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SODIUM HYDRIDE PRECIPITATION IN SODIUM COLD TRAPS

by

C. C. McPheeters and D. J. Raue

ABSTRACT

A series of experiments have been performed to test a calcula-
tional model for precipitation of NaH in sodium cold traps. The
calculational model, called ACTMODEL, is a computer simulation that
uses the system geometry and operating conditions as input to cal-
culate a mass-transfer coefficient and the distribution of NaH in a
cold trap.

The ACTMODEL was tested using an analytical cold trap (ACT)
that is simple and essentially one-dimensional. The ACT flow and
temperature profile can be controlled at any desired condition. The
ACT was analyzed destructively after each test to measure the actual
NaH distribution.

Excellent agreement was obtained between the ACTMODEL simula-
tions and the experiments. Mass-transfer coefficients ranging up-
ward from 6 x 10~5 m/s were measured in both packless and packed
traps. As much as a fourfold increase in precipitation surface,
area was observed with increasing amount of NaH deposited.

T. INTRODUCTION

Cold traps have been used extensively to control impurity concentrations
in liquid-sodium systems because of their simplicity, economy of operation,
and effectiveness. The cold-trapping method operates on the principle of
lowering the solubility of the; impurity in sodium by lowering the sodium temp-
erature, thus causing precipitation in a controlled, low-temperature region
of the system. This method has performed quite satisfactorily on a variety of
sodium systems for many years; however, in recent years, a problem was
discovered that could greatly reduce the attractiveness of the cold-trapping
method for reactor sodium systems. This problem aiises from water-side
corrosion of the steam-generator tubes which releases hydrogen that diffuses
through the tubes into the sodium system. Measurements of this corrosion rate
and the resulting hydrogen source term with both experimental systems1 and
full-scale reactor systems2 have shown that the hydrogen source is so large
that the capacity of the cold trap to retain the sodium hydride may be
exceeded within one year of full-power reactor operation. Estimates of this
one-year lifetime are based on the assumption that the trap is plugged when
ten percent of the mesh volume is filled with sodium hydride. This assumption
is borne out by past experience with colH traps which lias shown that, under
normal conditions, the mesh tends to plug when a ten-volume percent loading
is achieved.3'4 However, occasionally, a cold trap has been made to retain
a loading of twenty to thirny percent before plugging occurs.5 If a trap
could be designed and operated in such a way as to accommodate a fifty-percent
loading, the lifetime could be extended to about five years, which would be
acceptable for reactor operation.



The primary cause for premature plugging of the cold trap appears to be
localized precipitation that builds a blockage across the flow path before the
rest of the mesh volume has been utilized. Cases have been observed in which
heavy precipitation occurred in the first ten to twenty percent of the mesh
while the remaining mash remained absolutely clean.- The purpose of this work
is to develop design features and operating procedures to increase the
utilization of the cold trap and, thus, increase the loading as much as
possible. The approach we have chosen for achieving this goal is to develop
a computer model thac accurately calculates the distribution of sodium hydride
deposits in a cold trap under any given conditions of flow, temperature, and
mesh design. These design and operating procedures can then be studifid to deter-
mine the optimum design and operating procedures for maximum cold-tiup loading.

II. DESCRIPTION OF THE COLD-TRAP MODEL

The first version of the computer model (ACTMODEL) for precipitation of
sodium bydride in a cold trap was developed specifically for a simple
Analytical Cold Trap (ACT), which is a mesh-filled tube having a well-defined
temperature gradient and sodium flow. The model considers the ACT as being
one-dimensional, i.e.} no radial flow or temperature gradient is considered.
As the model now exists, certain assumptions are implicit in the methods
it uses in calculating sodium hydride mass distributions. Although some of
these assumptions were known to be invalid, they were incorporated in the
first version for simplicity. Some of these implicit, but debatable
assumptions are: 1) NaH nucleation occurs readily on solid surfaces with no
significant threshold supersaturation. As discussed below, the experimental
evidence supports this assumption; however, large supersaturations can exist
in the liquid phase when no solid surfaces are available for nucleati^n.

