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@ A method of manufacturing a neutron absorbing article and neutron absorbing articles.

@ A neutron absorbing article, suitable for absorbing neut-
rons released by spent nuclear fuel stored in a storage rackin
a storage pool, to prevent undesirable emission thereof, is
made by plasma spraying onto a metal or meial alloy subs-

trate (15} boron carbide and a metal or metal alloy (17), fedto :
the plasma spray gun (11) in powder form, until a suitable ;
areal density of B*® {or a suitable thickness of the boron car-
bide in a matrix of the metal or alloy) is deposited. Such areal *
density is usually obtained at a thickness from3to 6 mm. and
the deposit resulting is hard and strong and may be ground or .
otherwise machined to desired surface configuration, which
is preferably smooth and flat or tubular. The plasma sprayed

coating is also usefully applied to various other items, such as
spent fuel shipping casks, body shields, vehicle shields,
equipment housings and room walls, to prevent passing of
neutrons through them.
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1 TITLE MODIFIED

see front page

MANUFACTURF. OF NEUTRON ABSORBING ARTICLES

- This invention relates to neutron absorbing
articles, to methods for their manufacture and to their
uses to prevent undesirable emissions of neutrons from
sources thereof, such as spént nuclear fuel. More
particularly, the invention is of a method for manufac-
turing such neutron absorbihg articles wherein boron
carbide and a metal or metal alloy matrix for the boron
carbide are plasmé sprayed onto a metal or metal alloy

substrate, the a;ticle'made and neutron abéorbing uses

_thereof.

7 The B0 content of boron is known to be an
especially useful neutron absorber. Boron carbide has
been employed for its neutron absorbing properties and
articles containing boron carbide, in metallic and
polymeric matrices, have been manufactured and have been
successfully employed as neutron absorbers, sometimes
in storage racks for spent nuclear fuels, which racks
are usually located in aqueous storage pools. Recently
various neutron absorbing articles, often in flat plate
form, have been made by dispersing boron carbide powder

in a phenolic resin matrix and curing the resin, whereby
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" there is formed a stable articlcréfrhiqh neutron

absorbing power. Although such articles have'bécn
successfully employed as ncutron absorbers and have
excellent stabilities. for most applications, beccause

the phenolic resin is'organic there is - a possibliity

- that some decomp051tlon thercof and loss of phy51cal

properties may be cncountered after lengthy use, e. g.,'
after 20 to 40 years. Also, it is sometlmesradvanta~
geous for a nuclear absorbing article to be{ofrbetﬁcr
thermal conductivity than such articles based on
phenolic resin (which has a comparatiteiy1low thermal
conductivity). It is known that metals areimuch,bctter:
conductors of heat than organic pblymers and hd@itidn-
a;}y, they are resistant'torweakeninq dueﬁto'radiation
from nuélcar materials. For such reaaons'miXtureo of
boron carbide and aluminum partlclcs havc been encaaed -
in aluminum sheaths and have been cmployed as neutron
absorbers and in other instances boron carblde partlcles
have been dlspersed in melts of metalllc materlals
which, upon cooling, have been found to be useful
neutron absorbing artlclcs 7 7

' Flame spraying and plasﬁa'dpraying of ‘boron
carbide have been effected to coat wear p1rts of '
machinery and bcarlngs and to form hardoned surfaccs on'

tools of various types. In some cases such processes
have been suggested for the manufacture of radiétion,
absorbing items. 'However,'it'is known that boron -
carbide mayrdccompose when flame sprayed so és tbi
produce boric oxide, which 1is objecﬁionable in'neutron

absorbing articles which could be exposed to aqueous

‘media (due to a 1cak in a storage raék'wall or for

other reasons). Also, plasma spraying, as described in
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the aff known to appliéants, 1s of dlffcrent matcrlals,

'effectcd dlffercntly or results in a dlffercnt product

from’ that of appllcants and it is considered that the
present p;oducts are superlor to those of the pricr
art. For example, it has been fcportcd to one of the
applicants that the thicknesses of deposit needed to
make most satisfactory necutron absorbing plates (or
other shapes) were hitherto unobtainable.

