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FOREWORD 

The Sodium Technology Quarterly Report describes the current activities 
of the Sodium Technology Program at Argonne National Laboratory, sponsored 
by the Coolant Chemistry Branch of the USAEC Division of Reactor Development 
and Technology. In the areas of sampling and analysis and on-line monitor- 
ing of impurity elements, Argonne is involved in research and development as 
well as in the coordination of national efforts to meet the near-term needs 
of sodium technology, particularly those of FFTF. 
includes research and development work on fission-product behavior and con- 
trol, sodium chemistry, and materials-coolant compatibility. The program is 
a coordinated effort between two Argonne Divisions--Chemical Engineering and 
Materials Science--with assistance being given on specific problems by 
EBR-I1 Project and the Idaho Facilities. 

Argonne's program also 
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SODIUM TECHNOLOGY QUARTERLY REPORT 
April-June 1972 

ABSTRACT 

b' 

The research, development, and management efforts of Argonne 
National Laboratory's Sodium Technology Program for the period 
April-June 1972 comprised activities in the following areas: 
(1) Design work has been started on a multipurpose sampler for 
use at FFTF; the sampler will provide the capability for obtain- 
ing overflow sodium samples, filtering flowing sodium for assay 
of particulates, and equilibrating metal specimens. (2) In the 
analytical standards program, efforts were continued on the 
preparation of RDT standards on specifications for measuring 
and controlling the purity of sodium and cover gas and on 
laboratory work related to the methods to be used for purity 
measurement, with emphasis on equilibration methods for deter- 
mining the activities of carbon, oxygen, and hydrogen in sodium. 
(3)  Performance-characterization tests of an improved electro- 
chemical oxygen meter having a thoria-yttria electrolyte and 
a gas reference electrode have been completed; other work on 
meters has included testing of on-line monitors for hydrogen 
and leak detectors for steam generators, and testing of meter 
modules. ( 4 )  Work was continued on the design and fabrication 
of a cover-gas analysis system for separating 23Ne from noble- 
gas fission products in cover gas; testinf of a laboratory 
prototype of a system for monitoring the 
primary sodium was begun; and development workwas continued on an 
on-line diffusion meter for monitoring tritium in sodium. 
Studies of the chemistry of liquid sodium have been directed 
toward evaluation of vacuum distillation as a means of deter- 
mining nonmetallic impurities in sodium and investigations 
of oxygen-hydrogen interactions in sodium. ( 6 )  Work has con- 
tinued on the program to determine the integrated effects of 
fast-neutron and sodium environments on the properties of 
stainless steel and to develop postexposure testing methods 
for the stainless steel specimens; in the study of carbon 
transfer in sodium-steel systems, a mathematical model is 
being developed for predicting the magnitude and rate of 
carbon migration in reactor sodium systems. 

351 content of reactor 

(5) 

SUMMARY 

Sodium Sampl'inq 

Multipurpose Sodium Sampler for FFTF. The Sodium Technology Program 
at ANL has accepted the responsibility for the design and testing of the 
sodium sampling facilities to be used in FFTF. 
on a multipurpose sampling system that will provide the capability for 
overflow sampling, archive sampling, equilibration of metal specimens, and 
particulate sampling. The multipurpose sampler will replace the previously 
planned combination of a vacuum distillation/overflow sampler and a wire 

Design work has been started 



equilibration device. A large fraction of the sodium technology effort 
at ANL during the first half of FY 1973 will be devoted to this project. 

Analytical Standards Program 

Sampling and Analysis of Purchased Sodium. ANL has designed a sampling 
system to procure overflow samples of purchased sodium during tank-car 
loading operations. The sampling system operates in parallel with the 
existing loading system. 
are protected from the atmosphere by gas-tight crimp seals. 

After removal from the system, the sodium samples 

Conformance analyses of sodium purchased by Hanford Engineering Develop- 
ment Laboratory (HEDL) will be performed at ANL. To minimize the number 
of samples required for these analyses, several of the procedures in 
RDT F 3-40 have been combined and are now being checked out. 

Particulate Analysis. Samples of the particulate collected from the 
Core Components Test Loop (CCTL) and from EBR-I1 sodium are now under 
examination. Bulk analysis has shown that both systems have particulate 
present in the range of 1 ppb. 
has been carried out using autoradiography, ion microprobe mass analysis, 
and gamma spectrometry. 

Further characterization of the particulates 

Uranium-Getter Method for Oxygen in Sodium. Experiments to determine 
the applicability of the uranium-getter method for determining oxygen 
in flowing sodium have continued. A recent experiment suggests that a 
substantial quantity of the oxygen in the Test and Evaluation Apparatus 
(TEA) is either adsorbed on the walls or is in solution in a form other 
than oxide. 

Determination of Carbon Activity in Sodium. A method has been developed 
for measuring the chemical activity of carbon in sodium. The method is 
based on the equilibration of Fe-8Ni or Fe-12Mn in sodium. 
been derived for both Fe-8Ni and Fe-12Mn to relate the carbon activity to 
the carbon concentration in the tabs after equilibration. 

Equations have 

Niobium Equilibration Method for the Determination of Oxygen Activity 
in Sodium. 
niobium as a detector for measurement of oxygen activity in sodium by the 
equilibration method. 
been conducted at 500, 550, 600,  650 ,  7 0 0 ,  and 750OC. As in the V-0-Na 
system, high corrosion rates and changes in surface condition of the 
niobium wires were observed above a specific oxygen level in the sodium at 
each temperature. This type of behavior is attributed to an equilibrium 
between the metal, oxygen in sodium, and a complex oxide such as sodium 
niobate. Although the range of oxygen concentrations in niobium is less 
than expected on the basis of the Nb -NbO equilibrium, niobium can be 
used to measure the range of oxygen $%%&i.als typically encountered in 
reactor sodium. 

The base technology has been developed for application of 

Oxygen distribution-coefficient measurements have 

n 
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Grs Application of the Equilibration Method to the Measurement of Hydrogen 
Activity in Sodium. 
feasibility of measuring hydrogen activity in sodium by the equilibration 
of niobium and vanadium. Recent work has been directed toward testing 
experimental procedures for quenching the samples after equilibration. A 
final report will be published when all analytical data are available. 

Development work has continued on investigating the 

The feasibility of using other specimen materials for determining 
hydrogen activity in sodium is also being investigated. 
a literature review, yttrium was selected as the first material to be 
tested. A technique in which the yttrium specimens are encapsulated in 
nickel is being investigated as a means of avoiding redistribution of the 
hydrogen in yttrium specimens during cool-down after equilibration at 
750°C. Preliminary results are described. 

On the basis of 

On-Line Impurity Monitors 

.Oxygen Meter Characterization. The ANL-Westinghouse program on the 
characterization of oxygen meter perforniance has been completed. The 
Westinghouse oxygen meter tested in this program, which has a Th02-Y203 
electrolyte and a gas reference electrode, was found to be capable of 
measuring the oxygen activity in flowing sodium systems with adequate 
accuracy if calibrated periodically by the vanadium equilibration method. 
A single equilibration at the normal oxygen level of the system approximately 
once a month is sufficient. At 900°F, the recommended operating temperature, 
95% of all oxygen meter readings will agree with that determined by vanadium 
equilibration within a factor of 1.2. 

Operation of the oxygen meters on the Oxygen Meter Rig ( O M R )  is 
being continued to determine the life of the electrolyte tubes. None 
of the 11 tubes has failed as yet after 8 1/2 months of service. The 
reference gas in five of the meters on the OMR has been changed from air 
to argon-100 ppm oxygen, and a twelfth meter with a tin-tin oxide reference 
electrode has been added to the loop. Calibrations now in progress will 
show whether meter performance is improved with a lower oxygen potential 
at the reference electrode. One of the two oxygen-meter electrodes in 
the module on the Test and Evaluation Apparatus (TEA) failed during 
the quarter after 11 months of operation at 700-900°F. 

Electrochemical oxygen meters have been used during oxygen distribution- 
coefficient investigations to provide additional data on oxygen concentra- 
tion and interactions of oxygen with other elements in sodium. Although 
several types of meters have been used, emphasis was placed on cells with 
Na-Na20 reference electrodes. 
of electrochemical oxygen meters, based on experience with several types 
of meters, are presented. 

General observations regarding the behavior 

Hydrogen Meter Development. Modifications are being made on the 
hydrogen-meter system in the oxygen-hydrogen meter (0-H) module on the 
Test and Evaluation Apparatus (TEA). These modifications, which will 
provide for reorientation of the vacuum system and hydrogen conditioning 
of the nickel membrane, are expected to provide improved performance of 
the meter during equilibrium-mode operation at low (<0.05 ppm) hydrogen 



concentrations in sodium. 
meter system on the 0-H module at EBR-I1 after prooftesting of the modified 
system on TEA. 

Similar changes will be made on the hydrogen- 

During hydrogen and oxygen equilibration experiments in the Recirculating 
Sodium Equilibration Apparatus (RSEA-2), two diffusion-type hydrogen meters 
were operated on the sodium apparatus. The results obtained from these 
meters contribute to the interpretation of the equilibration data. The 
probe from one hydrogen meter was submerged in the high-temperature equili- 
bration vessel on the sodium apparatus and was operated at the equilibration 
temperature, typically 500-750°C. The other meter was installed "on-line" 
and was operated at 400 or 450°C. 
were recorded as a function of cold-trap temperature after extended loop 
operation at constant system conditions. 
put of the two meters was obtained. 

The gauge pressures for the two meters 

Good agreement between the out- 

Meter Modules. A prototype specimen basket designed to fit in the 
carbon meter-equilibration (C-E) module has been successfully used to 
equilibrate sheet and wire specimens in the Om. 
capacity than the original wire holder and provides complete containment 
of the specimens. 
Drawings have been prepared and submitted to EBR-I1 for comment. 

The basket has a greater 

A similar basket will be fabricated for use at EBR-11. 

ANL has agreed to supply the Liquid Metal Engineering Center (LMEC) 
with three low-cost specimen-equilibration devices plus a single instrumen- 
tation console serving all three. 

Detectors for Leaks in Steam Generators. Two leak detectors were 
supplied by ANL to LMEC for use on the Sodium Components Test Installation 
(SCTI). Both units were installed by LMEC and are performing as designed 
after minor modifications to attain better temperature control. Performance 
tests were conducted on both leak detectors by lowering the membrane tem- 
perature by 100°F and observing the change in ion-pump current. 
indicated a need for baking out and this bake-out procedure was conducted. 
After bake-out, both meters indicated a hydrogen level of %0.03 ppm in the 
SCTI. 

Both units 

When water was added to the steam generator, a substantial diffusion 
of hydrogen from the water to the sodium occurred, and the concentration 
rose to %0.2 ppm in the sodium. The source of hydrogen is thought to be 
water-side corrosion of the steam-generator tubes; decomposition of 
hydrazine in the feed water is also a possible source. 

Apparatus for Monitoring and Purifying Sodium ( A M P S ) .  Construction 
of AMPS, the facility that will be used to develop methods for tritium 
monitoring and control, is nearly complete. 
containment system is in progress. Wiring and thermal insulation will 
be completed in July. Designs of the tritium probes for use in sodium 
and cover gas are nearing completion. 

Leak testing of the sodium 

n 
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Fission Product and Cover Gas Technology 

Development of FEDAL Methods for FFTF. Two methods for detecting 
fuel-element cladding failures are under development: analysis of the 
cover gas for noble-gas fission products and analysis of the primary 
sodium for 1351. 

Three specifications have been written for three subsystems of the 
cover-gas analysis system: (1) Specification HWS 1920 for the cover-gas 
sampling subsystem, (2 )  Specification HWS 1917A for the failure-detection 
subsystem, and ( 3 )  Specification HWS 1917B for the failure characterization 
subsystem. Standard RDT C 1 4 - 3 ,  "Gamma-Ray Spectrometer-Computer System," 
with revisions, was approved by RDT and has been issued as a tentative 
standard. 

Installation of Prototype Detection Systems on EBR-11. Recent price 
quotations from suppliers for fabrication of valves and level indicators 
built to applicable RDT standards have indicated that the cost of installa- 
tion of the sodium sparger on EBR-I1 cannot be accommodated in the budget 
for FY 1973 .  The installation has, therefore, been deferred, and only 
laboratory tests will be performed during FY 1 9 7 3 .  Fabrication of the 
laboratory test apparatus is continuing. 

The cover-gas analysis system to be installed at EBR-I1 will be 
essentially identical to the system designed for FFTF. A prototype of 
this system is being built for testing at ANL-Illinois. Some of the 
valves and flowmeters for this prototype system have been ordered. 

The system for analysis of sodium for 1351 by sparging will require 
an efficient vapor trap to separate entrained sodium vapor and mist from 
the sparge-gas stream. Tests were performed to determine the quantities 
of sodium entrained in a gas stream as a function of sodium temperature, 
gas flow rate, and gas composition (helium, argon, and helium-argon 
mixtures). In general, it was found that argon cover gas entrained % l o 3  
times as much sodium aerosol as did helium at low (100 cm3/min) flows and 
~ 4 0  times as much at high (1000 cm3/min) flows. 
that aerosol formation may be due to gas-turbulence forces as well as 
buoyancy forces . 

These results suggest 

On-Line Tritium Monitor. Development of a tritium monitor is con- 
tinuing. Calculations of tritium and hydrogen diffusion rates through a 
nickel membrane have been made. Nickel has been chosen as the diffusion 
membrane for various reasons, including its greater resistance than iron 
to nitriding in reducing (hydrogen).atmospheres. Two membranes have been 
designed: 
in the Westinghouse oxygen-meter housing. The expected HT pressures and 
corresponding disintegration rates have been calculated for each probe 
design and the results of these calculations are presented. 

one forusein the specimen equilibration module and one for use 

In preparation for installation of a tritium monitor on AMPS, several 
tests have been conducted with the tritium detector to determine optimum 
operating conditions. 
optimum concentration of quench gas (methane) in the gas in the ionization 
chamber, the effect of ionization-chamber volume, and the effect of hydrogen 

These tests have included determinations of the 



concentration in the sweep-gas on the count rate. The results of these 
tests are reported. 

Sodium Chemistry 

Vacuum distillation of sodium followed by analysis of the residue 
is being investigated as a method for the analysis of impurities in 
sodium, including oxygen. Oxygen is determined indirectly by analyzing 
the residue for sodium and calculating the oxygen content on the assump- 
tion that the residue consists only of sodium oxide. Thus, a correction 
must be made for any sodium-bearing impurities remaining in the residue. 
In recent work, the effect of cyanide on the determination of oxygen was 
investigated. Results showed that %50% of the added cyanide remained in 
the residue after distillation. This finding indicates that the presence 
of cyanide in sodium samples analyzed for “oxygen” will require analysis 
of the residue for cyanide and application of an appropriate correction. 

The potential of the distillation method for the analysis of sulfur 
was also explored. Several tests were conducted in which known amounts 
of sulfur were added to the sodium before distillation. Recoveries of 
sulfur were only %50-70%. Hence, the method does not appear promising 
for the determination of sulfur in sodium. 

Experimental work has been concluded on the study of the behavior 
of hydroxide in liquid sodium. Recent work has been concerned with the 
effect of hydrogen on hydroxide decomposition. Analysis of the data is 
in progress. 

Materials-Coolant Interactions and Mechanical Property Evaluations 

Development of Test-Specimen Characterization Methods and Procedures. 
An investigation of phase instabilities in Types 316 and 304 stainless 
steels as a function of time, temperature, degree of cold work, and carbon 
and nitrogen content of the materials is in progress to obtain a direct 
knowledge of the capabilities of various specimen-characterization methods 
and to provide base-line microstructural information on thermal aging 
effects in the materials used in this program. Additional information has 
been obtained on material from a small heat exchanger constructed from 
Type 304 stainless steel as to the nonmetallic element composition, the 
types of phases present, their relative amounts, and the microhardness. 
The experimental procedures and analysis methods that are being developed 
for correlating the composition and thermal history of austenitic stain- 
less steels with the microstructures will be further used in the character- 
ization of specimens prior to and after mechanical testing in a high- 
temperature sodium environment. 

Development of Specimen-Exposure Facilities and Postexposure Mechanical- 
Property Testing Capability. Five Satec uniaxial creep machines are now 
operational in either an air or vacuum environment. 
ducted in vacuum on Type 316 stainless steel specimens fabricated from 
heat V87210 for comparison with reported creep data on this material to 
evaluate the performance of these testing machines. 
has been designed for this equipment so that creep tests can also be 
performed in an inert-gas environment. . 

Tests are being con- 

An argon gas system 
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Studies of Carbon Transfer in Sodium-Steel Systems. A mathematical 
model is being developed to predict the magnitude and rate of carbon 
migration in FFTF and LMFBR systems under conditions in which temperature 
gradients and materials of different composition are present in the system. 
These effects can then be related to mechanical-property changes in the 
materials. The first step in the development of such a model is the 
formulation of rate equations for the carburization and decarburization 
of austenitic stainless steels. The mathematical formalism for internal 
oxidation was modified to represent the carburization process more closely; 
however, the diffusion equations became more complex and a closed-form 
analytical solution could not be obtained even for simple boundary and 
initial conditions. Therefore, a numerical solution to the problem was 
obtained using a computer. 

The thermodynamic and kinetic input data used in the diffusion relations 
are those that express the driving force for carbon migration in the 
material in terms of the carbon-activity differences and the tracer or 
self-diffusion coefficient in austenite, rather than changes in the total 
carbon concentration and the apparent or effective diffusion coefficient. 
Both types of information can be used to generate carbon diffusion profiles 
in austenitic stainless steels: the former approach is applicable to a 
wide range of temperatures and carbon levels in the materials, whereas 
the latter is restricted to specific conditions because of limited data 
for the dependence of the effective diffusion coefficient on both tempera- 
ture and carbon level in the steel. 

Carburization-decarburization profiles for Type 304 stainless steel 
were obtained as a function of time, temperature, and the carbon concentra- 
tion in sodium. The manner in which the diffusion behavior is influenced 
by incorporating both experimental and extrapolated carbon activity-concen- 
tration data for the material into the computer solution of the diffusion 
equations was also determined. Predictions on the carburization-decarburi- 
zation behavior will be compared with measured carbon-diffusion profiles 
in the steel at several exposure times, temperatures, and carbon levels 
in sodium to establish the validity of the results. 



I. SODIUM SAMPLING 
(J. T. Holmes) 

Multipurpose Sodium Sampler for FFTF. The Sodium Technology Program 
of ANL has accepted the responsibility for the design and testing of the 
sodium sampling facilities to be used in FFTF. 
designed for this use is called the Vacuum Distillation/Overflow Sampler 
(VD/OS). 
capabilities and space and funding limitations revealed some significant 
discrepancies. The single, rather small sampling cell of the FFTF is 
intended to provide overflow sampling, archive sampling, equilibration of 
metal specimens, and particulate sampling for five separate sodium systems, 
with some redundancy desired. 
distillation of overflow samples in situ and cannot easily be modified to 
provide flexibility of function. For example, the sample cup is part of 
the pressure boundary, and samples for different analyses require different 
cup materials. Thus, considerable difficulty would be encountered in 
meeting the Class I ASME Code requirements with this design. 

