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Report No. 5 

FLAT BONDED FUEL ELEMENTS 

Period February 11 - Ape11 10, 1954 

SUMMARY 

A second r o l l i n g  of conditioned uranium slab8 t o  approximately 
183 mils t h i c k  s t r i p  was car r ied  out a t  Superior S tee l  
employing conditions expected t o  avoid the  d i f f i c u l t i e s ,  
pa r t i cu la r ly  surface oxidation and overheating; encountered 
i n  the i n i t i a l  August, 1953, r o l l i n g .  The ro l l i ng  was largely 
successful.  It reduced the  slab t o  s t r i p  under closely 
controlled,  high alpha temperatures with a reduced amount of 
surface oxidation. I n  the shearing of t he  s t r i p ,  t o  provide 
the widths desired f o r  machining t o  3-inch wide plate, shear 
cracking again occurred. 
t h a t  shear cracking should be avoidable by carrying out the 
operation w i t h  metal heated t o  a temperature of a t  least 1OO'C. 
A t  Atlas S t e e l  Corporation, beta-transformation of long lengths 
of f l a t s  was carried out successfu l ly  without s ign i f icant  warp 
or  other  adverse dimensional change. 

Aluminum components were again delayed. Expected del ivery Of 
some of the sheath designs and of the "B" and "C" process tubes 
did not take place.  
extruded smooth sheath continued t o  prove su f f i c i en t ly  unsat%S- 
factory wi th  respect t o  surface obtained and dimensional accuracy 
t ha t  it w i l l  probably be neceesary t o  abandon the hope of 
obtaining mandrel-extruded sheaths. Accordingly, particular 
a t t en t ion  is being paid t o  obtaining the higheat possible quality 
of aluminurn bil le ts  t o  be used i n  the porthole extrusion Of 
sheaths. Aluminum that  i s  free of oxide and other segregated 
impurities would be required t o  avoid inclusions which m i a t  
penetrate through the sheath, p a r t i c u l a r l y  where the  metal flow8 
together a f te r  leaving the porthole die.  

Tests wi th  pre-heated s t r i p  i nd ica t e  

Results with the long-ordered mandrel 

Favorable r e s u l t s  obtained i n  bonding by mechanical hot-pressing 
and pa r t i cu la r ly  the auccess with step-pressing have established 
t h i s  as the preferred nethod f o r  i n i t i a l  use i n  making long, 
bonded uranium plates. 
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I. URANIUM COMPONENTS 

A .  Metal Supply 

A second rolling of uranium slab to flat strips of 
183 mils nominal thickness was made at Superior Steel 
Corporation on February 22 and 23. Conditions were-- 
planned to obtain rolling in the high alpha, avolding 
the varicus troubles, sucn as surface oxide formation 
and surface cracks, experienced in the first rolling. 
In general, improvement was experienced and the 
difficulties of the first rolling were largely avoided. 

Fifty-two Slab8 1" X 7-15/16" X 72" were heated to 
approximately 1140'F by average immersion times of 82 
minutes in a lithium carbonate-potassium carbonate salt  
bath held at a temperature of 1150'F. Thirty-five of 
the slabs were surface conditioned in order t o  be 
satisfactory for making strip of the required surface 
characteristics. The remaining slabs were used to 
establish operating conditions. Temperatures were 
closely maintained during the rolling operation in the 
high alpha with finishing temperatures averaging 1195.F. 
The average mill through-time from salt bath through the 
finishing stands was approximately 140 seconds. 
Reduction from slab to strip was obtained by 5 rough 
_passes and 3 finishing reductions. 

Camber for most of the strips was less than 6 inches 
for the total strig length of 40 - 45 feet. Extreme. 
variation in the thickness of the finished strips was 
from 182 to 191 m i l s  with most of the strip held within 
3 mils of the nominal 183-mi1 desired thickness. 
Through eliminating contact with the strip of most of 
the water from the water-cooled bearings, washing of the 
lithium-potassium carbonate salt layer from the strip 
was largely reduced. 
layer was decreased and general surface appearance Was 
much better than in the first rolling. 

