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57 ABSTRACT 
A method of and system for removing silicon from a 
high temperature liquid sodium coolant system for a 
nuclear reactor. The sodium is cooled to a temperature 
below the silicon saturation temperature and retained at 
such reduced temperature while inducing high turbu 
lence into the sodium flow for promoting precipitation 
of silicon compounds and ultimate separation of silicon 
compound particles from the liquid sodium. 

18 Claims, 8 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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METHOD OF AND APPARATUS FOR REMOVING 
SILICON FROM A HIGH TEMPERATURE 

SODIUM COOLANT 

BACKGROUND OF THE INVENTION 
The present invention relates generally to removing 

impurities from a nuclear reactor coolant and, more 
particularly, for removing silicon from the sodium uti 
lized as a coolant in fast breeder nuclear reactors. The 
United States Government has rights in this invention 
pursuant to Contracts Nos. EY76-C-14-2170 and 
DE-AC006-76FF02170 between the U.S. Department 
of Energy and the Westinghouse Electric Corporation. 
A typical fast breeder nuclear reactor employs liquid 

sodium as a coolant to remove the tremendous heat 
generated by the nuclear fission of the fissile materials. 
The liquid sodium is circulated through a closed heat 
transport system which includes the reactor vessel, a 
heat exchanger, a suitable piping system for serially 
connecting these components together, and a pump for 
circulating the coolant therethrough. During operation 
of the nuclear reactor, various contaminants or impuri 
ties formed by reactions occurring in and with the liquid 
metal coolant become entrained or dissolved in the 
liquid sodium. These impurities may be transported 
around the loop system and can result in corrosion of 
the system or in the formation of solid precipitates 
which can cause plugging and other deleterious effects 
within the system. In order to remove some of these 
impurities, cold traps have been designed and incorpo 
rated in these liquid metal cooling systems. Cold trap 
ping is a technique for producing precipitation or nucle 
ation of the impurities under reduced temperature con 
ditions in a controlled manner to thereby purify the 
liquid metal coolant. 
The chemical element silicon has been known to be 

one of several trace impurities in sodium loop systems. 
However, because of its minor incidence in some cold 
trap deposits, and because of the instability of some 
silicon compounds inside a metallic sodium environ 
ment, it has not been considered a significant detriment 
in the operation of sodium heat transport systems. Re 
cently, however, studies have shown that, contrary to 
what had been earlier believed, silicon mass transport is 
responsible for deposits within sodium heat transport 
systems, particularly new systems, that can have severe 
effects on the operation of such systems. 
The chemical element silicon is normally found in 

iron and steel. In the 300 Series stainless steels used in 
fuel cladding, piping and other internal components of 
liquid metal fast breeder reactors, the silicon content is 
about 0.5 percent by weight. This silicon leaches out of 
the sodium-wetted surface of new stainless steel and 
dissolves in the sodium at temperatures greater than 
900' F. In cooler portions of the sodium coolant system, 
this dissolved silicon will be deposited in the form of a 
crystalline compound. These deposits create increased 
hydraulic friction and resistance to coolant flow with 
consequent increased coolant pressure drops. Also, they 
can contribute dramatically to losses in the heat transfer 
rate. Moreover, particulates resulting from this crystal 
line growth break away to clog flow control valves, 
filters and other narrow circulation passages. All of the 
above factors contribute to increased pressure drops 
and reduced cooling efficiencies resulting in the over 
loading of pumps and other components. The usual cold 
trapping techniques mentioned earlier, and which are 
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normally provided in liquid metal coolant systems, have 
not proved effective to collect or remove the silicon as 
they are operated at too low a temperature. Further, 
particulates which enter them tend to be recycled and 
to dissolve in the circulating coolant when conveyed 
through the higher temperature regions of the system. 

It is therefore a primary object of the present inven 
tion to obviate the above shortcomings by providing a 
new and useful method of and system for efficiently 
removing silicon from a liquid metal coolant system. 

It is another object of this invention to provide a 
method of promoting the precipitation of silicon com 
pounds in a controlled manner and environment for 
subsequent removal from a liquid metal coolant system. 