The device originally 

Comparison of the VD/OS design with the latest set of desired 

The VD/OS was designed primarily for vacuum 

Review of these considerations led to the development at ANL of a new, 
multipurpose sampler design. The pressure boundary in this design is a 
vertical length of 2-in. stainless steel pipe with remotely or manually 
operable closures located in a relatively cool zone at the top of the 
sampler. Different internal devices are mounted inside this pipe to 
accomplish specimen equilibration, overflow sampling, or sodium filtra- 
tion. This unit would also replace the Wire Equilibration Device (WED); 
therefore, there would be two units on each sodium system, providing 
valuable redundancy. ANL believes that the multipurpose sampler will 
save both money and space and provide more flexibility of function than 
the previously planned combination of the WED and the VD/OS. 

c 

A large fraction of the sodium technology effort at ANL will be 
devoted to this project during the first half of FY 1973 to meet the 
stringent FFTF schedule requirements. 
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11. ANALYTICAL STANDARDS PROGRAM 
(R. J. Meyer) 

A. Administrative Activities (F. A. Cafasso, R. J. Meyer) 

1. RDT Standards 

Argonne National Laboratory has the responsibility for generating 
all RDT standards related to purity specifications for sodium and gases 
used in reactors or other sodium systems. These documents will specify 
(1) acceptable impurity levels for the purchase of sodium and cover gas 
and for the operation of sodium and cover-gas system and (2) the sampling 
and analytical methods for monitoring all impurities and for demonstrating 
that certain impurities (for which methods of control exist) are at or 
below the acceptable level. 

The current status of each of the standards presently being pre- 
pared on sodium and cover-gas purity is given in Table 11-1. 

TABLE 11-1. Status of RDT Standards 

Standard 
Designation Title Status Next Action 

RDT A 1-5 Purity Specifications 
for Operating Sodium 
System 

RDT F 3-40 Interim Methods for 
the Analysis of Sodium 
and Cover Gas 

RDT M 13-1 Reactor Grade Sodium-- 
Rev. la Purchase Specifications 

RDT M 14-1 Sodium Cover Gas-- 
Purchase Specifications 

Revision in 
progress 

Submitted for 
approval (May 
1972) 

Approved 

Approved 

Submit f o r  review 
(August 1972) 

Revise as neces- 
sary and issue 
(October 1972) 

Issue (October 
1 9  7 2) 

Issue (July 1972) 

This document will supersede RDT M 13-1T. a 

2. Sampling of Purchased Sodium 
(F. A. Cafasso, R. J. Meyer, H. S. Edwards,J. W. Allen) 

The specifications given in RDT M 13-1, Rev. 1, "Reactor Grade 
Sodium--Purchase Specifications ,I1 call for t h e  collection of three over- 
flow samples from each lot of sodium during tank car loading: 
sample of % l o  g taken in quartz and two samples of ~ 5 0  g taken in 
tantalum. 

one 

(The analyses to be performed on these samples are discussed 



i n  t h e  fo l lowing  s e c t i o n . )  Three such samples w i l l  be  used t o  e s t a b l i s h  
t h e  p u r i t y  of sodium c u r r e n t l y  being manufactured by E. I. duPont de  Nemours 
t o  f i l l  an o rde r  f o r  HEDL. Because duPont does no t  p re sen t ly  have t h e  
c a p a b i l i t y  of c o l l e c t i n g  overflow samples, ANL has  been requested t o  assist 
duPont i n  upgrading t h e i r  sampling c a p a b i l i t i e s .  

To d a t e ,  ANL has  designed an  overflow sampling system (Fig.  11-1) 
t h a t  is compatible wi th  t h e  o p e r a t i o n a l  r e s t r a i n t s  imposed by t h e  tank-car 
loading  opera t ion .  The sampling system w i l l  be  connected i n  p a r a l l e l  wi th  
t h e  e x i s t i n g  tank-car loading  system, and samples w i l l  be  taken according 
t o  t h e  fol lowing procedure: The sampling system is evacuated t o  about  
-23 i n .  of Hg ( t h e  p re s su re  i n  t h e  tank c a r )  and flow is  e s t a b l i s h e d  by 
opening t h e  valves t o  t h e  sampler and t h r o t t l i n g  t h e  valve on t h e  main 
loading  system. A f t e r  %15 min, f low t o  t h e  sampler is  s topped by proper  
manipulat ion of t h e  valves, and t h e  excess  sodium is  discharged from t h e  
sampler wi th  ine r t -gas  pressure .  
copper tubing a t  each end of t h e  sampler i s  crimped t o  provide  a gas - t igh t  
seal. 

The samples are then cooled and t h e  

THROTTLING V T 

COPPER TUBIN 

OUARTZ SAMPLE CUP 

' VARIAN CONFLAT 

TYPE 3 0 4 S S  

COPPER TUBING 

Fig .  11-1 

Design of System f o r  Sampling 
Purchased Sodium 

m 

:t 
OUTLET 
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The sealed samples will be shipped to ANL where conformance 
analyses will be performed. Materials for this sampling system are on 
order and are scheduled for delivery early in July. 

B. Laboratory Activities 

1. Procedures for Analysis of Purchased Sodium 
(F. A. Cafasso, R. J. Meyer, H. S. Edwards, F. R. Lawless) 

As discussed in the preceding section, the purity of purchased 
sodium will be determined from analysis of three overflow samples. The 
first of these samples, %lo g of sodium contained in quartz, will be used 
to determine the carbon content of the sodium by the oxyacidic flux method. 
The second sample, %50 g of sodium contained in tantalum, will be used to 
determine boron, calcium, chloride, lithium, and uranium. These analyses 
are performed on the residue remaining after distillation of the sodium. 
The third sample, %50 g of sodium in tantalum, will be used to determine 
total purity, potassium, and sulfur. Methods for all theanalyses except 
sulfur are currently included in RDT F 3-40 ,  "Interim Methods for the 
Analysis of Sodium and Cover Gas;" the method for sulfur was recently 
developed by C. C. Miles of ANL-West. 

The requirement of performing multiple analyses on the two 50-g 

These combined procedures have now been written and are in the 
samples has necessitated that several of the procedures in RDT F 3-40 be 
combined. 
process of being checked out. 

2. Analysis for Particulates in Sodium 
(M. D. Adams) 

a. Analysis of Sodium from the Core Components Test Loop (CCTL) 

A second sample of particulate material has been collected 
from CCTL by means of a filter (pressed-and-sintered Type 304 stainless 
steel) of the all-welded design previously used (ANL-7944, p. 26). In 
the first test, a quantitative measure of the total amount of particulate 
could not be obtained because of a small hole that developed in a welded 
region. The second particulate sample collected from CCTL was subjected 
to bulk analysis (total concentration), autoradiography, microscopic 
analysis, and examination of selected particles or agglomerates by the ion 
microprobe mass .analyzer. The results are summarized below: 

1. The amount of particulate (1.9 mg) collected represents 
a concentration of 2.6 ppb, based on the total sodium content of CCTL 
(1000 gal). 

2. Autoradiography did not indicate the presence of uranium. 
Uranium was of interest because fuel elements containing uranium were being 
tested in CCTL. 

3. A large number of particles of A1203 up to 0.10 mm in 

Most of these particles were 
diameter were collected. These particles were identified both micro- 
scopically and by ion microprobe analysis. 



rounded and worn, which indicates that they had been in the sodium for a 
long period of time. 

4. Alumina-silica materials related to mullite (A16Si2013) 
were identified. Ion microprobe analysis showed that calcium and magnesium 
were also associated with these particles. 

5. Compounds of the formula MN2O4 (where M is Fe or Mg 
and N is Al, Cr, or Fe) were present. 

6. Metallic particles varied greatly in composition. 
Alpha iron, pure nickel, nickel-chromium mixtures, and stainless steel 
particles were found. 

b. Analysis of Sodium from EBR-I1 

Examination of the particulate from a second filtration of 
EBR-I1 primary sodium is in progress. (Results of the first filtration 
were presented in ANL-7916, pp. 39-45.) In the second test, 2060 gallons 
were passed through a 10-pm Stainless steel filter at 0.5 gpm and 600°F. 
The weight of particles callected was 9.9 mg; this corresponds to a 
particulate concentration of 1.4 ppb in the sodium. 

The size distribution of the particles was determined by 
microscopic counting of representative areas of membrane filters on which 
the particles were deposited after ultrasonic cleaning of the stainless 
steel filter element. The size-distribution data are summarized in 
Table 11-2. 

Prior to ultrasonic cleaning, the stainless steel filter 
element was examined by gamma spectrometry to determine the radioactive 
species present. The membrane filters used to collect particulates after 
ultrasonic cleaning were also examined. Analysis of the gamma-spectrometric 
data has not yet been completed. However, preliminary results show that, 

TABLE 11-2. Size Distribution of Particles 
from EBR-I1 Primary Sodium 

Particle Size, pm Number of Particles 

<5 

5- 10 

10- 20 

> 20 

$1.5 x lo6 

$9 x io4 

%2 104 

%i 104 

n 
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as i n  t h e  previous f i l t r a t i o n  of EBR-11 sodium, manganese-54 remained 
a t t ached  almost q u a n t i t a t i v e l y  t o  the  s t a i n l e s s  steel  f i l t e r ,  whereas 
cesium-137 w a s  removed almost completely by u l t r a s o n i c  c leaning .  

3. Uranium-Getter Method f o r  Oxygen i n  Sodium 
(H. S. Edwards, R. C .  Haglund, P. J.  Mack) 

The a p p l i c a b i l i t y  of t h e  uranium-getter method f o r  t h e  determina- 
t i o n  of oxygen levels i n  flowing sodium is being i n v e s t i g a t e d .  
r e c e n t  experiment,  which w a s  conducted i n  t h e  Test and Evaluat ion Apparatus 
(TEA), w a s  aimed a t  determining how p r e c i s e l y  uranium t abs  would remove a 
known q u a n t i t y  of oxygen t h a t  had j u s t  been added, i n  t h e  form of N a 2 0 ,  t o  
a sodium system of low oxygen concent ra t ion .  

The most 

With t h e  cold t r a p  a t  21OoC,  success ive  t a b  i n s e r t i o n s  were 
made t o  g e t t e r  t h e  whole system, inc luding  t h e  co ld  t r a p ,  u n t i l  t h e  oxygen 
level  (as ind ica t ed  by oxygen-act ivi ty  meters on t h e  system) w a s  ~0.15 ppm. 
This  is  a p r a c t i c a l  lower l i m i t  f o r  g e t t e r i n g  because opening t h e  system-- 
t o  remove t a b s ,  f o r  example--is l i k e l y  t o  in t roduce  '~0.1 ppm of oxygen. 
Next, sodium flow t o  t h e  cold t r a p  w a s  s h u t  o f f  and a s t a i n l e s s  s tee l  mesh 
"tea bag" conta in ing  505 mg of Na20  ( p u r i t y ,  295%) w a s  i n s e r t e d  i n t o  t h e  
main r e s e r v o i r  of t h e  loop. Af t e r  a 30-hr de lay ,  t h e  oxygen meter readings  
( taken  a t  480OC) ind ica t ed  t h e  s tar t  of oxide d i s s o l u t i o n .  
response had s t a b i l i z e d  a t  an ind ica t ed  oxygen level  of 4.7 ppm, two 
uranium t abs  were exposed t o  t h e  flowing sodium a t  520OC. Af t e r  about  
30 h r ,  t h e  oxygen meters aga in  ind ica t ed  an oxygen level of ~0.15 ppm; 
b u t ,  unavoidably,  t h e  t abs  were l e f t  i n  place f o r  another  40 h r .  A t  t he  
t i m e  of t a b  removal, t he  oxygen meters ind ica t ed  ~0.1 ppm oxygen. 

When t h e  meter 

The t o t a l  weight ga in  of t h e  two tabs  w a s  179.9 mg. On t h e  b a s i s  
of t h e  amount of sodium i n  the  system, t h i s  weight ga in  i s  equ iva len t  t o  
a removal of 21.2 ppm oxygen from t h e  system. This  f i n d i n g  w a s  s u r p r i s i n g  
s i n c e  the  oxygen meters had ind ica t ed  an oxygen l e v e l  of 4 .7  ppm when t h e  
t abs  were i n s e r t e d .  Moreover, t h e  a d d i t i o n  of Na20  should have r a i s e d  t h e  
oxygen level  t o  only 15.4 ppm. Although t h e  reason f o r  t h e s e  d i sc repanc ie s  
has  not  been determined, i t  has been concluded t e n t a t i v e l y  t h a t  a substan- 
t i a l  quan t i ty  of oxygen i n  TEA e i t h e r  is adsorbed on t h e  walls o r  is i n  
s o l u t i o n  i n  a form o the r  than  oxide; f o r  example, sodium carbonate  o r  
sodium formate could be produced by t h e  r e a c t i o n  of d i s so lved  oxygen wi th  
t h e  f r e e  carbon known t o  be  c i r c u l a t i n g  i n  t h e  sodium i n  TEA. Experiments 
t o  s u b s t a n t i a t e  t h i s  conclusion are now under cons ide ra t ion .  

4. Measurement of Carbon A c t i v i t y  i n  Sodium 
(M. F. Roche, J. W. Al len ,  R. J.  Meyer) 

A method of measuring t h e  chemical a c t i v i t y  of carbon i n  sodium 
has  been developed. 
of carbon between sodium and a t a b  of Fe-8Ni o r  Fe-12Mn immersed i n  the  
sodium. With g r a p h i t e  chosen as t h e  s t anda rd  s ta te ,  t h e  chemical a c t i v i t y  
of carbon i n  t h e  t a b  and i n  sodium is t h e  same a t  equi l ibr ium.  The carbon 
a c t i v i t y  of t h e  metal, and consequently t h a t  of t h e  sodium, can then  be 
der ived  from carbon a n a l y s i s  of t h e  metal t a b  and from the  e s t a b l i s h e d  
r e l a t i o n s h i p  between carbon concent ra t ion  and carbon a c t i v i t y  i n  t h e  t ab  

The method is  based on t h e  equ i l ib r ium d i s t r i b u t i o n  



alloy. This method is analogous to the vanadium-wire method that is used 
to measure the oxygen activity in s0dium.l 
equilibrium carbon content of Fe-12Mn is about three times that of Fe-8Ni; 
thus Fe-12Mn is a more useful monitor in systems having lower activities. 

At a given activity, the 

The primary use of the tab-equilibration method will be in deter- 
mining the chemical activity of carbon in sodium systems. These measure- 
ments and measurements of carbon activity carbon concentration for 
sodium-system materials of construction, such as Type 304 stainless steel, 
are needed for predicting the direction and rate of carbon transport in 
sodium systems.2 
the tab-equilibration method would also serve to evaluate and calibrate 
the on-line meters. 

If carbon meters are present in the sodium system, 

a. Chemical Activity of Carbon in Fe-8Ni and Fe-12Mn 

Carbon activity measurements in our experiments have been 
based on an extrapolation to 700°C of an equation of Bodsworth -- et a1.3 for 
relating carbon concentration to carbon activity in Fe-Ni-C alloys. 
simultaneous equilibration of Fe-8Ni and Fe-12Mn tabs at 700°C in sodium 
enabled us to derive an equation relating carbon activity to carbon con- 
centration in Fe-12Mn that is based directly on the equation for Fe-8Ni.) 
The equation of Bodsworth -- et al. was derived, however, from data obtained 
in the temperature range from 850 to 1050°C. 
that the extrapolation of his equation to 700°C would involve some error. 

(The 

We therefore expected 

An experiment conducted in sodium saturated with carbon has 
now shown that the carbon activity at 700°C is a factor of 1.20 higher 
than estimates based on Bodsworth's equation. In the experiment, 500 mg 
of Na2C2 was added to sodium contained in a 1000-cm3 alumina crucible, 
and the sodium temperature was raised to 700°C. Tabs of Fe-8NiY Ni, and 
Fe were suspended in the sodium on nickel wires, and the sodium was 
stirred throughout the 3-day equilibration by means of a nickel stirrer. 
The results of carbon analyses on these tabs, after electropolishing to 
remove surface carbon, are given in Table 11-3. The results for Ni and 

TABLE 11-3. Carbon Analyses of Tabs from 
Ceramic-Pot Experiments at 7OO0C 

Tab Material Carbon, ppm 

Fe-8Ni 

Ni 

Fe 

3985, 3841, 3900 

572, 512 

144, 132 

. 

lD. L. Smith, Nucl. Technol. - 11, 115 (1970); D. L. Smith and R. H. Lee, 

2K. Natesan and T. F. Kassner, J. Nucl. Mater. 37, 223 (1970). 
3C. Bodsworth - et -* a1 9 Trans. Met. SOC. AIME - 24271135 (1968). 

ANL-7891 (January 1972). 
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Fe are in good agreement with recent evaluations of measurements of the 
solubility of graphite in these materials at 700°C. 
are 520 ppm for the solubility of graphite in nickel: 
solubility of graphite in iron.5 
was conductedinsodium saturated with carbon. The average value obtained 
for the solubility of graphite in Fe-8Ni at 700°C in our experiment is 
3909 ppm, a value 700 ppm lower than that estimated from the equation of 
Bodsworth -- et al. 
measured solubility leads to the following equation for the activity of 
carbon in Fe-8Ni at 700°C: 

ppm C a =  c 4234 - 0.083 ppm C 

The recommended values 
and 127 ppm for the 

Thus, we concluded that the experiment 

Adjustment of Bodsworth's equation to reflect this 

(1) 

This equation is in good agreement with the data of Natesan et a1.6 on 
carbon activity E. carbon concentration for carbon activities in Fe-8Ni 
ranging from 0 to 0.66. The corresponding equation for the activity of 
carbon in Fe-12Mn at 700°C is 

ppm C a =  c 13480 - 0.264 ppm C 
Equation 2 was derived from Eq. 1 and data relating the carbon concentra- 
tion in Fe-8Ni to that in Fe-12Mn over carbon activities ranging from 
0.002 to 0.3 (ANL-7944, p. 16, Fig. 1-1). 

b. Decarburization of Type 304 Stainless Steel Tabs in the 
Oxygen Meter Rig (OMR) 

In a recent experiment, Type 304 stainless steel tabs of 
3-mil thickness, equilibrated in flowing sodium in the Oxygen Meter Rig 
(OMR) at 700°C for a period of three days, were decarburized from their 
initial carbon concentration of 340 ppm t o  a concentration of 30 ppm. 
Simultaneously equilibrated Fe-12Mn tabs indicated a carbon activity of 
3 . 3  x in good agreement with previous determinations of carbon 
activity in the OMR based on Fe-8Ni and Fe-12Mn equilibrations (ANL-7944, 
pp. 14-16). The decarburization behavior of the Type 304 stainless steel 
tabs intheOMR is significantly different from the behavior of Type 304 
stainless steel tabs equilibrated at the same carbon activity (again as 
indicated by Fe-8Ni and Fe-12Mn tabs) in well-stirred 700°C sodium held 
in a Type 304 stainless steel pot (ANL-7944, pp. 16-18). In the pot- 
type experiment, considerably less decarburization of the stainless steel 
tabs occurred: their carbon concentrations decreased from 340 ppm to 
only %200-300 ppm. A factor of ten difference thus exists between the 
pot measurements and loop measurements. Additional experiments are in 
progress in an effort to determine the cause of this difference. 

