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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



N

FUEL ELEMENT METALLURGY
The development by ORNL of fuel elements for the AFFR-1 has been
based on the use of 304L es the cledding material with highly enriched
uranim dioxide and a small quantity of boron carbide dispersed in al
sintered matvrix o:_t‘ stainless gteel as the fuel bearing core, The boron
carbide is introduced into the matrix as a burnable poison for controlling
excess reactivity at start-up,
Powder inetallurgy techniques are used in preparing the core,
The core is clad by the use of roll bonding and the picturé frame technique.
Finished cladding thickness iz ,005%, and finished core thickness is 0207,
A metallurgical bond is obtained between core and cladding and between
cladding elements themselves,
The materials used in the fuel bearing core of plates for both
stationary and control rod fuel eiements ares:
Stainless Steel Powder - type 304 with high silicon in &
gize less than 149 microms, ‘
U0, Powder - highly euriched grede containing spproximately

88% uranium in which the U-235 isotope is upgraded to product
level, The oxide is prepared by the reduction of hydrated oxide~
uranyl nitrate, commonly called the Geneva process, Particle

size is 44-88 microns, and the oxide powder is free of
elinging fines,

B,C Pouder - contains approximately 76% natural boron end is
screened to less than 44 micron sige,
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The stainless steel, uranium dioxide and boron carbide powder
for cach batch are weighéd separately before blending, The oxide powder
is weighed inside a special box arrangement for handling enriched msterial,
The three materials are introduced into a glass container and blended in
an obligue blendero A small amount of lauryl alcohol is added near the
end of blending, - %

The blended pouder is transferred to the die cavibty in a box-typa
enclosure on a hydraulic press, The pouder is cold compacted under a
pressure of 33 tons per square inch,

Ten compacts are loaded in a stainless steel sintering boat which
is then introduced into a high temperature furnace and sintered for one hour
2t2100° F, A dry hydrogen atmosphere with a dew point of at least ~70° F
is meintained during sintering, A% the conclusion of the sintering opera-
tion, the compacts are visually inspected and reloaded in the original die
‘and coined o correct for the shrinkage which occurs during sinteriﬁg.,
Aceeptable compacts are weighed and stored in a desiecptor for subsequent
use.

The cladding for the core is originally composed of three parts,
the freme for enclosing the four lateral edges f the sintered compact and
a top end bottom cover shield, The frame piece i8 prepared by punching &
nearly square hole in plate material, The previously prepared core is
inserted in this hole in the freme and the cover pieces placed over and under
and welded o the frame to form a three ply billet,
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The jacketed compact or billet is preheated before rolling to a
temperature of 2100° F for approximately 20 mimutes in a mffle furnace
purged with hydrogen. The compacts are hot reduced on a 20" diameter and
30% face mill from 390" %o ,040" with a total reduction of approximately
90%. The jacketed compacts are reheated for a minimm of' 2 minutes between
each pass and éﬁer the final pass, 'H&t reductions per. pass eare from 10
to 30%, Rolling direction is reversed after each pass, After hot rolling
the scale is removed by pickling in an acid bath, and wire brushing,

The hot rolled plates are fluorcscoped to locate the cutlines of
the core and the plate is marked for shearing, The fluorcscope examination
is also used as an inspection for gross segregation, The edges of the
composite plates are then trimmed to remove excess material and squared by
shearing,

The plates are then cold rolled to a finished thickness of ,030".
A 4 high mill with a 5" dismeter work roll and 14" face is used, The re-
duction per pass is kept to less tham 5% with total cold reduction approx-
imately 25%, The roll faces are lubricated with oil which is removed from
the finished plate by vapor degreasing,

The plates as cold rolled are wavy and arched, A flattening anneal
is required to bring the plates to acceptable flatness, The plates are
batch stacked, pressure is applied between two bolt down platens with
alumind being used to prevent sticking during anmealing, Arnealing is
done in an atmosﬁhere of dry hydrogen at 2100° F for epproximately two hours
followed by furnace cooling,
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The fuel plates are then refluoroscoped to locate the boundaries'
of the core section, The core is positioned within dimemsional limits speci-
fied in drawings D9-13-2007, D9-=13-2006, A9-13-2010 and A9-13-200,, by means of
a template placed over the fusl plate. The outline of the finished fuel plate
is marked for removal of excess inactive stainless steel, Finished specified
fuel plate size is obtained by shearing and batch machining to drawings
D9-13-2006, 2007, A9-13-2010 and A9-13-2009. Machining lubricents are removed
by vapor degreasing.