In accordance with the present invention a
method of manufacturing a neutron absorbing article
comprises plasma spraying boron carbide and a metallic
substance selected from the group consisting of metals
and metal alloys onto a substrate so that the boron
carbide deposits on the substrate in a matrix of the
metallic substance without oxidation of the boron
thereof, so as to produce .a neutron absorber that is
stable when exposed to an agueous pool medium in which
raéks of spent nuclear fuel are stored with a plurality
ofrsuch neutron absorbing articles therein to absorb
neutrons rcleased by the spent fuéi and thereby prevent:
undesirable neutron emissions therefrom. It is highly
prefefable for the metal of the substrate to be the
same as the metal of the matrix and to be either
aluminum, copper or stainless steel, the boron carbide
and the matrix metal or alloy to be charged to the
plasma gun in powder form, the plasma sprayed deposit
to be 70 to 90% by volume of boron carbide and the
thickness thercof to be from 3 to 6 mm. Also within
the invention are the articles made and uses thereof in
spent fuel storage racks and for s;mllar ncutron
absorbing functions. ,

The invention will be readily understood from

this specification and the drawing, in which:
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FIG. 1 is a somewhat schematic representation
of the application of'boronrcarbide and matrix metai or
metal alloy to a corresponding metal or mctal alloy
substrate by means'of a plasma spray gun;

FIG. 2 is an:enlarged'verticalrseCtinn along
a longitudinal axis of a portion of a flat plate,;' 7

‘article made by plasma spraying by the method shown in

FIG. 1; , 7
o FIG. 3 is a top plan view of the article of

FIG. 2; | R R

FIG. 4 is a,rcprescntétioﬂ of a top plan view

of the article of FIG'S. 2 and 3 after grlndlng of the

plasma spray deposit to a flat surface;’

FIG. 5 is a 51de elevation of an artlcle of
this 1nventlon with plasma spray depoalts on both ma;orr
surfaces thcrcof ground to flat surfaces, '

R FIG. 6 is an end elevation of-a cylindr4cal
tube coated on the ektfrior surface thercof. with a

neutron absorbing d£§551t in accordance with thls

s

rlnventlon,'

FIG. 7 is a tran5verscly7vefticailylsectioned‘
end view of a substrate of this'inventiohrbefcﬁe appli-
cation of a plasma spray deposit thercto; - .

FIG. 8 is a view corrcspondlng to FIG. 7 but
w1th the plasma spray deposit thereon; N

' FIG. 9 is a view corrcspondlng to rxc. 8 but
with the plasma spray deposit ground- down: ,
FIG. 10 is a pérspCctive view of a spent fuel

storage rack contalnlng a plurality of assemblles for

storing spent nuclear. fuel; and

FIG. 11 is a sectional view taken along plane -
11-11 of FIG. 10, illustrating the location of neutron
absorbing plaLcs of thls invention in the wall of onc

of the asscmblies oE the rack of FIC 1D.
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In FIG. 1 a suitable plasma spray gun, usually
of the Metco or Bay State type, capable of depositing
from 2 to 10 kilograms per hour of aluminum (or equiva-
lent weights of other metals), is designated by numeral
11. As shown, the plasma spray gun is held above the
work and at an angle to it, with the work passing in
the direEtion of‘arrow 13 and the gun being moved
reciprocatingly transversely with resp~ct to the work.
The work or substrate 15, of a suitable material,éucﬁ
as a metal or metal alloy, e.g., aluminum, copper or
stainless stecl, has a mixed plasma spray 17 applied to
it to form a coating 19 of boron carbide distributed
evenly throughout a metal matrix. In *he plasma spray
gun a mixing chamber 21 is shown schematically, in
which boron carbide particles and metal or metal'allby
particles, precferably with the metal or metal alloy
being the same as that of the substrate, are mixed
together before addition through passageway 23 to‘ghe
plasma stream. 1Inlets and outlets for the plasma gas
and electrical connections are not shown in the sche-
matic view of the ghn nor are holding and moving means
illustrated because such are well known in the art. As
will be noted, the surfaceVZO of deposit 19 is not
perféctly regular, due to the mcthod of laying down the
B,C - matrix plasma coating. ' -

In FIG. 2 particles 21 of boron carbide are
shown in greatly exaggerated form distributed evenly
throughout metal matrix 23 of coating 19. Althouyh not
exactly illustrated in the figure the boron carbide
particles precferably are from 70 to 90% by volume of

the coating. 1In FIG. 3 the "rippled” or "weld-type™

"nature of the deposit is indicated, with the rippled

surface being designated by numeral 25. In FIG. 4 such

b
.



10

15

20

25

30 .

0016252

surface is shown ground flat,as surfacerz7iof absorber
10'. fniFIG. 4 boron cérbide'particles'at such surface
are not shown but it will be understood that in grinding
the surface down or otherwise Smoothing it by removal

of material at least some of the boron carbide partlcles
will be exposed unless uch surface is prcv10u“ly '
covered with a layer of the matrix metal, preferably by
plasma spraying thereof, which is subsequently smoothed
w1thout cutting the carbide partlcles.r ' 7 '