4T. Wada et al. , Met. Trans. 2 ,  2199 (1971). 
5J. Chipman, Met. Trans. 2, 55 (1972). 
6K. Natesan et al. , Sodium Technology Quarterly Report, January-March 1972, 
ANL-7944, p. 53, Fig. V-5 (in press). 
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5. Niobium Equilibration Method for the Determination of Oxygen 

Activity in Sodium (D. L. Smith) 

Detailed procedures and distribution-coefficient data for 
application of the equilibration method to the measurement of oxygen 
activity in liquid sodium have been developed,' and the feasibility of 
applying the equilibration method to the measurement of carbon, 7-9 nitro- 
gen, 
The base technology is also being developed for the application of niobium 
as a detector for measurement of oxygen activity in sodium by the equilibra- 
tion method. 

and hydrogen1' activities in liquid sodium has been demonstrated. 

The primary advantage of niobium as a detector compared with 
vanadium is the capability of measuring oxygen concentrations in the range 
of interest, i.e., 520 ppm oxygen in sodium, with lower equilibration tem- 
peratures. The procedures used are similar to those described for the 
vanadium-wire equilibration method. Niobium wires of 0.50-mm diameter 
are recommended because of the lower distribution coefficient and hence 
the lower oxygen concentration in niobium than in vanadium. Increased 
accuracy in the oxygen analysis of the niobium by inert-gas fusion tech- 
niques is obtained with the larger wires. 

The minimum equilibration times for oxygen in niobium as a 
function of temperature are given in Table 11-4 for 0.25-mm-dia and 0.50- 
mm-dia wire. 

Distribution-coefficient measurements have been conducted at 
500, 550, 600, 650, 700, and 75OoC. The sodium systems used for the 
V-O-Na distribution-coefficient measurements were also used in these 
tests. When appropriate, vanadium wires have been exposed simultaneously 
as an additional check on the oxygen concentration in sodium. Both inert- 
gas fusion techniques and internal friction measurements have been used 
in the oxygen analyses of the niobium. The internal friction measurements 
are more sensitive for the small sample size, particularly at the lower 
oxygen concentrations. The distribution-coefficient results obtained to 
date at 650 and 75OoC are given in Fig. 11-2. 
tration in niobium is dependent on that in sodium at levels up to 30 ppm 

At 65OoC the oxygen concen- 

7K. Natesan and T. F. Kassner, "Monitoring and Measurement of Carbon 
Activities in Sodium Systems," submitted for publication in Nucl. 
Technol. 
8Sodium Technology Quarterly Report, January-March 1971, ANL-7817 , 
9Sodium Technology Quarterly Report , January-March 1972 , ANL-7944 , 
pp. 69-72 (July 1971). 

pp. 14-17 (in press) 

pp. 103-105 (January 1968). 

pp. 45-47 (May 1972). 

IOReactor Development Program Progress Report, January 1968, ANL-7419, 

'Sodium Technology Quarterly Report , October-December 1971, ANL-7916 , 
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TABLE 11-4. Minimum T i m e  Required t o  E q u i l i b r a t e  Oxygen 
i n  Niobium Wires Exposed t o  Liquid Sodium 

a E q u i l i b r a t i o n  E q u i l i b r a t i o n  T i m e ,  h r  Temperature, 
O C  0.25-mm d i a  0.50-mm d i a  

550 

600 

650 

700 

750 

22 

9 

4 

2 

1 

88 

36 

15 

7 

4 

a Based on d i f f u s i v i t y  d a t a  of Powers and Doyle, J.  Appl. 
Phys. g(4), 514-524 (1959). 
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oxygen in sodium 
(KA = NO /NO ) 
increasbwidaa 

. As in the V-0-Na system, the distribution coefficient 
for this system is also temperature dependent, i.e., it 
decrease in temperature. Since all of the analyses have 

not been completed for the samples exposed at the other temperatures, the 
additional results will be included in a final report which will be sub- 
mitted for publication. 

Above certain oxygen levels in sodium at each temperature, high 
corrosion rates and changes in surface condition of the niobium wires 
were observed after exposure to sodium. After removal of any surface 
films and surface contamination, the wires from these tests were analyzed 
for oxygen. Results obtained at 500 and 600°C (Fig. 11-2) show that con- 
stant oxygen concentration in niobium were obtained under these conditions. 
Similar behavior was also observed in the V-0-Na system.12 The intersec- 
tion of curves of this type with the concentration-dependent curves 
determines the maximum oxygen concentration in sodium that can be mea- 
sured by the equilibration method at each temperature. 

Gaseous oxidation experiments with niobium in a Sieverts' 
apparatus were conducted to investigate the substantial differences 
between the maximum oxygen concentrations in niobium from Fig. 11-2 and 
the oxygen-solubility data previously considered to be the most reliable. 
Internal friction measurements on samples from these tests indicated that 
oxygen was in solution in the niobium at concentrations as high as 1000 
ppm at 500°C. 
and much greater than the apparent solubility values obtained from the 
horizontal curves in Fig. 11-2. The oxygen concentrations of 220 and 
280 ppm at 500 and 6OO0C, respectively, are attributed to an equilibrium 
between the metal, oxygen in sodium, and a complex oxide, probably sodium 
niobate. Because of nonadherency of this oxide phase, as indicated by 
the high corrosion rate, sufficient material has not been obtained for 
positive identification. Although the range of oxygen concentrations in 
niobium is less than expected on the basis of the Nb(Osatj -NbO equilibrium, 
niobium can be usCd to measure the range of oxygen pofentials typically 
encountered in reactor sodium. 

This value is slightly above the reported solubility curve13 

6 .  Application of the Equilibration Method to the Measurement of 
Hydrogen Activity in Liquid Sodium 

a. Equilibration Studies with Niobium and Vanadium (D. L. Smith) 

The objective of this work is to determine the feasibility 
of using an equilibration method to measure the hydrogen activity in 
liquid sodium. 
studies, niobium and vanadium wires have been exposed to sodium at tempera- 
tures from 500 to 750°C for hydrogen analyses. Earlier experiments (ANL- 
7916, pp. 45-47) indicated a dependence of the hydrogen concentration 
in the wires on the cold-trap temperature of the sodium. In these tests, 
the equilibration samples were withdrawn from the sodium into a gas lock 

In conjunction with the oxygen distribution-coefficient 

I2D. L. Smith, Met. Trans. 2, 579-583 (1971). 
I3T. F. Kassner, D. L. Smith, ANL-7335 (1967). 

n 
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above the liquid level. 
wires were allowed to cool in the sealed chamber. 
reproducible hydrogen concentrations in the detectors were obtained, the 
values were considerably higher than those calculated from available ther- 
modynamic data. Several variations in the experimental procedure have 
been tested in an attempt to determine if changes in hydrogen concentration 
during quenching from the equilibration temperature were responsible for 
the unexpectedly high hydrogen concentrations. 
the quenching rate, quenching without isolating the chamber from the cover 
gas, and encapsulating the detector wires in nickel capsules. The final 
tests in this series have been completed. Since a number of samples are 
still awaiting analysis, the results will be included in a final report. 

The gas lock was immediately isolated and the 
Although generally 

These included varying 

b. Equilibration Studies with Yttrium (D. R. Vissers) 

Development work on an equilibration method for determining 
hydrogen activity in sodium has been extended’to include a search for 
other specimen materials. It is hoped that the method will also be 
applicable to the determination of tritium in sodium. A literature review 
has suggested that yttrium might be a suitable specimen material. The 
distribution coefficient for hydrogen between yttrium and sodium is 
significantly higher (by a factor of perhaps 500-1000) than that between 
niobium (or vanadium) and sodium. 

Analysis of diffusion effects has indicated that at 75OoC 
(the temperature at which vanadium specimens are equilibrated for deter- 
mining oxygen activity) significant redistribution of hydrogen may occur 
during cool-down of the yttrium specimens. This problem can be avoided 
by displacing the sodium with inert gas at 75OoC or by encapsulating the 
yttrium in a material such as nickel. Encapsulation in nickel would 
reduce the rate of hydrogen diffusion into and out of the yttrium and 
would also avoid possible problems resulting from interactions of the 
specimen material with sodium and/or its other impurities. 

Preliminary tests of the encapsulation technique were 
conducted by exposing encapsulated yttrium specimens to flowing sodium 
at 75OoC. 
in sodium, in the range from 0.05 to 0.85 ppm. Although the results of 
these first tests were not conclusive, the encapsulation technique 
appears to be a promising means of avoiding the problem of redistribution 
of hydrogen upon cool-down. 

Exposures were carried out at several different hydrogen levels 

Further studies will be conducted to evaluate (1) the 
encapsulation technique and (2) the use of yttrium and other candidate 
materials for determining hydrogen activity in sodium. 



111. ON-LINE IMPURITY MONITORS 
(J. M. McKee) 

Argonne Nat iona l  Laboratory is coord ina t ing ,  as w e l l  as p a r t i c i p a t i n g  
i n ,  a n a t i o n a l  program f o r  development, t e s t i n g ,  and e s t a b l i s h i n g  commer- 
c i a l  a v a i l a b i l i t y  of impuri ty  meters f o r  use  i n  LMFBR sodium systems. 
The meters be ing  developed and cha rac t e r i zed  i n  t h i s  program are monitors  
f o r  oxygen, carbon, and hydrogen i m p u r i t i e s  i n  sodium; t h e  hydrogen meter 
is a l s o  being t e s t e d  as a l e a k  d e t e c t o r  f o r  steam genera tors .  
modules are being developed t o  provide (1) flow and temperature  c o n t r o l  
f o r  t h e  meters and (2)  a means f o r  ob ta in ing  independent impuri ty  measure- 
ments by e q u i l i b r a t i o n  of metal specimens. 

Standardized 

A. Oxygen-Meter Charac t e r i za t ion  

1. ANL-Westinghouse J o i n t  Test Program 
(D. R. Vissers, J. M. McKee, L. J. Marek, L.  G. Bartholme) 

The ANL-Westinghouse oxygen-meter c h a r a c t e r i z a t i o n  program has 
been completed. The goa l  of t h i s  program w a s  t o  provide a s t a t i s t i c a l l y  
s i g n i f i c a n t  measure of t h e  c a l i b r a t i o n  s t a b i l i t y  of t h e  Westinghouse oxygen 
meters, which are f a b r i c a t e d  wi th  Th02-Y203 e l e c t r o l y t e s  and gas  r e fe rence  
e l ec t rodes .  This  goa l  has been achieved. Twenty oxygen meters were t e s t e d  
i n  t h i s  program: 10 a t  Westinghouse Advanced Reactor D iv i s ion  (WARD) 
and 10 a t  ANL i n  t h e  Oxygen Meter Rig (OMR). A l l  20 meters were operated 
a t  700'F t o  e v a l u a t e  t h e i r  c a l i b r a t i o n  s t a b i l i t y .  I n  a d d i t i o n ,  t h e  s t a b i l i t y  
of t h e  10 ANL meters w a s  eva lua ted  a t  900'F. 
b r a t e d  a t  e i g h t  oxygen l e v e l s  i n  sodium by t h e  vanadium e q u i l i b r a t i o n  
method, which i s  used t o  determine t h e  oxygen a c t i v i t y  i n  sodium. I n  
some i n s t a n c e s ,  oxygen ana lyses  by t h e  amalgamation method were a l s o  per- 
formed on samples of  sodium. 

The oxygen meters were cal i -  

The p r i n c i p a l  conclusions drawn from t h e  tests are as fol lows:  

(1) The commercially a v a i l a b l e  meter t e s t e d  i n  t h i s  program can 
provide  a continuous measure of t h e  oxygen a c t i v i t y  i n  r e a c t o r  sodium 
systems wi th  adequate  accuracy i f  i t  is  c a l i b r a t e d  p e r i o d i c a l l y  by t h e  
vanadium e q u i l i b r a t i o n  method. 

(2)  The meter emf, which varies l i n e a r l y  wi th  the  logar i thm of 
t h e  oxygen a c t i v i t y  i n  sodium, can be  represented  by t h e  equat ion  

Meter emf ( v o l t s )  = K 1  - K2 l o g  0 (ppm) (1) 

Q' 

The s l o p e  (K2) of t h e  c a l i b r a t i o n  curve ,  a l though less than  t h e  t h e o r e t i c a l ,  
is  c o n s i s t e n t  enough t h a t  a s i n g l e  va lue  can be used f o r  a l l  meters a t  a 
given temperature  wi th  minimal e r r o r .  The observed va lues  of K2  are 0.048 t 
0.002 and 0.065 f. 0.001 v o l t s  pe r  decade i n  oxygen a c t i v i t y  a t  700 and 
900°F, r e s p e c t i v e l y .  

9 
(3)  The i n t e r c e p t  (K1) of t h e  c a l i b r a t i o n  curve is a l s o  less 

than  t h e  t h e o r e t i c a l  va lue  and is  s u b j e c t  t o  d r i f t ,  e s p e c i a l l y  dur ing  t h e  
f i r s t  month o r  two of opera t ion .  The va lue  f o r  K1 can r e a d i l y  be r ede te r -  
mined by a s i n g l e  vanadium e q u i l i b r a t i o n  a t  t h e  normal oxygen level of t h e  
system. 
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( 4 )  I f  t h e  meters are r e c a l i b r a t e d  monthly, t h e  ind ica t ed  
oxygen l e v e l  w i l l  ag ree  (95% of t h e  time) wi th  t h a t  determined by t h e  
vanadium e q u i l i b r a t i o n  method w i t h i n  a f a c t o r  of 1 .6  a t  700'F and w i t h i n  
a f a c t o r  of 1 . 2  a t  900"F, t h e  recommended ope ra t ing  temperature .  The 
a c t u a l  s t a b i l i t y  of t h e  meter is  b e t t e r  than  t h e s e  f a c t o r s  i n d i c a t e  
because t h e  va lue  of K1 i nc ludes  t h e  e r r o r s  (es t imated  a t  ?lo%) i n  
determining oxygen i n  sodium by t h e  vanadium e q u i l i b r a t i o n  method. 

(5) 'The meter emf is i n s e n s i t i v e  t o  t h e  s m a l l  v a r i a t i o n s  i n  
sodium temperature  normally encountered. However, v a r i a t i o n s  i n  t h e  
temperature  of t h e  cool ing  f i n s  on t h e  meter housing do a f f e c t  t h e  emf 
s i g n i f i c a n t l y .  
e f f e c t  by immersing t h e  e l e c t r o l y t e  tube  f a r t h e r  i n t o  t h e  sodium stream, 
below t h e  sodium o u t l e t  nozzle  on t h e  housing. 

It may be p o s s i b l e  t o  s u b s t a n t i a l l y  reduce t h i s  undes i r ab le  

(6) There i s ,  as y e t ,  no evidence t h a t  t h e  l i f e  of t h e  e l e c t r o -  
l y t e  tube  is  s h o r t e r  a t  900 than a t  700°F. 

(7)  Oxygen meters should probably be i n s t a l l e d  i n  p a i r s  on 
l a r g e  sodium systems. Under these  cond i t ions ,  i f  one e l e c t r o l y t e  tube 
should f a i l ,  i t  could be rep laced  a t  t h e  next  convenient t i m e ,  and moni- 
t o r i n g  of t h e  oxygen a c t i v i t y  of t h e  system could cont inue  wi th  t h e  
second meter. The redundancy would a l s o  he lp  t o  d i s t i n g u i s h  between 
meter d r i f t  and s m a l l  f l u c t u a t i o n s  i n t h e  oxygen a c t i v i t y  of t h e  sodium. 

(8) The p r e c i s i o n  of determining oxygen i n  sodium by vanadium 
e q u i l i b r a t i o n  is  es t imated  t o  be about t10 t o  20%. 

(9) A s  expected,  sampling and a n a l y s i s  f o r  oxygen by t h e  amal- 
gamation method is  of no va lue  f o r  determining oxygen a c t i v i t y  i n  sodium 
a t  t h e  low l e v e l s  t y p i c a l  of r e a c t o r  coolan t  systems. 

(10) Performance t e s t i n g  of two meters ope ra t ing  i n  EBR-I1  
primary sodium has  shown no short- term e f f e c t s  of r a d i a t i o n  from 2 4 N a ,  
t o  da t e ,  on t h e  behavior  of t h e  m e t e r s .  

A paper summarizing t h e  oxygen-meter c h a r a c t e r i z a t i o n  program 
a t  Am and W A R D ,  e n t i t l e d  "Ca l ib ra t ion  S t a b i l i t y  of Oxygen Meters f o r  
LMFBR Sodium Systems," w i l l  be  presented  a t  t h e  65th Annual AIChE Meeting 
i n  New York (November 1972).  

Tes t ing  of t h e  oxygen meters ontheOMR i s  cont inuing ,  bu t  a t  
a reduced l e v e l  of e f f o r t ,  wi th  t h e  primary o b j e c t i v e  of determining t h e  
l i f e  of t h e  improved t h o r i a - y t t r i a  e l e c t r o l y t e  tubes.  Eleven e l e c t r o l y t e  
tubes1 on OMR have opera ted  f o r  8 1 / 2  months ( s ix  months a t  700"F, 2 1 / 2  
months a t  900'F) as of June 30, 1972, w i th  no f a i l u r e s .  A few f a i l u r e s  
have occurred among similar tubes t e s t e d  on o t h e r  sodium systems a t  ANL- 
I l l i n o i s ,  EBR-11, and Westinghouse. The l i m i t e d  d a t a  a v a i l a b l e  t o  d a t e  

'An e leventh  meter, wi th  a t h o r i a - y t t r i a  e l e c t r o l y t e  tube i n  a United 
Nuclear Corporat ion oxygen-meter housing, was a l s o  opera ted  a t  ANL 
dur ing  t h e  c a l i b r a t i o n  s t a b i l i t y  tests. 
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sugges t  t h a t  tube  l i f e  may be  a f f e c t e d  less by sodium temperature ( i n  t h e  
range from 700 t o  900°F) than  by t h e  rate and e x t e n t  of temperature  changes. 

1 
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. 

Two changes have r e c e n t l y  been made t o  explore  t h e  e f f e c t  of 
lower oxygen p o t e n t i a l  a t  t h e  r e fe rence  e l e c t r o d e  on meter performance. 
F i r s t l y ,  t h e  r e fe rence  gas  i n  Meters OM-1 through -5 w a s  changed from a i r  
t o  argon conta in ing  100 ppm oxygen. The gas is  cont inuously r e f r e shed  
by a slow b leed  which flows through t h e  f i v e  e l e c t r o d e s  i n  p a r a l l e l  and 
e x i t s  t o  t h e  a i r  through a bubble counter  f i l l e d  wi th  s i l i c o n e  o i l .  (The 
dry a i r  i n  Meters OM-6 through -11 is s i m i l a r l y  r e f r e shed . )  
an  oxygen meter con ta in ing  a t i n - t i n  oxide r e fe rence  e l e c t r o d e  i n  p l a c e  
of t h e  gas-platinum re fe rence  w a s  i n s t a l l e d  i n  housing OM-12 i n  t h e  OMR. 
Vanadium e q u i l i b r a t i o n s  are being performed a t  several oxygen levels t o  
i n d i c a t e  whether any improvement i n  meter s t a b i l i t y  is  achieved by e i t h e r  
of t hese  changes. 

