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Studies  of the c h m i c a l  compatibil i ty of cold-pressed compacts containing 

50 wt $I uranium carbide dispersed i n  alumixun revealed a marked trend- toward 

s t a b i l i t y  as the carbon content of the uranium carbide increased from 4.46% C 
t o  9.20% C. 

with at tendant  formation of  l a rge  quaa t i t i e s  of t h e  uranium-al-aninum in t e r -  

meta l l ic  compoands # Di.car5ide dispersions,  on the other  hand, exhibi ted 

negl ig ib le  reac t ion  w f . t h  aluminum af ter  extended perLods a t  580 and 620"~. 

However, it was demonstrated t h a t  hydrogen can preoIno.te a rea.ctTon i n  UC - A l  

compacts. The hydrogen appears t o  reduce the UC t o  UC which can subsequently 

reac t  w i t h  aluiiiinim producing the  previously rioted de le te r ious  e f f e c t s .  

A s-tudy of the  g i - o ~ d h  a'c 605°C of compoai.te f u e l  p l a t e s  contai.ning 

Severe volume increases occurred. i n  monocarhi-de d.ispersions 

2 

2 

59 WL % UC2 revealed. ins igni f icant  changes within process?Lng periods envi- 

sioned Cor fuel element, processing, However, p l a t e  elongations as high as 

2.5% were observed after 100 h r  at t h i s  temperature, 

Severe S l i s - ie r ing  which occurred on fue l  p l a t e s  fabr ica ted  i n  the  i n i t i a l  

s tages  of the  inves t iga t ion  was a t t r i b u t e d  t o  gaseous hydrocarbons, and the 

condition w a s  el iminated by vacuum degass i f ica t ion  of cold.-pressed compacts. 

With the exception of  the  degassifi.cati.on requii-ement, procedures f o r  

inanuPactu.rring UC -bearing Fuel elements were i d e n t i c a l  t o  those specified. 

f o r  t he  Geneva Conference Reac-Lor f u e l  elements. 
2 

Dispersi-ons of uraniixx dicarbide corroded. ca tas t rophica l ly  i n  20 and 

60°C water, thus limi-Ling the appl ica t ion  oP t h i s  mater ia l .  However, spechens  

w e r e  prepared and inserrted i n  the  MTR t o  evalut ik  the  i r r a d i a t i o n  behavior of 

t h i s  fuel because of i t s  po ten t i a l  appl ica t ion  i n  0rgani.c- cooled reac tors .  

INTRODUCTlOW 

Uncl~err the  Atoms-for-Peace Plan, foreign coun-tyies have d-esigned and are 

present ly  construct ing research reac tors  qui te  si.mi1a-r t o  the Materials 

Testing Reactor a t  Arco, Idaho, o r  tne  Bulk Shielding Reactor a t  O a k  Ridge, 

Tennessee, which require  plate-type a l iminm f u e l  elements .' Although the  

lJe E .  Cunningham and E .  J. Boyle, "M'IF-Type Fuel Elements," 
Proceedings of the I n i e r n a t i o n a l  Conference on the  Peaceful Uses of  Atomic -- I_- 

Energy 9, @=ion1955 1 - 
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technology of manufacturing such elements i s  general ly  well developed, problems 

a r e  c rea ted  because of t he  l imi t ed  U235 enrichment of t he  uranium leased under 

the  Plan. 

t a i n  t h e  s5andard M E ?  %iel element design, results i n  a f ive - fo ld  increase i n  

t h e  t o t a l  uralli-um over t h a t  required f o r  domestic f u e l  elements, Such a 
condi t ion leads t o  high concentrations of uranium i n  aluminum, p a r t i c u l a r l y  

when WAJ- alloys a r e  considered. This, i n  turn,  c r ea t e s  fa-ir-lcation d i f f i -  

c u l t i e s  and hlgher fuel element cos ts .  Since the  problem of f ab r i ca t ion  i s  
in t imate ly  assoc ia ted  with the  volume occupied by the  b r i t t l e  f u e l  compound, 

an obvious approach i s  t o  s u b s t i t u t e  a f i s s i l e  compound with significantly 

higher denafty than t h e  U-AI i n t e rme ta l l i c  compounds which e x i s t  i n  the  alloy 

system, The reduction i n  the  volume occupied by the  b r i t t l e  compounds glaeatly 

minimizes, o r  completely el iminates  problems which arise during fabr ica t ion .  

