nmnﬁlﬁfnﬁiii’m'i"\iiifl'iuiﬂ‘nﬁ&iiﬁ”l o T hlae S

Metallurgy and Ceramics

AEC Research and Development Report

CORROSION OF CARBON STEEL IN
WASTE SOLUTIONS CONTAINING MERCURY ||
| . S

P. M. Kranzlein

Pile Materials Division

November 1959

Cb ﬁ—: ‘if

OO ROT RELEASE
FROM FILE

E. I. du Pont de Nemours & Co.
Savannah River Laboratory
Aiken, South Carolina

L el . A Bk R s i EEay ST



.
]

Thle report was prepared as an account of Government sponsored work.
Nelther the Unlted States, nor the Commission, nor any person acting
on behalf of the Commiasion:

A. Makes any warranty or representation, expressed or implied,
with reapect to the accuracy, completeness, or usefulness
of the Informatlon contained in this report, ar that the
use of any Anformatlon, apparatus, method, or process dis-
tlosed in thls report may not infringe privately ocwned
rights; or

B. Assumes any liabllities with respect to the use of, or for
damages resulting from the use of any Information, appara-
tus, method, or process disclosed in this report.

As used 1in the above, "perason acting on behalf of the Commission"
includes any employee or contractor of the Commisslon, or employee
of such contractor, to the extent that such employee or contractor
of the Commlisslon, or employee of asuch contractor prepares, dis-
semlnates, or provides acceas to, any Information pursuant toc his
employment or contract with the Commission, or his employment

with =such contractor.

Printed in USA. Price $0.50
Avallable from the 0ffice of Technlcal Services
U. S. Department of Commerce
Washington 25, D, C.




28507

DP - l16

METALLURGY AND CERAMICS
(TID-4500, 15th Ed.)

CORROSION OF CARBON STEEL
IN WASTE SOLUTIONS CONTAINING MERCURY

by
Patrlcia M. Kranzlein

Work done by
M. L. Holzworth and P. M. Kranzlein

November 1959

E. I. du Pont de Nemours & Co.
Explosives Department - Atomlce Energy Divlision
Technical Division - Savannah River Laboratory

Printed for
The United States Atomlce Energy Commission
Contract AT{07-2)-1

Approved by
P. H. Permar, Research Manager
Pile Materlals Division




ABSTRACT

The corrosion behavler of A-285, A-135, A4-106, and A-53
carbon steel was studied in multicomponent simulated
waste solutions contalning mercury. 1In the liquid phase,
the carbon steels corroded at a very low rate; mercury
did not increase the corrcsion rate 1n any of the
solutions tested. In the vapor phase and at the vapor-
llquid interface, pltting occurred; the pitting was
Independent of solution composition, and was caused
malnly by the condensation of oxygenated water from the
aqueous wastes.




CONTENTS

INTRODUCTICN
SUMMARY

DISCUSSION
Procedure
Carbon steel 1n simulated "Purex" waste solutions
Carbon steel in "25" process waste solutilons

Measurement of corroslon wlth the "Corrosometer”

CONCLUSION
BIBLICGRAFHY
LIST OF FIGURES
Figure
1 "Corrosometer" probe
2 Measurement of the corroslon rate of carbon steel

with the "Corrosometer"

3 Carbon steel "Corrosometer" probe after test
57 days at 60°C in vapor phase

Page

=]

O 3 & oW

12

12

10

10

11




CORROSION OF CARBON STEEL
IN WASTE SOLUTIONS CONTAINING MERCURY

INTRODUCTION

Waste solutions from the separations procesms are stored in large under-
ground carbon steel tanks. Since these wastes are highly radiocactive
and must be stored 1lndefinitely, 1t 1s essential that the corrosion
rate of carbon steel be low in the waste solutlons. It is therefore
necessary to investlgate the corroslon problems fthat may be introduced
by any proposed changes 1n the separatlions processes. Two process
changes, one Involving the addition of mercurous nltrate to waste
evaporator feed, and the other involving the additlon of mercuric
nlitrate to fuel element dissclver solutlons, have been proposed.