Secondly, 

The emfs of t h e  meters ope ra t ing  wi th  a r e fe rence  gas of argon- 
100 ppm oxygen average 76 mV below t h e  t h e o r e t i c a l  va lue  of 1 ppm oxygen 
i n  sodium vs. 163 mV below t h e o r e t i c a l  f o r  t h e  a i r - r e fe rence  meters. 
Apparent ly ,  t h e  reduced oxygen p o t e n t i a l  a t  t h e  r e fe rence  e l e c t r o d e  
produced a s i g n i f i c a n t  reduct ion  i n  e l e c t r o n i c  conductance of t h e  s o l i d  
e l e c t r o l y t e .  The m e t e r  wi th  t h e  t i n - t i n  oxide e l e c t r o d e  has  a h igher  
s e n s i t i v i t y  than t h e  s t anda rd  meters, and i t s  emf appeared t o  be q u i t e  
s t a b l e  a f t e r  a s i n g l e  day of opera t ion .  T e s t s  made p r i o r  t o  s t a r t u p  
showed t h a t  t h e  meter can be  cycled through t h e  f r e e z i n g  p o i n t  of t i n  
r epea ted ly  without  c racking  t h e  e l e c t r o l y t e  tube.  The temperature  
c o e f f i c i e n t  of t h e  t i n - t i n  oxide meter is p o s i t i v e  and several times 
h igher  than  t h a t  of t h e  s tandard  meters ( l ~ 0 . 3  mV/OF as compared wi th  
-0.09 mV/OF f o r  t h e  s t anda rd  meters a t  900°F and 2 ppm oxygen). 

2. Oxygen-Meter Performance on Other F a c i l i t i e s  

a. Radioac t ive  Sodium Chemistry Loop (RSCL) a t  EBR-I1 
(J. T. Holmes) 

A s  of May 19,  1972, t h e  two oxygen meters ope ra t ing  i n  t h e  
oxygen-hydrogen meter (0-H) module of t h e  RSCL a t  E B R - I 1  had accumulated 
3565 and 3131 h r ,  r e spec t ive ly .  The meters have been opera ted  a t  about 
700°F and have cont inued t o  show cons iderable  d r i f t  i n  t h e i r  vo l t age  out- 
pu ts .  
p revent ive  maintenance work on t h e  instrument  systems f o r  t h e  module and 
t h e  RSCL. The oxygen meters are expected t o  be back i n  service i n  e a r l y  
Ju ly .  

The meters w e r e  s h u t  down on May 19 t o  perform c a l i b r a t i o n  and 

b. Test and Evaluat ion Apparatus (TEA) 
(V. M. Kolba and P .  J. Mack) 

During A p r i l  1972, t h e  e l e c t r o d e  assembly of  Oxygen Meter 
0-1 f a i l e d  a f t e r  a t o t a l  of 8266 h r  of opera t ion .  Meter 0-2 cont inued 
i n  ope ra t ion  and as of June 30 had accumulated a t o t a l  ope ra t ing  t i m e  
of 9346 h r .  The ope ra t ing  t i m e s  a t  va r ious  temperatures are shown below: 
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T i m e  a t  Temp., h r  Total Time, Module Meter Westinghouse HEDL 
Meter Number Tube No. 700'F 800'F 900'F h r  --- Number 

0- 1 11-E-2 73-1-2 3432 2818 2016 8266 

0-2 11-E-1 72-2-1 3264 2482 3600 9346 

Temperature c o e f f i c i e n t  tests conducted e a r l y  i n  A p r i l  
showed t h a t ,  p r i o r  t o  f a i l u r e  of t h e  e l e c t r o d e ,  Meter 0-1 had a r a t h e r  
l a r g e  nega t ive  c o e f f i c i e n t  (-0.125 t o  -0.240 mV/'F), whereas Meter 0-2 
had a p o s i t i v e  c o e f f i c i e n t ,  %0.061 mV/'F. A l a r g e  nega t ive  temperature  
c o e f f i c i e n t ,  approaching -1 mV/'F, i s  o f t e n  i n d i c a t i v e  of imminent f a i l u r e  
of t h e  c e l l . '  

C. 

i n v e s t i g a t i o n s  

Rec i r cu la t ing  Sodium E q u i l i b r a t i o n  Apparatus No. 2 (RSEA-2) 
(D. L. Smith) 

Electrochemical  oxygen meters have been used dur ing  t h e  
of oxygen d i s t r i b u t i o n  c o e f f i c i e n t s  (see Sec t ion  II .B.5)  

t o  provide  a d d i t i o n a l  d a t a  on t h e  oxygen concen t r a t ion  and i n t e r a c t i o n s  of 
oxygen wi th  o t h e r  elements i n  sodium. Although s e v e r a l  types  of meters 
have been used, emphasis w a s  placed on c e l l s  wi th  N a - N a 2 0  r e f e rence  elec- 
t rodes .  This  type of c e l l  possesses  s e v e r a l  fundamental advantages f o r  
s t u d i e s  involv ing  s o l u t i o n s  of oxygen i n  sodium. These inc lude :  (1) 
e l imina t ion  of c a l c u l a t i o n a l  e r r o r s  because of u n c e r t a i n t i e s  i n  f r e e  
ene rg ie s  of formation of o t h e r  r e fe rence  oxides ,  i . e . ,  t h e  r e fe rence  is  
t h e  same a t  both e l e c t r o d e s ;  (2) gross  reduct ions  i n  oxygen-act ivi ty  gra- 
d i e n t s  ac ross  t h e  e l e c t r o l y t e  which e x i s t  i n  o t h e r  commonly used oxygen 
meters, thus tending t o  minimize undes i rab le  e l e c t r o n i c  conduc t iv i ty  
e f f e c t s  i n  t h e  e l e c t r o l y t e ;  (3) lower c e l l  emfs, which minimize c u r r e n t  
leakage;  (4) l i q u i d  r e fe rences  a t  both e l e c t r o d e s ,  which r e s u l t  i n  good 
e l e c t r o d e - e l e c t r o l y t e  con tac t  and thus reduce con tac t  r e s i s t a n c e ;  and (5) 
f a s t  response  t o  temperature  changes i n  t h e  c e l l  because t h e  r e f e r e n c e  
e l e c t r o d e  is  l i q u i d .  

The primary ques t ion  i n  t h e  use of e lec t rochemica l  c e l l s  
wi th  Na-Na20 r e fe rence  e l e c t r o d e s  has  been concern over compa t ib i l i t y  of 
t h e  e l e c t r o l y t e  wi th  t h e  oxygen-saturated sodium. Experience wi th  cel ls  
cons t ruc ted  wi th  e l e c t r o l y t e  tubes (Th02-15 w t  % Y203) of t h e  type  used 
i n  United Nuclear Corporat ion (UNC) meters has  been r epor t ed  previous ly .  
These s t u d i e s  ind ica t ed  s t a b l e  c e l l  ope ra t ion  f o r  per iods  of several 
months. 
opera ted  s imultaneously on RSEA-2. One of t hese  meters, 3N, is  of t h e  
same cons t ruc t ion  as t h e  prev ious ly  opera ted  meters, i . e . ,  a UNC-type 
housing w i t h  a Th02-15 w t  % Y2O3 e l e c t r o l y t e  tube.  The second meter, WN, 
w a s  cons t ruc t ed  wi th  a Westinghouse-type housing and t h e  h igh  p u r i t y  
Th02-7.5 w t  % Y2O3 e l e c t r o l y t e  tube  ( tube  49-3-3 made by HEDL). 

Two a d d i t i o n a l  meters wi th  Na-Na20 re fe rence  e l e c t r o d e s  have been 

Figure  

2WNICD-OM001, I n s t r u c t i o n  Manual, Westinghouse Liquid-Metal Oxygen Meter, 

3D. L. Smith, Nucl. Technol. - 11, 115-119 (1971); D.  L. Smith, R.  H. Lee, 
Model LM-I1 (December 1970). 

ANL-7891 (January 1972).  
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111-1 is  a p l o t  of t h e  response of t h e s e  meters (at 352OC) as a func t ion  
of oxygen concen t r a t ion  i n  sodium determined from t h e  oxygen s o l u b i l i t y  a t  
t h e  cold- t rap temperature.  Vanadium-wire e q u i l i b r a t i o n s  were used t o  
confirm these  va lues  a t  oxygen concent ra t ions  i n  sodium below 15  ppm. Both 
meters i n d i c a t e  a dep le t ion  of oxygen i n  t h e  co ld  t r a p  above 30 ppm, i .e . ,  
t h e  c e l l  vo l t ages  do not  decrease  w i t h  inc reas ing  cold- t rap temperature  
above t h i s  level.  These cells have been i n  ope ra t ion  f o r  approximately 
t h r e e  months. 
and no s i g n i f i c a n t  d r i f t  i n  ce l l  emf wi th  t i m e  has  been observed wi th  
e i t h e r  of t h e s e  meters. An e f f e c t ,  which has  been a t t r i b u t e d  t o  t r app ing  
of gas i n  t h e  annulus of t h e  oxygen meter housing (ANL-7846, pp. 9-13), has  
a l s o  been observed dur ing  r e c e n t  meter opera t ion .  
which are recoverable  by o s c i l l a t i n g  t h e  sodium f lowra te ,  are be l i eved  t o  
be t h e  major cause of scatter i n  t h e  d a t a  given i n  Fig.  111-1. This  
t r app ing  and subsequent release of gas i n t o  t h e  sodium w a s  a l s o  observed 
by p e r i o d i c  f l u c t u a t i o n s  i n  flowmeter response and by small temperature  
changes a t  va r ious  l o c a t i o n s  i n  t h e  loop. 

I n  gene ra l ,  t h e  d a t a  p o i n t s  are w i t h i n  4 mV of t h e  curves 

Voltage v a r i a t i o n s ,  

I I I I I 

Na, No2011 Th02-V,03II Na, gNa 
352°C 

0 METER WN 
A METER 3N 

A 0  

I I I I I 
40 80 

CELL emf, mV 

Fig. 111-1 

C e l l  Emf as a Funct ion of 
Oxygen Concentrat ion i n  
Sodium f o r  Two Types of 
Electrochemical  Cells 
wi th  Na-Na20 Reference 
Elec t rodes .  Neg. No. 
MSD-5 7 6 12 



The r e c i p r o c a l  s l o p e  of t h e  curve f o r  Meter 3 N  (%35 mV/ 
decade) is  i n  good agreement wi th  previous r e s u l t s  from cel ls  wi th  Na-Na20 
r e fe rence  e l e c t r o d e s  as w e l l  as wi th  va lues  obta ined  from UNC-type meters, 
which have s imi la r  e l e c t r o l y t e  tubes and Cu-Cu20 r e fe rence  e l e c t r o d e s .  
The experimental  s l o p e s  from a l l  of t h e s e  meters are cons iderably  lower 
than  t h e  t h e o r e t i c a l  va lue  of 62  mV/decade a t  t h e  ope ra t ing  temperature .  

3 
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The ce l l  emf of Meter 3N i s  somewhat lower than  t h e  i n i t i a l  
curve obta ined  previous ly  f o r  Meter 2N. However, t h i s  curve is  i n  good 
agreement wi th  t h e  curve obtained f o r  Meter 2N a f t e r  hydrogen w a s  added 
t o  t h e  sodium. A s  w i l l  be  d iscussed  i n  Sec t ion  B.2, below, hydrogen meter 
r e s u l t s  i nd ica t ed  t h a t  i n  t h i s  appara tus  (RSEA-2) t h e  hydrogen content  of 
t h e  sodium i s  h igh ,  whereas Meter 2N w a s  i n i t i a l l y  operated under low- 
hydrogen condi t ions .  
t h e  s a t u r a t i o n  va lue  of oxygen i n  sodium, w a s  cons iderably  lower than  t h e  
r epor t ed  s o l u b i l i t y 3  va lue  a t  t h e  c e l l  temperature .  

The n u l l  vo l t age  i n t e r c e p t ,  which should i n d i c a t e  

Meter WN wi th  t h e  smaller d iameter ,  h igh-pur i ty  e l e c t r o l y t e  
tube  gave c e l l  emfs somewhat h igher  than Meter 3N (Fig.  111-1). The 
r e c i p r o c a l  s l o p e  of t h e  curve f o r  Meter WN, 43 mV/decade, i s  s i g n i f i c a n t l y  
g r e a t e r  than  t h a t  f o r  Meter 3N. However, t h i s  va lue  is i n  good agreement 
wi th  t h a t  r epor t ed  previous ly  (ANL-7916, pp. 17-18), 47 mV/decade, f o r  a 
Westinghouse-type meter equipped wi th  a s imi la r  e l e c t r o l y t e  tube and oper- 
a t e d  a t  400°C on t h e  same sodium appara tus .  
obtained f o r  t h e s e  two meters i s ,  i n  p a r t ,  due t o  t h e  lower ope ra t ing  
temperature  of Meter WN. The n u l l  vo l t age  i n t e r c e p t  of Meter WN a l s o  
i n d i c a t e d  a lower oxygen s o l u b i l i t y  i n  sodium, which i s  t e n t a t i v e l y  a t t r i -  
buted t o  hydrogen e f f e c t s .  These observa t ions  are not  as r e a d i l y  apparent  
from d a t a  obtained wi th  the  commercial meters. 

The small d i f f e r e n c e  i n  s l o p e s  

Af t e r  long per iods  of s t a b l e  loop ope ra t ion ,  t h e  s imultaneous 
responses  of both oxygen and hydrogen meters have been recorded immediately 
a f t e r  bypassing t h e  co ld  t r a p .  S i g n i f i c a n t  changes i n  t h e  meter readings  
have been observed under c e r t a i n  condi t ions .  F i n a l  i n t e r p r e t a t i o n  of 
t h e s e  r e s u l t s  i s  awai t ing  the completion of ana lyses  of e q u i l i b r a t i o n  
samples used t o  independent ly  monitor t h e  impur i ty  levels i n  sodium a f t e r  
bypassing t h e  co ld  t r a p .  

The fol lowing gene ra l  observa t ions  regard ing  t h e  behavior  
of e lec t rochemica l  oxygen meters are based on experience w i t h  several types 
of meters : 

1 )  The s lopes  of curves  (mV/decade i n  oxygen concent ra t ion)  
from a l l  meters were s i g n i f i c a n t l y  less than  those  c a l c u l a t e d  on t h e  b a s i s  
of i d e a l  c e l l  behavior .  

2) Meters u t i l i z i n g  similar e l e c t r o l y t e  tubes bu t  d i f f e r e n t  
r e fe rence  e l e c t r o d e s  gave response curves wi th  approximately t h e  same s lope .  
However, meters u t i l i z i n g  t h e  same re fe rence  e l e c t r o d e  wi th  a d i f f e r e n t  
t ype  of e l e c t r o l y t e  tube  produced curves wi th  measurably d i f f e r e n t  s l o p e s .  
P resen t  d a t a  are n o t  s u f f i c i e n t  t o  determine whether t h i s  e f f e c t  is due t o  
e l e c t r o l y t e  p u r i t y ,  Y 2 O 3  conten t  of t h e  e l e c t r o l y t e ,  o r  s t r u c t u r e  of t h e  
e l e c t r o l y t e  material. 
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3) The presence of s i g n i f i c a n t  amounts of hydrogen i n  t h e  
sodium tended t o  reduce t h e  emf of t h e  meters wi thout  measurably a f f e c t i n g  
t h e  s l o p e s  of t h e  response curves.  This  hydrogen e f f e c t  w a s  observed wi th  
bo th  types of e l e c t r o l y t e  materials and occurred independently of t h e  
r e fe rence  e lec t rode . ,  The reduced emfs are t e n t a t i v e l y  a t t r i b u t e d  t o  con- 
d u c t i v i t y  e f f e c t s  i n  t h e  e l e c t r o l y t e ;  however, hydrogen i n t e r a c t i o n s  w i t h  
t h e  e l e c t r o l y t e  a t  t h e  sodium s i d e  of t h e  c e l l  may a l s o  be a c o n t r i b u t i n g  
f a c t o r .  

B. Hydrogen-Meter Performance 

1. Hydrogen Meter on TEA 
(V. M. Kolba, J.  T. Holmes, P. J. Mack) 

The hydrogen meter i n  t h e  O-H module i n t h e  RSCL of EBR-I1 con- 
t inued  i n  ope ra t ion  i n  t h e  dynamic mode u n t i l  May 19,  1972, when t h e  module 
w a s  s h u t  down. Planned modi f ica t ion  of t h e  meter are expected t o  improve 
t h e  performance of t h e  hydrogen meter i n  t h e  equ i l ib r ium mode a t  low (<0.05 
ppm) hydrogen concent ra t ions  i n  sodium. The modi f ica t ions  w i l l  f i r s t  be 
made on t h e  hydrogen-meter system of t h e  O-H module on TEA. 
which w i l l  provide f o r  r e o r i e n t a t i o n  of t h e  vacuum system and hydrogen 
condi t ion ing  of t h e  n i c k e l  membrane, involve  (1) p lac ing  t h e  i o n i z a t i o n  
gauge c l o s e r  t o  t h e  membrane, (2) reducing t h e  volume of t h e  system when 
t h e  meter i s  opera ted  i n  t h e  equi l ibr ium mode, and (3 )  reducing t h e  number 
of f langed  connect ions between t h e  membrane and t h e  vacuum va lve  t o  a 
minimum. Drawings f o r  t hese  modi f ica t ions  have been made, and f a b r i c a t i o n  
of t h e  p ip ing  f o r  t h e  u n i t  on TEA has  been s t a r t e d .  

The changes,  

I f  t hese  modi f ica t ions  r e s u l t  i n  improved meter performance, 
t h e  hydrogen-meter system i n  t h e  O-H module a t  EBR-I1 w i l l  be  modified 
dur ing  a f u t u r e  shutdown when t h e  module can be  removed f o r  t h e  r equ i r ed  
c u t t i n g ,  welding, and r e l o c a t i o n  of components and suppor ts .  Modi f ica t ions  
s imilar  t o  those  descr ibed  above have a l s o  been made on t h e  hydrogen-meter 
system of  t h e  O-H module t o  be used on t h e  Apparatus f o r  Monitoring and 
Pur i fy ing  Sodium (see Sec t ion  I I I . E ,  below). 