Side plates with longitudinal grooves rumning the length of the plate
are gang milled to drawings D9-13-2011, 2014, to proﬁde the recesses for the
side edges of the fuel plates, Combs are also machined, primerily for use es
supports for the ends of the assembled plates during the brazing operation,

The 18 fuel plates (16 in the case of comtrol rod elements), 2 side
plates and 2 combs are assembled for braging, Coast Metals NP brazing alloy,
containing 50 Ni, 27-Fe, 11-Si, 8-Mo, 4-P nominally, is used. A stainless
steel brasing jig supports the assembly in loeding and brasing, A pair of side
plates and one end comb are initially positioned in the jig. The first fuel
plate is then introduced into position. The Jig is rotated in two directions
%o 45° from the horizontal so that brazing alloy powder can be loaded im the
flat position and cemented with Nicro-braze cement, A special technigue is

used to insure the location of the brasing alloy to prevent excessive spreading

onto the fuel plate during brazing, This procedure is repeated for sach plate
until all plates have been assembled,
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The stainless steel brazing jig with the fuel element loaded is thenm
put into a muffle type braszing furnace. Helium is used s& a purging gas at
lov temperatures and pure dry hydrogen at high temperatures., Bragzing tempera-
ture is 2150° F and the unit 48 held at temperature for 5 mimutes, Cooling
rate is governed by allowable distortion. Hydrogen is replaced by helium at a
temperature of approximately 1400° F,

Fuel plate location and flatness are held to plus or minus 10% of
plate spacing except for the two outside plates. Tolerance on these plates as
measured down from side plate edges is plus or mims 5%.

End adapters are then welded to the ends of the stationary elements
after facing the ends, The assembly is then machined to final dimensions per
drawving R9-13-1003, On the contrel rod fuel elements, a handle is welded to
the top end of the side plate before assembly and brasing. After brasing, a
pin is inserted through and welded to the handles. Assembly is per drawing
D9-13-1004, The fuel element assembly is checked for squareness and lengthwise
boving by insertim in a box in which the inside dimensions are approximately
0,031" over the nominal fuel element external dimensions,
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Specifications for the menufacture of fuel elements and sbscrber

sections are being prepared in cooperation with Oak Ridge National Laboratory

personnel and are presently in final revision,

followss

Sﬂuhmu§mmlthmw-mmemmmw
Fuel content - gr, U=-R35

SPECIFICATIONS
Enrichment - Product level

mmmlo-@u'

‘ Control Rod Fuel Elements - per element
E Fuel content - gr. U-235

Enrichment

and mmo

515,16

0,483

427,76 -

0,392

Fuel element loadings are as
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10.1%

41, 75%
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FUEL_ELEMENT IRRADIATION TESIS
Three test programs were underitaken to investigate the ability of

APPR-1 type fuel elements to perform satisfactorily.

One of these tests desecribed in detail in CF 55-4-163, consisted of
exposure of encapsulated small sized specimens in the MIR. Test variations
in these samples included type of matrix material, type of oxide, initial oxide
particle size, oxide and poison contents, burn-up and clad-core-clad propor-
tions, Examination of eight of these small sized samples has been made to date
by the Solid States Division of ORNL, Five of these samples received approxi-
mately 208 burn-up and thé other three approximately 50% burn-up, On all
eight samples no cracks, distortion, blistering, or other observable defects
were observed,

Considerable effect of oxide particle size on herdness and ductility
of the stainless matrix material has been found. On the 20% burn-up samples,
bend tests show fairly extemsive core break-up in the oxide particle size range
ef 7 to 11 mierons, Minute core cracking was observed with oxide particle size
of 31 to 4/ microns. 53 to 62 micron part:;cles showed no evidence of eracking on
bending, In gereral, saﬁplea containing oxide sizes under 31 microns showed
fairly extensive break-up while samples with larger particle sizé showed only
ninﬁte cracking in the range of 31 - 44 micrdnsw and no crackiné with larger
sizes. On the samples with 50% burn-up, ‘Wierg. is not yet enough evidence to
establish a patiern, Complete evaluation must avait examination of all -
irradiated samples.

