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[57] ABSTRACT 
The deposition of radionuclides manganese-54, cobalt-
58 and cobalt-60 from liquid sodium coolant is con-
trolled by providing surfaces of nickel or high nickel 
alloys to extract the radionuclides from the liquid so-
dium, and by providing surfaces of tungsten, molybde-
num or tantalum to prevent or retard radionuclide de-
position. 

4 Claims, 7 Drawing Figures 
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It is a further object of this invention to provide a 
RADIONUCLIDE TRAP novel trap configuration for removing radionuclides 

The invention was made in the course of, or under, a from liquid sodium, 
contract with the Energy Research and Development It is a further object of this invention to provide a 
Administration. 5 novel trap location for removing radionuclides from 

BACKGROUND OF INVENTION X ^ f S ^ t s and advantages will appear 

The invention relates to the use of specific materials from the following description of this invention and the 
to control the deposition or non-deposition of radionu- most novel features will be particularly pointed out 
elides of cobalt and manganese from liquid sodium. 10 hereinafter in connection with the appended claims. It 

The sodium coolant for sodium cooled fast breeder will be understood that various changes in the details, 
reactors becomes a carrier of radioactive isotopes materials, and layout of the apparatus and process 
which may be high temperature corrosion products, or which are herein described and illustrated in order to 
neutron irradiation products, or the like from the vari- explain the nature of the invention may be effected by 
ous components that are in contact with the liquid so- 15 those skilled in the art without departing from the scope 
dium. The activity resulting from the corrosion product of this invention. 
transport and subsequent deposition on primary heat The invention comprises controlling the deposition of 
transport system surfaces is a serious problem that limits radionuclides manganese-54, cobalt-58, and cobalt-60 
access time for maintenance of system components such from liquid reactor coolants such as liquid sodium by 
as pumps, pump shafts, intermediate heat exchangers, 20 positioning a high surface area material of nickel or a 
valves, flow and temperature sensors, etc. This problem high nickel content alloy in a flow of sodium containing 
may be of a more serious nature, if, during operation of manganese-54, cobalt-58 and cobalt-60 to effect deposi-
the liquid metal fast breeder reactor, fuel failure occurs tion of the radionuclides on the materials, and subse-
so that the problem is intensified due to possible fission quently separating the radionuclide loaded material 
product release. 25 from the sodium stream; and positioning components 

The radionuclides that present the greatest problem where deposition is undesirable having surface areas 
include manganese-54 (54Mn), cobalt-58 (58Co) and co- made of tungsten, molybdenum or tantalum in those 
balt-60 C^Co). While other radionuclides may also be areas where the liquid sodium flow is contacted. The 
present and may also limit access time for maintenance high surface area material may be in the form of a radio-
purposes, the present invention is directed to the above 30 nuclide trap comprising an elongated cylindrical core, a 
cited specific radionuclides. nickel sheet of from about 0.13 mm to 0.25 mm thick-

It would be desirable to eliminate or reduce the prob- ness having a plurality of diagonal grooves on a face 
lem of radionuclide concentration in areas where main- thereof, said sheet of material being wrapped around 
tenance of system components is required and it would the elongated cylindrical core to form a plurality of 
likewise be desirable to control the areas in which this 35 layers of the sheet about the core. The diagonal grooves 
radionuclide deposition takes place or does not take form long helical passageways for the passage of so-
place. dium therethrough and the deposition of the radionu-

SUMMARY OF INVENTION 
elides on the trap material. The nickel material may be 
suitably disposed in a housing which may then be lo-

in view of the above limitations and goals, it is an 40 cated in reactor fuel element subassemblies adjacent to 
object of this invention to provide a process for control- and immediately downstream of the fuel pins. 

S S I , i ^ S " S 4 ^ O S i , 1 0 , , < , f S P e C i i , C r , d i 0 " DESCRIPTION OF DRAWING 
It is a further object of this invention to provide a FIG. 1 illustrates a flow sequence or sodium loop for 

process for chemically separating radionuclides man- 45 the liquid metal coolant. 
ganese-54, cobalt-58 and cobalt-60 from a liquid cool- FIG. 2 illustrates one geometry of a trap material that 
ant. may be useful in this invention. 