In FIG. 5 another form of the 1nventzon 1q
illustrated wherein the neutron absorbing coatlng 1s
applied to two sidcs of a substrate material. As
shown, neutron absorber 29 includes substrate 31 coated
on both major surfaces thercof with boron carbide-
substrate material coatings 33 and 35, both of which

are shown as smooth surfaced, although the surfaces

thereof may also be like those of absorber 10, as ln

FIG'S. 1-3. FIG. 6 illustrates a cylindrical or

tubular substrate 37 hav1ng a neutron absorblng coatlngr

39 on the exterior thereof, to form cylindrical neutron

absorblng"'tlcle 41. , o

7 In FIG. 7 substrate 43 has a longitudinai
cavity therein defined by side'walls 45'and'47iand—'
bottom wall 49. In FIG. 8 such oavity:is filléﬁ with a
plasma sprayed coating'Sl of:boron carbide particles in
matrix material to form neutron absorber 53 and in
FIG. 9 neutron absorber 537 is shown wherein the |
extended surface 52 of the absorber of FIG. 8 has been
machined away to produce arsmooth sﬁrfacc 54.

As is shown in FIG'S. lO,and?ll;'spent fuel

rack 55 includes sixteen assemblies 57, each of which
is of esscntially squarcrcross-sebtion and each of

which includes an outer wall 59, an inqcr wall 61 and

R T
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intermediate such walls and enclosed between them, tops
63 and bottoms, not illustrated, which scal off each of
the assemblics about the contents, ncutron absorbing
plates 10'. Inside the assemblies of the rack are
stored the spent nuclear fuel rods, not specifically
illustrated herein, which extend vertically through the
assemblies and have access at the ends thercof to water
or agueous solution in a pool or suitable container,
not illustrated, in which the racks are stored. The
assemblies of the rack are welded together and are
supported on a bottom member 65, mounted on legs 67,
whi&h are adjustable in height to permit leveling of
the rack. As is seen in FIG. 11, necutron absorbing
plates 10', which are of .uniform width, height and
thickness, are slid into place between vertical rods 69,
which are welded to the inner and outer walls 61 and
59, respectively. ) B

The plasma spray gun may be any such gun of
types known in the art which are capable of feeding a
mixture of powders to an argon or other inert gas
plasma and of spraying thesc at supcrsonic velocities
onto substrate surfaces held near to them. For example,
a Metco type 2MB plasma spray gun may be employed,
using a B nozzle but in the presént experiments a
comparable gun made by éay State Abrasives Co. is
used. The plasma gaé flow and other conditionsrmaf be
adjusted to obtain an effective plasma. For example
the gas Flow is adjusted to within a rangc of 100 to
5,000 liters per hour, preferably 2,000 to 4,000 1./hr.
at standard conditions, with the pressurc being in the
rahge of 1 to 7 ng/sq. cm., preferably 2 to 5 kg./sq.
cm. The voltage is set to from 50 to 250, preferably

o

o

Y
Che
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60 to 100 and the electric current flOW’lS from 200 to
600, preferably 300 to 500 ampcres., The spray. dlsLance
is 5 to 15 centimeters, preferably belng flom 7 to 12
cm. The gun is inclined at an angle of 30 to 60°' It
will normally bLe capable of depositing from 2 to 10 '
kilograms per hour of aluminum,rpfeferablyesrto ldf,
kg./hr. thereof or equivalent amount of other metai;
for example, from 4 to 20 kg./hr. of copper or of
stainless steel. The presence of thefbofonrearbide affects
the gun capacity about as if it were aluminum. L
The substrate to which theiplasmafspray is
applied is normally a metal or,metal'alloy but it is
within the concept of this invention to apply such
spray to other sﬁitable ubstrates whlch possegs the ,
desirable chemlcal and phy31cal propertles to make them
useful in neutron absorblng articles 1ntended for
employment in storage racks for spent nuclear fuel._;
Thus, it is possible that such sﬁbstrate could be a
phenol formaldehyde polymer or other suitable polymerlc'
material or it mlght be a natural materlal such as
certain hardwoods or composites made from them_and a
polymeric binder. Alternatively, mineral and other
inorganic materials dispersed in arsuitable'binde* can
be employed However, the use of organic substances lg
not preferred duc to their p0551b1e deterioration over
a period of use of the neutron absorber and 51m11arly,
the cmployment of mineral materials sacrifices thermal
conductivity, which is an important advantago'of metal
or metal alloy-based substrates. ‘Various metals. may be

employed and without prejudice to the use'of'other

" motals, such as iron, steel, magnesium, and other

alloys, such as brass and bronze, all of which arc
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satisfactorily conductive and which may be coated by
the method of this invention, it is highly preferable
to utilize aluminum, copper or stainless steel.