The 20s maximum U235 enrichment, coupled with t h e  desire t o  main- 

Uranium carbides possess seve ra l  inherent  proper t ies  which make t h e m  

a t t r a c t i v e  f o r  t h i s  purposed appl icat ion.  Foremost i s  t h e  f a c t  t h a t  the 

dens i t i e s  of the carbides  range from 11.68 g/cm 

for the  monocarbide, and the  contained uranium i n  the compounds ranges from 

gO,8 w t  $ t o  95.2 wt 8 .  This a d v a t a g e  becomes s t r ink ing ly  c l e a r  tn a com- 

par i son  between t'ne volume occupied by the  UA14 i n t e rme ta l l i c  compound i n  a 
48 v t  $ U-A1 a l o y  and t h a t  occupied by t h e  UC2 compound when dispersed i n  

alimimm, both containing i d e n t i c a l  quan t i t i e s  of In  the a l l o y  system 

the b r i t t l e  intermetaUic compound occupies 5S$ of the  volume, but  i n  the 

uranium dicarbide-akminum dispers ion system t h e  compound occupies merely 2C$* 

I n  addi t io3> tke  O.OOli.5-barn tliermaL neutron absorpt ion cross  seet!.on of  the 
coInbinlng element, carbon, i s  very l o w  and the thermal conduct ivi ty  of 

0.06/0,08 cal/sec-cm " C  ( re f  2 , 3 )  i s  r e l a t i v e l y  high compared t o  o ther  favor- 

able  rue 1 compounds * 

3 3 €or dicarbide t o  13.63 g/crc 

Because or" t he  l ack  of processing data on uranium carbides, it w a s  
necessary at  the  incept ion of  t h e  inves t iga t ion  t o  evaluate methods f o r  

preparing them compounds. TFro methods were se lec ted  f o r  study, The first 

2 A, C. Secrest ,  E ,  L, Foster, and R, F. Dickerson, Preparat ion and 
P rope r t i e s  - of Uranium MDnocarbide Castings, BMT-1309 (January 2, 1 9 5 K  



involved inert-atmosphere a x - m e l t i n g  uraniim and  carbo^ i n  the proper pro- 

port ion t o  obtain the  d.esired carbide,  The second. w a s  based on the reac t ion  

between uranium oxide and carbon. The massive compounds produced by each 

method. were then coiminu.ted t o  the  desiyed pa-rt icle s ize .  

Becwnse T.:; was desii-able t o  adhere as c lose ly  as roossible t o  proceGures 

estab1.i shed. for manufacturing alloy-type f u e l  elements, the ci?emical com- 

p a - t i b i l i t y  of uraniim ca:'nides with aluminum i n  the  temperature range of  

580 t o  620"c w a s  studied, Since any incompatibil i ty between the  f i s s i l e  

compound an? the niatrix can minifest  i t s e l f  i n  gross d i s t o r t i o n  and warpage 

of coinposi.te R i e l  pla tes ,  it i s  important t o  e s t a b l i s h  the f a c t  t h a t  f u e l  

p l a t e s  have d-imensional s t a b i l i t y ,  par t icu- lar ly  during t h e  605" C brazing 

treatment. Invest igat ions were conducted t o  determine the  exteent of react ion 

of uranium cai-bides with aluminum i n  cold-pressed compacts during heat treat- 

ment at, $80 and 62OoC, ard t o  evaluate the dimeiisional- s t a b i l i t y  of  f u l l - s i z e  

composite f u e l  plat,es containing dispersi-ons of iiraniini carbides i n  aluminum 

a f t e r  exlend.ed heat, t:-eatmen-L a t  605°C. 