It is still another object of the present invention to 
provide a new and useful system for facilitating precipi 
tation in the foregoing method by enhancing the deposi 
tion and growth of silicon compound crystals on collec 
tion surfaces of the system where they grow to a size 
which is efficiently removed. 

It is a further object of this invention to provide in the 
foregoing system a new and useful composite, integral 
apparatus for cooling high temperature sodium below 
the silicon saturation temperature as well as promoting 
the precipitation of silicon compound crystals. 
These and other objects, advantages, and characteriz 

ing features of the present invention will become clearly 
apparent from the ensuing detailed description of an 
illustrative embodiment thereof, taken together with the 
accompanying drawings wherein like reference charac 
ters denote like parts throughout the various views. 

SUMMARY OF THE INVENTION 

A method of and system for materially reducing the 
silicon inventory in a liquid sodium coolant system of a 
nuclear reactor or other liquid sodium systems. The 
high temperature sodium containing dissolved silicon is 
cooled below the saturation temperature of silicon and 
maintained at such reduced temperature while inducing 
high turbulence in the sodium flow to promote precipi 
tation of the silicon. The solid silicon particulates result 
ing from such precipitation are then separated and re 
moved from the liquid sodium. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic flow diagram of a portion of a 
liquid metal coolant system incorporating a preferred 
form of the silicon removal system of this invention; 

FIG. 2 is a longitudinal sectional view of a preferred 
form of composite economizer/crystallizer apparatus 
forming a part of this invention; 

FIG. 3 is a cross-sectional view, taken along line 3-3 
of FIG. 2; 
FIG. 4 is a longitudinal sectional view of a separator 

used in conjunction with the present invention; 
FIG. 5 is a top plan view of the separator shown in 

FIG. 4; 
FIG. 6 is a longitudinal sectional view of a preferred 

form of cooling apparatus constructed in accordance 
with this invention; 
FIG. 7 is a side elevational view of a diffuser en 

ployed in the cooler used in conjuction with this inven 
tion; and 
FIG. 8 is a front elevational view of the diffuser of 

F.G. 7. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now in detail to the illustrative embodi 
ment depicted in the accompanying drawings, there is 
schematically shown in FIG. 1 a system, comprehen 
sively designated 10, of the present invention for re 
moving silicon entrained and dissolved in a liquid metal 
coolant, such as sodium for example, which is employed 
in the heat transport system of a nuclear reactor. As is 
well known, the primary reactor coolant, liquid sodium, 
is heated to extreme temperatures on passage through 
the core of a nuclear reactor containment vessel. This 
hot liquid sodium flows through the primary system to 
a heat exchanger for transferring heat from the primary 
system to another or secondary coolant system coupled 
in sealing arrangement with the primary system for 
ultimate conversion into steam in order to generate 
electrical energy. 
The system 10 includes an inlet conduit 11 and an 

outlet conduit 12 tapped into the primary coolant sys 
tem in a high temperature zone since the solubility of 
silicon in sodium increases with increases in tempera 
ture. The temperature of the liquid sodium should be 
above the silicon saturation temperature, which is that 
temperature for any particular, but arbitrary, concentra 
tion of silicon dissolved in sodium at which there would 
be a thermodynamic equilibrium between the dissolved 
silicon and a solid phase containing silicon. The silicon 
saturation temperature of sodium depends upon the 
system design, operation and operating history, and can 
vary from a low sodium melting point temperature to a 
maximum temperature as dictated by the mass of silicon 
dissolved in the sodium. For illustrative purposes in 
describing the silicon removal system of this invention, 
it will be assumed that the temperature of the sodium 
entering conduit 11 is 1000 F. and that the silicon satu 
ration temperature is 900' F. 
Means are provided in system 10 to cool the entrant 

hot liquid sodium below the silicon saturation tempera 
ture and to promote precipitation in the form of crystal 
growth of silicon compounds on the walls of the flow 
channels in a controlled manner and predominantly at a 
desired location. To this end, such means comprise a 
composite economizer/crystallizer unit or apparatus 13 
having an upper economizer or heat exchange portion 
15 serving to reduce the temperature of the hot sodium 
and a lower crystallizer portion 16 effective to promote 
precipitation. The terms upper, lower, top, bottom, 
vertically, horizontally and the like as used herein are 
applied only for convenience of description with refer 
ence to the drawings and should not be taken as limiting 
the scope of this invention. 
As shown in FIG. 2, the economizer portion 15 com 