It is a further object of this invention to provide for FIG. 3 plots the manganese-54 activity along the 
the removal of radionuclides from liquid sodium at length of a nuclide trap made of nickel and along the 
various temperatures. 50 length of a nuclide trap made of commercial AISI1020 

It is a further object of this invention to provide an steel material, 
apparatus that has at least 75 percent efficiency in re- FIG. 4 compares cobalt-60 activity distribution on 
moving manganese-54 and cobalt-58 and cobalt-60 ra- traps of nickel and commercial AISI 1020 steel, 
dionuclides from flowing molten sodium. FIG. 5 illustrates an alternate geometry of a radionu-

It is a further object of this invention to overcome 55 elide attracting material useful for an apparatus of this 
prior art limitations by providing surfaces onto which invention. 
said radionuclides will not deposit. FIG. 6 illustrates an embodiment that may be used for 

It is a further object of this invention to provide an practicing this invention, 
apparatus that has at least 75 percent efficiency in inhib- FIG. 7 plots the activity distribution of traps having 
iting or preventing the deposition of manganese-54, 60 the nickel trap material configuration of FIG. 2 and 
cobalt-58 and cobalt-60 radionuclides from flowing traps having nickel trap material configuration of FIG. 
molten sodium. 5. 

It is a further object of this invention to provide a 
liquid sodium cooled fast breeder reactor system 
wherein the sodium coolant system components do not 65 As diagrammatically shown in FIG. 1, the liquid 
have the radioactivity derived from manganese-54, co- sodium coolant flow circuit or loop 10 illustrates that 
balt-58 and cobalt-60 which would otherwise limit ac- liquid sodium is pumped by means of pump 12 through 
cess time for maintenance of the system components. an appropriate conduit 14 into the liquid sodium coolant 

D E T A I L E D DESCRIPTION 
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system components such as intermediate heat ex- angstrons (3 microns) below the nickel surface in 1,000 
changer 16, through conduit 18 into other system com- hours. 
ponents such as check valve 20, and thereafter through In short duration tests (about 100 hours), the cobalt 
an appropriate conduit 22 past isolation valve 24 into nuclides appeared to move very slowly, either remain-
the reactor core fuel assembly duct 26 via conduit 28 5 ing in the source of the nuclides or redepositing almost 
and past fuel elements 30 to cool and remove heat from immediately in the hot zone. Longer duration test 
a plurality of fuel pins or elements 30 as known in the (about 21,000 hours) show a slow movement of both 
art. As the liquid sodium is pumped through the circuit, cobalt-58 and cobalt-60 toward the colder (about 427° 
various radionuclides produced by the neutron irradia- C) areas of the loop. Present getter runs indicate that 
tion are removed from the material that the liquid so- 10 nickel is again the best potential getter material for 
dium contacts, and these are carried into the heat trans- radioactive cobalt nuclides. 
port system piping by the flowing sodium and deposited in the area of concern for this invention, the radionu-
at various locations which give rise to the problems elides of greatest concern are the long-lived gamma 
noted in the Background of Invention. emitters cobalt-58, cobalt-60 and manganese-54 created 

For example, as the liquid sodium is pumped through 15 by neutron interaction with the constituents of stainless 
the circuit, the various radionuclides may deposit on the steel. Manganese-54 is leached from the hot stainless 
pump, valves, etc., and on various other system compo- steel surfaces by flowing sodium and redeposited in 
nents such that the radioactivity will build up on each of colder areas of the sodium circuit or preferentially in 
these components and prevent or limit access time for areas Gf high turbulence such as valve seats, flow me-
maintenance. 20 ters, and locations where flow direction changes drasti-

While liquid sodium cooling systems are discussed cally. The deposition is temperature dependent and 
herein, this invention is equally applicable to systems increases as the sodium is cooled, 
using lithium coolants and other like materials as cool- The two cobalt nuclides are much less mobile in so-
ants where these radionuclides are generated. d i u m > e i t h e r s t aying in place or being redeposited al-