seece




Berdness measurements also indicate the effect of oxide particle

8ize on bardness of matrix material under irradiation, as illustrated in
the following tables

Hardness
Oxide Particle Size V0P - 2 KG L
Microns Before Irradiation After Irradiation
7 -11 204 475
31 = 44 184 420
88 -~ 105 178 371

Although theae' results are not strictly conclusive because of the

have considergbly more radiation-damage offect upon the matrix material than
larger particle sizes,

Another irradiation test, described in detail in CF 55-6-39, consisted

of exposure in the MIR of a full sized fuel elementt adapted to MIR size require-

ments, This full sized element received an estimated burn-up of 25 to 408,
Telescopic examination of the element ss a unit, and of four plates removed
from the element, ahbwe_d‘no defects except a possible crack in a small section
of a brazed joint, Metallurgical examination of the section containing this
questionable area revealed a surface irregularity rather than a crack, A
reddish-brown film oullining the core section was evident on all fuel plates,
The third irradiation test, des¢ribed in CF 54-11-13 and CF 55-1-113,
was of a full sized element in the STR core at ARCO, Howsver, this element has
received only a smell portion of its proposed burn-up at the time of its removel

limited number examined, the data indicates that particle sizes under 31 microns

from the core some time ago, Corrosion resistance under STR operating conditirms

|
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bas been reported as excellent,
. In brief, all APFR-1 irradistion tests to date indicate that satis-
factory performance can be expected from APFR=1 fuel elements,

CONTROL

It is presently plemned to use Boron 10 as the absorber material in
the APFR control rods, dispersed in an iron matrix and clad with 304L stainless
steel, The method of fabrication is in gemeral similar to that used im the
fabrication of the fuel bearing plates, with some variations due to the
differanee in materials and end requirements, The picture frame technique is
again used as are powder metallurgy techmiques for the preparation of the
Boron 10 and iron compact, Finished thickness of the absorber plate is .187%
ineluding ,032" claddingo Four plates are welded by the heliarc method into a
hollow box which is used in order to take advantage of the thermelizing effect
of the water in the center of the box on any fast neutromns which pass through
the sides of the box, Pertinent drawings are D9-13-2017 and 1002,

Absorber section loading is aé followss

Per element

Boren 10 -~ gr. 56.4 : 2% (tentative)




The absorber plates were originally specified in ORNL-1613 as
dispersions of BAC in a2 copper matrix and elad with 304L stéinless steel,
Development work at CRNL on absorber plates was contimued on this combina-
tion of materiaiso It soon became evident, however, that copper cored stain-
less clad plates could not be fabricated satisfactorily due to the differences
in preperties of copper and stainless gteel at hot rolling tempsratures, A
wide range of temperatures was tried, bui in all cases it appeared that copper
was flowing between the stainless frame elements themselves, resulting in poor
bonding, Welding of frame elements of the plates was considered, but wes
rejocted bscause it was doubtful that a2 good ssal could be obtained
consistently,

A review of potential absorber and metrix meterials was then instituted,
Other compounds of boron were unattractive beeause of the larger weight pereent
emounts that would be required due to the smaller weight percent of boron in
these compounds, Stainless steel, nickel, and nickel alloys had to be eliminated
as matrix materials because of eﬁdence of reaction w:l.ﬁh the boron cqmpouhds
eccurring at hot rolling temperatures, Boron 10 appeared to be e desirable
absorbing element because of the much smaller amount of totel poison required
per absorber plate, At this time, however, boron 10 was apparently in rather
short supply and obtainsble from only one scuree, Further investigation revealed
that boron 10 in the qmtities required for APFR-1 could be obteined from
ORNL,

Development work was therefore initiated om using boron 10 as the
absorber and irom powder as a matrix materiel, It wes found that rolling couvld
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be performed in only ome direction due to hecessity for meintaining a square
and full thiclmess_ of core at the end adjacent to th_e fuel elelnepto Alsogv sinee
starting thickness ef frame and covers is limited by OﬁNL press eapacity,
finished absorber plate thickness has been veduced to 187" in order €0 obtain
the reduction desired for satisfactory bonding, This develepment work hes
resulted in en absorber plate which is considered exeellent from the structural
viewpeint, .