prises an elongated, outer cylindrical shell 17 and an 
elongated, hollow inner tube 18 concentric with the 
shell 17 and defined by a cylindrical wall 20 in radially 
spaced relation to the wall of shell 17. The inner tube 18 
defines an axial passage 21 and the space between shell 
17 and tube 18 an annular passage 22. The upper end of 
tube 18 is provided with a hot sodium inlet 23 con 
nected to conduit 11 and the bottom end thereof is 
formed integral with the upper end of the crystallizer 
portion 16 so as to minimize turbulence in the sodium 
passing from one to the other. The lower end of shell 17 
is formed with a return inlet 25 and the upper end 
thereof is formed with an outlet 26. Thus, hot liquid 
sodium entering inlet 23 flows through passage 21 in 

O 
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20 

4. 
heat exchange relation with the cooler sodium passing 
upwardly through annular passage 22 for cooling the 
hot sodium to a desired temperature range below the 
silicon saturation temperature. 
The crystallizer portion 16 of apparatus 13 comprises 

an elongated, hollow tube 27 forming an axial extension 
and a continuation of the inner tube 18. A solid core 
member 28 is concentrically mounted within the lower 
portion of tube 27 to define an annular restricted pas 
sageway 30 between the tube 27 and core member 28. 
While the core member 28 is shown supported and 
secured within the tube 27 by means of radially extend 
ing circumferentially spaced ribs 31 having adequate 
spaces or openings therebetween, it should be appreci 
ated that many mechanical expedients for supporting 
core member 28 within tube 27 could be expected to 
occur to those skilled in the art. The lower end of tube 
27 is provided with an outlet 32 connected to a conduit 
33 (FIG. 1). 

In order to realize optimum precipitation via crystal 
formation and growth, it has been found desirable to 
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maintain the temperature of the cooled sodium exiting 
passage 21 at a desired range below the sodium satura 
tion temperature for a finite time and to subsequantly 
increase the velocity of sodium flow for inducing high 
turbulence to enhance rapid silicon compound deposi 
tion on the inner wall surfaces of tube 27. To this end, 
the empty region in tube 27 above the core member 28 
defines a chamber to provide a generally low velocity 
flow region 35 affording the desired retention time and 
the passageway 30 defines a high velocity flow region 
for inducing high turbulence in the sodium flow to 
increase the rate of mass transfer of silicon to the fixed 
surfaces of the flow section. This high velocity flow 
region also facilitates the dislodgement or breaking 
away of particles from the silicon compound deposition 
on the tube walls which are then carried along with 
other particulates by the sodium flow through outlet 32 
and into conduit 33. 
The system 10 includes a flow meter 36 (FIG. 1) in 

conduit 33 to monitor flow through the system and 
preferably two pumps 37, which can be responsive to 
the output of flow meter 36, for circulating the liquid 
sodium through the system 10 independently of the 
parent or primary coolant system. Additionally, a plu 
rality of pressure gages 38 and immersion thermocou 
ples 39 are strategically positioned at several locations 
in the system 10 for establishing and monitoring operat 
ing conditions. 
Means are provided in the system 10 to separate and 

remove the entrained particulates from the liquid so 
dium, including those grown in the economizer/crystal 
lizer 13 as well as those originating outside the system 
10. Such means comprises a hydrocyclone, generally 
designated 40, located downstream of the economizer/- 
crystallizer 13. As shown in FIG. 4, the hydrocyclone 
40 comprises an elongated cylindrical body 4 sur 
mounted at its upper end by an end cap 42 and con 
nected at its lower end to a receptacle or collector 43. 
The body 41 is formed with an inner tapered wall 45 
defining a conical passage 46 of progressively diminish 
ing diameter in a downward direction. An opening or 
port 47 is formed in wall 45 adjacent the upper end of 
body 41 for receiving an inlet reducer member 48 suit 
ably connected to the downstream end of conduit 33. 
As shown in FIGS. 4 and 5, the reducer member 48 is 
oriented tangentially to the upper end of passage 46 and 
at a slight downward attitude relative to a horizontal 
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plane extending normal to the longitudinal axis of body 
41. The particle entrained sodium passes through the 
reducer 48 and flows into the upper end of passage 46 in 
a downward tangential direction to impart a spiral mo 
tion of increasing angular velocity to the sodium flow 
downwardly through the passage 46. This motion pro 
pels the heavier particles toward the surface of tapered 
wall 45 and, via gravity, downwardly through the nar 
row outlet 49 into the collector 43. 
The collector 43 comprises a generally cylindrical 