Radlo-iodine presents a problem in the operation of the "Purex" waste
evaporators, because 1 to 10% of the fission product iodine appears in
the condensate, probably as hydrogen lodlde. When this condensate 1s
procesgsed 1ln the acld recovery unit, annoying health and operating
problems can arise. The addltion of 0.001 to 0.1M mercurous niltrate
to the waste evaporator feed could poasibly reduce the volatilization
of lodine by a factor of 10 to 1000. The effectiveness of the
mercurous ion in reduclng lodine volatillty appears to involve the
formation of mercurous fodide, the very low ilonization of which allows
virtually no iodide ion to exist for the formation of volatile hydrogen
lodide or iodine.

In the "25" process for dissolving aluminum-clad, aluminum-uranium
alloy fuel elements in nitric acld, mercuric nitrate catalyzes the
aluminum dissolution. The mercury destroys the protective oxide flim
and activates the aluminum surface, so that rapld dlssolution rates
can be obtained.

Thls report summarizes laboratory studies of the corrosilon behavior of
carbon steels 1n simulated waste solutlons from these two procegaes,

SUMMARY

The addition of elther mercurous or mercurle nitrates does not increase
the corrosion of carbon steel 1n simulated waste storage solutions.

In "Purex" and "25" process waste solutlons contalning mercury, the
average corroslon rates of Type A-53%, A-135, and A-285 carbon steel
are below 4 mils per year. For Type A-106 the average corrosion rate
1s below 8 mils per year. At the bolling polnt of the liquid, the
vapor phase 1s usually more corrosive than the liquid phase.

After testing 3 months in "25" process wastes from the nitric acid
dissolution of aluminum-uranium elements, A-285 coupons show low
Iiquid phase corroslon rates, but develop pits up to 8 mils deep in
the vapor phase.
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DISCUSSION

PROCEDURE

Conventional test procedures were used. The carbon steel samples were
wet-ground to 120-grit finish Just priler to testing to prevent rusting.
After the wet-grinding operation, the samples were measured and the
surface areas were calculated. Then the samples were degreased and
welghed. Correosion tests at room temperature, 40°, and 60°C were
conducted 1n polyethylene beakers or "Saran” pipe sectlons using
"Teflon" sample holders. Bolllng temperature tests were conducted in
1000-ml wide-mouthed Erlenmeyer flasks equipped with cold-flnger con-
densers. Glass cradles were used to support the coupons.

In all tests about 40 ml of solution was used per square Inch of
surface area of the sample. Corrosion rates were calculated from the
welght losses of the coupons by the following equatilon.

Corrosion Rate 527,000 x welght loss (grams)

(mils per year) Area {(in2) x density({g/cn®) x time (hr)

Scale that deposited or formed on the mild steel coupons was removed
by pickling the samples in inhlbited 5% HpS04 for flve to fifteen
ninutes prlor to welghing.

Since carbon steel forms relatlvely adherent corrosion products, short-
time ccrrosicn rates cannot be accurately extrapolated to long times.
Corrosion product film formatlion can result 1n elther a decrease or an
increase 1n cerrosion rate, depending on the protective or nonprotective
nature of the film. Therefore, the term "“corroslon rate" applied to
carbon steel corroslon In this report should be lnterpreted as a
corrosion rate only for the test perilod of time.

Both wrought and welded coupons were tested. The compositions of the
wrought carbon steels are given in the fellowing table.

Carbon Steels

Composition, %
Steel C 31 3 P Mn Cu Fe
A-53%  0.15 0.16 0.033 0.017 0.55 - Balance
A-106 ©.22 0.20 0.030 0.016 ©.60 - Balance
A-135 0,318 - 0.021 0.015 0.4 - Bzlance
A-285  0.107 - 0.037 0.011 ©0.28 0.305 Balance

Welded A-106 and A-285 samples were "Heliarce" welded without filler
rod.