We have discovered that the problems or disadvan- 25 m o s t immediately in areas adjacent to the radionuclide 
tages of radionuclide deposition in areas where such source. 
deposition is indesirable may be reduced or eliminated W e h a v e fu r ther discovered that surfaces of these 
by disposing nickel or a high nickel alloy as a "getter" components that are in contact with the liquid sodium 
material m the path of the liquid sodium to effect may be made from or have a coating of tantalum, tung-
contact of the sodium with the getter material havmg a 30 s t e n o r m o i y b denum, or combinations thereof, to effec-
high surface area, and subsequent deposition of the t i v e l y r e d u c e a n d i n h i b i t t h e d e p o s i t i o n o f t h e radionu-
various radionuclides on the surface of the getter mate- c l i d e s o n t Q t h e s e s u r f a c e s a n d thereby prevent or inhibit 
rial. As noted in Table III, high nickel alloys, e.g. those t h e i n c r e a s e d radioactivity from these radionuclides on 
having greater than about 73 weight percent nickel, t h e s e c o mponents. The coating may be applied through 
may be used successfully m this invention although at 35 flame s p r a y i n g o r d iffUsion bonding to a thickness of at 
lower efficiency. For convenience, getter materials are l e a s t 2 5 m i c r o n s . B y u s i n g tungsten, tantalum or molyb-
referred to herein as nickel materials This nickel mate- d e n u m > t h e d e p o s i t i o n o f radioactive material is mini-
rial may be in the form of a trap 32 schematically shown m i z e d i n a r e a s o f t h e H i d s o d i u m c o o l a n t c i r c u i t s u b . 
in FIG. 1 the sodium flow going by the fuel elements 30 j e c t t Q c o n t a c t m a i n t e n a n c e ) s i n c e tungsten, tantalum 
into trap 32 and subsequently through a suitable conduit 40 a n d m o I y b d e n u m d o n o t c o l l e c t m a n g a n e s e . 5 4 , cobalt-
35 past isolation valve 37 through conduit 39 into pump 5 8 c o b a l t . 6 0 or cesium-137 at 500° C and above. 
12 to again begin the cycle. . Table I illustrates approximate comparative effi-

It has been found that by disposing the nickel getter d o f y a r i o u s m a t e r i a l s fof ; o r e t t e r . 
material as a trap 32 at a location immediately down- { o f t h e i f i c n u d i d e s ftt a * h o t ( a b * u t 6 0 4 « a n d 
stream of and in close proximity to the fuel elements, 45 a c o l d ( f r o £ a b o u t 2Q4„ t Q a b o u t 3 1 6 o Q t ^ 
i e in reactor fuel element subassemblies 33 immedi- T h e s e r e s u l t s a r e a f t e r r e t Q a s e c t i ^ n o f about 6.4 
ately above the fuel pins, the radionuclides may be . . . . „ . . , , . . 

, , . ' , x , „ , - mm outer diameter thin wall stainless steel tubing with effectively removed, i.e., at least about 75% removal of ~n •„. . c . , . , . j- . j t l i r-,, 20 millicunes of cobalt-60, manganese-54 and cesium-the radionuclides maybe effected. The location of the .. .. c . , c , . . . . ... J ,. . . . . - „ 137 activity for a period of 2500 hours at the specific trap in this position removes the radionuclides before 50 . . J . , , , TT . t • , * .. • c • , . . . temperature noted. Table II ranks the materials as get-they can deposit in areas of the pnmary heat transport % . . . . . , : ., f „ • . .. • ters for the three radionuclides present m order of de-system that may require maintenance. Further, it is . - f . 
desirable that the trap material have a high surface area creasing elliciency. 
and that there be a turbulent flow of the sodium through ^ 'he data of these tables it may readily be seen 
the trao 55 nickel is the overall best getter for both manganese 

Wehave found that the best getter material for man- a n d c f , a l t i s f ° P e , s 111 t h e , h o t f n
K

d
1

c o l d r e f i o n s ' .B.y t h e 

ganese-54 removal is unalloyed nickel. Manganese-54 is ®fm e t o k e " ' t a n t a l u ^ . and molybdenum also minimize 
the principal radionuclide of concern in the sodium t h e a m ° u n t o f deposition of the nuclides in both the hot 
flow circuit, since it is rapidly released and moves a n d c o l d r e g l o n s -
readily in sodium to maintenance areas of the circuit. 60 
However, it has been found that this nuclide is stable 
with respect to temperature change once deposited on 
the surface of one of the more active getters as listed 
hereinbelow. For example, in direct comparison at high 
temperature (about 593° C) nickel takes up ten times as 65 
much activity as AISI 304 series stainless steel. Auger 
electron spectroscopy analysis has shown the man-
ganese-54 activity to have penetrated more than 30,000 

Table I 

Material 
Hot (604" C) Cold (260° C) 