body 50 having a narrow neck portion 51 in open com 
munication with the hydrocyclone passage 46 and pro 
vided with an annular flange 52 adapted to mate with a 
complementary flange 53 formed at the bottom of hy 
drocyclone 40. A suitable seal (not shown) may be inter 
posed between flanges 52 and 53. Aligned openings 54 
are formed in the two flanges 52 and 53 for the recep 
tion of suitable fasteners (not shown) for releaseably 
securing the collector 43 to the hydrocyclone 40. Thus, 
collector 43 is effective to permanently retain the sepa 
rated particulates so that they cannot be re-entrained 
into the system. The collector 43 can be periodically 
detached for discarding the particulates accumulated 
therein. 
The end cap 42 is welded or otherwise fixedly se 

cured to the upper end of body 41 and is provided with 
an axial passage 55 connected to a conduit 56 for passing 
the cleansed sodium therethrough. The cleansed so 
dium is then conveyed via conduit 56 (FIG. 1) to an air 
cooler, generally designated 57, for further cooling the 
cleansed sodium and thereby controlling the thermal 
profile of the economizer 15 to which the cooled so 
dium is thereafter directed. 
As best shown in FIG. 6, the air cooler 57 comprises 

an elongated cylindrical shell 58 covered by a layer of 
thermal insulation 60. A tubular cooling coil 61 is suit 
ably mounted within the shell 58 and is provided with 
an inlet 62 connected to conduit 56 and an outlet 63 
connected to a conduit 65 leading to the inlet 25 of 
economizer 15. Shell 58 is formed with a tapered inlet 
end 66 terminating in a flange 67 for coupling, as by 
suitable fasteners (not shown), to the flange 68 of a 
blower 70 (FIG. 1). Thus, air under a predetermined 
pressure is blown across the several windings of coil 61 
in heat exchange relation to the liquid sodium flowing 
therethrough. 

In order to enhance cooling of the sodium in coil 61, 
a series of diffusers 71, each comprised of a plurality of 
stationary, radial vanes 72 are mounted at selected axi 
ally spaced intervals within shell 58 to impart a spiraling 
path to the flow of air as it traverses the coil 61. This 
spiraling motion imparted to the cooling air assures 
better distribution of the air and contact with the entire 
outer surfaces of the coil 61 through which the sodium 
flows. 
As best shown in FIGS. 7 and 8, each diffuser 71 is of 

a unitary, one-piece construction fabricated by a stamp 
ing operation for example, with the several vanes 72 
being integral with each other. The vanes 72 have a 
common axis 73 and are circumferentially spaced at 
equal distances from each other. Each vane 72 has a 
bent configuration with the inner portion 75 thereof 
lying in a plane substantially normal to axis 73 and then 
progressively bent, as at 76, toward its distal end to 
terminate in an end portion 77 substantially normal to 
the plane of the inner portion 75. This configuration 
directs the air flow impinging thereagainst into the 
desired spiraling motion. The outer end portion 77 of 
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6 
the vanes 72 are welded or otherwise fixedly attached 
to elongated structural members 78 affixed to the inner 
wall of the shell 58. 
The cooler 57 cools and conditions the sodium for 

controlling the thermal profile of the economizer 15. 
The cooled sodium is conveyed via conduit 65 to the 
shell inlet 25 and then through annular passage 22 in 
heat exchange relation with the hot sodium flowing 
through axial passage 21. The cooled sodium flowing 
through passage 22 is reheated to parent system require 
ments and re-enters the parent or primary coolant sys 
tem via shell outlet 26 and outlet 12. 

