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Abstract

The secondary loop cold trap of the Fast Breeder Test Reactor got plugged
prematurely and was not removing impurities from the sodium. This cold trap
was taken tip for cleaning and modification of the internals. The cleaning
operation was carried out successfully by hydride decomposition and vacuum
distillation followed by steam cleaning method. Without dismantling, the cold
trap internals were washed by circulating water. Subsequently the wire mesh
was removed, examined and replaced, the internal modifications were carried
out and the cold trap was qualified for reuse. The procedures followed and the
experience gained are discussed.

1.0 INTRODUCTION:

Fast Breeder Test Reactor (FBTR) is a loop type reactor which has two secondary sodium
loops to transfer heat from the reactor to the steam generators. Each loop is provided with one
cold trap to remove impurities on a continuous basis. After connection of the steam generators
in the secondary sodium circuit in late 80's and on commissioning of the circuits with steam
generator, one of the secondary loop cold traps was plugged soon and sodium flow through the
trap stopped fully. The plugging was not due to full loading of the cold trap with impurities but
due most likely to plugging of outlet pipe prematurely. The cold trap was removed from the loop
and the sodium removal and requalification was carried out to enable design improvements on the
internals of the cold trap.

The requalification process was carried out in three phases. They are:

a. Draining of sodium from the cold trap
b. Removal of the sodium hydride and the remaining sodium by evacuation and distillation

and finally
c. Removal of oxides and other impurities by reaction with steam followed by water wash.
This report describes in detail the methods adopted to remove sodium and the impurities,

the quantities involved and the visual examination results.

2.0 COLD TRAP:

Fig. 1 shows the schematic diagram of the cold trap. It has a total volume of 360 1 with a
wire mesh bundle volume of 210 1. The upper part of the cold trap contains a concentric shell.
The inlet sodium enters the cold trap and branches out to the outside of the concentric shell before
entering the wiremesh. After passing through the wiremesh, the sodium collects inside the
concentric shell and leaves the cold trap. The trap is provided with a thermofluid cooling coil in
a NaK jacket around the shell. Before taking up the requalification, the NaK was drained and an
inert atmosphere in the NaK chamber was maintained throughout. The thermofluid coils were
also drained and cleaned thoroughly.



3.0 SODIUM DRAINING:

In the secondary circuits of the reactor, the cold traps are not provided with any draining
facility and so when it was cut and removed, the trap was full of sodium and impurities. The
sodium was melted and drained to a reservoir by keeping it upside down in a setup shown in Fig.
2. The cold trap was heated gradually to 150 to 200 C and the sodium was allowed to drain. After
this operation, the temperature of the cold trap was allowed to raise upto 400 C where it was
maintained for a further period of six hours to enable as much draining of sodium with impurities
from the wire mesh region.

From the increase in level of the reservoir, the quantity of sodium drained out of the cold
trap was estimated as 317 1. Because of the projection of the nozzles and the arrangement at the
top of the cold trap, it was not possible to drain the sodium in this region. The quantity of sodium
remained in the outer collector was estimated at 2.2 kg and the quantity in the outer annular space
was 0.9 kg. From the dimensions of the cold trap, it was estimated that about 43 1 of sodium and
impurities remained inside the cold trap proper after the draining operation.

4.0 EVACUA TION OF COLD TRAP:

The internals of the cold trap was subjected to vacuum at high temperatures to remove

a. Hydrogen by decomposition of sodium hydride and
b. Liquid sodium by distillation method.

Fig. 3 shows the general arrangement of the vacuum distillation setup. The inlet/outlet
nozzle of the cold trap of size 75 NB Sch 40 was connected to a condenser pipe. This was in turn
connected to a vacuum pump through a liquid nitrogen cooled oil trap. This trap was provided
with an intention to avoid oil/oil vapour entry into the cold trap at the time of evacuation and
pump trips. The condenser pressure was monitored continuously using a thermocouple vacuum
gauge and a mercury manometer. The vacuum pump used had sufficient pumping rate and it could
bring down the system pressure to about 0.02 torr in 12 min at room temperature.

4.1 HYDRIDE DECOMPOSITION:

Table -1 below gives the partial pressure of hydrogen in a sodium - sodium hydride system
and the vapour pressure of sodium.

Table - 1

Temperature partial pressure vapour pressure
of hydrogen of sodium

C torr torr

350
400
450
500
550

39
207
878

3086
9309

0.10
0.44
1.52
4.46
11.50

It may be observed from the above table that in a sodium - sodium hydride system, the
partial pressure of hydrogen is much higher compared to the vapour pressure of sodium. To



enable removal of hydrogen, the cold trap was heated to 450 to 500 C and evacuated. The
interconnecting line was maintained at 350 C and the condenser at 160 C. Evacuation of the cold
trap was started and the parameters such as temperature and pressure were monitored
continuously. Because of overheating of vacuum pump, it was switched off intermittently once
in every three hours of operation for nearly one hour.