I n  addition, r e l i a b l e  procedures were devised for preparation of UC -Al 2 
compacts by powder-metallurgy methods, roll cladding -the compzc-ts i n t o  

composite p la tes ,  and. brazing the p l a t e s  i.nto f u e l  assemblies Testing of 

delj-berately defected composites 'GO establTsh corrosion behavior ti1 room 

tempera-cure and in 60"c water. w a s  conducted. 

for evaluating .the irradia-Lion behavior of  composite p l a t e s  a f t e r  burnups 

ranylng from 20 t o  80% OP the  U235 atoms. 

Specimens were a l so  prepared 

CONCLUSIONS 

I. Small quant i t tes  (- 200 e )  of uranium carbides with varyilig but 

control led st,oichiometry can be conveniently prepared by iionconsmabLe- 

electi-ode arc-melting mixtures o f  uranium and carbon i n  an i n e r t  atmosphere I 

2. El ther  arc-melted UC or UC prepared by the  react ion oY UO with 
2 2 2 

graphite caii be r e a d i l y  comai.iiuted by conventional mi l l ing  methods under an 

i n e r t  atmosphere i a t o  s i z e s  su i tab le  f o r  dispersion--type f u e l  elements 

3 .  Uranium dicarbide p a r t i c l e s  prorhced by the mill ing of massive 
cast ings a re  characteri-zed. by angular shapes and are not prone t o  s t r inger ing  

o r  fragmentstlon durixg r o l l  bonding. 
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4. Since finely divided uranium carbides are pyrophoric, reasonable 

caution should be exercised duing handling to preclude the possibility of 

accidental ignition. T'flese compounds also tend to hydrolyze and storage for 

extended periods should be under a protective atmosphere, 

5. Uranium dicarbide does not react significantly with aluminum below 

620°c. 

6. Uranium monocarbide reacts catastrophically with aluminum at 620°C 

with gross volume increases resulting from the formation of uraniuwalzunim 

intermetallic compounds. 

7. Arc-melted UC and UC prepared by the reaction of UO with carbon 2 2 2 
are equally stable in the presence of a.luminum at 620"C, 

8.  The presence of H in UC -Al bodies appears to reduce UC2 to UC at 
2 2 

620" c ~ 

9. Severe blistering, which occurs on Al-clad pla tes  Containing dis- 

persions of UC in aluminum, is attributed to gaseous hydrocarbons produced 

by the hydrolysis of the carbide, and can be virtually eliminated by vacuum 
degassification GT fuel  cores at 600°C prior to assembling into billets for 

roll bonding 

2 

LO, Composite fuel plates containing dispersions of UC in aluminum 

exhibit negligible dimensional increases during the high-temperature (- 600"~) 
operations conventionally specified in manufacturing plate-type almiinm fuel 

elements. A f t e r  extensive heat treatment, significant elongation of fuel  

plates occurs, 

ll,, With the exception of vacuum degassification of the core compacts, 

fuel  elements containing d-ispersions of UC i n  aluminum can be manufactured 

using convent,ional powder metallurgy, roll bonding, and brazing procedures. 
2 

J2. Uranrium dicarbid+aluminum dispersions corrode catastrophically in 
room temperature and in 60°c water. 

PROPERTIES AND PREPARATION OF uR4_Nnrr/l CARBIDES 

4 The uranium-carbon constitutton diagram is shown in Fig. 1. The system 

contains three refractory carbides: UC, U C and UC,, whose pertinent 

physical properties are summarized in Table  I. 
2 3' L 

'&'le W. Mallet, A. F. Gerds, and H. R. Nelson, "The Uranium-Carbon 
System, '' T3ANS. Electrochem. Soc . 99, pp 197 - 204 (1952). - -  