In operation, hot sodium containing dissolved silicon 
enters the apparatus 13 and is rapidly cooled during 
flow through passage 21 in the economizer portion 15 
to a temperature below the silicon saturation tempera 
ture. This cooled sodium temperature is maintained for 
a finite time by virtue of the low velocity flow region 35 
in crystallizer portion 16. In lieu of providing a desig 
nated low velocity flow region 35 in crystallizer portion 
16 in the illustrative embodiment for example, the de 
sired retention time could be realized within an econo 
mizer or heat exchanger designed to effect a relatively 
slow rate of cooling. In either event, holding the tem 
perature below the silicon saturation temperature for a 
predetermined time has been found desirable in this 
process in order to enhance optimum crystallization of 
silicon compounds. The flow rate of the sodium is then 
substantially increased during passage through the high 
Velocity flow region defined by annular passageway 30. 
This also is important in imparting high turbulence to 
the sodium flow for promoting precipitation. Thus, 
cooling the sodium to a desired temperature range 
below the silicon saturation temperature, holding such 
temperature for a finite time, and then inducing high 
turbulence all contribute in causing the silicon to pre 
cipitate as silicon crystalline compounds predominantly 
on the walls of tube 27 and core member 28 adjacent 
passageway 30. The crystal deposits continue to in 
crease in size during this process until the force of the 
sodium flow and the turbulence generated therein dis 
lodges or breaks them from the tube wall as solid partic 
ulates. 
The particle-laden sodium leaving the crystallizer 

portion 16 enters the hydrocyclone 40 whereat the 
particles, through centrifugal and gravitational forces, 
are substantially separated from the liquid sodium and 
deposited in the collector 43. The cleansed sodium is 
then conveyed through the cooler 57 for further reduc 
ing the temperature of the sodium in accordance with 
the desired thermal profile required across economizer 
portion 15. The sodium exiting the cooler 57 is then 
directed to the outer shell of the economizer 15 where 
it is reheated to parent or primary system requirements 
and re-enters the primary system. 

For optimum silicon precipitation, crystal growth, 
and solid particle formation, the following is an example 
of desired parameters employed in the process of this 
invention. Using the temperatures earlier assumed, hot 
sodium with dissolved silicon enters the economizer 15 
at about 1000' F. and is reduced therein from about 1 
F. to 100 F. below the silicon saturation temperature of 
900' F. to a temperature of not less than 800' F. This 
desired temperature is retained for a finite time from 
about 1 to 30 seconds. In order to establish the desired 
thermal profile across economizer portion 15, the tem 
perature of the cleansed sodium is further reduced in 
cooler 57 to a temperature ranging from approximately 



H262 
7 

765 F. to 865 F. The temperature of this cooled so 
dium is then reheated during its passage through the 
shell side of economizer to a temperature of about 970 
F. or otherwise within the requirements established for 
the primary coolant system. 5 
From the foregoing, it is apparent that the objects of 

the present invention have been fully accomplished. As 
a result of this invention, a new and improved method 
and system is provided for removing silicon from a 
liquid sodium coolant. Reducing the temperature of the 10 
sodium to a temperature below the silicon saturation 
temperature and maintaining the sodium at such re 
duced temperature effects optimum precipitation in the 
form of silicon compound crystals on the surfaces of the 
flow channels. Also, imparting a high turbulence to the 15 
sodium flow under such reduced temperature condi 
tions further promotes crystal growth and particle for 
mation to large sizes which significantly enhance silicon 
removal from a primary sodium coolant system. 

It is to be understood that the form of the invention 20 
herein shown and described is to be taken as an illustra 
tive embodiment only of the same, and that various 
changes in the details and arrangement of components 
parts, as well as various procedural changes, may be 
resorted to without departing from the spirit of the 25 
invention. 
We claim: 
1. A method for removing silicon from a high temper 

ature liquid sodium coolant containing dissolved silicon 
comprising: first cooling said high temperature sodium 30 
to a reduced temperature below the saturation tempera 
ture of silicon (Tsat), maintaining said sodium at said 
reduced temperature for a finite time, inducing high 
turbulence in the flow of such sodium at said reduced 
temperature to promote precipitation of silicon com- 35 
pond particulates, and hydrocycloning said liquid so 
dium thereby separating said particulates from said 
liquid sodium. 