2. Hydropen Meters on RSEA-2 (D. L. Smith) 

Two d i f fus ion- type  hydrogen meters have been opera ted  on t h e  
sodium appara tus  used f o r  t h e  hydrogen e q u i l i b r a t i o n  experiments w i t h  
niobium and vanadium (Sec t ion  II .B.6) .  The r e s u l t s  ob ta ined  from these  
meters c o n t r i b u t e  t o  t h e  i n t e r p r e t a t i o n  of t h e  e q u i l i b r a t i o n  da ta .  The 
probe from one hydrogen meter w a s  submerged i n  t h e  high-temperature equi l -  
i b r a t i o n  v e s s e l  on t h e  sodium appara tus  and operated a t  t h e  e q u i l i b r a t i o n  
temperature ,  t y p i c a l l y  500-750°C. The o the r  meter w a s  i n s t a l l e d  "on-line" 
and w a s  opera ted  a t  400 o r  450OC. F igure  111-2 i s  a p l o t  of t h e  measured 
gauge p res su re  as a func t ion  of co ld- t rap  temperature  recorded f o r  t h e  
two meters a f t e r  extended loop ope ra t ion  a t  cons tan t  system condi t ions .  
The d a t a  i n d i c a t e  good agreement between t h e  two meters. However, t h e  
p re s su re  obta ined  from t h e  on-line meter w a s  dependent on t h e  t i m e  a t  
which i t  w a s  recorded,  s i n c e  t h e  p re s su re  continued t o  d r i f t .  The response 
curve of t h i s  meter w a s  s i m i l a r  t o  t h a t  repor ted  f o r  t h e  hydrogen meter 
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operated at 700°F on TEA.4 The values given in the figures for the on- 
line meter were recorded 90 min after closing the valve. 
the vessel meter maintained constant pressure for periods exceeding two 
weeks. 
reproducible pressures were obtained with this meter after increasing the 
cold-trap temperature for a few days and then returning it to the previous 
lower temperature, while maintaining the meter in the equilibrium mode 
(valve closed). 
a factor of 3.0 to convert to hydrogen pressure, the results are in good 
agreement 

In contrast, 

The stability of the vessel meter is emphasized by the fact that 

If the gauge pressures in Fig. 111-2 are multiplied by 

with data reported by other investigators. 5-9 

%odium Technolopy Quarterly Report, July-December 1971, ANL-7868, p. 17 (1972). 
bM. A. Herold, Compt Rend. 228, 686 (1949). - k. C. Addison, R. J. Pulham, and R. J. Roy, J. Chem. SOC. 116-121 1965. 
7D. W. McClure and G. D. Halsey, Jr., J. Phys. Chem. 69, 3542 (1965). 
8S. A. Meacham, E. F. Hill, and A. A. Gordus, USAEC Report APDA-241 (1970). 
9D. R. Vissers, J. T. Holmes, and P. A. Nelson, Trans. her. Nucl. SOC. 
- 14(2), 610 (1971). 



The measured p res su res ,  which d e v i a t e  from t h e  l i n e a r  curve (Fig.  
111-2) a t  t h e  low cold- t rap  temperatures  (113OoC), are be l ieved  t o  b e  a 
b e t t e r  i n d i c a t i o n  of t h e  t r u e  hydrogen p res su re  i n  sodium than  va lues  pre- 
d i c t e d  from e x t r a p o l a t i o n  of t h e  l i n e a r  curve.  
hydrogen d i f f u s i o n  through t h e  containment v e s s e l  w a s  s u f f i c i e n t  t o  c o n t r i b u t e  
measurably t o  t h e  hydrogen concent ra t ion  and p res su re  i n  sodium a t  t h e  
lower levels a t t a i n a b l e  by cold- t rapping.  This  conclusion is supported 
by d a t a  obtained when t h e  co ld  t r a p  w a s  bypassed a f t e r  long per iods  of 
system ope ra t ion  a t  cons t an t  condi t ions .  
temperatures ,  and hence low hydrogen p res su res ,  t h e  meter p res su re  r a p i d l y  
increased  t o  p re s su res  t y p i c a l l y  i n  t h e  1-3 x Torr  range. A t  t h e  h igh  
co ld- t rap  temperatures ,  t h e  meter t y p i c a l l y  dropped o f f  t o  approximately 
t h i s  same l e v e l  a f t e r  bypassing t h e  co ld  t r a p ,  i n d i c a t i n g  d e p l e t i o n  of 
hydrogen from t h e  sodium when hydrogen w a s  no t  cont inuously supp l i ed  by t h e  
cold t r ap .  Hydrogen p res su res  of %l x Tor r ,  which corresponds t o  a 
co ld- t rap  temperature  of 175'C, are i n  reasonable  agreement wi th  t h e  esti- 
mated atmospheric hydrogen p a r t i a l  p re s su re  of Q7 x Torr  ( i .e . ,  %l 
v o l  ppm). 
i n  sodium a t  low cold- t rap  temperatures ,  t hus ,  are not  n e c e s s a r i l y  l i m i t a -  
t i o n s  of t h e  hydrogen a c t i v i t y  meter, b u t  r a t h e r  may r e s u l t  from i n a b i l i t y  
t o  main ta in  low hydrogen concent ra t ions  i n  sodium. 

Evident ly  t h e  rate of 

For i n i t i a l l y  low cold- t rap  

Dif fe rences  between p red ic t ed  and measured hydrogen p res su res  

The fol lowing two conclusions have r e s u l t e d  from t h e  s imultaneous 
ope ra t ion  of t h e s e  two hydrogen meters on the  same sodium appara tus .  F i r s t ,  
t h e  d r i f t  i n  p re s su re  encountered wi th  t h e  on-l ine meter is  p a r t i a l l y  
a t t r i b u t e d  t o  atmospheric hydrogen which d i f f u s e s  through t h e  h igh  tempera- 
t u r e  p o r t i o n  of t h e  vacuum l i n e  w a l l  ad jacent  t o  t h e  sodium loop. No d r i f t  
w a s  observed wi th  t h e  vessel m e t e r  on which t h e  vacuum l i n e  w a s  cooled t o  
<5OoC i n  t h e  cover gas reg ion  of t h e  v e s s e l  be fo re  i t  contac ted  t h e  atmos- 
phere d i r e c t l y .  Therefore ,  improved ope ra t iona l  behavior  of on-l ine type  
meters should r e s u l t  from redes ign  of t h e  probe t o  e l i m i n a t e  con tac t  of 
t h e  vacuum l i n e  wi th  t h e  atmosphere a t  high temperatures.  

Second, t h e  long-term (weeks) s t a b i l i t y  of t h e  vessel meter 
combined wi th  i t s  r e l a t i v e l y  r a p i d  response ,at t h e  h igher  ope ra t ing  temper- 
a t u r e s ,  ?65OoC, are a t t r a c t i v e  f e a t u r e s  f o r  a p p l i c a t i o n  of t h i s  meter as 
a n  equilibrium-mode hydrogen l e a k  d e t e c t o r .  P re s su re  v a r i a t i o n s  r e s u l t i n g  
from cold- t rap  temperature  f l u c t u a t i o n s  of only +2'C w e r e  observable ,  even 
a t  p re s su res  of 1-3 x Torr .  Operat ion of t h e  l e a k  d e t e c t o r  i n  t h e  
equ i l ib r ium mode would e l i m i n a t e  t h e  p o t e n t i a l  problems a s soc ia t ed  wi th  
v a r i a b l e  pumping speeds of t h e  i o n  pumps during ope ra t ion  of t h e  meters 
i n  t h e  dynamic mode. 

C. Meter Modules (V. M. Kolba, J. T. Holmes, J.  M. McKee, D. R. Vissers, 
M. A. Slawecki , l0  P. J.  Mack, L. G. Bartholme, L.  J. Marek) 

The o b j e c t i v e  of t h i s  work is  t o  des ign ,  p r o o f t e s t ,  and e s t a b l i s h  
commercial a v a i l a b i l i t y  of on-l ine meter modules. These modules inc lude  
impuri ty  meters and t h e  flow and temperature  c o n t r o l s  r equ i r ed  f o r  proper  
meter opera t ion .  

"Design Group , Chemical Engineering Div is ion ,  ANL. 

n 



1. Oxygen-Hydrogen Meter .(O-H) Modules 
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Two O-H modules, each containing two oxygen meters and one 
hydrogen meter, are currently being tested: 
and the other in radioactive primary sodium at EBR-11. 
module has been installed on A M P S .  

one at ANL-Illinois on TEA 
A third O-H 

a. O-H Module, Cell B of the RSCL at EBR-I1 

The O-H module had operated with the meters at 700°F for a 
total of 3565 hr as of May 19, 1972, when it was shut down to perform 
calibration and preventive maintenance work on the module and the RSCL 
instruments. Operation is expected to be resumed in early July, and plans 
are being made to raise the operating temperature of the meters to 900°F. 
It is expected that operation at the higher temperature will improve the 
performance of both the oxygen and hydrogen meters. 

b. O-H Module on TEA 

The O-H module on TEA has been tested at sensor temperatures 
of 700, 800, and 900°F with an inlet sodium temperature of 700°F. 
sodium in TEA has been cold-trapped at oxygen levels in the range of 0.5 
to 40 ppm and hydrogen levels in the range of 0.025 to 3 ppm. Recently, 
a test was conducted to provide data on temperature distribution within 
the module for use by EBR-11. The module was operated with sodium-inlet 
temperatures of 500, 595, and 650°F and meter temperatures of 700 and 
900°F at each inlet temperature. The temperature-distribution results 
have been sent to EBR-11. 

The 

2. Carbon Meter-Equilibration (C-E) Module 

The C-E module contains a preheater and an isothermal zone (for 
a carbon-meter probe or for equilibration of metal specimens) in series 
with a regenerative heat exchanger, flow-control valve, and flow indicator. 
Three of these modules have been built at ANL: one is in use at ANL in 
the OMR, one is in operation at EBR-TI in Cell C of the RSCL, and one has 
been installed on AMPS. The modules in the OMR and the RSCL are being 
used initially for calibrating oxygen meters by the equilibration of 
vanadium metal specimens. 
used for calibrating oxygen meters there. A fifth was built at HEDL and 
installed in the Sodium Characterization Systemofthe Prototype Applica- 
tions Loop (PAL). 

A fourth module was built at WARD and has been 

Screen strainers (100-mesh) have been installed in the inlet and 
outlet piping of the C-E module in the RSCL at EBR-11. 
are being used to insure complete containment of vanadium-wire specimens 
within the module during equilibrations of the specimens for determination 
of oxygen activity of EBR-I1 primary sodium. 

These strainers 

- 
A new, basket-type specimen holder that provides complete con- 

tainment of specimens within the basket has also been designed for use in 
this module. After prooftesting, the new specimen holder will replace 
the present holder and the screen strainers as well. Drawings of the new 



30 

n 
holder  have been submit ted t o  t h e  EBR-I1 P r o j e c t  f o r  review. The new 
ho lde r  has  a l a r g e r  capac i ty  and w i l l  provide t h e  c a p a b i l i t y  of e q u i l i -  
b r a t i n g  metal specimens i n  shapes o t h e r  than  wires,  e .g . ,  s h e e t  specimens 
and encapsulated wires. A pro to type  specimen baske t  has  been f a b r i c a t e d  
and has  been used s u c c e s s f u l l y  i n  t h e  OMR t o  e q u i l i b r a t e  specimens of 
va r ious  shapes f o r  t h e  de te rmina t ion  of oxygen, hydrogen, and carbon i n  
sodium. 

A t  t h e  r eques t  of t h e  Liquid Metal Engineering Center (LMEC), 
ANL w i l l  f a b r i c a t e  t h r e e  low-cost e q u i l i b r a t i o n  devices  (ANL-7916, p. 31) 
and a s i n g l e  instrument  console  se rv ing  a l l  t h r e e .  Procurement of mater- 
i a l s  and components w i l l  be  s t a r t e d  upon r e c e i p t  of a purchase o rde r  from 
LMEC . 
D. Detec tors  fo rLeaks  i n  S team Generators  

1. Leak Detec tors  forLMEC-SCTI (C. C. McPheeters, V.  M. Kolba, 
M. A. Slawecki'") 

Two hydrogen-meter l e a k  d e t e c t o r s  f o r  water o r  steam l e a k s  i n  
steam gene ra to r s  have been suppl ied  t o  LMEC f o r  use  on t h e  Sodium Compo- 
nen t s  T e s t  I n s t a l l a t i o n  (SCTI) dur ing  steam-generator tests. Unit  1 w a s  
i n s t a l l e d  on t h e  SCTI e a r l y  i n  ca lendar  1972, and w a s  s t a r t e d  up dur ing  
A p r i l ,  a l though some d i f f i c u l t y  w a s  encountered i n  i n i t i a t i n g  sodium flow. 

The hydrogen concen t r a t ion  i n i t i a l l y  ind ica t ed  by Unit  1 w a s  0.64  
ppm. This  l e v e l  decreased slowly as t h e  SCTI sodium w a s  cold-trapped and 
a f i n a l  level of Q0.03 ppm w a s  a t t a i n e d .  The meter performance was checked 
by changing t h e  membrane temperature  by 100°F (900 t o  800°F) and no t ing  
t h e  change i n  ion-pump cu r ren t .  The observed change w a s  less than  theore t -  
i c a l  and o u t s i d e  t h e  a l lowable  l i m i t s  s p e c i f i e d  i n  t h e  ope ra t ing  manual 
(+20% of t h e o r e t i c a l ) .  It w a s  concluded t h a t  t h e  vacuum system requr i ed  
baking out .  When t h e  SCTI  w a s  s h u t  down i n  May t o  i n s t a l l  l e a k  d e t e c t o r  
Unit  2 ,  t h e  vacuum system of Unit  1 w a s  baked out  a t  150 t o  250°C f o r  
approximately 1 week. The ra te  of heat-up t o  t h e  baking temperature  w a s  
c a r e f u l l y  c o n t r o l l e d  t o  prevent  t h e  ion-pump c u r r e n t  from exceeding 200 WA; 
t h i s  was necessary t o  avoid subsequent d e t e r i o r a t i o n  of pump performance. 

Af t e r  s t a r t u p  of t h e  SCTI ,  both l e a k  d e t e c t o r s  i nd ica t ed  a 
hydrogen concen t r a t ion  of %0.03 ppm. The d e t e c t o r s  w e r e  checked f o r  
proper  ope ra t ion  by changing t h e  membrane temperature  by 100°F, and both  
u n i t s  were w i t h i n  t h e  a l lowable  range of t h e  t h e o r e t i c a l  change. 

When water was added t o  t h e  steam gene ra to r ,  both meters ind ica t ed  
a marked i n c r e a s e  i n  t h e  hydrogen level  i n  t h e  SCTI. The i n d i c a t e d  hydrogen 
level r o s e  t o  a maximum of QO.2 ppm whi le  t h e  steam genera tor  w a s  no t  y e t  t o  
f u l l  ope ra t ing  temperature  and began t o  subs ide  a f t e r  several days a t  f u l l  
power. 
co r ros ion  of t h e  low-alloy steel tubes i n  t h e  steam genera tor .  Some of 
t h e  nascent  hydrogen thus  r e l eased  d i f f u s e s  through t h e  tube  w a l l  i n t o  
t h e  sodium. Decomposition of hydrazine i n  t h e  feed  water is  a l s o  a p o s s i b l e  
source  of hydrogen. 

The p r i n c i p a l  sou rce  of t h e  hydrogen is be l ieved  t o  be water-s ide 

n 
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2. Leak Detectors for EBR-I1 Steam Generators (J. T. Holmes) 

EBR-I1 management and RDT have agreed that ten steam-generator 
leak detector modules of the ANL design be.installed on the EBR-I1 
secondary sodium system to provide continuous monitoring. 
system design description 
recommendation. RDT has requested the incorporation of inlet and outlet 
sodium isolation valves on each module. 
of including the valves. 

A complete 
is being prepared by EBR-I1 to supplement their 

EBR-I1 is assessing the feasibility 

E. Apparatus for Monitoring and Purifying Sodium ( A M P S )  (J. M. McKee, 
D. J. Raue') 

Construction of A M P S ,  the facility that will be used to develop methods 
for tritium monitoring and control (see Section IV.C), is nearing com- 
pletion. An 0-H module, two in-line samplers, two vapor traps, a tritium 
monitor (except for the probe), and a mixing tee have been fabricated and 
installed in AMPS. All welds have been inspected by radiography and dye- 
penetrant tests. Leak testing of the sodium-containment system is in 
progress. Wiring of the 54-kW main heaters, the electromagnetic pumps, 
the enclosure exhaust system, and two of the three cold-trap blowers was 
completed. All flowmeter and leak-detector leads, trace heaters, and 
thermocouples have been connected. Thermal insulation will be installed 
as soon as the trace heaters and thermocouples have been tested. Designs 
of tritium probes forusein sodium and cover gas are nearing completion. 



IV. FISSION PRODUCT AND COVER GAS TECHNOLOGY 
(C. C. McPheeters) 

n 

A. Development of FEDAL Methods for FFTF 

Two methods for detecting and characterizing possible fuel-cladding 
ruptures in FFTF are under development. These methods involve analysis 
of the cover gas over the reactor and of the primary coolant. 
developed from these methods will become part of the FFTF Fuel Failure 
Monitoring System. 

The systems 

1. Analysis of Cover Gas (C. C. McPheeters, N. R. Chellew, 
M. S. Foster,' R. W. Kessie,' R. D. Wolson) 

The cover-gas analysis for detecting and characterizing fuel- 
element cladding ruptures involves sampling of the cover gas, separation 
of gases by chromatography, and analysis for the xenon and krypton isotopes 
of interest by gamma spectrometry. A system that utilizes this method has 
been designed. This system consists of three sections: (1) a cover-gas 
sampling subsystem that samples the cover gas, separates 23Ne and 41Ar 
from the xenon and krypton by chromatography,and retains the xenon and 
krypton near a Ge(Li) detector during gamma counting (this subsystem also 
includes a control console that operates the sampling valves and monitors 
and records the process variables); (2) a detector subsystem that includes 
a Ge(Li) detector, associated power supply, preamplifier, amplifier, liquid- 
nitrogen Dewar flask, three single-channel analyzers, ratemeters, recorders, 
and alarms; and ( 3 )  a characterization subsystem that includes a 4096- 
channel analyzer and a mini-computer for data analysis and process control. 

Specifications have been prepared for each of these subsystems 
for use by Hanford Engineering Development Laboratory (HEDL) in ordering 
the system for installation on FFTF. 
gas sampling subsystem was prepared using RDT Standard C 12-1, "Gas 
Chromatograph for Sodium Cover Gas Service." The Specifications HWS-1917A 
for the detection subsystem and HWS-1917B for the characterization sub- 
system were prepared using RDT Standard C 14-3, "Gamma-Ray Spectrometer- 
Computer System." 
by RDT. These revisions have been made and the document has been issued 
as a tentative standard. 

Specification HWS-1920 for the cover- 

Standard C 14-3 was approved, with suggested revisions, 

2. Analysis of Sodium by Sparging 

A sparger and sparge-gas analysis system are being fabricated 
for laboratory testing at ANT.,-Illinois. The piping layout, valving, and 
component arrangement will simulate a conceptual system for LMFBR installa- 
tion, During operation of the device, sodium is circulated through a 
sparging vessel (constructed of 2-in. pipe) that has an isolated gas space 
to prevent the sodium level from rising to flood the vessel. After a 
sufficient circulation time has elapsed for representative sodium sampling, 
the sodium-outlet valve is closed and the gas phase is vented to permit 
sodium to rise in the vessel until a signal from an inductive level sensor 

lComputer Applications Group, Chemical Engineering Division, ANL. Q 
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c l o s e s  t h e  sodium-inlet  valve.  Argon sparge  gas i s  bubbled through t h e  
sodium sample (%570 cm3) and t h e  e f f l u e n t  spa rge  gas i s  d i r e c t e d  through 
a n  ae roso l - t r ap  system c o n s i s t i n g  of a packed vapor condenser and a high- 
e f f i c i e n c y  f i l t e r .  The gas then e n t e r s  a sparge-gas a n a l y s i s  system, i n  
which ac t iv i t i e s  sparged from t h e  sodium are monitored by gamma counting. 