UNGLASSIFIED 
QWNL-BW-DWG 17754 

0.5 i 

I 1  
2 3  

1 7  

....... _____ 

LIQUID 

I 

~ ......... .- 

_ .......... ___ 



- uc Uranium 4 + 80 fc c 4.961 ----- 2590 yes 13.63 

Uranium 7. 04 cu'b i c 8.088 ----- 2350 - ? 12.88 

Uranium 9.16 b c t  3.52~ 5 " 999 2350 - ye  s 11.68 

Monoc arbi de 

Se s qui carb i  de 2400 '2'3 

uc2 Di c a ~ b  i de 2400 

*From l a t t i c e  paraneters 
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Uranium sequicarbide can be obtazncd. only by speclsl. preparat ion 

techniques involving some s t ress ,  whLle the  momcazbide and ",;le dicar5i.de, 

on t h e  other  hand, can be read.il.g prepared by a variety o f  me-thods. 

summa-ry of the  preparation techniques reported f o r  a l l  three cornpounds i s  

included i n  Table IT. Due t o  -the c-iifficul.t,y of preparat ion of reasona?)ly 

pure U C t h i s  co-mpound w a s  not evaluate$. i n  the preselit stu&j, Ur-aniurm 

nionoc arb i de, uranium die  arb i d.e , and mixtures o f  i.ntermeci ia t?  carbon contents , 
however, were extensively s tudied.  

5 

R 

2 3' 

PREPARATION OF' URANIUM CARBIDES 

Compound Method of Preparation Temperature ( O C )  

uc 1. u + LTc2 
2 .  u 4- c;i4 

3 .  u + c  
4. u o  i - c  

3 0  

1. UO* + c uc2 
2 .  u + c  
3. u o  + c  3 8  

> 1800 
625 - 300 
2100 

1800 

1250 - 1800 

> 2400 
2400 

2400 

*Reactor Handbook - -  3 ( S )  p 120, AECD-36lr- (March 1955) Unclassified.  

It has been reported t h a t  -the most sat i .sfactory method. f o r  ob ta in ins  
b 

bulk UC i s  t o  r eac t  sioi-chiomctric quant i t ies  of UC2 acid U a t  180'3 - 1900°C, 

'M. W. Malleit,A. F. Gerds, and D. A .  Vaughan, _Uranium Seyuicarbide, 
AECD-3060 ( Januaq  1950). 

4 Sylvania E lec t r i c  Products, iiic . , Monthly Progress I__ Re;?ort, SEP-242 
(December 1956) CrSlSSIFIED 
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2 Uranium dicarbide can be r ead i ly  prepared i n  quant i ty  by the  reac t ion  of UO 

and caybon at 2400 - 2500°C. 7 

I n  t h e  present  invest igat ion,  l imi t ed  quan t i t i e s  of carbides va-rying 

from sub-stoichiometric UC t o  super- stoichiometsic UC. w e r e  required f o r  
c a n p a t i b i l i t y  s tud ies .  Inert-gas nolu3onsuma~le-elec~~~~~ arc-melting 

provided an i d e a l  method L'oi- compound preparat ion,  Tfris technique, which 

l a  more fully discussed by R.  J. Gray e t  al., involved melting under argon 

the appropriate  mixtures of uranium and ca-rbon OE a water-cooled copper hear th  

using a %ungsten--tigped e lec t rode  ~ The r e s u l t a n t  but tons were then eommlmted 

to -100 mesh by hand. under an argon atmosphere to prevent i g n i t i o n  of the 

pyrophorie carbides ,  

prepared fo r  subseqwnt compatibi l i ty  studies The carbon content, of each 

button was determimd by averaging three  samples. An x-ray spectrometer t r a c e  

of t h e  crushed material  was a;Lso obtained t o  p red ic t  the r e l a t i v e  mount  of 

each phase present .  It is i n t e r e s t i n g  t o  note that i n  EO case was U C Cietected 
2 3  

even 5.n but ton UC-3 vhich had a conqosit ion ecpivalent, t o  s toichiometr ic  uranium 

sesquiearbf.de I n  almost every case, reasonable homogeneity and 21-igbcarbon 

r2covex-y were realj-zed by ca re fu l  control of the wl t ix  pz-mess, 
s t r a c t u r e s  of massive TJC (button TJC-6), an i rkemed ia t e  carbide containing 

7.98 w t  $I C (but ton UC-2),  a d  UC2 (but ton UC-7) a r e  s l ~ o m ~  i n  Fiss, 2, 3, and 

4, respect ively.  

