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A SAMPLING DEVICE FOR MOLTEN-SALT SYSTEMS

W. B. McDonald J. L. Crowley

ABSTRACT

This report describes the design and use of a sampling system which permits the removal of

operating-fluid samples from a forced-circulation corrosion-testing loop while the loop is in oper

ation. The device is mounted over the one free surface of the fluid and utilizes a dip tube which

can be inserted into the liquid and removed without contaminating the inert cover gas of the

system.

INTRODUCTION

A sampling device has been developed for use in
corrosion-testing systems in which reactor con
struction materials are exposed to various molten-
salt mixtures. The test system consists of a
model LFB centrifugal pump, two resistance-
heated pipe sections, a cooling coil, and a drain
tank. There is an inert gas cover over the liquid
surface in the sump-type pump. These systems,
of which there are 15, may operate for a year or
longer at high temperatures (1100°F and above).

The sampling device described here was de
veloped in order to obtain samples during operation.
The molten-salt samples extracted are analyzed
for corrosion products to determine, for example,
the rate at which chromium is leached from the

container walls. Removal of samples is ac
complished without contaminating the inert gas
atmosphere in the pump tank.

EQUIPMENT

The sampling device consists of two subas
semblies, one permanently mounted on the loop
and the other removable. A section view of the

entire assembly mounted on the upper flange of a
model LFB centrigual pump is shown in Fig. 1.

The permanently mounted subassembly, con
sisting of the ball-plug valve and adapters, is
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attached to the pump flange during fabrication of
the loop and remains a part of the loop during the
entire test period. The ball-plug valve is fabri
cated of stainless steel and contains Teflon seals

throughout. The adapter between the pump flange
and the valve is finned to keep the valve seals
and gaskets relatively cool during operation. The
pipe nipple above the valve is kept capped during
normal operation of the loop to prevent entry of
foreign matter into the upper compartment.

The removable head subassembly consists of a
modified Wilson seal with Teflon gaskets and a
sample dip tube. The Wilson seal maintains a
tight seal around the outer surface while the dip
tube is being inserted or withdrawn. The sample
dip tube consists of a ^-in.-OD copper tube with a
short section of ^-in.-OD copper tubing brazed
on the lower end. A porous, sintered, copper disk
is brazed on the lower end of the %-in.-OD section
in order to retain, until it freezes, molten salt that
is drawn up into the tube.

The auxiliary equipment required for the operation
of the sampler includes a vacuum source, a regu
lated inert gas source, and the associated valves
and gages. The sample dip tube is connected by
flexible polyethylene tubing to a manifold incorpo
rating means for either pulling a vacuum on the
system or pressurizing it with inert gas. The
sampling device is shown in Fig. 2 mounted on
the pump flange with the dip tube in position for
insertion. In the background may be seen the
connecting tubing and the manifold. The mask is
worn by the technician to prevent inhalation of
toxic vapors of the beryllium-bearing salt con
tained in the system.
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Fig. 1. Sectional View of Molten-Salt Sampling

Device Mounted on a Model LFB Centrifugal Pump.

OPERATION

The removal of samples from the molten-salt
system requires some advance preparation,
although the actual sampling may be accomplished
in a matter of minutes. The sample dip tubes,
made of copper, are hydrogen-fired on the internal
surface to remove scale and surface contamination

prior to insertion into the removable head sub
assembly containing the seal. The same number
of subassemblies are prepared as samples are
desired, and the sampling operation is ready to
begin.

The following procedure is used to ensure proper
control and to prevent the possibility of contami
nation of the system during removal of samples.

1. With the ball-plug valve closed, the protective
cover is removed, and the dip tube and removable
head subassembly is attached to the permanently
mounted subassembly.

2. The necessary connections are made from the
dip tube to the gas and vacuum supply manifold.
The volume above the ball-plug valve is then
evacuated through the dip tube and checked for
leak tightness by shutting off the vacuum source
and noting the pressure rise, if any, on the com
pound pressure gage.

3. As soon as a tight system above the ball-
plug valve is evident, the space is purged by
repetitive evacuation and pressurizing with inert
gas from the manifold.

4. When the volume above the ball-plug valve
has been sufficiently purged, inert gas is admitted
at a pressure equal to that maintained in the pump.
Thus when the ball-plug valve is opened, the
system is not disturbed.