2) The surface area for mass deposition remains constant and equal to the
stainless steel surface area even after deposition of significant quantities
of NaH. As discussed below, this assumption is clearly incorrect; however,
the ACTMODEL was very useful in measuring changes in this surface area.
3) The rate of NaH deposition is liquid-phase diffusion controlled and is
described by 7 - 1 0

g = kA(C - Ce)n (1)

where m = mass of hydrogen in the deposit, kg

t = time, s

k = mass-transfer coefficient, m/s

A = deposition surface area, m 2

C = local hydrogen concentration in sodium, kg/m3

Ce = saturation hydrogen concentration in sodium based on the
local temperature kg/m3

n = exponent indicating the order of the process, assumed to be unity.



The logic flow used by ACTMODEL is shown schematically in Fig. 1. The
required input includes the configuratioii data such as ACT length, diameter,
and mesh density; temperature profile data; and the sodium conditions of flow
rate and hydrogen inlet and outlet concentrations. The configuration data
are used to calculate surface area per i.nit length, and the sodium velocity
and the temperature profiit are used to calculate the saturation concentration
profile along the length of the ACT. Th:.s saturation concentration is given
by the relationship of Vissers et al.11

log Ce(ppm) = 6.067 -
2880
T(K)
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Fig. 1. ACTMOUEL Logic Flow Diagram



The next step in the calculation is to determine the mass-transfer
coefficient, k, that will duplicate the observed cold-trap outlet hydrogen
concentration, given the experimental conditions of inlet concentration,
temperature profile, sodium flow rate, etc. Equations 1 and 2 are used in
conjunction with appropriate mass-balance relationships to calculate the
hydrogen concentration in sodium along the length of the ACT. When Eqs. 1 and
2 are combined, the resulting differential equation is extremely difficult
to solve bv analytical means. Therefore, the equation is solved numerically
by the Runge-Kutta method12 using a differential increment of 0,0] times the
ACT length. The mass-transfer coefficient is incremented between trial
calculations until the calculated outlet hydrogen concentration matches
the experimentally observed outlet concentration.

After the concentration profile is established, the portion of the ACT
that is effectively removing hydrogen from the sodium stream, i.e.., the
section of the ACT iv. which the <?-Turation hydrogen concentration is lower
than the inlet hydrogen concentration, is identified. This effective length
is divided into 100 increments and the quantity of hydrogen that accumulates
in each increment is calculated for the ler.gth of time of the coil-trapping
experiment.

The ACTMODEL has the capability of calculating several segments of one
experiment in series, so that, if an experiment parameter such as the temp-
erature profile or inlet hydrogen concentration, for example, is changed
in the course of an experiment, the same parameters may be changed at the
same time interval for the ACTMODEL simulation. Hydrogen mass deposited in
early segments of the simulation is not disturbed by subsequent ACTMODEL time
segments.

The oucput of ACTMODEL includes key configuration data such as mesh
packing density, ACT dimensions, sodium velocity, temperature and hydrogen-
concentration profiles, hydrogen-mass-deposit distribution, and the
calculated mass-transfer coefficient. This information is printed out
at the end of each time segment of a given experiment simulation.