A small-scale ( 2.5 g a l )  pumped sodium c i r c u i t ,  designed t o  
supply a c o n t r o l l e d  flow of sodium t o  t h e  pro to type  spa rge r ,  has  been 
cons t ruc t ed ;  a f i n a l  helium leak-check has  been performed on t h e  system; 
thermocouples and h e a t e r s  have been t e s t e d ;  and t h e  appara tus  is ready 
f o r  f i l l i n g  wi th  sodium, Current  p l ans  are t o  ope ra t e  t h e  sodium supply 
appara tus  f o r  a shakedown per iod  of a t  least  two weeks p r i o r  t o  i n s t a l l a -  
t i o n  of t h e  spa rge r  module. 

B. I n s t a l l a t i o n  of Pro to type  Detec t ion  Systems on EBR-I1 (N. R. Chellew, 
C.  C.  Honesty, R. D. Wolson) 

1. Sodium Sparger 

O r i g i n a l  p lans  were t o  i n s t a l l  p ro to tpyes  of a spa rge r  and sparge- 
gas  a n a l y s i s  system as w e l l  as a cover-gas a n a l y s i s  system on E B R - I 1  f o r  
t e s t i n g .  Recent p r i c e  quo ta t ions  from s u p p l i e r s  f o r  f a b r i c a t i o n  of sparge- 
system components t o  app l i cab le  RDT s tandards  have ind ica t ed  t h a t  t h e  c o s t  
of i n s t a l l a t i o n  of t h e  sodium spa rge r  on EBR-I1 cannot be  accommodated i n  
t h e  budget f o r  FY 1973. A l t h o u g h i n s t a l l a t i o n  of t h e  cover-gas a n a l y s i s  
system on EBR-I1  w i l l  proceed as planned, t h e  i n s t a l l a t i o n  of t h e  sparg ing  
system has  been de fe r r ed .  

2. Cover-Gas Analysis System 

The cover-gas a n a l y s i s  system t o  be i n s t a l l e d  a t  EBR-I1  is  
e s s e n t i a l l y  i d e n t i c a l  t o  t h e  system designed f o r  FFTF. Current  p l ans  are 
t o  i n s t a l l  t h i s  system i n  t h e  experimental  equipment b u i l d i n g  j u s t  o u t s i d e  
t h e  primary containment bu i ld ing  a t  EBR-11. HEDL's Charged Tape Detec tor  
w i l l  be  i n s t a l l e d  i n  t h e  same area, and t h e  same cover-gas sample l i n e  w i l l  
p rovide  samples t o  both systems. 

A pro to type  of t h e  cover-gas a n a l y s i s  system is being b u i l t  

Design and d r a f t i n g  f o r  t h e  pro to type  are w e l l  under way, and 
f o r  t e s t i n g  i n  t h e  l abora to ry  a t  ANL-Illinois p r i o r  t o  t h e  i n s t a l l a t i o n  
a t  EBR-11. 
most of t h e  va lves ,  f lowmeters,  and o t h e r  hardware components have been 
purchased. 

The pro to type  system w i l l  be  t e s t e d  us ing  samples of argon con- 
t a i n i n g  8 5 K r  and 133Xe.  
va lves  under continuous c y c l i c  ope ra t ion ,  t h e  s u i t a b i l i t y  of t h e  chromato- 
graphic-column design f o r  s e p a r a t i o n  and r e t e n t i o n  of t h e  i so topes  dur ing  
gamma count ing,  and t h e  performance of t h e  gamma-counting equipment. 

The tests w i l l  determine t h e  performance of t h e  

3. Aerosol  Co l l ec t ion  

The pro to type  spa rge r  and t h e  spa rge r  t o  be i n s t a l l e d  on EBR-I1  
w i l l  r e q u i r e  sodium a e r o s o l  t r a p s  t h a t  w i l l  remove en t r a ined  sodium vapor 
and a e r o s o l  from t h e  sparge-gas streams. A series of experiments w a s  



run t o  determine t h e  amount of sodium ae roso l  expected t o  be generated a t  
va r ious  temperatures and wi th  d i f f e r e n t  cover gases .  

The test appara tus ,  which w a s  l oca t ed  i n s i d e  an  argon-atmosphere 
drybox, cons i s t ed  of a 2-in. schedule  40 s t a i n l e s s  steel  p ipe  18 i n .  long. 
The p i p e  w a s  f i l l e d  wi th  sodium (~50 g) t o  a h e i g h t  of ~3 i n .  
4 i n .  of t h e  tube  was heated wi th  a tube  furnace  whi le  t h e  p ipe  w a s  
o r i en ted  ~ 4 0 "  from v e r t i c a l s o t h a t  t h e  sodium pool and a e r o s o l  could b e  
viewed through a Pyrex window a t  t h e  top. 
gas  through t h e  system were 1/4-in.-OD s t a i n l e s s  steel  tubes t h a t  pene t r a t ed  
t h e  s i d e s  of t he  pipe.  The i n l e t  w a s  pos i t i oned  s o  t h a t  t h e  gas en tered  
t h e  p ipe  near  t h e  top  of t h e  sodium pool and t h e  o u t l e t  w a s  ~1 i n .  below 
t h e  viewing window. The a e r o s o l  generated w a s  c o l l e c t e d  on 37-mm M i l l i p o r e  
f i l t e r s  (0.8 pm pore s i z e )  t h a t  were pos i t ioned  i n  t h e  ex i t  stream. 

The lower 

The i n l e t  and o u t l e t  f o r  pass ing  

Both helium and argon were used as t h e  sodium cover  gas a t  flow 
rates of 100 and 1000 cm3/min; ae roso l  w a s  c o l l e c t e d  a t  350 and 450°C. 
During c o l l e c t i o n , a  s l i g h t  nega t ive  p re s su re  was maintained on t h e  back 
s i d e  of t h e  f i l t e r  w i th  a vacuum pump. 

With helium cover gas ,  l i t t l e  o r  no sodium could be  seen  c o l l e c t i n g  
on t h e  f i l t e r ,  and t h e  gas space  above t h e  sodium appeared t o  be clear. 
With argon and a sodium temperature  of 350"C, sodium could be  seen  c o l l e c t i n g  
on t h e  f i l t e r  almost immediately and, a l though t h e  sodium pool  w a s  v i s i b l e ,  
a e r o s o l  was p resen t .  
t h e  f i l t e r  i n  ~2 min, and v i s i b i l i t y  w a s  l i m i t e d  t o  ~1 i n .  below t h e  viewing 
window. 

A t  450°C wi th  argon, lumps of sodium c o l l e c t e d  on 

Mixtures of helium and argon (10 and 50% helium by volume) were 
a l s o  t e s t e d .  Visua l  observa t ion  suggested t h a t  less a e r o s o l  w a s  formed 
w i t h  t h e s e  mixtures .  However, subsequent ana lyses  ind ica t ed  t h a t  t h e  
amount of a e r o s o l  w a s  approximately t h e  same as wi th  pure argon;  appa ren t ly ,  
only t h e  p a r t i c l e  s i z e  had changed. 

The f i n a l  series of tests w a s  performed a t  450°C by pass ing  pure 
helium and pure  argon through t h e  appara tus  a t  a flow ra te  of 1000 cm3/min. 
An i n t e r e s t i n g  observa t ion  dur ing  t h e  argon test  w a s  t h a t  v i s i b i l i t y  down 
i n t o  t h e  tube w a s  increased  a t  t h e  h igher  flow rate,  and t h e  viewing g l a s s  
d id  no t  fog up. 
and apparent ly  t h e  e x i t  tube  w a s  on t h e  verge  of becoming plugged. 

Sodium w a s  being c o l l e c t e d  a t  a g r e a t e r  rate,  however, 

With 1000 cm3/min helium flow, t h e  gas space  above t h e  sodium 
w a s  v i s u a l l y  c l e a r ,  b u t  a t h i n  f i l m  of sodium could be seen  c o l l e c t i n g  
on t h e  f i l t e r  during t h e  c o l l e c t i o n  per iod .  

The f i l t e r  packs from a l l  t h e  tests were t r e a t e d  by a procedure 
which conver t s  t h e  sodium a e r o s o l  t o  s t a b l e  sodium carbonate .  
i s  based on ( a )  t h e  r e a c t i o n  of sodium w i t h  water vapor t o  form sodium 
hydroxide and (b) t h e  r e a c t i o n  of hydroxide wi th  carbon d ioxide  t o  form 
carbonate .  

2F. J. F i l e s ,  J r . ,  P. Himot, and M. W. F i r s t ,  High Capacity--High Ef f i c i ency  

The procedure2 

The Mi l l i po re  f i l t e r  packs f o r  bo th  samples and blanks (open 

F i l t e r s  f o r  Sodium Aerosol,  NYO-841-10, Harvard A i r  Cleaning Laboratory,  
School of Pub l i c  Heal th ,  Harvard Univers i ty  (August 1967) .  
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on the floor of the box during the collection period) were taken into a 
glovebox which had an atmosphere of humid nitrogen and C02 (3% H20 vapor 
and 2% C02 by volume). The filter packs were left in this environment 
for 16 hr. The filters were then treated with 100 ml of demineralized 
water for 24 hr to dissolve the carbonate. 

Results of the analyses3 are summarized in Table IV-1, where it 
can be seen that aerosol is generated at a greater rate in argon than in 
helium. 
did helium at low (100 cm3/min) flows and ~ 4 0  times as much at high 
(1000 cm3/min) flows. 
15-fold increase in aerosol generation rate in both gases. 