Fig. 4 shows the temperature of cold trap shell, thermowell at the centre of cold trap,
interconnecting pipe line temperature and the pressure of the condenser. The cold trap body was
heated initially to 550 C and was brought back to 450 to 500 C and held around this value. The
temperature inside the cold trap at the thermowell location was about 50 to 100 C less than the
outside temperature. In the initial period of operation, the pressure of the condenser was nearly
98 torr and remained more or less around this value. During this period, the major process
occurring in the trap was decomposition of hydride and removal of the decomposed hydrogen by
evacuation. When the cold trap was maintained at 550 C, the dynamic pressure of the condenser
pipe remained at 98 torr and this dropped to 60 torr when the temperature was reduced to 450
C. The saturation pressure of sodium hydride at these temperatures are quite high and because
of continuous evacuation, the pressures stabilised at an in between value of 98 to 60 torr. Most
of the decomposition was over in the initial 6 1/2 h of pumping and the pressure dropped to nearly
6 torr subsequently.

To estimate the quantity of hydrogen pumped, the pumping speed of the vacuum pump was
established by measuring the pressure with respect to time after completion of distillation process.
Based on the volume of the system and the rate of fall of pressure, the pumping speed was
calculated as 250 1/min. Table - 2 gives the average condenser vessel pressure and the time of
operation of the pump.

Table - 2

Average condenser 98.0 59.5 6.0 6.7 6.5 2.0 6.0 2.5
pressure, torr

Duration h 3.5 3.3 3.0 3.0 3.0 2.7 3.0 3.2

Based on these values, the total volume of hydrogen pumped out was calculated as 11,360
1 at atmospheric pressure and after temperature correction, the quantity of hydrogen pumped came
to 209 g mole which corresponds to 418 g of hydrogen or 10.04 kg of sodium hydride.

4.2 SODIUM REMOVAL BY DJST1LLA TION:

After few hours of operation in the pressure range of 98 to 60 torr, it was observed that the
pressure reduced gradually to less than 2.5 torr. This was also followed by an increase in
temperature of the cold trap and the condenser interconnecting pipe by 60 C, indicating that the
distillation of sodium has started. The increase in temperature of the interconnecting pipe is due
to release of heat of condensation. The vacuum distillation processes continued for few days. At
the end, it was observed that the pressure dropped suddenly from 2.5 torr to 1 torr followed by
increase in temperature of the cold trap indicating that the vacuum distillation process has ended.

During the distillation process, when the pump was switched off, the inter-connecting pipe
line temperature dropped rapidly where the heaters were kept ofFand raised to the initial value
when the vacuum pump was restarted. This is due to the sodium condensation phenomenon
occurring in this region (Fig. 4). On completion of vacuum distillation, the vacuum dropped to
0.01 torr after 49 h of pumping (excluding the pump off period). The interconnecting line
temperature also stabilized at a low temperature of 140 C as there was not adequate heat input



due to condensation. To ensure completion of distillation, the pump was operated for a further
period of 6 h and there was no change in the vacuum.

The quantity of sodium in the condenser vessel was measured. At the end of the vacuum
distillation process the quantity of sodium was around 12.3 kg. At the end of the process, almost
all the sodium and sodium hydride impurities must have come out of cold trap leaving behind
oxides and other impurities which could not be decomposed or distilled out. These impurities
were removed in the subsequent steps of reaction with steam and washing with water.

5.0 REACTION WITH STEAM:

The impurities remaining in the cold trap were allowed to react by controlled addition of
steam. The cold trap was kept upside down as shown in Fig. 5 and connected to an electrically
heated steam boiler of 5 kg/h. The cold trap was preheated to 150 C to prevent steam
condensation. Steam was admitted in a controlled manner. The reaction products, mainly sodium
hydroxide drained down and was collected. This operation was continued for 56 h. The quantity
of sodium in the sodium hydroxide solution collected (661) was analyzed. The total quantity of
sodium reacted in this process was estimated as 14.5 kg.

6.0 WATER WASH:

At the end of reaction with steam, the cold trap was washed by circulating with water. This
was carried out without dismantling the cold trap. Water was gradually filled in the wire mesh
and was allowed to overflow by the central return pipe. Water circulation at 150 1/h was
maintained for 7 h and the circulated water of 853 1 was analyzed for hydroxide. The circulated
water contained 4.6 kg of sodium as hydroxide.

7.0 INTERNAL EXAMINATION:

To see the effectiveness of the cleaning process, the top dished end was cut and removed.
It was observed that the internals of the cold trap were cleaned thoroughly. The wire mesh bundle
was removed and thoroughly washed with water. The mesh was in good shape except few black
spots as seen in Fig. 6. This may be due to the high local temperatures during reaction with
steam.

The internals of the cold trap were chemically cleaned. Even though the wire mesh bundle
was in good shape, considering the long term storage subsequently, it was replaced by a new
bundle. The required improvements on the internals of the cold trap were completed and the
dished end was welded back. The clod trap is now available as a spare for possible replacement
required at a future date in the secondary circuits.

8.0 DISCUSSION/CONCLUSIONS:

Subjecting the cold trap to various stages of sodium removal operation without dismantling
yielded valuable data on the different stages adopted for cleaning. They have also yielded
information on the design of cold traps for considering in-situ regeneration.

From the dimensions of the cold trap, it was estimated that approximately 43 1 of sodium
and impurities remained inside the cold trap after sodium draining operation. This compared
reasonably well with the total of 10.04 kg of decomposed sodium hydride (10.9 1), 12.3 kg of
sodium distilled (13.4 ]), 14.5 kg of sodium removed as sodium hydroxide (equivalent to 8.61 of
sodium oxide) removed during steam cleaning and 4.6 kg of sodium removed as sodium
hydroxide (equivalent to 2.7 1 of sodium oxide) removed during water wash.
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Fig. 6. Cold Trap Wire Mesh - after cleaning