Further to-avoid electrochemical or galvanic reactions
it is preferred that the substrate be of the same
composition as the matrix material being applied to it
(and the storage rack in which the absorber may be
used). The thicknesses of the substrates and their
shapes may vary but normally, as for a plate or tubular
absorber to be coated with neutron absorbing material

in a metal or alloy matrix, the thickness will be from

-1 to 10 mm., preferably from 2 to 5 mm. It is usually

desirable to employ comparatively thin substrates so as

to keep the costs, thickness dimensions and weights of

the finished articles as low as feasible. Thus, in
addition to saving money there will be savings in
structural supgorts-for the storage racks or other
apparatuses employed and it will be possible to have

more racks in a given volume and to have them of

‘greater neutron absorbing capabilities when the

- substrate thicknesses.are kept low. Although flat

plate ard tubular, especially rounded cornecr Smmre-ﬁies,
are those much preferred as substrates for the neutron
absorbing coatings of this invention, the substrates may
be of other shapes too and may be made so that they éan
be bent to or assembled to desired shapes after manufac-
ture. In this respect it is to be noted that, prbbably
due to the high boron carbide contents of tﬁe neutron
absorbing articles, they arc not rcadily formable by
bending after manufacture, so it is desirable for an
uncoated substrate portion to be intcrmediatc coated

portions for bending along such uncoated surface to

| Ny ey, i -
- % - -

-~
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form other shapes of the final:neutroniabscrbing'
article. Thus, bending can be effected without - -
adversely affecting the boron carblde—matrlx dcpo it on
the substrate. Alternatively, the plasma spray may be
deposited on items previously shaped, e.g., body. '
armor, room walls,- machlne shields, equlpment protec-,
tive devices, live or spentunﬁcléar fuel shlpplng casks,
etc., which may be of'thicknesses within the range -
previously given or greater than such thlcknesses, as
befits the particulsr application. ' '

The boron carbide powderrcmployed may be a

~ commercial boron. carbide which is low in boric cx;de or
- other boron oxides, chloride and iron. Normally the
chloride or other soluble salt'ccntént will be essen- -

tially nil, the iron content will be13% cr 1ess;'pre-7
ferably 2% or less, more preferably 1% or less and most
preferably will be less than 0. 5%, w1th the 3203 (or

- other boron-oxygen compound, con51dered as a By03

equivalent) content being no more than 23, p:eLerably
less than 1%, more preferably less than 0.5% and most -
preferably less than 0.2: The lower the iron and :
B203 contents the better.-  The percentages mentloned
are those in the boron carblde (B4C) charged and-in’ the
deposit on the substrate (neglectlng the metal or metal -
alloy matrlx) Thus, the borlc oxide content will be
llmlted to the percentages mentloned ‘based on the 7’
boron carbide present. It has been found that in ~
plasma spraying w1th an inert gas and W1thout thc
prbsence of combustible materials and oxygen’ presont
there may be a reduction lnrthe boric cx1de content of
the boron'carbide,powderrscithat the final product is -
lower in B503 than ﬁhe'powder‘charécd.-;Howéver; the
important thing is that in the plaéma spray opcra;ionli
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no additional boric oxide is formed from the boron
carbide, which may be the case with other high tempera-
ture and high velocity applications and methods, such
és flame spraying. The particle sizes of the boron -
carbide and matrix materials will usually be such that
substantially all (over 90%, preferably over 95% and
more preferably over 99%) passes through a No. 170 U.S.
Sieve Series screen and at least 50% passes through a
No. 200 screen. Preférably the particle sizes are in
the 20 to 200 micron range, more preferably in the 30 to
100 micron range. Spherical or nearly spherical
particles are preferred for thrir ready miscibility and
flowability. The purities of the metals or metal '
alloys utilized are generally 99% or more, preferably
at least 99.5% and more preferably at least 99.9%. ‘The
boron carbide and metallic material particlé sizes may
be chosen to obtain the desired boron carbide particle
size in the finished coaﬁing and to promote best
bonding of the metallic material matrix to the boron
carbide. 1In this respect it is considered that the
finer the particle size the better for most applica-
tions providing that good flow and plasma melting of
the particles are obtained (at least of the matrix).

- ' Application of the plasma spray to the .
sﬁbstrates may be by relative movement of the plésma'
gun and the substréfe, either with the gun or the '_
substrate moving or with both moving. Normélly such

application approximates that of paint spraying, with

-care being taken to evenly distribute the coating on

the substrate. Pluralities of coating layers may be
employed and it is a feature of this invention that due

to the excellent bonding of the plasma spray to the
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substrate and due to ekcellent bond;ngsfof'Subsequent,
sprays to previously deposited sprays,iednsiderabie'
thicknesses of the coating may be produced without
bonding failure despite relatively minor propOrtibns of
matrix or binding material being utlllzed ~In this

espect, it is noted that it will usually be d051rable

to employ as much of the neutron absorblng boron 7
carbide as is feaSLble and it has been ‘found that ln '