Argon cover gas entrained %lo3 times as much sodium aerosol as 

A 100°C temperature increase accounted for a 10- to 
These results 

TABLE IV-1. Results of Aerosol-Collection Tests 

Cover-Gas Volume: 796 cm3 
Surface Area of Sodium: 28.8 cm2 

~~~~ ~ ~ ~ 

Cover Gas Composition Temperature, OC Aerosol Collected, mg/hr 

Helium 
Helium 
Helium 
Helium 
Argon 
Argon 
Argon 
Argon 

50% Helium-50% Argon 
50% Helium-50% Argon 
50% Helium-50% Argon 
50% Helium-50% Argon 
10% Helium-90% Argon 
10% Helium-90% Argon 
10% Helium-90% Argon 
10% Helium-90% Argon 

Helium 
Helium 
Argon 
Argon 

Gas Flow Rate: 100 cm3/min 

350 
350 
450 
450 
350 
350 
450 
450 
350 
350 
450 
450 
350 
350 
450 
450 

Gas Flow Rate: 1000 cm3/min 

450 
450 
450 
450 

7 10-3 
a 

7 x 10-2 
1.1 x 10-1 

25 
19 
215 
215 

14 
14 
201 
20 7 
12 
13 
188 
132 

34 
34 

1352 
1440 

%ot measurable 

3Analyses performed by F. R. Lawless, Analytical Standards Laboratory. 



sugges t  t h a t  a e r o s o l  formation may be  due t o  a combination of gas momentum 
f o r c e s  ( turbulence)  and buoyancy fo rces .  

These tests have provided information on t h e  quan t i ty  of a e r o s o l  
t h a t  must be  removed from t h e  sparge-gas stream. 
i n s t a l l e d  on EBR-11, argon must be used as t h e  sparge  gas.  This  is  necessary 
because i t  is p o s s i b l e  t h a t  sparge  gas could be inadve r t en t ly  introduced 
i n t o  t h e  primary sodium stream and subsequent ly  i n t o  t h e  cover-gas system. 
I f  helium w e r e  used as the  spa rge  gas and thus  introduced i n t o  t h e  cover 
gas ,  i t  would i n t e r f e r e  wi th  t h e  gas-chromatographic a n a l y s i s  f o r  hydrogen. 

I n  t h e  sparger  t o  be  

Addi t iona l  tests are planned t o  determine t h e  e f f e c t i v e n e s s  of 
a se roso l - t r ap  designs f o r  a e r o s o l  removal from t h e  sparge-gas stream. The 
p resen t  design of an experimental  t r a p  f o r  c o l l e c t i o n  of sodium a e r o s o l s  
leav ing  t h e  sparge  v e s s e l  c o n s i s t s  of a packed p ipe ,  1.05-in.-ID by 1 3  i n .  
long. 
t o  125'C i n  t h e  t r a p  be fo re  being d i r e c t e d  i n t o  a h igh-ef f ic iency  a e r o s o l  
f i l t e r .  Mockups of t h e  sparge  vessel and vapor t r a p  have been f a b r i c a t e d  
and tests are planned t o  eva lua te  t h e  e f f i c i e n c y  and dra inage  c h a r a c t e r i s -  
t i c s  of t h e  t r a p  i n i t i a l l y  packed wi th  1/4- in . -dia  Raschig r i n g s .  

Sparge gas flowing a t  1000 cm3/min w i l l  be cooled from about 360 

C. On-Line Tr i t i um Monitor (A. F. Panek, R. Kumar, P. A. Nelson) 

I n  an LMFBR, t r i t i u m  is  produced by t e rna ry  f i s s i o n  i n  t h e  f u e l  and 
by neutron a c t i v a t i o n  of boron i n  t h e  t e t r aboron  ca rb ide  c o n t r o l  rods.  
A l a r g e  f r a c t i o n  of t h e  t r i t i u m  t h a t  is generated i s  r e l eased  t o  t h e  
primary sodium. Plans are now being formulated f o r  a s tudy  of t r i t i u m  
behavior  a t  EBR-I1 as a func t ion  of o p e r a t i o n a l  changes p o s s i b l e  w i t h i n  
t h e  c o n s t r a i n t s  of EBR-I1 opera t ion .  A model of expected tritium behavior  
i n  EBR-I1  (as w e l l  as o t h e r  LMFBRs) is  being developed t o  guide t h e  EBR-I1  
tests. Another f a c e t  of t h i s  work is  t h e  development of an on-l ine 
tritium monitor t o  f a c i l i t a t e  s tudy of t r i t i u m  behavior  i n  loop systems 
and, probably,  a t  EBR-11. Such a monitor could a l s o  be r equ i r ed  on r eac to r -  
sodium and cover-gas systems. 

The proposed monitor is based on t h e  d i f f u s i o n  of t r i t i u m  and hydro- 
gen through a permeable membrane of i r o n  o r  n i c k e l ,  immersed i n  t h e  c i r -  
c u l a t i n g  sodium. 
hydrogen carrier gas i n t o  an ion iza t ionchamber  f o r  de te rmina t ion  of t r i t i u m  
concent ra t ion .  

The tritium and hydrogen are then  swept by an  argon- 

I n i t i a l  c a l c u l a t i o n s  on t h e  d i f f u s i o n  of t r i t i u m  through t h e  membrane 
of t h e  tritium monitor (ANL-7944, p. 35) were made f o r  a probe c o n s i s t i n g  
of an  i r o n  tube  0.375-in. OD by 3.5 i n .  long wi th  a 0.018-in.-thick w a l l .  
For t h i s  probe, i t  w a s  c a l c u l a t e d  t h a t  t r i t i u m  l e v e l s  i n  sodium t y p i c a l  
of EBR-I1 and those  expected a t  o t h e r  LMFBRs would provide adequate  t r i t i u m  
count rates i n  t h e  i o n i z a t i o n  chamber. 

Nickel  has  several advantages over i r o n  as a d i f f u s i o n  membrane f o r  
t h i s  a p p l i c a t i o n .  
atmosphere such as t h a t  a n t i c i p a t e d  f o r  hydrogen-containing sweep gas .  
N i t r i d i n g  would impose a gradual ly  inc reas ing  resistance t o  gas  t r a n s p o r t  
through t h e  membrane. Secondly, d a t a  are a v a i l a b l e  i n  t h e  l i t e r a t u r e  on 

F i r s t l y ,  n i c k e l  is not  s u b j e c t  t o  n i t r i d i n g  i n  a reducing 

n 
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the transport of tritium and hydrogen throu h nickel. (In the earlier 

to be equal for lack of more specific information on the diffusion of the 
two isotopes through iron.) In respects other than the nitriding problem, 
nickel is not expected to behave very differently from iron. The permea- 
bilities of hydrogen through the two metals are similar, particularly at 
higher temperatures. 

calculations, the permeabilities of 3H and 9 H through iron were assumed 

As discussed previously (ANL-7944), a diffusion-type tritium monitor 
could be operated in two different modes: 
dynamic mode. The dynamic mode is the more useful since the concentration 
of HT in the sweep gas leaving the probe is relatively insensitive to small 
variations in the hydrogen content of the sodium and the sweep gas, and is 
a function only of the tritium activity in sodium, the sweep-gas flow rate, 
and the probe temperature. Diffusion calculations have now been made for 
dynamic-mode operation of a tritium monitor with a nickel membrane. The 
data of Hawkins4 on the solubilities of hydrogen isotopes in nickel and 
the data of Katz -- et a1.5 on the diffusivities were used to obtain the 
permeabilities of hydrogen and tritium through nickel. Two different probe 
sizes were used for the calculations. The membrane of the larger sized 
probe, which was designed to fit in the specimen-equilibration module 
housing, was considered to be a nickel tube 3.3 in. long by 0.375-in. OD 
with a 0.015-in.-thick wall. The smaller probe was sized to fit in a 
Westinghouse oxygen-meter housing, and its membrane was considered to be 
a nickel tube 1.26 in. long by 0.375-in. OD with a 0.015-in.-thick wall. 

an equilibrium mode and a 

The results of the calculations for the larger probe operating at 
750 and 930°F (typical temperatures expected in secondary and primary 
sodium in future LMFBRs) are shown in Table IV-2. The results obtained 
for the smaller probe at 900°F (the operating temperature in the standard 
O-H meter module) are shown in Table IV-3. The HT concentrations are 
expressed in the tables both as HT pressure and as tritium activity in 
the sweep gas. 

Typical tritium concentrations at EBR-I1 are about lo1 atoms/kg Na 
and 2 x lOI4 atoms/kg Na in the primary and secondary sodium, respectively. 
From Tables IV-2 and IV-3, it is evident that at the lower sweep-gas flow 
rates, both probes would provide adequate amounts of tritium for counting 
at these tritium concentrations in the sodium. Two such probes will be 
fabricated and prooftested on the Apparatus for Monitoring and Purifying 
Sodium (AMPS) (see Section 1II.E). 

In preparation for operation of the monitor on AMPS, several laboratory 
experiments have been conducted to determine the appropriate mode of 
operation of the ionization counter. Generally, this work has included 
the determination of response characteristics of counting tubes of 
different volumes, optimum electronic operating conditions, and the 
testing of the effect of various carrier-gas compositions on the general 
behavior of the counting system. 

4N. J. Hawkins , KAPL-868 (1953). 
5L. Katz, M. Guinan, and R. J. Borg, Phys. Rev. B - 4(2), 330 (1971). 



TABLE IV-2. Computed Tritium Concentrations in Sweep 
Gas from a Diffusion Probe for Carbon 
Meter Housing--Dynamic Mode Operation 

Membrane: Nickel tube, 0.375-in. OD by 3.3 in. 
long by 0.015-in.-thick wall 

Tritium Disinte- 
TNa9 Temp., Sweep-Gas Flowrate, PHT from Probe, gration Rate, dps/ 

atoms/kg Na OF ml/sec atm ml of Sweep Gas 

9 1014 750 

930 

0.1 
0.2 
0.5 
1.0 

1.19 x 10-l0 
6 . 0 4  x lo-’’ 

5.75 
2.9 

2.44 x 1.2 
1.22 x 10-11 0.6 

0.1 3.83 x 18.5 
0.2 2.04 x 10”O 9.9 
0.5 8.46 x 4.1 
1.0 4.28 x 2.1 

TABLE IV-3. Computed Tritium Concentrations in Sweep 
Gas from a Diffusion Probe for Oxygen 
Meter Housing--Dynamic Mode Operation 

Membrane: Nickel tube, 0.375-in. OD by 1.26 in. 
long by 0.015-in.-thick wall 

Tritium Disinte- 
Temp., Sweep-Gas Flowrate, PHT from Probe, gration rate, dps/ TNa’ 

ml/sec atm ml of Sweep Gas atoms/kg Na OF 

9 101~ 900 0.05 2.53 x 10”O 12.2 
0.10 1.31 x 10”O 6.35 
0.20 0.67 x 10-l’ 3.24 
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To gain maximum sensitivity in the counting system, the ionization 
chambers are operated in the Geiger-Mueller region, rather than in the 
proportional counting region. Because of the high voltages (1350 to 
1450 V) required in this counting mode, a quench gas (in this case, 
methane) must be present in the gas stream to reduce the large dead time 
of the counter. 

The methane concentration necessary to maintain system stability 
and counting reproducibility is dependent on the applied voltage as well 
as on the level of expected counting. In preliminary experiments, an 
external source of radium-226 was used to demonstrate changes in counting 
efficiency while setting the electronic variables. A flowing gas mixture 
of known tritium concentration was then used to optimize counting conditions. 

Table I V - 4  presents the results obtained with two "homemade" ioniza- 
tion chambers of 25 and 240 ml nominal volume for a mixture of tritium and 
hydrogen in argon. Also given inthetable is a value obtained by internal 
proportional counting for a sample of the same mixture. Although the data 
so far are limited, indications are that the counting efficiency is close 
to the expected value of 100% and that linearity of response is independent 
of a given chamber volume. 

The effects on counting of changes in hydrogen and methane concentra- 
tions in the gas stream were tested. Hydrogen was of interest because it 
will be present at concentrations possibly as high as 1% in the gas stream 
to the ionization chamber. At potentials below 2300 V ,  no interferences 
were observed at hydrogen levels as high as 1.66%. At higher voltages and 
greater hydrogen concentrattions, preliminary results indicate somewhat 

TABLE I V - 4 .  Effect of Counting-Chamber V o l u m e  on 
Counting Efficiency for Tritium 

Mixture used: argon containing %0.5 VCi T/ 
liter and 40 ppm H2 

Total Bkg. Net Net 
CPS CPS cps cps/ml 

25-ml counting chambera 736 4.2 732 29.3 

240-ml counting chambera 7206 9.3 7197 30.0 

I.P.C.b (5.25 ml) - - 141 26.8 

a Conditions: methane composition, 3.25%; applied voltage, 
2200 V (25 ml) and 2000 V (240 ml); flow rate through 
ionization chamber, 42.2 ml/min; single channel analyzer, 
integration mode. 

bInternal proportional counting , Chemistry Division, ANL. 



elevated count rates. Methane concentrations of less than %3% produced 
a sharp increase in count rate due to a decrease in the quenching action. 

Ionization chambers having volumes of 20 and 85 ml are available 
commercially, and one of each of these sizes has been ordered. Although 
no significant difference is expected, the operating characteristics of 
each tube will be determined. The feasibility of operating the two tubes 
in series or parallel also will be explored. 
should extend the flexibility of the tritium monitor if both the equilib- 
rium and dynamic modes are used. It is expected that greater sensitivity 
(with a corresponding longer residence time and a slower response time) 
will be obtained using the larger counter. 

This method of operation 

A gas mixture containing a higher concentration of tritium and a 
more sensitive electronic flowmeter have been ordered. These items will 
be used to determine the linearity of the counting system at higher 
tritium concentrations and at lower flow rates. 
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V. SODIUM CHEMISTRY 
(F. A. Cafasso) 

A. Vacuum D i s t i l l a t i o n  as a Method f o r  t h e  Analysis of I m p u r i t i e s  i n  
Sodium (R. A. Blomquist) 

Vacuum d i s t i l l a t i o n  of a sodium sample followed by a n a l y s i s  of t h e  
r e s i d u e  is  commonly used as a method f o r  determining trace metals and 
s e l e c t e d  nonmetals, i nc lud ing  oxygen, i n  sodium. Many i m p u r i t i e s  can be  
determined i n  t h e  r e s i d u e  by means of a s p e c i f i c  a n a l y s i s  f o r  t h e  cons t i -  
t u e n t  of i n t e r e s t ;  however, oxygen i s  determined i n d i r e c t l y  by ana lyz ing  
t h e  r e s i d u e  f o r  sodium by t i t r i m e t r y  o r  atomic abso rp t ion  and c a l c u l a t i n g  
t h e  oxygen con ten t  on t h e  assumption t h a t  t h e  r e s i d u e  c o n s i s t s  only of 
sodium oxide.  Obviously, t h e  presence i n  t h e  r e s i d u e  of sodium-bearing 
s p e c i e s  o t h e r  than  oxygen w i l l  r e s u l t  i n  an  e r r o r  un le s s  a p p r o p r i a t e  
c o r r e c t i o n s  are made. The primary o b j e c t i v e s  of t h i s  work are t o  (a )  de t e r -  
mine which of t h e  i m p u r i t i e s  t h a t  are l i k e l y  t o  exist i n  sodium w i l l  b e  
found as sodium-bearing s p e c i e s  i n  t h e  r e s i d u e  and hence in t roduce  an 
e r r o r  i n  t h e  oxygen a n a l y s i s  and (b) f i n d  methods of avoid ing  t h e  problem 
o r ,  a l t e r n a t i v e l y ,  ga in ing  t h e  c a p a b i l i t y  f o r  c o r r e c t i n g  t h e  e r r o r  i n t r o -  
duced by t h e  presence of o t h e r  sodium-bearing i m p u r i t i e s .  A secondary 
o b j e c t i v e  i s  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  of d i s t i l l a t i o n  as a gene ra l  
method f o r  t h e  anays i s  of nonmeta l l ic  i m p u r i t i e s  i n  sodium. Work addressed 
t o  t h e s e  o b j e c t i v e s  i s  descr ibed  below. 

The behavior of cyanide,  a p o t e n t i a l  impurity i n  sodium systems, has  
been s t u d i e d  under d i s t i l l a t i o n  cond i t ions .  Sodium cyanide (%320 ug) w a s  
added t o  about 800 g of mul t ip ly  d i s t i l l e d  sodium i n  a n i c k e l  cup contained 
i n  a d i s t i l l a t i o n  appara tus .  
desc r ibed  i n  ANL-7846, p. 46.) Af t e r  d i s t i l l a t i o n  of t h e  sodium a t  1.350°C, 
t h e  r e s i d u e  w a s  c o l l e c t e d  and analyzed f o r  cyanide. About 50% of t h e  
added cyanide w a s  found. This f i n d i n g  i n d i c a t e d  t h a t  t h e  presence  of 
cyanide i n  sodium samples analyzed f o r  "oxygen" w i l l  r e q u i r e  a n a l y s i s  of 
t h e  r e s i d u e  f o r  cyanide and a p p l i c a t i o n  of an a p p r o p r i a t e  c o r r e c t i o n .  

(The s t i l l  and d i s t i l l a t i o n  procedure were 

The p o t e n t i a l  of t h e  d i s t i l l a t i o n  method f o r  t h e  a n a l y s i s  of s u l f u r  
i n  sodium has  a l s o  been explored. A s u l f u r  method wi th  a d e t e c t i o n  l i m i t  
of 10 ppm is needed t o  determine whether purchased reac tor -grade  sodium 

Grade Sodium--Purchase S p e c i f i c a t i o n s  . 'I1 Avai l ab le  s u l f u r  methods do n o t  
possess  t h e  r e q u i s i t e  s e n s i t i v i t y .  To test t h e  d i s t i l l a t i o n  method, 
approximately 9.8 mg of s u l f u r  w a s  added t o  %800 g of sodium and a 
d i s t i l l a t i o n  conducted i n  a n i c k e l  cup. Analyses showed t h a t  only %52% 
of t h e  added s u l f u r  w a s  found i n  t h e  r e s idue .  I n  a second experiment,  
i n  which 5.54 mg of s u l f u r  w a s  added t o  ~ 8 0 0  g of sodium, only  1.67% of t h e  
added s u l f u r  w a s  recovered i n  t h e  r e s idue .  To check t h e  p o s s i b i l i t y  t h a t  
t h e  s u l f u r  may have been l o s t  by r e a c t i o n  wi th  t h e  n i c k e l  cup, tests were 
a l s o  done i n  tantalum and t i t a n i u m  cups. The f i n d i n g s  i n  t h e s e  tests were 
similar t o  those  of t h e  f i r s t  two tests. Therefore ,  i t  w a s  concluded t h a t  
t h e  d i s t i l l a t i o n  approach was no t  a f r u i t f u l  one f o r  t h e  a n a l y s i s  of 
s u l f u r  i n  sodium. 

meets t h e  su l fur - impur i ty  l i m i t  s p e c i f i e d  i n  RDT M 13-1T, Rev. 1, 11 Reactor 

'The maximum impur i ty  l i m i t  f o r  s u l f u r  is 10  ppm. 



B. Studies of Oxygen-Hydrogen Interactions in Sodium: Exchange Studies 
(A. K. Fischer) 

n 

This program has been concerned with the behavior of hydroxide in 
liquid sodium under conditions relevant to reactor operations. 
questions have been addressed: (1) Does hydroxide exist as a species in 
sodium under reactor conditions and if s o ,  what is its stability? 
If it is demonstrated tobeunstable, what are the kinetics of its decom- 
position? Experiments to answer both these questions are virtually com- 
plete. 

Two 

(2) 

Previous experiments, in which deuteroxide was used as a stand-in 
for hydroxide, have shown that hydroxide exhibits metastability under the 
conditions of interest (ANL-7944, pp. 41-44). Recent work has been con- 
cerned with the reversal by hydrogen of the hydroxide decomposition 
reaction in liquid sodium and the determination of the kinetics of decom- 
position of a mixture of hydride and hydroxide at 50OoC. 
ment of results of the current work will be presented when analysis of 
the data is completed. 

A final state- 

n 
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VI. MATERIALS-COOLANT INTERACTIONS AND MECHANICAL-PROPERTY EVALUATIONS 
(T. F. Kassner, R. W. Weeks) 

The objective of this program is to provide a sound technical basis 
for determining the effect of the LMFBR sodium environment on the perfor- 
mance of fuel cladding, core structure, and out-of-core components. The 
required technology will be established according to the following plan: 
(1) determine the integrated effects of fast-neutron and sodium environ- 
ments on the properties of stainless steel, (2) correlate mechanical- 
property and corrosion data obtained in reactor (EBR-11) and experimental 
sodium systems, ( 3 )  establish specifications for test specimens for sodium 
environmental tests, ( 4 )  develop postexposure testing methods and demon- 
strate their validity by correlation with in-sodium test data, and (5) 
develop a sufficient understanding of nonmetallic element transfer to pre- 
dict compositional changes of materials in reactor sodium systems and 
ultimately relate these changes to the mechanical properties. 

A. Development of Test-Specimen Characterization Methods and Procedures 
(J. Y. N. Wang, J. J. Weins) 

Methods are under development for the characterization of mechanical- 
property and corrosion specimens prior to and after exposure to high-temper- 
ature sodium in loop systems and in EBR-I1 for both in-core and out-of-core 
conditions. For interpretation and correlation of the mechanical-property 
data, the chemical composition and composition gradients in materials ex- 
posed to high-temperature sodium for long periods of time must be determined, 
as well as the amount, distribution, morphology and composition of the 
various phases that form as a result of thermal aging in a reactor environ- 
ment. An early objective of this work is to define the extent to which 
various specimen-characterization methods must be employed and the useful- 
ness of the information in establishing quantitative relationships between 
microstructural results and mechanical-property data. 

An investigation of phase instabilities in Types 316 and 304 stainless 
steels as a function of time, temperature, degree of cold work, and carbon 
and nitrogen content of the materials is in progress to obtain a direct 
knowledge of the capabilities of the various specimen-characterization 
methods and to provide base-line microstructural information on thermal 
aging effects in the materials used in this program. Material from a 
small heat exchanger constructed from Type 304 stainless steel is also 
being examined to obtain additional information on the microstructural 
and compositional changes that occur after %8 yr of operation in low- 
velocity sodium at high temperatures. The details of the operating con- 
ditions of the heat exchanger were given in the previous quarterly report 
(ANL-7944, pp. 4 6 - 4 9 ) ,  along with a schematic diagram and the microstruc- 
tures of the material at various temperatures and locations. 

Additional information has been obtained on the heat-exchanger material 
as to the nonmetallic element composition, the type of phases present, their 

'The schematic diagram and microstructures were given in ANL-7944, Fig. V-2, 
p. 48.  Through an error in makeup, the figure was incomplete. The 
corrected figure is given at the end of this report. 



relative amounts, and the microhardness. The carbon- and nitrogen-concen- 
tration gradients in the stainless steel, in the vicinity of the sodium- 
steel interface, were determined from analyses of 5-mil-thick sections 
machined from the material. The concentrations of these elements in the 
alloy were determined by combustion-manometric and wet chemical methods. 
The results, presented in Table VI-1, indicate that the stainless steel 
lost carbon at %7OO0C, whereas carburization of the surface regions occurred 
at lower temperatures. 
steel interface was lower than that in the bulk material at all tempera- 
tures between %700 and 45OoC, although the extent of denitridation was 
small at the lower temperatures. 

The nitrogen content of the alloy near the sodium- 

TABLE VI-1. Carbon and Nitrogen Analysis of Type 304 Stainless 
Steel Heat-Exchanger Material after %8 yr of 
Operation in a Low-Velocity Sodium Loop 

Carbon Conc., ppm, at Nitrogen Conc., ppm, at 
Indicated Temp. Indicated Temp. Distance from Sodium- 

Steel Interface, mils ~700OC %6OO0C %45OoC %7OO0C Q600°C %45OoC 

0- 5 322 532 7 76 72 216 441 

5- 10 330 426 480 188 396 465 

a 402 428 449 452 45 2 472 

a Center of 62-mil-wall, 0.5-in.-OD tube. 

Scanning electron microscopy was used to identify precipitated par- 
ticles in the material by spot analyses with an energy dispersive X-ray 
detector, The characteristic Ka peaks of Cr, Fey and Ni indicated that 
the majority of the particles were the M23Cg carbide, although some sigma 
phase was present. The microhardness of the sigma phase was found to be 
five times greater than that of the austenite matrix. 

For a quantitative determination of the amount of the phases present, 
specimens were anodically dissolved in 10% HC1-methanol solutions at low 
current densities. The weight fraction of the isolated residue was 
determined, and the residue was analyzed by an X-ray diffractometry 
technique with Cu-Ka radiation. The experimental "d" spacings and 
relative intensities are compared in Table VI-2 with ASTM standard 
values for the M23Cg carbide and the sigma phase. From an analysis of 
the areas under the characteristic peaks in the X-ray diffraction pattern, 
the residue was found to contain 93% M23Cg carbide and 7% sigma phase. 
On the basis of the total amount of residue collected, the absolute 
amounts of the carbide and sigma phase in the material at ~700OC were 
1.95% and 0.14%, respectively. 
mined by this method is in reasonable agreement with the total carbon 

The carbide content of the alloy deter- 
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TABLE V I - 2 .  Comparison of X-ray Diffractometry 
Results with ASTM Standard Values 

Experimental "d" Spacings for 
ASTM Standard "d" Spacingsa 

Cr2 3c6 Sigma Phase cr2 3c6 Sigma Phase 

Phases in the Residuea 

ASTM 14-407 ASTM 5-0708 

2.37 (50) 

2.17 (50) 

2.05 (100) 

1.88 (50) 

1.80 (50) 

1 .78  (40) 

1 . 3 3  (40) 

1.29 (60) 

1.26 (100) 

1.23 (90) 

2.128 (100) 

2.063 (80) 

2.015 (60) 

1.964 (80) 

1.923 (100) 

1.877 (80) 

2.37 (25) 

2.17 (30) 

2.05 (100) 

2.06 (30) 

2.02 (50) 

1.96 (50) 

1.92 (100) 

1. 88b 

1.88 (25) 

1 .80 (20) 

1.79 (20) 

1.33 (5) 

1.29 (10) 