On March 2, thirty-one of the uranium strips rolled at  
Superior were successfully shearea lengthwise to the 
3 plus inch width required for final edge machinAng. 
Shearing was performed on a hydraulic shear with a 
12-foot blade. Twenty-five of the strips were satis- 
factory for shearing to obtain the planned two widths 
per strip. The maJor defect in the remainder was\.camber 
of such magnitude that only one 3-inch width could be 
secured in the shearing operation. 

As a consequence, the uranium oxide 

Visual examination 
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of the pieces  a E e r  shear ing showed shear cracks 
extending ue 7 3  1,'32-Lncri from rke edge on a l l  pieces 
examlr.ea. A sur'f:eier?y ailowance had been made i n  the 
width ~f :,he 5hearec sectLons 20 permit nachining off 
+,he cracxs. Shea=.ing ai' the  above pieces was ca r r i ed  
out a5 room temperature. Lacer shearing experiments 
carr ied out a t  apprcxlaaTely 100'C showed t h a t  use of 
this :cmperature e i iz inased  the  cracks. 
t h i s  elevated temperature f o r  the shearixg operation 
seems t o  32 .enzx-?Iy pzazzical a 

j3e ta - t~snsfs rmat lm of 16-foot  lengths of s t r ip  was 
carrLed o u t  a t  Atlas ::tee1 i n  a ve r t i za l  furnace. 
This  procedure f o r  3eta  tTansfom-ing long lengths 
appezrs e>t?.reiy s a t i s f a c t o r y .  
ben5iPq xi,s not - slqnlficanz, exce?r, t7: the very ends of 
t h e  pieze. 
2 minutes iit rhe longeut. 
sa t i s f ac t c ry  trans2'ormztion wili bs sougri'u by 
metallographic examinafian of seczians from the ends of 
the  trans5rmed str13s 

Ehplopent  of 

The amounfu of warp o r  

imerS lon  t,fLmes ZnTYoIvea were of the  order  of 
Jcnlirz!asion of t he  apparent ly  

B. TJranium ChayacterLssics 

As p r e V l C i l s l . $  repc:';ed, inetallographic s tudies  have 
revealed zurface l age rs  <;f l a rge  grains,  about 0.030 t o  
0.050 inches ceep., i n  some specimens of as-alpha-rolled 
u r a n i m  p la t e  f r a n  t h e  August 3 ,  i953 Superior ro l l i ng .  
Further sttldy of the  i" X 7" tFansverse s t r i p s  i n  which 
t h i s  ancmaiy was defected has established that the large 
gra in  s i z e  l a y e x  occur i n  d e f i n i t e l y  localized areas o r  
spots  of a few inches In  diameter. 
whole sample s t r i p  covered wi th  the large surface grain 
l ayer .  
thar; surfzce ox ida t lm  o r  increased r o l l  f r i c t i o n  a t  spots  
where the s a l t  coating of the metal was washed off by 
water on the rolls during r o l l i n g  mag have produced 
"hot spoC;s" of beta-transformed metal. 
i n  these areas  ind ica t e s  tha t  the over-heating may have 
occurred j u s t  a f t e r  the  plate emerged from the  las t  pass. 