CARBON STEEL IN SIMULATED '"PUREX'" WASTE SOLUTIONS

To study the effect on the corroslon rate of mercury additlion to
prevent iodine volatllization, various types of carbon steels used in
the construction of the waste storage ftanks were exposed to slmulated
"purex" waste solutions listed in the following table. Both solutlons
represent neutralized composite waste solutions. "Solutlon 1" con-
tained mercurlc nitrate, and "Solution 2" contained mercurous niltrase.

Simulated "Purex" Waste Solutions

Solution 1 Solution 2
Component Molarity Component Molarity

NaNOs 0.80 NaNOz 6.31
Fes{(803 )2 0.017 KNO= 0.760
Naz-3S04 0.010 NaOH 0.382
NaOH 0.310 HgNO= 0.014
Mn(NOz )2 0.675

MnO» 0.004

NeAlOp 0.021

Gluconie Acid 0.072

He (NOa )2 C.008

Corroslon results were as follows.

Corrosion of Carbon Steel
in 3imulated "Purex" Waste Solutlons

Corroslion Rate, mils per year

Solution 1 Solution 2
Boiling(1159¢) 40°C  Boiling(107°C)
Steel Vapor Liquld Ligquid Llguid
A-285, welded 3.6  0.7(a) 0.5 2.4
A-285 ¢.6 1.6(b) 0.4 -
A-106, welded 6.4 1.6(a) 0.6 5.1
A-106 3.6  4.0(b) 0.5 -
A-53 3.9  0.9(c) 0.6 3.6
A-135 3.1 0.7{ec)} 0.6 4oh
Total test time
{hours} 221 145(a) 404 240
256(b)
131(c)
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No controls without mercury were run since Hanford data for the
corrosion of SAE 1010 carbon steel in a simulated "Purex" solution was
available. 22} For exposure perlods up to 10 months, Hanford found
that steel exposed to the liquid waste solution was not subject to
corrosion damage, but that steel exposed to the vapors over the
solution was attacked. These tests indicated (1) that SAE 1010 steel
exposed to the vapors over neutralized "Purex” waste zolutlon was
subject to rather severe 1nitial pitting, but that the rate of pitting
attack decreases rapidly with time, to a value of 4.8 mpy after ten
months of exposure, (2) that there was so significant difference
between polished steel surfaces and fine sandblasted steel surfaces in
their resistance to pltting during exposure in the vapor, and (3) that
general corrcsion rates 1in the liquld are of the order of 1.2 mpy or
less.

The addition of mercury to "Purex" waste solutlions dld not accelerate
the corrosion rate of carbon steel. Of the steels tested, A-106 was
the least corrosion reslstant. The corrosion resilstances of A-285,
A-135, =znd A-53% were approximately equal.

At the bollling polnt, corrosion rates in the vapor phase of Solution 1
were generally higher than 1In the liquld phase. Increasing the
temperature from 40°C to bolling increased the corroslon rates slightly
in the liquld phase. No preferential weld attack was observed in
elther of the scluticns.

At boiling temperatures in the liquld phase, corrosion rates in
Solution 2 were higher than corrosion rates in Sclution 1. This
slight inerease in corrosion rate was probably due to the difference
in solution composition, rather than to the valence state of mercury.

CARBON STEEL IN ‘'25'" PROCESS WASTE SOLUTIONS
The corrosion of carbon steel in "25" process wastes from the
dlssclution of aluminum-uranium alloys was studied inltially 1in the

following twe simulated solutlons.