utilizing the metals and alloys ‘mentioned one can

dep051t from 70 to 90% 0of boron carbide in the coatlng
(by volume). Generally such comparatlvely hlgh concen-'
tration of boron carbide will berprefer;ed,but in some
instances only a major,proportionrof berehicafbiderwillf
be present (50 to 90%). It is possible to utilize more
metal orimetal alloy,so that the percentege'ofrboron :
carbide may be below 508, déﬁn to 20% and sech may be
desirable with partlcular substrates and. matrlx materlals

which may not sufficiently hold the. ‘boron carblde

Vparticles 1n the matrlx at higher boron carblde concen-

trations. At such lower B4C. "concentratlon’“ the phy51cal

‘characteristics of the product are more like those of the

substrate and matrlx metal(s) However, it is a feature
of this 1nvent10n that the hlgher concentratlons can be
obtained in the present artlclea, thereby allow1ng them
to be made of lesser thicknesses whlle Stlll being "
effectlve. "Of courge, substratc thckness will be
malntalned suff1c1ent to make the product form-retaln—
ing so that it w;ll not 1nadvertently be bcnt, caus;ng
cracking off of the coating. = 't' — B

The thickness of boreh ea;bvde-natrlx coa ing,

in which it is found that the- boren - carblde partlcles

are very uniformly dlqtrlbuted ,wxll normally be such -

10

that the B content thereof is thﬂt sp301f1ed bv the .

electrlc ntlllty or other operator ot,the spent fuel
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storage pool or other fébility or appliéation in which
neutron emission is to be controlled. Because such
specification will hormally’be in the range of 0.0l to
0.1 g./sq; cm. of pl0 the thickness of the coating
shbhld usually be at least 0.5 mm. and preferably will
be 3 to 6 mm., being 3 to 5 mm. after grinding or other
surface removal of excess of coating to smooth such
surface. Incidentally, suchrremoval, in addition to
being effeétable by érinding, may also be accomplished
by sonic and electrical discharge processes, among
others. When, as in FIG. 5 both sides of the matri:
are COated,one'cén further increase the neutron absorbing
capability or can diminish the individual coating
thicknesses while still having sufficient neutron
absorbing power to satisfy specifications. It is
within the present invention to effect coatings on both
sides of an article simultaneously,rin which case
application rates can be doubled. it is also within
the invention to apply the present coatings to both
sides of cylindrical or tubular containers to maké ai
modification of the coated cylinder of FIG. 6._~. ,

In many uses of the present invention 1t may
be uncbjectionable to use an article having the distinc-
tive plasma ripples on the coating éurface and if such
is possible'it will often be preforred; Use of the
item as made avoids additional operations and allows -
the retention'on the éurface of a coating of the matrix
metal or alloy, thereby preventing contact of the boron
carbide with external materials and the atmosphere.
Also, as wa§ indicated previously, one can further
coat, as by plasma spraying, matrix material over the

boron carbide-matrix deposit and then machine such down

L IR e ot e T e el e
B t. Tl b N -
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to final desired dimcnsionS‘without cutting the boronr
carbide particles, thereby leav1ng a protectlve coatlng

of matrix over them. However, such lnvolves an addltlonal
operation and an additional expense- and therefore very
often it will be desirable to av01d 1t Because of Lhe

inert nature of the. ‘boron carblde to varlous media, -

,prov1d1ng that little or no borlc ox 1de is present

therein, it will often be posslble to machlne down the
surface of the coated article, as by grlndlng, to
produce a more regular surfacerthanals obta;nable by'
plasma spraying. Such mechiuing can be effected N
simultaneously on ‘both sides of an artlcle to produce a

 flat plate like that of FIG. 5.

- To facilitate the production of coated product
to specification dlmen51ons articles llkn that of FIG.

9 may be made by the method prev1ously descrlbed so 7:,

‘that the exact amount of coatlng mixture is known to ber

in place. If de51rable, the substrate containing Lhe
cav1ty may contain cavities adjacent to both major ' 7
surfaces thereof,and coating materlal may be,applled in
both such cavities, after which it either may or may
not be machlned to final dimensions. “In- addltlon to -
promotlng the obtalnlng of known- quantltles of neutron -
absorber in the neutron absorblng artlcle “the walled
cavities shown in FIG! S. 7-9 also help to stablllze the

coating, protectlng it from being dlslodged or hav1ng

its bonding to the substrate weakened by lateral blows.'

Similarly, transverse walls in- thc substrate may be',
utilized so that greatcr lengths, e. g., one meter,
or more of deposrt, are not made w1thout a re1nforc1ng

substrate divider between them. In addltlon to using

the illustrated vertical weils,jthe walls of the*cavity:
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may be undercut to promote holding of the coating. To
"protect"” the boron carbide the deposit may be coated
with matrix metal after grinding to be even with the
substrate surface, and excess matrix may then be machined
off to produce a smooth surface.