III. TEST APPARATUS

Sodium hydride precipitation experiments were performed during 1978 and
1979 at Argonne National Laboratory using the Apparatus for Monitoring and
Purifying Sodium (AMPS). The AMPS is a forced-circulation sodium system that
contains 320 kg (^100 gal) and is shown in Fig. 2. The sodium is circulated
in two legs of the AMPS: the purification leg contains a cold trap and a
getter trap (titanium sponge) for removing hydrogen and oxygen from the system,
and the experimental leg provides for rapid recirculation of sodium, multiple,
analyses of hydrogen and oxygen, and testing of various cold traps and
configurations. The sodium in the main vessel is recirculated at A constant
rate of approximately 1.1 kg/s to assure adequate mixing. A small stream is
taken from this main recirculation stream at a typical flow of 10 g/s for
use in the experimental cold-trap section of AMPS.
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The experimental cold-trap section of AMPS is shown schematically in
FLg. 3. The small sodium stream is split into two segments: the first flows
to hydrogen meter number 1 where the hydrogen concentration is measured
continuously, End the second segment enters the nydrogen injection device. The
hydrogen meters used in these experiments are the nickel membrane d Lffusion
type developed by Vissers p.t a?. 1 1 They are normally operated in the so-called
dynamic mode where tiie ion-pump current is proportional to the hydrogen
concentration. The meters are operated in the equilibrium mode on a daily
basis to provide continual meter calibration and cross-checking between meters.
During ACT experiments, the hydrogen meters are operated in the dynamic mode
continuously and it is not possible to 2heck one meter against the other.

The hydrogen injector is essentially a hydrogen meter operated in reverse.
A coiled nickel tube 3.2 mm (1/8 in.) in dia and 4.3 in (14 ft.) long with a
0.38-mm (0.015 in.) wall thickness is placed in flowing sodium in a 750 K
temperature zone. Pure hydrogen gas enters the nickel tube and flows through
the tube wall by diffusion. The hydrogen flow is measured with a mass flow-
meter, and typical injection rates of 6.7 to 27 mmVs have been used in these
experiments. The hydrogen concentration in the sodium entering the ACT is
inferred from that measured with hydrogen meter number 1 plus the quantity
of hydrogen added at the injector. Some preliminary experiments were done
to confirm the accuracy of this inferred hvdrogen concentration, and they are
discussed in following sections.

Sodium flowing from the hydrogen injector flows through a heat exchanger
where it is cooled prior to entering the ACT. Flow continues through the
ACT, back through the heat exchanger, and to hydrogen meter number 2 where the
outlet hydrogen concentration is measured. Sodium from both hydrogen meters
is returned to the main sodium recirculation stream.
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The Analytical Cold Trap is shown schematically in Fig. 4. Sodium enters
the packed section which is 0.56 m long with a 17.5-mm inside dia outer tube
and a 9.5-mm dia thermocouple well on the centerline. The packing is arranged
in 50-mm segments for ease of posttest disassembly. A controlled air stream
is used to cool the sodium stream in the mesh region. A proportional-band
temperature controller is used to control a variable-speed blower motor
supplying the cooling air. This method of temperature control has been
found to produce very stable temperatures over long time periods. Sodium
leaving the mesh region is heated as rapidly as possible to prevent precipita-
tion of hydrogen beyond the mesh.

After the ACT test is completed, the sodium flow is stopped and the sodium
is frozen in place in the ACT. The Conoseal unions are then disconnected
and the ACT is transferred to a helium-filled glove box for cutting into
segments. The 50-mm segments are stored individually in sealed sample jars to
prevent any reaction with impurities that might enter the glove box.

Eaci. ACT segment is analyzed for cotal hydrogen content by means of the
0-H analytical device shown in Fig. 5. In the glove box, the segment is placed
in a nickel sample boat which, in turn, is placed in the 0-H analyzer (OHA).
The OHA is sealed and evacuated, and the copper tube is pinched closed to
isolate the sample in vacuum. The OHA is placed in a furnace and heated to
670 K while ultra-pure helium is passed through the nickel-tube coil. Gas
leaving the OHA flows through an 870-K CuO bed, where entrained hydrogen is
converted to water. The water is then collected on a crying tube and period-
ically weighed until no further weight gain is noted. Tests of this
analytical method have been done using standard samples of NaH and NaOH in
sodium. Excellent agreement between hydrogen added and hydrogen recovered has
been observed, as is discussed in the following sections. After the hydrogen
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evaluation is completed, the sodium may bo separated from the segment by simply
cooling the copper tube to condense the sodium vapor. The residue left in
the segment may be analyzed for total sodium to obtain an indication of the
Na^O content of the segment. Of course, other stable, nonvolatile sodium
compounds v.'ould be interpreted as Na-,0 bv this method.
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Fig. 5. Oxygen-Hydrogen Analytical Device



IV. EXPERIMENTAL RESULTS

The results of two preliminary tests are critical to the interpretation
of the ACT experimental results; the two tests are 1) checking the hydrogen
injector to determine whether the amount of hydrogen measured by the mass
flowmeter corresponded to the hydrogen concentration increase observed with
the hydrogen meters, and 2) testing the OHA technique using both NaH and
NaOH in sodium to determine the percentage of hydrogen recovered.