"25™" Process Waste Solutions

Solutlion 3 Solution 4
Component Molarity Component Molarity
NaNQs 3.27 NaNO= 2.83
NaCH 1.35 NaQH 0.25%6
NaAlQp 0.885 NaAlOp G.795
Hg (NOz ) o 0.009 Hg(NO=)2 0.006

Fe{NH»S03 )2 0.002




Results of the corrosion tests are summarized in the followlng table.

corrosion of Carbon Steel 1in "25" Process Weste Sclutlons

Corroslon Rate, mlls per year

Solution 3 Selution 4
Bolling 40°C Bolling  40°C
Steel Vapor Llguld Liguid ILlguld Liquid
A-285, welded 2,0 1.8 2.3 - -
A-285 0.3 1.8 2.3 1.6 0.1
A-106, welded 5.0 3.0 3.2 - -
A-106 7.7 4 =3 2.2 1.1 0.2
A-53 1.8 2.5 1.6 - -
A-135 2.8 2.0 1.1 - -
Total test time
(hours) 96 240 Lok 1188

Sclution 4, which was less concentrated than Solutlon 3, appeared to
corrode the carbon steel at a lower rate. However, the difference Iin
testing time may account for the difference 1n the corrosion rates of
the two solutlons.

As noted in "Purex" waste solutions, A-106 was the least resistant
steel. Excluding A-106, the maximum corrosion rate in both solutions
was less than U mpy. Generally, the corrosion rate was higher In the
vapor than in the 1iquid. Slight pltting at the areas of contact
between the coupon and the "Teflon" holder occurred in Solution 4. No
preferential weld attack was observed in elther solutlen.

To investlgate further the corrosion behavior of carbon steel in "25"
process waste solutions, a 3-month test of A-285, Grade C, firebox
quality samples was run. Two series of solutlons, representing
minimum and maximum predicted waste storage conditions with varying
mercury concentrations, were used. Since the test was malinly to
characterize the vapor phase pitting reported by Phillips,(s tests
were conducted at 60°C to approximate vapor space temperatures in the
waste storage tanks. Results were as follows:




Three-Month Corrosion Test of A-285 Carbon Steel
in "25" Process Waste Solutions at 60%C

50 w/o Max.
NaOH Corrosion Rate, mpy Pit
Solution Composition, Molarity Added, Inter- Depth,
A1(NOs)s HNO; FeSA* Hg(NOs). ml/liter Liquld face Vapor mils
1.2 0.3 0.01 - 330 0.02 0.16 1.5 4.0
1.2 0.3 0.01 0.005 330 0.15 O.44 1.9 5.4
1.2 0.3 0.01 0.025 330 0.16 0.39 1.2 7.4
1.2 0.3 0.01 0.1 330 0.18 0.5% 1.3 7.0
2.5 0.7 0.02 - £90 0.01 0.02 1.0 6.6
2.5 0.7 0.02 0.005 690 0.04 0.02 0.64 3.6
2.5 0.7 0.02 0.025 690 0.01 0.03 0.60 6.6
2.5 0.7 0.02 0.1 690 0.01 0.09 1.3 4.9

* Fe(NH2803 )2

Negligible corrosion was observed in the liquid phase. However, in
the vapor phase preferential corrosion was observed, and pltted areas
up to 8 mils deep were measured. The liquld phase samples were still
shiny after testing in most cases. Samples that were partially
immersed had black corrosion product on the vapor portion, but were
not corroded in the liquid phase. Slight pitting was observed at the
vapor-llquld interface line 1in most solutions.

The correslon rates for A-285 1in all the solutlons tested were
approximately equal. However, the solutlons with lower concentratlons
of A1(NOs)s and HNOs appeared to corrode the samples slightly more
than the more hlghly concentrated solutions. Increasing the mercury
concentration did not increase the corrosion rate of carbon steel.

MEASUREMENT OF CORROSION WITH THE'CORROSOMETER"

The "Corrosometer" determines the extent of corrosion by means of a
gsensitive bridge clrcult which measures small changes 1in electrieal
reslstance. A varlety of speclally designed probes are used with the
Instrument.