' In use, the present neutron absorbers, in
plate form, may be made as long as 2 to 7 metcss,
providing that the substrate is sufficiently strong so
as to maintain its shape without undue bending, but
preferably plate lengths will be from 0.5 to 2 meters,’
e.g., 1.5 meters. The plates may be stacked one atop
another.and a plurality of plates may be employed
within the walls of a storage rack assembly. The
present articles, hawving very hard and comparatively
smooth (and sometimes extfemely smooth) surfaces,
may be easily slid in and out of position without
removing significant amounts of boron carbide particles,
which can occur when the boron carbide particles are
not as well covered by the matrix material as in the
present products. It is considered that the useful
lives 6f the present absorbers, whether ground or_.
unground at the coated surfaces, will exceed those of
other nuclear absorbers presently in use because the
coatings are so coherent and are so firmly held to fhe
éubstrates and because the metals and alloys do not
aeteriorafe during.use due to radiation effects.

Tests made on the articles of this invention indicate

that they are superior to all other neutron absorbers

presently in commercial use. TFurthermore, the manufac-

turing method lends itself to automation and to the
speeding up of application techniques by the utiliza-
tion of a plurality of plasma spray guns at one time
coating a particular work. The same plasma gun,.
preferably equipped with adjustable feeding devices for

the powders, can be used to spray various mixes of B4C

C e eempea el e e
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and metallic material or the metal or alloy alone,
without the need for changlng guns or remountlng the
plasma gun. Deposit thickness adjustments can be
readily made, if desired. rInitialispeoial{preparatiou
of the‘powder charged to the plasma spray gun or
supplying the charge as a. rod is unnecessary and
manufacturing'costs are expected to be capable of being.

lowered so as to make them cheaper for theﬁpreseut,

'productS'than Costs for making'other comperable neutron

absorbers. 7 7 ,
In use in a fuel storage rack, as 1llustrated
in FIG'S. 10 and 11, the neutron absorblng article is

" positioned with respect to a neutron emlttlng source so

as to absorb neutrons emltted from 1t and prevent them :
from passing out of the storage area to areas where they.
might be'damaging to gersonnelror equipment.r Tﬁey may
be similarly employed in other neutron absorblng appllca-
tions. When. used in a spent fuel storage rack contain-
ing spent fuel (the racks of TIG'S. 10 and 11 may be
considered as contalnlng such fuel in the central
portions thereof) the absorbers will be located so as

-to prevent release of neutrons past them., Thus, where'

the boron carb1de~matr1x deposrtlon 1s 1nterrupted, as
in the artlcles of FIG'S. 7-9 and in 51m11ar products
contalnlng transverse walls about the 1llustrated

1cav1t1es, the art:cles will be staggered or otherw1se -

positioned so that the effective neutron absorblng

-coating will surround the spent nucloar fucl prevent—

ing any escapes of neutrons through the substrate walls.af

The following examples 1llustrate but do not -
limit this invention. Unless. othe1w15er1nd1cated all

parts are by weiqhtrand all temperatures arerln_°c.
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EXAMPLE 1

A flat strip-of-aluminum, about 8 cm. wide,
25 cm. long and 3 mm. thick is degreased, utilizing
standard degreasing equipment, and is then roughened on-
a major surface thereof by sand blasting, again using
standard equipment. Areas to which the plasma sprayed
coating is not to be applied are masked before sand
blasting, using multiple layers of standard masking
tape. Such tape may be removed or left on while plasma
spray;ng onto the roughzned surfaces. A boron carbide
powder containing less than 0.5% of boric oxide and of
260 mesh (No. 260, U.S. Sieve series), corresponding to
a particle size of 20 to 55 microns, and a standard
aluminum plaema spray pewder of a particle size in the
30 to 75 micron,range are weighed out in desired
proportions, 25, 50 and 75% by volume of boron carbide),
placed in the mixing and feed unit of the plasma spray
gun, which is a Bay State Abrasives Co. (Division of
Avco Corporation) gun of the type previously described,
and the composite mix is plasma sprayed, employing
typical known and established conditions for the
aluminum matrix metal being employed, which condltlons
were prev1ously mentioned. In the spraying operatlon
the substrate is maintained stationary and the gun 1s ,
moved transversely and backwardly with respect to 1t [{o]
as to apply the coating as uniformly as p9551ble 1nJan
operetion simulating spray painting. Repetitive passes
are made, keeping the gun continually moving, with
each pass overlapping the previous one. Plasma spray-
ing is stopped when the desired thickness is achieved.
In the coatlng of the aluminum substrate w1th aluminum

and boron carbide the tthkﬂEqses dcp051ted range from
0.4 mm. to 4 mm.
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7 ThL products made are all - useful as neutron o
absorbers except that those contalnlng only 25% (even'
50%) B4C are not nearly as satlsfactory as the 73% 7
product, which is dec1dedly superior. All- the R
deposits made are flrmly held to the substrate ‘and’ are
of high strength However, they can be cracked off the
substrate by excessive bendlng thereof although llmlted
bendlng is possible without adversely affectlng thelr :
propertles. In this respect the 25% B4C product is-
less susceptlble to. such cracklng