A. Hydrogen Injector Performance Tests

Previous experience with hydrogen meters and hydrogen-injection devices
has shown that a reasonably long time (a few hours or more) is required to
"condition" a new nickel membrane for quantitative diffusion of hydrogen
into or out of sodium. For this reason, the problem of inferring the ACT
inlet hydrogen concentration from the system concentration plus a known
injection rate was troublesome. (The system configuration has subsequently
been changed to eliminate this problem; however, these data were obtained
prior to the change.)

Several tests were run to determine the accuracy of the hydrogen injec-
tions. For these tests, the ACT was bypassed and hydrogen meters 1 and 2 were
monitored while hydrogen was injected at a constant, controlled rate for
approximately six hours. The theoretical hydrogen-injector outlet concentra-
tion was obtained by adding the quotient, hydrogen-injection-rate/sodium-
flovrrate, to the inlet concentration. The results of one of these tests are
shown in Fig. 6 where inlet and outlet concentrations are plotted vs. time.
Since the AMPS sodium inventory is so large (320 kg), the inlet concentration
changed very little during the injection. It can be seen that the injector
tube required purging to bring the injection rate up to the theoretical
level. This necessity for purging is probably due to outgassing of the nickel
or reduction of compounds on the surface (such as oxides). In this tost,
four hours were required to bring the injection rate to near theoretical.
Subsequent run times could be shortened by increased purging early in the
injection period. The start of subsequent ACT runs was delayed until
theoretical injection rates were achieved so that the desired inlet concen-
trations could be achieved.

The agreement between hydrogen meters 1 and 2 can be observed at the
beginning and the end of the injection test shown in Fig. 6. This degree
of agreement between hydrogen meters was typical of that observed throughout
this sequence of ACT tests.

B. 0-H Analyzer Tests

The OHA was developed specifically for analyzing the ACT segments in this
program. As with any new analytical technique, it was necessary to proof-test
the method using samples of known composition, A series of nine tests were
run in which the OHA nickel boat was loaded with weighed quantities of NaH
or NaOH and sodium. These samples, containing various amounts of hydrogen,
were mostly run for about 86 ks (24 h ) . The composition of each sample,
the amount of hydrogen recovered, and the duration of each run are shown in
Table 1. All of these samples were run at 670 K with the apparatus and
operating procedures described above.
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Table

No.

1
2
3
4
5
6
7
8a
8b

1. Standard

Composition

NaH
NaH
NaOH
NaOH
NaOH
NaOH
NaH
NaH
NaH

Samples Run with the 0-H Analyzer

11 f T r- l

mg

1] .02
1J.41
8.02
3.44
5.50
4.80
3.94

19.92
(same as 8a)

H2 Recovered,

mg

9.55
8.54
7.64
3.40
5.11
4.56
3.62

12.33
18.85

%

86.6
63.6
95.2
98.7
93.0
95.0
91.7
61.9
94.6

Process

ks

94
86
86
86
104
86
86
86

173a

Cummulative time for tests 8a and 8b.