Material 60a, 54w„ 137c 60 a , 54.V„ 137Ci 

Low Carbon Steel 140 29379 0 363 10665 981 
Ni Felt 4377 29073 0 1897 12728 0 
Niobium 437 10239 0 400 3921 212 
Tantalum 202 156 0 42 601 147 
Cobalt 351 15114 0 509 1920 78 
Molybdenum 123 101 7 41 1507 188 
Zirconium 210 990 23 22 3634 11322 
Titanium 247 7245 0 233 478 1902 
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Table I-continued 
Hot (604° C) Cold (260* C) 

Material « 0 a " 7 Q <®o. 54w„ 137c,. 
Stainless Steel 
Graphite 

2168 5561 0 
406 101 279 

279 2301 65 
70 187 70782 

Table II 

vided by twisted pairs of 0.25 mm nickel wire appropri-
ately connected, joined, or welded to the nickel sheet at 
suitable intervals such as about 3.18 mm intervals. After 
exposure for 3,000 hours, the total loop activity was 
estimated at 9.7 X 107 disintegrations per minute for 
manganese-54, with 8.5 X 107disintegrations per minute 
for manganese-54 located in the trap. Thus the trap was 

Hot **Mn 
c /m 

Cold MMn 
c/m 

Cold 137Cs 
c/m 

Hot " C o 
c/m 

Cold ""Co 
c/m 

1. Steel" 
2. Ni 
3. Co 
4. Nb 
5. SS* 
6. Zr 
7. Ti 
8. Ta 

29379 Ni 12728 Graphite 70762 Ni„ 4377 Ni 1897 
29073 Steel" 10665 Zr 11322 SS4 2168 CO 509 
15114 Zr 3634 Ti 1902 Nb 437 Nb 400 
10239 Nb 2921 Steel" 981 Graphite 406 Steel" 363 
5561 SS® 2301 Nb 212 Co 351 SS® 279 
990 Co 1920 Mo 188 Ti 247 Ti 233 
725 Mo 1507 Ta 147 Zr 210 Graphite 70 
156 Ta 601 Co 78 Ta 202 Ta 42 
101 Ti 478 SS® 65 Steel" 140 Mo 41 
101 Graphite 187 Ni 0 Mo 123 Zr 22 

a - A I S I 1020 Steel 
b - AIS1 304 Stainless Steel 

Table III 
Hot Zone Cold Zone 

Material (604'C) (454° C) 

Ni 10339 7099 
Inconel 750 (73% Ni) 4692 3771 
Inconel 600 (76% Ni) 4215 3448 
Inconel 625 (61% Ni) 1630 453 
Inconel 718 (53% Ni) 1212 437 
Nimonic PE-16 (43% Ni) 365 201 
Mn/Co Alloy 1532 2018 
Cobalt 1867 2165 
Tantalum 6 528 
Tungsten 4 1036 

25 

30 

Table III illustrates the Jesuits of exposure of various 
alloys to manganese-54 activity, expressed in counts per 
minute, on 12.7 mm by 25.4 mm by .76 mm specimen, 35 
for two identical 1,000 hour runs to compare a number 
of metals and alloys. Again it is noted that tantalum and 
tungsten are not affected in the hot zone by radioisotope 
deposition, but the manganese-54 does deposit in the 
cold zone or in the colder temperatures. From the Table 40 
it is also apparent that the high weight percent nickel 
alloys absorb or have radionuclide deposition that is 
significantly less than the nickel element by itself, but is 
still significantly greater than stainless steel structural 
materials, 45 

Scanning electronmicroscopy and auger electron 
spectroscopy (AES) analysis studies of nickel material 
that has been exposed for a period of 1,000 hours have 
been conducted. The scanning electron microscope 
shows a significant build-up of material on 1,000 hour 50 
nickel getter specimens and a measurable manganese 
peak. AES analysis shows manganese in the same nickel 
specimen to have a relatively stable concentration to a 
depth of 800 angstroms and then slowly decreasing. At 
12,000 angstroms the concentration had decreased by 55 
67 percent but manganese was still present at 32,000 
angstroms or 3.2 microns. The manganese concentra-
tion of the surface was 31 times the manganese content 
of unexposed metal, The existence of excess manganese 
well below the nickel surface indicated that manganese 60 
is diffusing inward, vastly increasing the activity takeup 
limit. 