, E(AMPLE 2

 The experiment of Erample 1 1s repeated hut
instead of utilizing alumlnum, copper partrcles and t
substrate are employed, with the weight percentages off

,the partlcles belng 1ncreased so as to marntaln the

volume percentages the same as preV1ously descrlbed._' .
Also, the gun flrlng conditions, the argon feed etc.,r,
are adjusted for best establlshment of the plasma. _' ]
Coatings of the thlcknesses mentloned_;n,Example lrare
applied and the products are'examined'and"like thoSe o
of Example 1, appear to be strong, flrmly adherent and,r
uniform, suitable for use as neutron absorbers.f However 1{
ther75% B4sC product is most preferred,,w;th tneJSQ%;," 7”
product being considered,tolbe;neRt bestfas a-heutron';fft
absorber. - . . . - R A
. EXAMPLE 3"2"
The experlments of Examplcs l and 2 are

repeated ‘using 304 stalnless steel powoar and sub— EIERE

strates 1nstead of those of alumlnum and copper Tne

‘weight of the stainless steelrpowder used is essentlally

the same as. that of the copper. “The coatvngs dcposrted

_are of the same thcknesses as those prevrously descrlbed

———
B R e g
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and the articles appecar to have the same type of proper-
ties. Other stainless, e.q., 317, 318, may also be used.

NP - L, ~ !

v i L 3ee

EXAMPLE 4

The products of the previous examples are
subjected to grindings to smooth the coated surfaces,
as shown in FIG. -4. Such grindings (and other surface
smoothing methods may be employed, too) do not adverse-

ly affect the adherences of the coatings to the
substrates.

EXAMPLE 5

Products like those of FIG'S. 5 and 6 are
made by plasma spraying the compositions pieviously
described in Examples 1-3 ontp the indicated surfaces
to make useful neutron absorbing articles. In a varia-
tion of thisrekperiment the exteriors of square Cross-
section and rounded square cross-section tubes are so
sprayed to produce a neutron absorbing tube which can be
fitted about the neutron emitter in place of the inner

walls of and absorber plates of the asscmblieu of FIG'S.
10 and 11.

EXAMPLE 6

The substrates utilized are modified as
shown in FIG s. 7-9, and "75%" ByC dep051ts in matrices

Examplesrl -3. The articles made are useful neutron RN
absorbers.

‘EXAMPLE 7

The products described in the foregoing
examples are employed in absorbing neutrons generated
by a neutron releasing material, such as spent nuclear

fuel, in a fuel storage rack in a storage pool, which

‘pool is filled with a normal aqueous storage pool




10

15

20

30

0016252
VVV‘— 20 "

medium containing boric acid. The néutfoﬁ'abéarbéfs7'
operate effectlvely and when tested agalnst the pool ,
medium are  found not. to corrode objectlonably.f In such
uses, to avord galvanlc corrosion or electrochemlcal 7
interactions, the ‘substrates and matrlces employed in”

“the neutron absorblng artlclcs are of the same metals

as those of the storage racks.

'EXAMPLE 8

The coatlngs of the preV1ous examples a)e
applied to various other substrates, preformed or to be
formed subsequently.and are applled 1nter10r1y, exte-
rlorly, about curves,. about angles and in such curves o
and angles, and the coatlngs ‘made flrmly adhere to the:d!irrr
surfaces of the substrates, whlch are. of the same 7

materlals as the coatlngs, and are useful as. neutron

absorbers. When, 1n this example and the other examples,'
the substrates are of dlfferent metals or alloys from

the matrlx cof the coatlng, flrm adherences are obtalned

- and good products are made but there is ome danger o?

galvanlc corr0510n, espec1ally over long perlods of

time and if the absorber should be exposed to water or

'a humld atmosphere.;_

. In the precedlng examples one’ can use "dlluent" fr

:f rofractory materials w1th the boron carblde,‘such as
25

5111con carblde,_lf des1red and also, some of the boron
carblde (or all,‘Wlth less de51rable results) may berp
replaced w1th other neutron absorbers, e.g.;” boron

"nltrlde, and useful products- result. However, thls

invention is dlrected prlmarlly to maklng a superlor
neutron,absorber based on boron carblde.,' ,',
The 1nventlon has been descrlbed with respect

to varlous examples and 111ustrat1ve embodlmcnts 7:57
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thereof but is not to be limited to these because it is
evident that one of skill in the art with the present
specification and drawing before him will be able to
utilize substitutes and equivalents without departing
from the invention. -
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WHAT IS CLAIMED IS:

1. A method of manufacturlng a neutron

absorblng artlcle Wthh comprlses plasma spraylng boron

~carbide and a metallic substance from the group

con51st1ng of metals and metal alloys onto a substrate

- so that the boron carbide dep051ts on the substrate

in a matrix of the metalllc substance w;thout oxlda-
tion of the boron thcreof so as to produce a neutron L

absorber that 1s stable when exposed | to an aqueous pool

‘medium in which racks of spent nuclear fuel are stored

with a plurallty of such neutron absorblng artlcles

rthereln to absorb neutrons released by the spent fuel

and thereby prevent undesirable neutron cm1551ons fﬂ

'therefrom.

2. : A method according to clalm l whereln

'fselected from the group con51st1ng of alumlnum, copper

and stalnless steel the substrate 1s of the same
metallic substance as that of the. powder, the percen— ;

tage of boron carbide in the plasma sprayed dep051t

~is from 50 to 90% by volume and the thlckness of the
'plasma sprayed deposrt is at. least 0 5 mm.

- 3. A method accordlng to clalm 2 whereln _
the boron carbide and _the metallic substance partlcles'“
are pre-mlxed before addltlon to the plasma, the

- particle sizes thercof are in the range of 20 to. 2001

microns, therboron carblde is from 70 to 90% of the
deposit, by volume and the thlckness of the dep051t
is from 3 to 6 mm. ' ' '
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4. A method according to claim 3 wherein
the substrate is degreased and ground before plasma
spraying the deposit onto it,,the,deposit'is that

resulting from a series of passes of a plasma spray

gun with respect to the substrate andrthe surface of

the deposit is ground to desired shape.

5. A method according to claim 4 wherein
prior to deposition the substrate is formed with a
cavity therein, the depoeit is applied to fill such
cavity and project bejond a surface of the substrate
and the deposit beyond such surface is ground off.

6. A method according to claim 5 wherein

the neutron absorbing article is in flat plate form

and the thickness of the. deposit after grinding is
from 3 to 5 mm,

7. A method according to claim 3 wherein
the application of the plasma spray is to a square
cross-section tubular substrate.

8. A method according to claim 6 wherein
the plasma is an argon plasma. '

9., A neutron absorbing article which

comprlses a substrate of a metalllc substance selected
from the group of metals and metal alloys haV1ng bound
to a surface thereof a plasma sprayed dep051t of boron

carbide in a matrix of a metallic substance sclected
from the group of metals and metal alloys in which
the content of boric oxide is less than 1% of the
boron carbide. '

0

016252
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710. An artlcle accordlng to clalm 9 whereln

'the substrate and the matrlx metalllc substances are o

the same and are selected from the group con51st1ng of T,_

'alumlnum, copper and stalnless steel the proportlon

of boron carblde in the plasma sprayed deposxt 15 from -
50 to 90% by volume thereof and ‘the thlckness of ther
dep051t is at least 0 5 mm.

ll{ An»artlcle accordlng to clalm.IO whereln '

the boron carbide is unlformly dlstrlbuted 1n ‘the plasma'

sprayed deposit and is 70 to 90% thereof by volume and
the thlckness of the dep051t 1s from 3 to" 6 mm.

12}, An artlcle accordlng to clarm ll whereln R

,the surface thereof is ground and- smooth.;_fi”!-*

: ld.; An artlole accordlng to clalm 12 wherelni"
the substrate includes a cavity fllled w1th plasma 72,1,rV
sprayed dep051t ‘the surface of whlch depOSlt is ground

smooth and contlnuous with a surface of the substrate.';7

14. rAn:article aécording t6°claim 13 iﬁf;,

flat plate Iorm with the thlckness of the plasma sprayi

ed dchSlt after grlndlng belng from 3 to 5 ‘mm.

~15. An- artlcle accordlng to - clalm 14 whereln

7 the boron ox1de content is less thﬂn 0. 5% of the boron
—7carb1de. ' '

16. An artlcle accordlng to clalm lO which:
is in flat plate form. R
17. An artlcle accordlng to claimulbzwhlch :

is in tubular form.
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18. A neutron absorbing article according
to claim 9 positioned with respect to a neutron emitting

source so as to absorb neutrons emitted therefrom.

19. A spent fuel storage rack containing
spent fuel and a plurality of neutron absorbing articles
according to claim 12 positioned about saia spent fuel
so as to absorb neutrons emitted by it and prevent the
undesirable escape thereof.

20. A nuclear product shipping cask éompris-
ing a neutron absorbing shielding article according to
claim 9.
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