With a few exceptions, hydrogen recovery of 90 to 99 percent was observed
in these tests. The exceptions (samples 1, 2. and 8a) were found to be
processed for too little time. The rate of diffusion of hydrogen from the
low-pressure hydrogen source inside the OHA into the helium sweep gas is low;
therefore, in cases where more than ^6 mg of hydrogen was in the sample,
processing times of 170 ks or more were required to assure recovery of >95% of
the hydrogen. The long processing time required bv this method caused the
loss of some valuable data early in the program, prior to tests 8a and 8b
which clearly demonstrated the importance of allowing sufficient processing
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time. Calculations indicated that as much as 150 mg of hydrogen should be
transferred in 86 ks under the OHA operating conditions; however, the presence
o£ impurity gases or coatings may greatly inhibit diffusion of hvdrogen
through, the nickel tube. Calculations also indicated that approximately 2 to
5% of the hydrogen would be lost by diffusion through the stainless steel
vessel wall. This fractional loss is low, primarily because of the diffusion-
inhibiting oxide coating on the outer surface of the stainless steel which
should reduce the diffusion coefficient by a factor of 150 co 200. 3

In samples 3 through 6, the sodium was removed by cooling the copper
tube after the hydrogen had been recovered. Tnc residue was then analyzed for
sodium (presumably present as Na?0). Excellent agreement between these
analyses and tVie expected amount of NaoO was achieved in all cases.

C. ACT Tests and ACTMODEL Simulations

A total of seven ACT tests were completed in the study of sodium hydride
precipitation in cold traps. The first two tests were to test the equipment
and to develop procedures for performing the tests and the post-test analyses.
The remaining five tests ware performed under various experimental conditions
of sodium velocity, mesh packing density, and sodium hydride loading. The
experimental conditions and results are summarized in Table 2. ACT numbers
5, 6, and 7 were divided into three and four time segments, as shown in
Table 2 5 because the experimental conditions, i.e., the temperature profile
or inlet hydrogen concentration, changed slightly during the experiment.
The different segments of these ACT runs can be viewed as separate experiments;
however, the ACTMODEL is capable of following the changes in experimental
conditions while calculating the hydrogen mass distribution in the ACT.

Two sodium velocities: 0.019 and 0.038 m/s; and three mesh packing
density ranges: no poking, ^220 kg/m3 and 430 to 470 kg/m3 were tested.
Hydrogen discributions ranging from '̂ 50 mg/m2 to ^1200 mg/m2 were tested,
and although it is not important to this study, trapping efficiencies
ranging irom M.0% for the packless trap to ^80% for the packed traps were
achieved.

The mass-transfer coefficients presented in Table 2 were calculated by
the ACTMODEL code as described above. All the mass-transfer coefficients
fall within the range of 1.65 x 10~5 to 26.1 x 10"5 m/s. Attempts to
correlate these mass-transfer coefficients with sodium velocity or some
expression for the degree of turbulence, such as the Reynolds number,
were unfruitful. It would be expected that the mass-transfer coefficient
should increase roughly as the 0.5 to 1.0 power of Reynolds number; however,
the range of velocities is too small to clearly show this effect. The
most clearly defined correlation seems to be an increase in the mass-transfer
coefficient with an increase in the mass of hydrogen deposited (as NaH).
This relationship is shown in Fig. 7 where the calculated mass-transfer
coefficients are plotted as a function of the quantity of hydrogen deposited
in the ACT. The calculated mass-transfer coefficient increases by a factor
of o>4 when "./L200 mg/m2 of hydrogen has been deposited.



Act
No.

3

4

5a

5b

5c

6a

6b

6 c

7a

7b

7c

7d

Run
Time, ks

40.7

112

45.0

55.8

189

21.6

79.2

193

14.4

41.4

81.9

144

Table 2. Summary

Na Velocity,
rn/s

.0°.8

.038

.019

.038

.038

Geometric
Area, m^/ni

0.84

0.44

0.43

0.78

.070

of Resu]

Mesh
Density,

kg/m'3

473

226

223

434

0

ts of Model Calculations

0.80

0.5 j

0.61

0.72

0.81

0.61

0.67

0.77

0.14

0.06

C.04

0.21

Mass Trans
Toeff.,

ni/s x 10"J

7.67

26.1

6.96

8.07

10.7

4.52

7.42

13.2

7.72

3.00

1.65

11.9

Mass of
H, mg

41.02

55.64

16.55

22.25

117.80

19.40

71.79

177.49

1.66

3.53

5.17

17.36

H Distr.
mg/m2

79.0

1170

142

140

510

49.4

246

737

68.8

117

150

646

Area
factor,
(f)