cdammﬁle concern, however, has developed as to the cépabﬂity of
 beron-containing control Tods %o withstend irradistion. Under 4rradiation boren

is transformed inte Lithium 7 end helium, Caleulations by ORNL persomnel indicate

that the helium pressure resulting from boron burn-up eould be -excessive pro=
vided the helium atoms formed diffused into a void, Unfortunately, there is no
irradiation experience directly comparable tc the boron 10 dispersion im an |
iron matrix mposed fer the AIFPR-1l, Wrought stainless steels containing i:oron

in amounts less than that required for AFFR-1l absorber plates beeome tremendously

ﬁbrlttled under irradiatiom, Blisters or warts have developed em an unelad
drradiated 1% beron dispersion in ﬁtanimo Cracks have develoxad under irradie-
tion :l.n an uncled diapersion of boron in zirooniumo However, due to differences
in properties of materiels, and of the finished plates, there is s very good
possibility that the boron 10 diswrsioné in iren clad with 0032" of stainiess
steel will not dsvelop irregularities or defects uhich would bar them from giving
satisfactory service, The clearance betveen the control rod housing and the
abéorber box section is sufficiently large that a gross distortion or a gross
surface blistering would be necessary to cause interference with the proper
funetioning of the eontrol rod assembly. ‘
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In order to attain irradiation damage experience as socon as possible,
a program has been set up to make and irradiate small samples of boron dispersed
in iron a.nd c]ad,uiﬁh stainless steel. These amall samples will be inserted
in leaky rabbits and irradiated in the MIR in a manner similer to the Phase II
APFR=1 fuel element samples, The proposed test ssmples and irradiation eyecles
are 1listed in the table below; |

Test - HIR Cvelss Priority
BlO Design Loading i b §
2 2
3 3
b b
¥ . e
60% By Design Loading g _ 6
_ 4 7
12% By Design Loading g _ ' g
Low Dendification Core * 3 10
High ® w » 3 11
Im w i} & ' 5 : 12
High # W £ 5 ; 13

“These samples have subsequently been eliminated from the test program,

This test is based upon the assumption that five MIR cyeles are the
equivalent of 1008 burn-up and that five eycles will require approximately 15
veeks irradiation., The 60% B0 content semples are included because preliminary
ealeulations indicate that this eontent will furnish the required blackness at
the end of one core life, It is, of course, necessary to chsek th:_la ecntent in

_\;:;wri‘.
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the APPR-1 low power tests at Schenectady, The sample containing 20% excess
Blo is included as a possible accelerated test, The low and high densification
samples are included to determine the effects of proecessing variables,

These thirteen semples are presently being fabricated and it is ex-
pected that they will be shipped to the MIR by Jume 1lst. It is also planned
%o test a full size contral rod adapted for insertion in the MR, This full
sized element is in the stage of preliminary aosigh at the present time, and it
is expected that it will be fabricated snd shipped to the MIR in July,

. In the event that these tests prove Do %o be an ulesirsble absorber
material, consideration has been given to other materials for both immediate
and long rangs back-up efforts, Caleulations have been made by Alco whieh
indicate that Hafnium would be a satisfactory substitute absorber material,

A hollow box constructed of solid Hafnlum with walls ,3% = (4" thick s required,
The availability of Hafnium for this purpose is being investigated by ARB, -

Practically all potential iaoon vt S B dehbuiadt by
Aleo persomnel and evalusted in comestion with the long Tenge back-up efforts
High eross seetion rare ‘earth mteriala appear mnﬁﬁMom with present fab-
rication too!miquu beeause of the largc amount of eaeh mterial that vould be
nquirod to attain rcact:lvity control throughout core life equivelent to the
. present daa:lgn using Bygo I% is entirely possible, of course, that a new fabriea~
tion tecimique ean be dmmloped vhich would permit the inoorporat:lon of the
relatively large amount of materials needed, Cadmium, possibly in the form of
& cadmium silver alloy at a content of about 30%, appears %o be ; more likely
long range back-up material at this time, Wall thicknesses again in the ol
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: of 4" would be required, An experimental reactivity eveluation of any aldernate
absorber material in the APPR-1 core is required before a final deeision can be
made to use a material other than boron,
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