1.26 (10) 

1 .23  (10) 

2.13 (60) 

%umbers in parentheses represent relative intensities (I/I ). 

bSuperimposed line. 
0 
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concentration of the sample determined by the combustion method. 

The experimental procedure and methods of analysis that are being 
developed for correlating the composition and thermal history of austenitic 
stainless steels with the microstructures will be further used in the 
characterization of specimens prior to and after mechanical testing in 
a high-temperature sodium environment. 

B. Development of Specimen-Exposure Facilities and Postexposure 
Mechanical-Property Testing Capability (J. J. Weins, R. W. Weeks) 

The objective of this work is to develop the capability for (1) ex- 
posure of standard uniaxial and biaxial test specimens to sodium of con- 
trolled nonmetallic-element concentrations and (2) performing the post- 
exposure property measurements in accordance with test conditions that 
provide design verification and operational support data to the FFTF. 
information will also be compared with property data obtained in flowing 
sodium to establish the equivalence of in-sodium versus postexposure test 
results for alloys of the same composition and thermal history. 

The 

Five Satec uniaxial creep machines, shown in Fig. VI-1, are now 
operational in either an air or vacuum environment. Tests are being 

Fig. VI-1. Uniaxial Creep-Rupture Machines for Testing of Materials 
in Air, Vacuum, and Inert-Gas Environments after Ex- 
posure to Flowing Sodium. Neg. No. MSD-57645. 
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conducted in vacuum on Type 316 stainless steel specimens fabricated from 
heat V 8 7 2 1 0  for comparison with reported creep data on this material to 
evaluate the performance of these testing machines. An argon gas system 
has been designed for this equipment so that creep tests can also be per- 
formed in an inert-gas environment. 

Four additional creep machines with Satec and Marshall furnaces, 
shown in Figs. V I - 2  and V I - 3 ,  have been installed and are presently 
being used for testing in an air environment. These systems will also 
be modified for use in vacuum. 

Uniaxial creep and biaxial tube specimens have been prepared for ex- 
posure to high-velocity, high-temperature sodium. These specimens will 
be included in a test section used for the exposure of FTR fuel-cladding 
material to sodium at a velocity of 20 ft/sec and a temperature above 
700OC. 

C. Studies of Carbon Transfer in Sodium-Steel Systems (K. Natesan, 
R. B. Snyder, T. F. Kassner, and C. A. Youngdahl) 

A mathematical model is required to predict the magnitude and rate of 
carbon migration in FFTF and LMFBR systems under conditions in which tem- 
perature gradients and materials of different composition are present. 
These effects can then be related to mechanical-property changes in the 
materials. Several types of information are needed to formulate a model 
that is capable of describing the time-dependent carburization and/or 
decarburization of materials at various temperatures in a sodium system 
in which the sodium purity (e.g., carbon concentration) is also a variable. 
This information falls into three general categories: (1) materials data, 
(2) sodium-purity data, and (3) sodium-system parameters, The materials 
data include alloy composition, the activity and solubility of carbon in 
the alloy, metal-metal carbide phase-equilibria relations, volume and 
grain-boundary diffusion coefficients for carbon, and the thermal-mechani- 
cal history that influences the microstructure. The sodium-purity data 
primarily involve the carbon activity and solubility as a function of 
temperature. System parameters are the surface area of the material ex- 
posed to flowing sodium at different temperatures in the loop, the volume 
of sodium in the system, the presence of carbon sources and/or sinks in the 
system other than the primary construction materials, and operating con- 
ditions that may result in a large variation in the above parameters. 

The relevant materials data for austenitic stainless steels, based 
upon experimental and calculated results, have been reported in previous 
quarterly reports (ANL-7868, pp. 53-56 and ANL-7944, pp. 50-60). This 
information is now being used in the formulation of kinetic rate equations 
for the carburization and decarburization of austenitic stainless steels 
in liquid sodium. The mathematical solution to these equations yields 
carbon concentration-penetration profiles in the stainless steels as a 
function of time, temperature, and surface carbon concentration in the 
material, the latter of which is established by the carbon concentration 
in sodium via the distribution coefficient. Depending upon whether the 
carbon activity produced by a given carbon concentration in sodium is 
greater or less than that in the alloy at any temperature, carburization 



Fig. VI-2. Uniaxial Creep-Rupture Machines for Testing 
of Control Specimens in an Air or Vacuum 
Environment. Neg. No. MSD-57644. 

Fig. VI-3. Uniaxial Creep-Rupture Systems under Modification 
for Use in a Vacuum Environment. Neg. No. 
MSD- 5 7 6 46. 
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or decarburization will occur. The actual carbon concentration in the 
sodium is determined by the rate at which carbon.is introduced into and 
removed from the sodium by the loop materials and by other sources or sinks 
that may be present in the system. For example, operating procedures such 
as the periodic insertion or removal of test specimens or hardware through 
a cover gas can dislodge "frost" containing sodium carbonate and other 
carbon-bearing species into the sodium. This material, upon dissolution, 
can increase both the oxygen and carbon concentrations of the sodium. 
Other circumstances and changes in operating conditions can also alter the 
carbon concentration in the sodium, since there is no provision for carbon 
control that is analogous to the cold trap for maintaining the oxygen and 
hydrogen concentrations of the sodium within a narrow range of values. To 
a large extent, these circumstances account for the wide range of carbon 
levels that have been observed in reactor materials upon exposure to high- 
temperature flowing sodium. Since reactor operations and operating con- 
ditions influence the carbon concentration in sodium, it is difficult to 
predict probable values with the degree of certainty required to relate 
this information to microstructural changes and the mechanical behavior 
of materials in the absence of a direct knowledge of the sodium purity 
(i.e., carbon concentration determined by a foil equilibration method 
rather than sodium sampling and analyses). 

The model that is being developed for carbon migration in sodium 
systems will accommodate the essential information on materials and system 
scaling factors to enable one to calculate compositional changes in the 
materials for a wide range of carbon concentrations in sodium where varia- 
tions with time due to operating conditions can also be included. These 
results will be used to compare component performance, in terms of materials 
behavior, with design limits over the service life. 

1. Development of Carbon-Diffusion Relations 

The first step in the development of such a model is the formula- 
tion of rate equations for the carburization and decarburization of austeni- 
tic stainless steels. The process involves the diffusion of carbon accom- 
panied by the precipitation or dissolution, respectively, of the (Cr,Fe)23C6 
carbide in the austenite matrix. The carburization process is somewhat 
analogous to the internal oxidation of a reactive metal in a noble-metal 
matrix, which has been the subject of experimental and theoretical investi- 
gation.3'9 The major difference between the two processes is that all of 

2K. Natesan and T. F. Kassner, "Monitoring and Measurement of Carbon 
Activities in Sodium Systems," Submitted for publication in Nuclear 
Techno logy. 

147, 205 (1942). 
3F. N. Rhines, W. A. Johnson, and W. A. Anderson, Trans. Met. SOC. AIME, 

'TS. Darken, Trans. Met. SOC. AIME - 150, 159 (1942). 
5C. Wagner, 2. Elektrochem. 63, 772 (1959). 
6J. H. Swisher and E. 0. FucG, Trans. Met. SOC. AIME 245, 1789 (1969). 
7R. A. Rapp, Corrosion 21, 382 (1965). 
*D. E. Thomas, Trans. MZ. SOC. AIME - 191, 926 (1951). 
9C. Wagner, Corrosion Science - 8, 889 (1968). 
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the reactive metal 
only a fraction of 

in a noble-metal matrix 
the chromium present in 

is converted to oxide, whereas 
the steel reacts to form carbide 

during carburization and this amount increases with increasing carbon 
potential of the sodium. A direct application of the internal-oxidation 
rate equations to the carburization process without incorporating these 
modifications would grossly underestimate the thickness and overestimate 
the carbide volume fraction and total carbon content of the precipitated 
zone for any reaction time. 

The mathematical formalism for internal oxidation was therefore 
modified to represent the carburization process more closely; however, the 
diffusion equations became more complex and a closed-form analytical solu- 
tion could not be obtained even for simple boundary and initial conditions. 
Therefore, a numerical solution to the problem was obtained using a computer. 

For one-dimensional diffusion of carbon accompanied by carbide 
precipitation, Fick's second law for the diffusion of carbon and chromium 
can be written as 

- =D, n at 

a(N~r + NCrC 
V 

at 

' axL 

where 

= the mole fractions of carbon and chromium in the austenite 

= the number of moles of precipitated carbide per mole of 
phase, respectively; N ~ '  NCr 

NCrC 

V = the atom ratio of carbon to chromium in the carbide, i.e., 

DC , 

V the alloy; 

6/23 for the Cr23C6 carbide; 

tively, in the austenite matrix; 
DCr = the diffusion coefficients for carbon and chromium, respec- 

X = the distance from the alloy surface; and 
t = time. 

When carbon and chromium in austenite form the (Cr,Fe)23C~ mixed carbide 
by the reaction 

6 1 Cr + - c = - Cr23C6 (in mixed carbide), 
(Y) 23 (v) 23 

the relationship between the chromium and carbon concentrations in austenite 
in equilibrium with the carbide can be expressed as 

NCr = A - B lnNc (3)  

where A and B are constants that were evaluated from carbon activity- 
concentration data for Fe-Cr-8 wt % Ni alloys at various temperatures. 



51 

With the use of Eq. 3 and the substitution of the variable 
n = X/(4DCt)'I2, the partial differential equations (Eq. 2 and 3) can be 
converted into the ordinary differential equation 

d2NC 

2 + - . -  (4) B dNC 1 dNC B DCr 

NC dn v drl 2n DC 
- - . - _ -  ' - =  - . - .  

2vrl dn 2 
drl 

This equation was solved numerically by Hamming's modified predictor- 
corrector methodlo for N 
centration in the steel, e.g., 0.05 wt %, and for various surface carbon 
concentrations. The reaction zone was considered to be thin in relation 
to the thickness of the material, i.e., semi-infinite boundary. It was 
found that Eq. 4 could be simplified to the following form 

in terms of rl for a fixed initial carbon con- C 

dLNC + - . - =  2Bvq dNC 
dn NC 2 

dn 
(5) 

without affecting the results. 
Eq. 4 is negligible because the diffusion coefficient for chromium is 
several orders of magnitude smaller than that for carbon and, in the 
austenite phase, the time variation of the chromium concentration is much 
larger than that for carbon at any distance, X (i.e., dN /drl >> dNC/dri). 

The contribution of two of the terms of 

Cr 

The total carbon concentration in the steel (carbon in the austen- 
ite plus carbon in the M23C6 carbide) was obtained as a function of position, 
for any time, by using calculated and experimental relationships between N 
and total carbon content of the alloy. The latter information was given 
in previous quarterly reports (ANL-7868, pp. 53-68 and ANL-7944, pp. 50-60). 
The above analysis is applicable to the carburization and decarburization 
of an austenitic stainless steel in which the initial and surface carbon 
concentrations exceed the solubility limit. Under decarburizing conditions 
in a sodium environment, the surface carbon concentration in the alloy can 
fall below the solubility value. Carbon diffusion through the single-phase 
austenite can be described by established solutions to Fick's second law: 

C 

S 0 S 
NC = NC + (NC - NC ) erf q 

S where NC 
interface and N 

'"IBM System/36O Scientific Subroutine Package, Version 111, p. 337 (1970). 
"In a single-phase material, NCo in Eq. 6 is the initial concentration of 
the solute element diffusing out of the alloy. During decarburization of 
an austenitic stainless steel, the composition of the austenite (e.g., 
carbon and chromium concentrations) changes in the two-phase (austenite + 
carbide) region in the vicinity of y/y + carbide interface. 
situation, a nonphysical value for N allows the carbon concentration, 
NC, and the flux, DC * a N  /ax, at the y/y + carbide interface obtained 
from Eq. 6, for the single-phase region, and that from Eq. 5, for the 
two-phase region, to attain the same respective values in order to 
fulfill the requirement for a singular carbon activity at the interface. 

is the mole fraction of carbon in austenite at the sodium-steel 
is an iterative constant." The incorporation of Eqs. 5 C 

For this 

C 
C 



and 6 into the computer program along with the coupling condition at the 
y /y  + carbide interface made it possible to generate carbon concentration- 
distance profiles for both carburizing and decarburizing situations. 

2. Thermodynamic and Kinetic Input Parameters 

The applicable thermodynamic and kinetic data in the diffusion 
relations are those that express the driving force for carbon migration in 
the material in terms of the carbon activity differences and the tracer or 
self-diffusion coefficient in austenite, rather than changes in the total 
carbon concentration and the apparent or effective diffusion coefficient. 
Both types of informationcanbe used to generate carbon-diffusion profiles 
in austenitic stainless steels: the former approach is applicable to a 
wide range of temperatures and carbon levels in the materials, whereas the 
latter is restricted to specific conditions because of limited data for 
the dependence of the effective diffusion coefficient on both temperature 
and carbon level in the steel. 

The data used in our analysis include the self-diffusion 
coefficient for carbon in Type 304 stainless steel from the work of 
Agarwala et al. l 2  and carbon solubility and activity-concentration 
relationships obtained from the graphical data in Figs. V-1, V-3, and V-10 
of ANL-7868. In addition to the carbon activity data, which were extrap- 
olated from high-temperature results, an analytical expression was developed 
from the experimental data on the variation of the carbon activity with 
carbon concentration and temperature shown in Fig. VI-4. The temperature 
dependence of the solubility of carbon in sodium from the work of Longson 
and Thorley13 (Fig. V-6 of ANL-7868) was used for the purpose of describing 
carburization-decarburization profiles of Type 304 stainless steel in terms 
of various carbon concentration levels in sodium. 

3. Carburization-Decarburization Profiles for Type 304 Stainless 
Steel in Sodium 

The carburization-decarburization behavior of Type 304 stainless 
steel was analyzed, in terms of the variables time, temperature, and carbon 
concentration in sodium, by incorporating the thermodynamic data extrap- 
olated from high temperatures into the computer solution of the diffusion 
equations. The effect of time on the carbon-concentration profiles in the 
material at 7OOOC for 0.08 ppm carbon in sodium is shown in Fig. VI-5. 
Figure VI-6 shows the influence of the carbon content of the sodium in the 
range from 0.01 to 0.08 ppm on the surface carbon concentration and the 
carbon profiles in thematerial for 1 yr at 700OC. Depending upon the car- 
bon concentration in sodium, carburization or decarburization of the mate- 
rial can occur. The effect of temperature on carbon profiles in the steel 
at 1 and 10 yr is shown in Figs. VI-7 and VI-8, respectively, for 0.01 
ppm carbon in sodium. In these figures, the variation with temperature 
of the carbon concentration at the surface of the steel is shown in the 
plane corresponding to zero penetration in the material. The cross-over 

12R. P. Agarwala, M. C. Naik, M. S. Anand, and A. R. Paul, J. Nucl. Mater. 

l3T Longson and A. W. Thorley, J. Appl. Chem. 20, 372 (1970). 
36, 41 (1970). 
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Fig VI-5. Effect of Time on Carburization Pro- 
files for Type 304 Stainless Steel at 
7OO0C and 0.08 ppm Carbon in Sodium, 
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Relationship Extrapolated from High- 
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Fig. VI-6. Carburization and Decarburization Profiles in 
Type 304 Stainless Steel after 1 yr at 7OO0C 
for Various Carbon Levels in Sodium, Based on 
Carbon Activity-Concentration Relationship 
Extrapolated from High-Temperature Data. 
Neg. No. MSD-57611 
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Fig. V I - 7 .  Effect of Temperature on Carburization-Decarburization Behavior 
of Type 304 Stainless Steel Exposed f o r  1 yr to Sodium Contain- 
ing 0.01 ppm Carbon, Based on Carbon Activity-Concentration 
Relationship Extrapolated from High-Temperature Data. Neg. No. 
MSD- 5 7 6 1 8 
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Fig. V I - 8 .  Effect of Temperature on Carburization-Decarburization Behavior 
of Type 304 Stainless Steel Exposed for 10 yr to Sodium Contain- 
ing 0.01 ppm Carbon, Based on Carbon Activity-Concentration 
Relationship Extrapolated from High-Temperature Data. Neg. No. 
MSD-57623 
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n 

temperature between carburization and decarburization is 637°C for a steel 
with an initial carbon content of 500 ppm. Line A indicates the tempera- 
ture variation of the region of maximum carburization. Line B represents 
the temperature variation of the penetration depth for the transition be- 
tween the single-phase austenite and the two-phase austenite plus carbide 
mixture. 
Figs. VI-7 and VI-8 is the increase inthedepth of decarburization at temper- 
ature above the crossover value. The results of similar calculations 
for 0.08 ppm carbon in sodium and diffusion periods of 1 and 10 yr are 
shown in Figs. VI-9 and VI-10, respectively. Increasing the carbon con- 
centration from 0.01 to 0.08 ppm increases the surface carbon concentra- 
tion in the material and moves the crossover temperature to a higher value, 
both of which contribute to the greater degree of carburization. 

The major effect of increasing the time from 1 to 10 yr in 

The manner in which the carburization-decarburization behavior 
of Type 304 stainless steel is influenced by incorporating the experimental 
carbon activity-concentration data in Fig. VI-4 into the computer solution 
of the diffusion equations has also been determined. At low carbon activ- 
ities, the measured carbon concentrations in the austenitic steel are much 
lower than those obtained by extrapolation of the higher temperature data 
to temperatures in the range from 600 to 800°C. Representative carbon 
concentration-distance profiles at 650°C as a function of the exposure 
time and carbon concentration in sodium are shown in Figs. VI-11 and VI-12, 
respectively. 
in Fig. VI-12, a temperature below 700°C was required and, thus, a direct 
comparison of the profiles in Figs. VI-11 and VI-12 with those in Figs. 
VI-5 and VI-6 cannot be made from these figures. A plot analogous to 
Fig. VI-7, for carbon diffusion in Type 304 stainless steel for 1 yr and 
0.01 ppm carbon in sodium, which is based upon the experimental carbon 
activity-concentration data in Fig. VI-4, is shown in Fig. VI-13. Only 
decarburization is predicted in the latter figure since the crossover tem- 
perature has decreased to 575°C. An increase in the exposure time from 
1 to 10 yr would result in decarburization to a greater depth at any 
temperature; therefore, a plot similar to Fig. VI-8 was not made. 

To illustrate both carburization and decarburization profiles 

The effect of temperature on the carbon profiles at 1 and 10 yr 
for 0.08 ppm carbon in sodium, based on experimental carbon activity-con- 
centration data, is shown in Figs. VI-14 and VI-15, respectively. A 
comparison of these results with the information in Figs. VI-9 and VI-10, 
which is based on extrapolated high-temperature data, indicates the 
following: (1) The surface carbon concentration in the steel is a factor 
of 2 to 5 times lower, depending upon the temperature. (2) The crossover 
temperature decreases from 725 to 685°C. (3) The decarburization behavior 
is not vastly different at higher temperatures (>750"C); however, the 
degree of carburization at the lower temperatures is considerably smaller. 

Since the diffusion coefficient and solubility for carbon in the 
steel, as well as the carbon concentration and solubility in sodium, were 
not variables in the analysis, the differences in the two sets of results 
can be directly attributed to the carbon activity-concentration relation- 
ships that were used for the material. At the present time, we believe 
that the information in Figs. VI-11 to -15, based upon the experimental 
data in Fig. VI-4, represents a better approximation of the kinetics of 
carbon diffusion in the steel. 
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Fig. VI-9 .  Effect of Temperature on Carburization-Decarburization Behavior 
of Type 304 Stainless Steel Exposed for 1 yr to Sodium Contain- 
ing 0.08 ppm Carbon, Based on Carbon Activity-Concentration 
Relationship Extrapolated from High-Temperature Data. Neg. No. 
MSD-57619. 
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Fig. V I - 1 0 .  Effect of Temperature on Carburization-Decarburization Behavior 
of Type 304 Stainless Steel Exposed for 10 yr to Sodium Contain- 
ing 0.08 ppm Carbon, Based on Carbon Activity-Concentration 
Relationship Extrapolated from High-Temperature Data. Neg. No. 
MSD-57 6 22 
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Fig. VI-13. Effect of Temperature on Decarburization Behavior of Type 304 
Stainless Steel Exposed for 1 yr to Sodium Containing 0.01 
ppm Carbon, Based on Experimental Carbon Activity-Concentra- 
tion Data. Neg. No. MSD-57621 
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Fig. V I - 1 4 .  Effect of Temperature on Carburization-Decarburization 
Behavior of Type 304 Stainless Steel Exposed for 1 yr to 
Sodium Containing 0.08 ppm Carbon, Based on Experimental 
Carbon Activity-Concentration Data. Neg. No. MSD-57617 
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Fig. V I - 1 5 .  Effect of Temperature on Carburization-Decarburization 
Behavior of Type 304 Stainless Steel Exposed for 10 yr 
to Sodium Containing 0.08 ppm Carbon, Based on Experi- 
mental Carbon Activity-Concentration Data. Neg. No. 
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The activity and diffusion data for the carbon that are being 
generated for various commercial austenitic stainless steels, along with a 
more accurate knowledge of the temperature dependence of the carbon solu- 
bility in sodium, will further increase the reliability of predictions on 
the carburization-decarburization behavior of these materials in a sodium 
environment. These predictions can then be compared with measured carbon- 
diffusion profiles inthe materials at several exposure times, temperatures, 
and carbon levels in sodium to establish the validity of the results. The 
mathematical model will be extended to include conditions of nonuniform 
initial carbon distributions in the materials (commonly observed in tubing) 
and conditions in which the carbon concentration in sodium varies with 
time. Neither of these situations was considered in the preceding analysis, 
but may be required in the evaluation of carbon migration rates in experi- 
mental loops and reactor systems. 

i 

Y 
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ERRATUM 

n 

ANL-7944 

Sodium Technology Quarterly Report, January-March 1972 

Figure V-2 in ANL-7944 (p. 48) was incomplete because of an error 
in makeup. The correct figure is given below. 

e. - f. 

h 

4 0 0°C 

Fig. V-2. Microstructures of Type 304 Stainless Steel Heat- 
Exchanger Material after 8 yr of Exposure to Low- 
Velocity Sodium at Temperatures between 400 and 
75OoC ("a" Murakomi etched, all others electro- 
etched in 10% oxalic acid. 
350X). Neg. No. MSD-57133 

Original magnification 
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