1.28

4.35

1.16

1.34

1.78

0.75

1.24

2.20

1.29

—

—

1.98

e = trapping efficiency.
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This apparent increase in the mass-transfer coefficient is probably a

result of Che method of calculation used by the ACTM0DEL rather than a true

chemical effect. As discussed above, an implicit assumption of the ACTM0DEL

is that the precipitation surface area remains constant regardless of how

much hydride has been deposited. However, the precipitation surface area

would be expected to increase as the surface is roughened by NaH crystal

deposits. Thin increase in surface area may be expressed as a modification

of Eq. 1:

= kfA(C - Ce) (3)

where the dimensionless area factor, f, is a function of the quantity of NaH

deposited Der unit area.

The ACTM0DEL, as now written, calculates the quantity, kf, which is

called the "mass transfer coefficient". The area factor, f, should be unity

at the y intercept of Fig. 7, i.e., when no NaH has been deposited, the

available precipitation surface area is equal to the geometric surface of

the stainless steel and fA = A. The "mass transfer coefficients", kf,

calculated by the ACTMODEL may then be divided by the y intercept (6 x 1 0
- 5

m/s from Fig. 7) to obtain the area factor, f, as a function of the quantity

of NaH deposited. Figure 8 is a plot of the area factors obtained in this

manner. The line through the data points is expressed by

log f = 5.18 x H Γ
4 M

where M is the mass of hydrogen deposited per unit area, mg/m
2
.

(4)
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An increase Ln effective, surface area by a factor of four, as observed in
these experiments, can be achieved in many ways. For example, if the NaH
deposits as small cubic crystals, the factor-of-four increase in surface area
would occur if '-lO" crystals of '^25-nm size precipitated per square meter of
surface. it is more likely, however, that fewer crystals nucleated and that
the growth was more needle-like or dendritic, as is the nature of NaH crystals.
This open structure could easily achieve a fourfold increase over the bare
stainless s ^e! area.

Many of the ACT's were examined after the tests by neutron radiography.
This technique was used because it has the capability to reveal NaH deposits
in a stainless steel structure. Thermal neutrons are absorbed by the hydrogen,
and the NaH deposits show up as light areas on the film. Figure 9 is a print
of the neutron radiograph from packless ACT number 7. The Nail deposits appear
dark in this figure because it was contact-printed from the radiograph film.

The NaH deposited in the region of the tee has the appearance of an open,
dendritic structure as suggested by the ACTMODEL results. Also, the
largest quantity of NaH deposit seems to be in the tube downstream from the
tee. This appearance was deceptive in that the post-test analyses using the
OH analyzer showed a fairly smooth hydrogen distribution as shown in Fig. 10.
The analytical results seem to fit the ACTMODEL simulation very well and
no exceptionally large NaH deposits were detected in the region of the tee.
Alchough it is well recognized that locally turbulent zones can cause localized
excessive deposition of impurities, the analyses, in this case, failed to
show excessive amounts of hydrogen in the tee region. Another significant



Fig. 9. Contact Print of Post Test Neutron Radio-
graph of Packless ACT Number 7
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result. oL Lhis experiment is Lhal no significant nucleation problem seems to
exist in the Na-Mall system. The NaH deposition began in the same location
predicted bv the model, i.e., at the point of saturation of the solution.
The presence oi hvdro^en in the inlet '300 mm of the ACT may indicate the
presence of some hydrogen-bear ing species that precipitates at a higher
temperature than (.he Nali. Although a similar pattern occurred in most of the
ACT experiments, these deposits are only of limited interest because, the
quantity of hydrogen Involved is very small.

Figure 11 shows the hydrogen distribution obtained ii. ACT number 4 and
the ACTM0DEL simulation. The temperature distribution was such that only the
cold end of the ACT was effective in precipitating NaH. Again, the ACTMODEL
code accurately predicts the observed hydrogen distribution within the
analytical and experimental limitations of the system.

