N02 
CfiH4(N02)0H 
C6HS-OH 
fla-COOH 
CHJCOO-Na 
COOO•Na2 
C6HSCHJ 

S S INDICATES INFERRED VALUES. •DATA FROM NACE CORHOSION DATA SURVEY 
# SPECIES ANTICIPATED IN WASHED FRECIPITATE 
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,. 
TABLE 3 

pH WHEN STOCK SOLUTION SIMULATING WASHED PRECIPITATE 
IS COMBINED WITH VARIOUS ALKALI AND ALKALINE EARTHS 

Reag:ant Initial E!! 2 Week pH* 

0.6 M Na2CO3 11.26 10.50 

0.6 M KOH 12.84 12.55 

0.007m Na2CO3 + 0.0049 M CaCO3 10.45 9.13 

0.3 M Li2CO3 10.96 9.99 

0.007 M Li2CO3 + 0.12 M Ba(OH)2 12.07 12.01 

0.3 M SrO 12.28 12. 19 

0.3 M Ba(OH)2 12.51 12.26 

0.3 M CaCO3 10.28 9.17 

0.3 M MgO 10. 4·4 9 . 42 

0.3 M Na2CO3 11. 16 9.91 

0.3 M Ca(OH)2 11.96 11. 82 

0.04 H NaNO3 12 . 00 9 . 54 

* air bubbled through the mixtures for 2 weeks, with Pt/10% 
catalyst present during the last 3 days. 

Rh 



TABLE 4 
THERMODYNAMIC AND STRUCTURAL PARAMETERS FOR MODIFIED GLASSES 

GLASS 

131HiAl 
131HiFe 
165 Black Frit 
165 Minimelter 
165 TNX Melter 
165HiAl 
~65HiFe 
13 lTDS ( AH13 l) 
131TDS MOD A.E. 
AH8 •p1odglass• 
AH8 MOD A.E. 
AHl0 
AHl0 MOD A.E. 

DELTA G 

-5.1 
-8.5 
-5.0 
-5.4 
-5.3 
-3.7 
-6.6 
-6.6 
-6.8 
-5.8 
-5.9 
-4. 8 
-5.0 

FREE Si 

0.92 
0.94 
1.200 
1. 384 
1.48 
1.66 

NBO 

0 . 60 
0.60 
0.40 
0.50 
0.47 
0.47 

n 
, :'r 
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TABLE 8 

ALKALI• EARTH HYDROXIDE IEQUIIEIEITS c211 
(TO NAINT AIN pH 1, 12) 

CASE 11.IZ 11:. 1aur. 
(mole/Ir.) 

1000 ICfm/«)() ppm CO2 35.5 50.6 
1000 ICfm/100 ppm CO2 20.3 34'.6 
500 ICfm/ «)() ppm CO2 25.5 410.6 
500 ICfm/ 100 ppm CO2 17.3 30.0 
No C02/Red1olpt1 Only 15.2 30.0 

ELEtl:III EBJI . tlLIEB EEED &L655 
(mole/tr.) 

t1g 21 .7 39.6 34.8 
Ce 0 17.1 17.0 
Sr 0 0.62 0.61 
Be 0 8.7£-4 8.7E-4 