In  no case was the 

The loca l ized  nature of t h e  e f f e c t  ind ica tes  

Lack of cracking 

II. ALUMINUM COMPONEXTS 

A. Procurement of' Fuel Element Sheaths and of Process Tub88 

Delay cont imes  t o  be experienced with the procurement 
or' the  aluminum f u e l  element sheaths and process tubes. 
Delivery dates  f c r e c a s t  in the  previous report  would have 
provlded de l ivery  of a l l  items during t h i s  report  
pe r iod .  Howeverp cnly the  two s i zes  of ribbed sheaths 
required f o r  the "E" process tube design were a c t u a l l y  
deliverad. 3it i .z. l  1 c t s  oft the  "3" process tube and 
of both designa of the "C1' process tube are expected t o  
be delivered i n  the next repor t  period. 
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Difficul%lea ccntixue t o  be experienced in producing 
by mandrel e x t x s i o n  The unTibbed paain sheath,chosen 
for evaluation of qua l i t y  of %he sheaths obtainable by man- 

against  +,hose Mae Cy porShole extrusion. 

surfaces end dimensional tolerances' on th i s  i t e m ,  
which has been crdered f o r  more than a year, lead 
the presen5 belfef %hat Teliance w i l l  have to be placed 
on porthole ex tms icns .  
a t tent icr ,  is beicg SP:en 70 the qual i ty  of aluminum 
from which e x t r u s l m s  are  made i n  order t o  minimize 
any defects ,  such as mide inclusions, a t  the closures  
when the metal cornea together a f t e r  going through the 
porthole d i e  

The 
experienced i n  Qbtafning sa t i s f ac to ry  

t o  

As a consequence, g rea t e r  

B. Attackmefir, cf 3 b s  7.3 Ekeatked Fuel Elements 

1. C o ? x s i m  c l  "!l:xsonizelly Soldered Aluminum 

Aercpmject3 
that  t ens i l e - shew specinens soldered with ternary 
al loys (approximately 73 Sn-23 Zn-4 A l )  cons is ten t ly  
r e t a i n  one-+,bird of theiz. i n i t i a l  t ens i l e  s t rength  
a f t e r  1400 hours expoewe t o  water. 
specimens failed I,? less than 500 hours during 
cormsicn  tes t s  at the Savannah River Laboratory. 
c-4 v ~ , ~ ~ ~ l o n  tests of Aeropmjecta 
sonisa l ly  soldered r i b  gave poor r e su l t s  a t  Savannah. 
Aeroprojects requested the re turn  of a l l  remaining 
specaens  of khls type. 
Savannah resultso Batt;elle experienced no failure In 
a sLx-mont.hs feat payiod with similar samples. - I n  
view oC t h i s  evldence that  exact corrosion tes t  
conditions appear highly Important and that  various 
obscure f a c t o r s  may be sausiag u l t rasonica l ly  soldered 
aluminum corrosion failures, a t ten t ion  t o  th i s  *method 
of a t taching ribs 20 aluminum sheaths is being great17 

' ,as% GF alumirm solders showed 

Similar  

folded-over ultra- 

By contrast  w i t h  the 

' decreasede 

2. Ultrasonic Welding of Aluminum 

In  contrast  with the corrosion results on a l tmhm 
pieces fas tened by ul t rasonic  soldering, a l l  corrosion 
r e s u l t s  on pieces fastened by ul t rasonic  weld-' 
have been exce l l en to  The i n i t i a l  d i f f i c u l t i e s  
experienced by Aeboprojects i n  making sa t i s f ac to ry  
and reproducible welds with the high-power ultrasonic 
unit required for metal thicknesses and dimemlons 
of the r i b s  aza sheatns have been largely overcome. 
Zni t la l  samples indicate  that the welding of ribs t o  
r e l a t i v e l y  th i ck  gauge composites, such as the clad 
f u e l  elements9 Ls f eas ib l e  
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111. SONDING 