A nickel nuclide trap was fabricated to be positioned 
above the fuel zone in liquid metal fast breeder reactor 
fuel element subassemblies. This trap was made of 0.13 65 
mm nickel sheet wound on a central 304 stainless steel 
mandrel, the sheet forming a plurality of layers about 
said mandrel and the spacing between layers being pro-

88.6 percent effective for this radionuclide. Analysis of 
the trap indicated high activity at the inlet end of the 
trap for both manganese-54 and cobalt-60 radionuclides. 
It has been found that there is maximum deposition at 
points of increased turbulence where sodium leaves one 
segment or enters another, or under similar conditions. 
The trap that gave this result had about 0.15 square 
meter of surface area and the sodium flow was directed 
in fifty five - 3.18 mm by 0.5 mm deep parallel channels 
having an effective surface path length for deposition of 
the radionuclides of about 0.48 m. 

Another radionuclide trap was fabricated of 0.13 mm 
thick mild steel (AISI1020) sheet, dimpled in a random 
pattern with indentations of about 0.51 mm depth, as 
indicated by indentations 40 on sheet 42 in FIG. 2. This 
sheet, again rolled around a 9.6 mm diameter 460.8 mm 
length mandrel, provided a 0.14 square meter surface 
area trap 0.48 meter long with a 0.51 mm channel be-
tween layers. After 3,000 hours at about 604° C, there 
was some manganese-54 deposition on the steel trap as 
well as some cobalt-60 deposition. The same trap con-
figuration using nickel as the sheet material resulted in 
much greater manganese-54 and cobalt radionuclide 
deposition. 

FIG. 3 illustrates the activity in counts per minute of 
manganese-54 along the length of several nuclide traps, 
such that a comparison of the gettering efficiency for 
nickel versus iron as a function of distance along the 
trap may be achieved. The nickel nuclide trap is far 
more efficient for manganese-54 than the steel trap, 

From FIGS. 3 and 4, it is seen that the nickel trap is 
efficient at removing radionuclides from flowing so-
dium and that nickel is far superior to mild steel as a trap 
material for manganese-54 and is measurably superior 
for cobalt-60. 

FIG. 5 illustrates a sheet form that may provide an 
increased flow-path along a a minimal trap flow dis-
tance. The generally rectangular nickel sheet 50 may 
have a plurality of generally parallel, diagonally dis-
posed grooves 53 on a surface thereof spaced at suitable 
distance apart such as about 0.25 mm deep and 6.35 mm 
apart. The interlayer spacing is provide by the elon-
gated, raised portion 54 on the opposite surface of the 
sheet, which portions 54 are coextensive with the paral-
lel grooves, as the sheet is rolled about a mandrel 60, 
made of such as 304L stainless steel, which forms the 
central core of nuclide trap 62 shown in FIG. 6. As the 
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sheet 50 is rolled to make a trap segment, the grooves 
form a set of elongated arcuate parallel spiral paths or 
helical paths or passageways for the sodium flow. These 
can be varied in length per unit trap length by varying 
the angle of the original diagonal grooves 53. The trap 5 
therefore is the nickel sheet being convoluted about said 
center support member in a spiral member effectively 
forming a plurality of concentric sheet layers about the 
support member, the raised portions 54 of the nickel 
sheet separating adjacent sheet layers and forming elon- 10 
gated arcuate helical passageways between the adjacent 
sheet layers and adjacent raised portions for passage of 
the coolant past the convoluted nickel sheet in turbulent 
fashion through the passageways and effect chemical 
deposition of the radionuclides on the sheet surfaces. 15 
After the sheet 50 is wound around the mandrel 60, it 
may be contained or housed within a suitable housing 64 
of appropriate configuration, the housing having a per-
forate bottom or screened end 66 to permit passage of 
the liquid sodium into and through the grooved 53 20 
material. Housing 64 likewise has an upper cover por-
tion 68 having perforations 70 or openings therethrough 
to permit outflow of the liquid sodium from the trap 
while retaining the trap material in position. The hous-
ing may concentrically encase the convoluted sheet and 25 
the support member. The end portions 66, 68 of the 
convoluted nickel sheet may be disposed in the path of 
the liquid coolant stream to effect flow of the coolant 
longitudinally of said convolutions, the housing retain-
ing the convoluted sheet disposed longitudinally in the 30 
liquid coolant stream, i.e., the axis of the center support 
member being parallel to the stream flow, and the end 
portions of the nickel sheet are disposed transverse to 
the liquid coolant stream flow. 