2. A method according to claim 1, wherein said high 
temperature liquid sodium coolant is reduced to a tem- 40 
perature in F. between Tsat and Tsat-100. 

3. A method according to claim 1, wherein said re 
duced temperature of said liquid sodium coolant is 
maintained for a period of from 1 to 30 seconds. 

4. A method according to claim 1, wherein said hy- 45 
drocycloned liquid sodium is further cooled and then 
reheated by heat exchange with said liquid sodium in 
said first cooling step. 

5. A system for removing silicon from a flowing high 
temperature liquid sodium coolant containing dissolved 50 
silicon comprising: means for cooling at least a portion 
of said high temperature sodium to a reduced tempera 
ture below the saturation temperature of silicon, means 
for maintaining said sodium at said reduced temperature 
for a finite time, means for inducing high turbulence in 55 
the flow of said sodium at said reduced temperature to 
promote precipitation of silicon compound particulates, 
and means for separating said particulates from the 
major portion of said liquid sodium. 

6. A system according to claim 5, including means for 60 
removing said particulates from said system. 

7. A system according to claim 5, wherein said cool 
ing means, temperature maintaining means and turbu 
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8 
lence inducing means are incorporated in a single com 
posite unit. 

8. A system according to claim 7, wherein said cool 
ing means comprises a heat exchanger forming a portion 
of said unit and having an axial passage for cooling said 
high temperature coolant passing therethrough. 

9. A system according to claim 8, wherein said tem 
perature maintaining means comprises a tube forming a 
portion of said unit and having a passage forming a 
continuation of said axial passage to define a low veloc 
ity flow region downstream of said axial passage. 

10. A system according to claim 9, wherein said tur 
bulence inducing means comprises a restricted passage 
within said tube defining a high velocity flow region 
downstream of said low velocity flow region. 

11. A system according to claim 8, including means 
for further cooling said sodium coolant downstream of 
said separating means before returning said sodium 
coolant through said heat exchanger in heat transfer 
relation to said high temperature coolant. 

12. An apparatus for precipitating impurities from a 
high temperature liquid containing dissolved impurities 
comprising: a shell, a tube mounted in said shell in radi 
ally spaced relation thereto and defining an annular 
passage there between having an inlet and an outlet, 
said tube defining an axial passage having an inlet and 
an outlet, said tube having an axial extension defining a 
chamber communicating with said axial passage outlet 
and forming a continuation thereof to provide a low 
velocity flow region, and a core member mounted in 
said extension adjacent the end thereof from said axial 
passage outlet defining a restricted passageway to pro 
vide a high velocity flow region. 

13. An apparatus according to claim 12, wherein said 
annular passage has a lesser axial length than said axial 
passage. 

14. An apparatus according to claim 12, wherein said 
core member is coaxially aligned with said extension 
whereby said restricted passage is annular in cross sec 
tional configuration. 

15. An apparatus for cooling a liquid comprising: an 
elongated shell having an inlet and an outlet adjacent 
the opposite ends thereof, a tubular coil mounted in said 
shell and having an inlet and outlet for conveying a 
liquid therethrough, means for delivering air under 
pressure through said shell in heat exchanger relation to 
said liquid, and means mounted in said shell for direct 
ing the flow of air lengthwise of said shell in a spiral 
path about said tubular coil. 

16. An apparatus according to claim 15, wherein said 
directing means comprises a plurality of diffusers in 
axially spaced relation along the length of said shell. 

17. An apparatus according to claim 16, wherein each 
diffuser comprises a plurality of varies extending radi 
ally from the axis of said diffuser and circumferentially 
spaced from each other. 

18. An apparatus according to claim 17, wherein each 
vane has an inner portion lying in a plane substantially 
normal to said diffuser axis and is gradually bent toward 
the distal end and terminating in an end portion lying in 
a plane parallel to a plane cut through said axis. 

is sk 