2 

8 
I_- 

Table I71 l i s t s  the arc-melted uranium-ca9x-m eompoum3s 

Micro- 

In addi t ion  t o  the  arc-melted carbides, larger batches of UC2 requi ied 

Pol- corn;?atibili%y studies and composite f u e l  p l a t e  f ab r i ca t ion  were prepared 

by %he react lon of  carbon with UO 

obtained f o r  several l o t s  oI" UC2 obtafned by t h i s  process i s  included as 
Table I V .  

with UC and/oy. C oecurred, emphasizing the dtff icul-by of' obtain€,% stoiehio- 

A sumnary o f  per t inen t  information 2' 

Tbe data i nd ica t e  that in every case some conkamination of UC2 

metric UC2 i n  quantity.  

minuted to a -100 mesh p a r t i c l e  s i z e  by ba l l -mi l l ing  under argon. 

t h e  uranium dicarbide was mil led  under argon, it was handled Z n  air with 1'it-i;be 

The massive UC2 prepared by t h i s  process was em- 

Although 

'A ,  3. Daane, 3'. 13. SpeddLng, and H. A. Wilhelm, Preparat ion of Carbides - 
of Uranium, TSU -11 (December 1947). IIFCXSSIFm, 
-7 

V 8. J. Gray et al,,, Preparat ion and MetaUu-TW o f  Arc-Iilel-Led U r m l ~ m  - --- 
Carbides, GRMi,-24= @cember 1957,) I 
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TABLE 111 

___l__l_ -- I_-I- --- - 
Intended Relative !moaqts of  
c a-cbor, Pha.ses PinPSe3’; T r a m  
Content A n a l ~ z e d  Carbon Coii’cent (Wt $) x -3 ay - in”iens it i e s>) -___.-. 

Button (WL 5 )  End I Ceiiter End 2 Avg. T iC uc c LJ 

uc-7 9.66 9.02 9.0L 9.2-8 9.20 95 5 - 
I 

-I ’ 2  
____I--. __I_- 

- uc -1 9.1.6 8.35 8.1-7 8.1-9 8.24- 90 10 - 
uc -2 8.00 7.96 8.02 7.96 7.38 80 20 - - 
uc-3 ‘I. 04 6.94 6.96 6.98 6,96 50 50 - I 

uc -4 6.00 5.6!1- 5.74 5.86 5.75 1.0 90 I - 
uc-5 4.80 4.82 4.88 11.~88 4.86 10 90 ”- - 
uc -6 4.30 4.61 4.56 4.22 4.45 - -  99 I 1. 

TABLE rv 

C O N S T I T U T I O N  OF U C 2  HEATS PREPARED BY REACTION 
OF CARBON WIT2 UOg 

Lot 
Chemical Assay ( W t  8) X-Ray  Spectrometer Trace ~ . -  ($>  B a t c h  -- -I- 

U C uc uc2 C S i z e  ( g )  
_I 

UC2-B 90.26 9.36 12 ‘78 10 1-900 
uc2-c ----- 9.13 13 80 7 1580 
UC2-D 90.03 9.35 10 75 1.5 16 70 
uc2-E’ 89.65 9-17 20 80 - *. 5610 
UC2-G 90.53 9 . 4-J-C 1 0  80 10 io00 

UC -H 89.96 9.30 11 7’ 15 6 70 
U C f I  90.28 9.31 10 74 16 191~0 
UC2-J  90.20 9.20 9 69 22 24 20 

-____. 
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Y- 21011 

Fig. 2 Arc-Melted U r a n i u m  Monocarbide Containing 4.46 w t  $ C b y  Chemical 
Analysis. Mtcrostructure is composed of' niizssive IJC with globules 
and 1ntergraxm.lar film af a-uranium. 
Etchant: 1/3 HNO 1/3 CH3COOH, l./3 H20. LOO0 X. 