The success ta da5e cf hG%-pyess % m a k g  a d ,  p a r t i c u l a r l y ,  
t h e  favorable  r e s d f , s  i n  Etep-pzessrng makicg poss ib le  the 
Sonding cf Long plases \&ithotit  x w i e l d y ,  impractical 
dies and presses cause t h i s  met,hr,d %o be p re fe r r ed  f o r  
i n i t i a l  rabricacic-ri  of the  f u l l  l eng tn  pieces  f o r  p i l e  use. 
Although the  securing of equipment nas prevented attainment 
of furcher  reaul2s  on :*;-E ~ X S T U S L C ) ~  I "cable ciadding") 
process of uranium cli?ddizg 2s S s z z e i i e  during t h i s  r e p o r t  
period, :;hey W I l i  make tescs c.n actual  wigths 2nd thicknesses 
of p l a t e  i n  t h e  nexc rnanzh, 
a t t r a c t i v e  as  a long-range economical mescs c > f  providing 
r ibbed  and unrfbhed aiumixm .ziaddings 1-tranitun plate.  

The method con+,inues t o  appear  

Quant i5at ive bond E t rengch teszs .?.?e r-ei17g ?"-~'1. zn wrought 
uranium hot-press  c lad p l a t e ? ,   ring 2 ::'=L1c1 .&eider t o  
a t t a c h  t e n s i l e  grips to the c i s d  specimen ,'zee Development 
of Test ing Methocis) Prel iminary results ind icase  that 
bond s t r eng ths  .rary widely f r o m  CJ t o  35,000 p s i .  The 
average value for the !J-Ni-A1 bon2.s i s  about 13,000 p s i .  

Pmiiminary eva lua t ion  3f hot -press lng  tescs i nd ica t e  that  
the  use of methanol o r  simiia? ckying aqer?tz i n  t h e  c l ean ing  
procedure f o r  aluiiinum components is  not necessary for 
obtainizg good bor,ding. 

The -s tep-pressing d i e  has been i x t a l l e d  wi th  a temporary 
power source,  and ha3 baen opera ted .  A prel iminary 
temperature survey us ing  an aluminm blank ir ,dicated 
temperature g r a d i e n t s  a s  high a s  :C)O°C fFom t h e  end t o  
center  of the d i e .  The d i e  was dismantled and reassembled 
t o  e l imina te  c a n  galling. 

IV. DEVELOPMENT OF TESTING METHODS 

A .  Bond Strength T e s t  b y  Stud Welder Techniaue 

Deveiopment of q u a n t i t a t i v e  bonding s t r e n g t h  t e n s i l e  
tes t  is  proceeding. A s t u d  welder for a t t a c h i n g  a 
pul l ing  ztud t o  a clad su r face  has been i n s t a l l e d ,  and 
reproducible welding technique has nea r ly  been achieved. 
The t e s t  res~lts are adequate t o  s ta r t  preliminary 
s t u d i e s  ( s e e  Bonding)* 

B. Grsain S ize  Determination of Wrouqht TJranium .- . 
A pulse-echo type ultrasonic t e s t  was developed to 
determiae g r a i n  s i ze  of wought ursnium. 
based upon a count of the  number of back r e f l e c t i o n s  
obtalned w i t h  10 megacgcie soulr~d using 2 Sperm 

The tes t ,  



Reflectoscope, is 2 ;ernl-qumtQtatIve me. Although 
it 2s ir!!luencea by %ea,'; vsrlsbles ~ u c h  as temperature, 
specimen thicknees, ::cspiLrg nedirun, az~d the pressure 
wi th  which t h e  fTansducer le applLed 20 the metal 
8ur18ce9 i3e ';ss.1; sllcws one ?;e dletinquish easily 
wrought metal which has been aipna-rolled from the same 
metal s f te r  beta-treatrneEtt. This precisicn is not 
great enough, hcwever, ca a l low d e t e c s l m  of the surface 
layers cf large gralns i n  as-mlied plate, mentioned 
ear l ier  

A .  ??on-3es txa t i * re  ?sz4:z 

Rc,d',agyapkq e l  tkk3a pla5zu 2 "e ss-zdezeived condition 
indicates she plazes a m  more c~ifszn than the first 
group 0 Sylvania plates tested i=: December and January. 
The 2:dges ~f the  c c x s  kave som5 small irregularities, 
up to LO-15 m91g 19 slzeo The ends of the cores are 
deformed slightly, and neariy half exhibited corners 
which were somewhat chipped* Jn f i r e  cases there wa8 
a alight, non-uniformity in ccre width. Only C,hree plates 
had "fish-tall" or '&c-g-bom'' ende, measuring as much a8 
1/32*'. While none of the corea was completely straight, 
only three. showed as much as 10 mlla camber. Edge 
cladding thickness varied somewnst, and five plates have 
inclusions at the end plug-sneath interface . 