5. With the pressures above and below the ball-
plug valve equalized, the valve is opened and the
sample dip tube is inserted into the molten salt in
the pump.

6. The sample dip tube is allowed to remain in
the molten salt a short time to permit it to be

heated to the operating temperature (1100°F or
higher). The inert gas supply is then cut off at
the manifold and a vacuum is applied to draw a
molten-salt sample through the sintered copper
filter into the dip tube.

7. The sample dip tube is then raised far enough
to clear the ball-plug valve, which is then closed.
The sintered copper filter retains the sample until
it has solidified in the tube.

8. The removable head and dip tube subassembly
is removed from the permanently mounted sub
assembly and replaced with another dip tube sub
assembly, if a second sample is desired, or by the
protective cover.

9. The sample tube is then extracted from the
removable head for chemical analysis and another
sample tube is inserted for a future sample.

Drawing the hot molten salt up the sample tube
in contact with the Teflon gaskets does not seem
to adversely affect the quality of the seal ob
tained, and many samples may be taken before it
is necessary to replace the gaskets.

The normal high-low liquid level tolerance in the
model LFB centrifugal pump makes approximately





9 in.3 of molten salt available for sampling pur
poses. On the loops equipped with the sampling

device, however, the normal tolerance is doubled
so that approximately 18 in. of molten salt is
available for sampling. An average of 0.75 in.
of molten salt is removed from the system with
each sample, and thus 24 samples are available
from one filling.

RESULTS AND DISCUSSION

At the time this report was prepared more than
130 samples had been successfully removed from
six pumps equipped with the sampling device.

The success of this type of sampling device in
preventing contamination of the pump-tank atmos

phere depends a great deal upon the proficiency of
the operator in obtaining the proper seals and
tight connections and in properly purging the
volume above the ball-plug valve before the system
is opened. For this reason only experienced
technicians are allowed to operate the sampling
device.

This type of device could possibly be used as a
means for enriching the fuel of a molten-salt
reactor. In this case the enriched fuel would be
lowered into the reactor system and allowed to
dissolve. Tests are being conducted to determine
the feasibility of this operation.



ORNL-2688

UC-38-Equipment, Methods
and Techniques

TID-4500 (15th ed.)

INTERNAL DISTRIBUTION

1. D. S. Billington
2. E. P. Blizard

3. A. L. Boch

4. C. J. Borkowski

5. W. F. Boudreau

6. G. E. Boyd
7. E. J. Breeding
8. R. B. Briggs
9. C. E. Center (K-25)

10. R. A. Charpie
11. R. S. Cockreham

12-13. J. L. Crowley
14. F. L. Culler

15. J. H. DeVan

16. L. B. Emlet (K-25)
17. J. H. Frye
18. W. R. Grimes

19. E. Guth

20. C. S. Harrill

21. A. Hollaender

22. A. S. Householder

23. W. H. Jordan

24. C. P. Keim

25. M. T. Kelley
26. J. A. Lane

27. R. S. Livingston

28. H. G. MacPherson

29. W. D. Manly
30. W. B. McDonald

31. J. R. McNally
32. K. Z. Morgan
33. J. P. Murray (Y-12)
34. G. J. Nessle

35. P. M. Reyling
36. H. W. Savage
37. A. W. Savolainen

38. H. E. Seagren
39. E. D. Shipley
40. M. J. Skinner

41. A. H. Snell

42. E. Storto

43. J. A. Swartout

44. E. H. Taylor
45. D. B. Trauger
46. F. C. VonderLage
47. A. M. Weinberg
48. G. D. Whitman

49. G. C. Williams

50. C. E. Winters

51-70. Laboratory Records Department
71. Laboratory Records, ORNL R.C.
72. Biology Library

73-74. Central Research Library
75-76. ORNL - Y-12 Technical Library

Document Reference Section

77. Reactor Experimental Engineering
Library

78. Health Physics Library

EXTERNAL DISTRIBUTION

79. Division of Research and Development, AEC, ORO
80-535. Given distribution as shown in TID-4500 (15th ed.) under Equipment, Methods and Techniques

category (75 copies - OTS)


	image0001
	image0002
	image0003
	image0010