3' 
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y-2100% 
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Y-21014 

Fig .  4 Arc-Melted UC2 (Button VC-7) Containing 9.2O$ C by Chemical Analysis. 
The ma.l;ri.x i.s UC, with some scattered graphite flakes present.  
Etchant: 1/3 Hf.JOf: 1/3 CB COOH, l/3 X20. 1000 X. 

3’ 3 
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d i f f i c u l t y  and coul-d be stored iil Mason jars. 

fineljr  divided material ,  a protect ive atmosphere should probably be provided 

t o  minimize hydrolysis of the carbide by atmospheric moisture. 

screen analysis  f o r  the  bal l -mil led UC 

For long-time stoyage of the 

A t y p i c a l  

( l o t  UC,-G) is :  2 
-100 +- 170 = 20.12$ 

-170 + 325 ::= 31.25% 

-325 = 4'7.49% 
Screening l o s s  = l S l 4 $  

COMPATIBILITY STUDIES 

The compatibil i ty s-tudi.es were desi-gned t o  meet the following objectives:  

1. To substant ia te  the preliminary s-tudies of I-'icklesimer9 regarding 

the s ta 'a i l i ty  of  UC2 and the i n s t a b i l i t y  of UC i n  the presence of aluminum at 
elevated te-mperakures, 

2. To e s t a b l i s h  the  to le rab le  limits of UC contamination i n  UC2 from 
the  standpoint of desigclng quality-control spec i f ica t ions  f o r  the  UC2, and 

a l so  from the standpoint of maximizing obtainable f u e l  loadings, i f  intev- 

mediate compositions proved -Lo be unreactive with a.l.uminum. 

3. To determine t h e  role ,  i f  any, t h a t  gases play i n  s t a b i - l i t y  con- 

s iderat ions.  

it w a s  f e l t  that  an>- hydrogen produced might subsequ-ently influence -the 

uranium c ai-bi de-aluminum react ion,  

p a r t i c u l a r  a t ten t ion .  

A. 

Since both IJC, ( r e f  10) and A1 reac t  with water -Lo re lease TI2, 
2 

The ref  ore, t 'n i  s p o s s i b i l i t y  rece ived 

Compatibi.lity of Uranium Carbides i n  Pressed and Beat-Treated Compacts 

The compatibil i ty s-tud.ies primari-ly employed c y l i n d r i c a l  compacts, 0.80 i n ,  

i n  diameter and 1.0 i n .  i n  length, containing ail equiwelght uixtuui-e of aluminum 

and the selected uranium carbide.  The carbides evaluated included the  arc- 

melted materials,  U C - 1  through UC-7 l i s t e d  i n  Table 111, as w e l l  as an 

addi t iona l  carbide ( U C - 9 )  prepared by .the react ion of carbon with U02. 

'M. L. Picklesimer, 2% Reaction I_ of  -2 UO -- with A?Lmiiinum, ORNT,-CF 56-8-1.35 
(August 1956). 

Hydrolysis, Np-14j3, USAEC" 
''I,. M. Litz ,  Uranium Carbides - 'Lliei-r Preparatj-on, Structure,  - and 



The method se lec ted  for preparat ion of the cornpacts consis ted of 

welghing l 8 , O O  g of  -190 mesh ursnium carbide and 18,oo g of -100 mesh 

aluminum, blending 3 'm on an oblique blender, and pressing i n  a 0.80-in.- 

d i a  die a t  33 t s i  using a s b a r l c  acib-acetone die lub r i can t .  

The "green" compacts were held f o r  various lengths  07 time at 620"~ i n  

In  ad-dition a dynamic vacuum general ly  ranging from 0.10p t o  0.003p,sf Xg. 

t o  the extensive t e s t i n g  a t  620°c, one s e r i e s  of compacts w a s  treated i n  

vacuo a t  580"c f o r  24 hr, 
bracket  t h e  temperatures encountered i n  composite aluminum f u e l  p l a t e  

manufacture. 