A mlld steel probe, Flgure 1, was used to measure the corroslon in the
vapor phase of the last solutlion in the previcus table. Readlngs were
taken dally and plotted against time, Filgure 2.
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Reference Tube

Perforation on Exposed Tube

FIGURE 1 - "CORROSOMETER' PROBE

I [ I IR I [
Carben Steel Probe
Tested in the Yopor Phase
at 60° C in _l
2,5M AI(ND L},
0.7 M HNOB
0.02M FelNH,50,),
0.4 HeINOL),
Prohe Multiplier = 4 ]
l [ i { i i
16 24 n 40 48 56 &4

Time in Test, days

FIGURE 2 - MEASUREMENT OF THE CORROSION RATE OF CARBON STEEL

WITH THE '"CORROSOMETER"
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Slopes were determined from the corroslon data for the first 40 days
and the final 17 days.

Yz - ¥y _ 234 - 150 84
Xz - X1 38 -6 T 32

First 40 days: slope = = 2.63

Y2 - yi 338 - 264 T4
P — A Y

I

Fingl 17 days: slope

16

The corrosion rates were determined from the following equatlon.

C.R. (mpy) = iggo X slope x probe multiplier

For the first 40 days the mlld steel probe corroded at a rate of

3.8 mpy. At the end of 41 days the slope of the corrosion curve
lnereased abruptly to give a corrosion rate of about 6.8 mpy. When
the probe was removed from test after 57 days, the 8-mll-wall tube
wag found to be perforated at the bend of the probe. The other rarts
of the probe were preferentially corroded but were not perforated, as
shown in Figure 3. Examinatlon of the corrosion curve in Fipure 2
Indicates that perforation probably occurred after 41 days 1in test,
when the slope of the corrosion curve changed.

Sl e
*9@”‘%@ o

Preferential Corrosion of Probe

Perforation of Tube Wall by Yapor Phase Pitting

FIGURE 3 - CARBON STEEL "CORROSOMETER' PROBE AFTER TEST
57 DAYS AT &0° C IN VAPOR PHASE {Mog. 13X)
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The pitting of the bend section may be explalned as follows.

As moisture condensed on the proke, the llquld ran down the probe and,
eventually, dropped off at the bend. The drop of water set up an
oxygen concentration cell and inltlated corrosion at the shielded
point. Once the oxide deposlt formed, corrosion accelerated under the
deposit until the tube was perforated.

Since the "Corrosometer”" measures the change in reslstance as the
metal probe is corroded, it 1s not a good tool to measure pltting or
preferential attack. The data from the method would be comparable to
welght loss determinations. However, in thils test, the fact that the
8-mil tube probe was perforated in 41 days provides a measure of the
pitting rate under conditions in which the condensate can set up
oxygen concentration cells.

CONCLUSION

Carbon steel that 1s exposed to the liquid phase of waste solutions
contalning mercury corrodes at a rate less than 5 mpy. However, carbon
steel 1s subject to pltting corrosion 1in the vapor phase and at the
vapor~liquid interface. Test results for simulated "25" process waste
solutlions predlct pits up to 8 mils deep in the first 3 months at 60°C.
It appears that the vapor phase corrosion of carbon steel 1s
essentlally independent of solution compositlion, and 1s due malnly to
condensation of oxygenated water from the aqueous waste with the sub-
sequent initiatlon of oxygen concentratlon cells. To prevent
corrosion of the tanks, the vapor sectlon should be kept to a minimum.
Increaslng mercury concentrations from 0 to 0.1M does not lncrease the
corrosicn rate of carbon steel. Therefore, the mercury concentraticn
regulting In the most favorable processing conditlons can be used.

Of the steels tested, A~106 appeared to be the least corrosion re-

slstant. No preferential attack of the welds or weld zZones was
observed on welded A-106 and A-2B5 samples.

P. M. Kranzleln
Pile Materlialg Division

BIBLIOGRAPHY

1. Cadwell, J. J., Hanford works, HW-31799, May 1954 (Secret).
2,

Cadwell, J. J., Hanford Works, HW-33602, October 1954 (Confidentlal).

3. Stevenson, C. E., Technlical Progress Report for January through

March 1958, Idaho Chemical Processing Plant. Phillips Petroleum
Co., IDO-14443, September 1958.

- 172 =