These tests have shown that the ACTMODEL simulation accurately calculates
NaH distributions in this simple ACT geometry. Although the model cannot,
at this stage in its developm*" it, handle the complex geometry of a full-scale
cold trap, it has shown some general procedures that may be helpful in
increasing cold-trap capacity. Critical considerations in maximizing capacity
seem to be controlling the temperature within the the trap and the very
careful control of the inlet temperature relative to the saturation temperature.
For example, a steep temperature gradient at any location in the trap will
cause heavy, localized precipitation and premature plugging in that region
before the rest of the mesh is fully utilized. Calculations with ACTMODEL
using hypothetical sodium-system parameters have shown that a relatively
uniform NaH mass distribution can be achieved by changing the cold-trap
temperature profile during operation. This change in profile could be
achieved in practice by dividing a NaK coolant jacket into four (or more)
indepently cooled sections to allow greater flexibility in controlling the
temperature profile.
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Increased capacity could also be achieved by grading the mesh packing
density to place the most open -structure in the region of expected maximum
precipitation and the more dense packing in regions of expected minimum
precipitation. Controlled mesh packing density nd temperature profile
should result in maximum utilization of the cold-trap volume.

V. CONCLUSIONS AND FUTURE WORK

A series of experiments to determine the nature of NaH precipitation
in cold traps by a combination of computer modeling, experimental studies,
and analytical techniques has been completed. This work led to the following
conclusions:

1) Significant supersaturation does not appear to occur before
nucleation begins when solid surfaces are available for nu-
cleation sites, i.e.3 pre'cipitation occurs on solid surfaces
at all locations cooler than the saturation temperature.

2) Although, in general, the rate of precipitation is expressed
adequately by dm/dt = kA(C - Ce), as NaH precipitation pro-
ceeds, the surface area increases significantly, A fourfold
increase in area was observed in these tests.

3) The ACTMODEL code provides excellent simulation of the ACT
experiments in terms of predicting the location and quantity
of NaH deposits. The code is also very useful in providing
calculations of mass-transfer coefficients and insights into
surface area changes during cold-trapping experiments.
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4) A mass-transfer coefficient of approximately 6 x 10 - 5 m/s
was observed over the range of these experiments. This com-
pares favorably with values of 4 x 10-i3 to 1 x 10 - 4 m/s
estimated by Hebditch14 for a similar system.

5) The 0-H Analyzer (OHA) method has been shown to perform very
well in analyzing for hydrogen in sodium samples when
sufficient time is allowed for hydrogen diffusion. Complete
(100%) recovery of Na20 wa^ observed in all tests containing
oxygen.

6) Although neutron radiography can provide valuable information
on hydrogen distribution in cold traps, the technique can be
deceptive in terms of estimating relative amounts of hydrogen
present in different geometric locations.

7) The ACTMODEL has proven to be very helpful in suggesting
methods for increasing cold-trap capacity, such as controll-
ing .packing density and temperature profiles.

The ACTMjODEL code has been very useful in studying precipitation of NaH
in a one-dimffusional cold trap; however, it must now be developed further to
incorporate yadial temperature gradients, radial variations in flow, and
radial variations in cold-trap geometry.

Work now in progress at Hanford Engineering Development Laboratory (HEDL)*5

Is concerned with determining the flow patterns and temperature profiles
expected in full-scale, mesh-packed cold-trap geometries. The HEDL work
will be very helpful in completing development of a two-dimensional calcula-
tion model for impurity precipitation in cold traps. Future work in cold-trap
model development will be directed toward development of this two-dimensional
calculational model. Furthermore, the behavior of oxygen in cold-trap
precipitation will be studied in a manner similar to the present study with
hydrogen. An attempt will be made, to observe interactions between the hydrogen
a.id oxygen either in solution or during precipitation in these tests. When
these studies are completed and the two-dimensional calculational model is
developed, parametric studies can be done to improve cold-trap designs.
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