I 

The temperatures of 580°C and 620"~ e s s e n t i a l l y  

The exten t  of reac t lon  of the var ious carbides w i t h  aluminum was deter- 

mixed pr imar i ly  by micrometric measurements, and w a s  supTlemented by v isua l ,  

metallographic, and x-ray examination. Results of the tests conaucted at 
620Y a r e  summarized i n  Table V. Simi lar  da t a  f o r  t'ne l imi t ed  t e s t i n g  at 
580°C are included i n  Table V I ,  

uranium carbides  with aluminum can be discerned from tbe  information pre- 

sented i n  these  two t ab le s .  

Several  s a l i e n t  fea tures  o f  the  r eac t ion  of 

I n  summarizing these  data., it may. be s ta ted tha t :  

1. The reac t ion  of uranium carbides  with aluminum involved conversion 

of t he  carbide t o  UA1 

volumetric expansion of the compacts e 

and UKL4 and was  generally accompanled by gross 
3 

2. Carbides which were e s s e n t i a l l y  equivalent t o  s toichiometr ic  UC, 2 
(UC-7 and UC-9, Table V )  exMbited no growth a f t e r  96 IE i n  vacuo a t  620°C. 

Trace amounts of uranium-aluminum in te rmeta l l ics ,  however, were detected by 

both x-ray and metallographic examination, Figure 5 i l l u s t r a t e s  the micro- 

s tnncture  observed i n  t h e  compact composed of carbide UC-7 and A l  after 96-hr 
treatment,  

angular, geometrical  shapes are the  uranium car%.de. 

f i e l d  i n  the  microstructure se lec ted  t o  i l l u s t r a t e  %he W A 1  compound.) 

Metallographic examination of t he  severa l  thermally t r e a t e d  cowac t s  ind ica ted  

t h a t  r eac t ion  occurred pr imar i ly  i n  loca l i zed  areas such as t h a t  shown In 

Pig. 5, r a t h e r  than by per iphera l  a t t ack  reported f o r  reac t ion  of U02 with 

alwninmall  NO explanation i s  a-pparent for t ~ s  se l ec t ive  transformation. 

The greyish,  shapless  maEs i s  a U-AL in t e rme ta l l i c  while t he  

(This i s  an a t y p i c a l  

"R. C. Waugh and 'J, E .  Cunningham, The Appllcatfon of Low Enrichment 
_I_ 

Uranium Dioxide t o  Alumtnum Plate-Type _I Fuel Elements,. O R r l ! ~ ~ ~ ~ i ~ l y  1957) - 
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3. A caTbfde whfch was  essen%i&Uy equivalent t o  stoichiometric UC 

( T T C - ~ ,  Table V) grew catastroptijeal-ly after only IO w at 620"~"~ 
disintegration of f i l s  compact i s  i l h s t r a - t ed  i n  Pig. 6, 

Tkre vtrtw~. 

4. CwMde U G 3 ,  c m t a i n i n g  8.24 Wt, $ C, was found 30 have s-t,abillty 

w i t h  a l m i n a  eq,ri-vale,ryt, t o  carbide.; of higher carbon eontent, kabile carbide 

i ~ C - 2 ,  coneainfng 7.98 wt, 4 C, i a d f c a t d  a sltgbt, tendency for gr~w-th after 
48 hr ab; 620"~. 
the carbon context. of the uranium earbides shmld be about 8,2$. 

ThPs Tndiera-tes that, the des i rab le  minimum specification on 

5. Comparison OS t h e  data f o r  X - 9  and UC-'7 4n Table V indic&%ed that 
I 

UC2,  prepeyed e1tk.w by arc-melting o r  by the r eac t ion  of c71 wLth U02. was 

eqedtally i n e r t  t o  a~um:aun at, 620~. ,' 

6. Clnmpa~isor, of %he 620'C' da-ta after 24 hr fo r  each carbide l i s t e d  i n  

Table V with %he 5 8 0 " ~  &%a In  Table V I  revealed that the  tendency f o r  
reactton was slfghtly reauced at, the lower tenrpemture f o r  the fn.f;emediaf;e 

carbides X - 4  and ?,fC-$. 

eaAide of cafboa compositions new rnonomu%ide was q u i t e  evident. at 580'~~ 
However, react ion between aPdnum and uranium 