B. Destructive Testing 

A program of destructive testing including metallographic 
examination of control bonding regions, tensile and 
fatigue testtng of plate assembly complete with WBlded 
end fittings, bond strength determination, and determination 
of core metal density, chemistry, and mechanical properties 
is under way. 
examination of a single plate are available, revealiw 
the following features: 

1. Porous end-fitting welds (these are Savannah River 
Laboratory welds j a 

2. Negligible bonding between sheath and end plug: 

Only the results of metallographic 

3. Core-end plug interface broken and ragged, with 
gagged edges nearly penetrating the sheath at this 
poin3 a 
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4 .  

5 .  

6 .  

7 .  

8 .  

Core uranium grains are randomly oriented and 
of 19-15 microns in size. 

Within the core uranium are large inclusions of 
foreign material - possibly uranium-nickel or 
uranium-iron compounds. 
indicate the presence of nickel or iron in these 
'places, however,. and their true composition is 
uncertain. 

Spot tests did not 

Bonding layers of nickel and nickel-uranium 
between core and sheath vary markedly in thickness, 
suggesting imprecise temperature control during 
pressing. 

Cracks at the uranium-nickel interface are observed. 

The nickel layer is ruptured in s p o t s ,  Pspecially 
at the ragged core-end plug interface, permitting 
the 'formation of uranium-aluminum compounds. 

C. MTR Irradiation Test 

Further irradiation at MTR of the single Sylvania powder 
metallurgy uranium plate, previously reported as having 
been discharged after an integrated exposure of 750 
MWD/ton, has been deferred until it can be inserted with 
some of the above pieces to provide a full charge of 
five plates. 

VI* FLAT ELmmTS PRODUCED FROM WROUGHT URANIUM CORES 

A.  Fabrication 

The fabrication of a group of flat fuel elements with 
as-alpha-rolled uranium cores was completed and the 
plates are being tested preliminary to selection of 
candidates for MTR irradiation. 

The plates were fabricated from as-alpha-rolled uranium 
cores of good quality metal. 
size nominally less than 100 microns were selected using 
the pulse-echo grain size test (see Development of Testing 
Methods}. 
to detect tkie "hot spots" of large size surface layer 
grains, which have been observed metallographically in 
as-rolled uranium, and the possibility of the presence 
of such large grain size regions could not be exclgded. .. 

Eighteen plates of grain 

This test was, however, not sensitive enough 

Following nickel plating and detailed dimensioaal and 
surface inspection 
pressing according 
described, using a 
psi and-and -. - 

". 
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D i f  f 5:uicy was experienced 2-i weiaing ;he end f i t t i n g s  
20 t h e  clad p l a t e s  'ceczuse goor tnermal ccntacl; between 
-,he ri?eac;i? ana t h e  e x !  FLU% Fesulteci i n  the Eneath 
"roliing Cacic" durlKg gefcixg. 

Deta i led  r e s u i t s  of tfie tess2nq of tke  f a b r i c a t e d  p l a t e s  
a r en9 t  yet a v a i l a b l e .  Zn senepal, however, radiography 
and u l t r a s o n i c  t e s z s  inaloace the pla tes  a r e  of q u a l i t y  
cornparaole TO Fre"ic*Js NT3 7ia:es 5sbr i ca r ; ed  a t  the 
Savamah P,iver Laborscory . 
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