FIG. 7 compares the results of a trap having getter 35 
material configuration shown in FIG. 5 and one having 
the getter material configuration shown in FIG. 2. The 
radioactivity profile indicates a peak at the upstream 
edge with a sharp decrease through the exit end of the 
trap, which is a favorable trap activity spread with peak 40 
activity at the leading edge and little activity or minimal 
activity at the exit. Quite obviously the manganese-54 
trapping efficiency is much superior for the trap config-
uration of FIG. 6 which includes the trap material of 
FIG. 2. 45 

By employing the teaching of this invention, the ra-
dionuclides manganese-54, cobalt-58 and cobalt-60 may 
be effectively controlled in the liquid sodium coolant 
loop such that undesired deposition of these radionu-
clides is averted by incorporating the teachings of this 50 
invention in the sodium loop, that is by controlling 
where the radionuclides deposit by employing a nickel 
getter material as a trap in the area of maximum radio-
nuclide egress from the fuel system, and further by 
making the surfaces in contact with sodium upon which 55 
the radionuclides are not to be deposited as tungsten, 
molybdenum, or tantalum surfaces. These metals may 
be used to coat components upon which radionuclide 
deposition is undesirable, or the components may be 
made of these metals. While 75% trap removal efficien- 60 
cies for radionuclides manganese-54, cobalt-58 and co-

533 
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balt-60 are referred to herein, efficiencies of 95% or 
better have been achieved in various runs. Although 
AISI1020 steel appeared sufficiently promising initially 
to warrant further testing, results obtained from expo-
sure to flowing sodium proved that it was not satisfacto-
rily accomplishing manganese-54 removal. 

What we claim is: 
1. In a nuclear reactor employing a liquid coolant 

stream in a liquid coolant circuit for transferring heat 
from nuclear reactor fuel pins located in reactor fuel 
element subassemblies to a heat exchanging means, an 
apparatus for chemically removing radionuclides man-
ganese-54, cobalt-58, and cobalt-60 from said nuclear 
reactor coolant stream comprising a center support 
member; a generally rectangular nickel sheet having a 
plurality of diagonally disposed, generally parallel 
grooves in a surface thereof and elongated, raised por-
tions on the opposite surface of said sheet coextensive 
with said parallel grooves, said nickel sheet being con-
voluted about said center support member in a spiral 
manner effectively forming a plurality of concentric 
sheet layers about said support member, said raised 
portions of said sheet separating adjacent sheet layers 
and forming elongated arcuate helical passageways 
between adjacent sheet layers and adjacent raised por-
tions, said passageways being simultaneously spirally 
spaced from and helically wound along said center 
support member for passage of said coolant past said 
nickel sheet in turbulent fashion through said spirally 
and helically wound passageways and deposition of said 
radionuclides on said sheet surfaces; end portions of said 
convoluted nickel sheet being disposed in the path of 
said liquid coolant stream to effect flow of said coolant 
longitudinally of said convolutions and removal of said 
radionuclides manganese-54, cobalt-58 and cobalt-60 
from said nuclear reactor liquid coolant stream onto 
said nickel sheet wherein said elongated arcuate helical 
and spiral passageways are of greater length than the 
distance between said end portions of said convoluted 
nickel sheet to achieve maximum removal of said radio-
nuclides within minimal space. 

2. The apparatus of claim 1 further including a hous-
ing comprising a hollow cylindrical wall member con-
centrically encasing said convoluted sheet and said 
support member, a perforate bottom cover for said wall 
member, and a perforate top cover for said wall mem-
ber, said housing retaining said convoluted sheet longi-
tudinally in said liquid coolant stream with said end 
portions of said nickel sheet disposed transverse to said 
liquid coolant stream flow. 

3. The apparatus of claim 2 disposed adjacent and 
immediately downstream of said fuel pins in said reactor 
fuel element subassemblies. 

4. The apparatus of claim 3 wherein said central sup-
port member comprises a cylindrical mandrel of stain-
less steel, and said nickel sheet has a plurality of parallel 
diagonal grooves spaced at about 6.35 mm apart and 
having a depth of about 0.25 mm, and said helical pas-
sageway path length is about 0.48 meters. 

* * * * * 
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