TIPI first experiment directed t o T m d  evaluating %he Tale which gases 
play i n  the reactioa of w a n i m  caybides ~*f.t,h aluminum was accomplished by 
individual e rcapsuk t fon  of a&mimm, cmpacta containing 50 wt, $ TJC: 

(U@*$, Table 111) and 50 Wt; $ s5ofchiometric ?JC2 i n  qua r t z  capsules. 

eaps-des wen? evac 

then heated for 24 hr at 62o*c, 
weye renm-yred S;hmugh a, break-off t f p  on the  quartz bllilb and analyzed by wss 
sper5rmetry. iThe n a t a e  of the solid-reac?Aon p?dr;cts was subsequently 
de%;ermined by x- my speetr.ome~t,qy. Results of ?,hese measurements are pre- 

seated i r r  Table V19, ~h7hile +,be visrral appearance of these  two @ompacts i s  
l U m t m % e d  i n  Fig. 7. As expected, t,he compact; con-kaining UC grew ca$&c 

s5rophlcall.y Ck ring the 24-hr khrm8.1 %Teatmen%, whereas the  compact 

The 

e? ts Lesij flzan L?.O1p of Hg p i o r  t o  sealing and were 

%e gases evalved during the 

conta-infog UC, remized dimerrsionally stable i 
L 

From Table VLI, It @an 5e seen t h a k  -the compact which I n i t i a l l y  
contained IS'C bad cmple te ly  reacted t o  form U A l  

t h e  capsule was e s s e n t i a l l y  H2. ." "2 
contained m t n m  quanbities of UC and UAl. 

%Pie gasews produ@+, consIst.2ng chiePLy of CHk; no ii2 was detected. 

and UAL4 wlifle t h e  gas Ln 

'The TTr -AX compact, on the other,\hand, 
3 

as sol id-react ion pmducts with 3 
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Fig. 6 Appearance of Compact Cotitaining 50 N% $ UC (4.86 b-t "/I. C) a id  
50 w t  
'I x. 

Aluminum a f t e r  Treatment i n  Vacuum f o r  10 h r  at, 620°C. 
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Gas 

s 01. i (3. 



X 

0.IQ IN/DIV. 
I 1 1 1 1 1 1 1 1  

2' Fig .  ( Jppesrance oE Alufliinuni-Base Compacts Containing B o t h  UC and UC 
Mzrked growth of  UC a f t e r  heat ireatment at 6 2 0 " ~  obvious. 
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A supplenientary expel-imerii; fwamatically demons-Lrated the  infl.uence of 

hydrogen on reac-tion of uraxium dicarbide w i t h  ahmFnum. 

compacts coritaining 50 W~I.  '$ TIC 2 2  
620°C i n  two d i f fe ren t  environments. 

vaciium while the other  was exposed t,i3 hydrogen. The vacu~um-heat-trea.Lied 

compact, showed no dimensiond. chaflges and no detec-table cranium-aluminum 

in te rmeta l l ics .  On the o-(;her hand, t h e  '~~ydrogen-heat,-trea";ed compac-l; increased 

I.*&% i n  volume and x-ray ex;a-mitiat;?:.on i-evealed t h a t  tile specimen contained 

23$ UA14. 

I d e n t i c a l  alimilnurn 

( U C  --eJ Table Fi) we;-e f i r e d  for 24 hr at 
One compact was heated under a dynamic 

On the bas is  o€ the foregol.ng expe.r4ments, it i s  obvioins t h a t  1% does 
2 

influence the react ion be-tween UC 

UC 

1.t can a l so  be conjzctixed .that 'ilydrogzn promates the UC: --AI react ion by 

reducing protect ive su.y.face filiis on the UC and t h a t  UC with a properly 

conditioned surface i s  a e t u a l l y  react ive with aliiminum, Since free-energy 

data  a r e  not w a i l a b l e  fo.r the uraniima2mninum inte,metall ic cooipounds; it; i s  

not possible to choose between the two postulaLeo. 

B. 

and aluminum a+; 620"C,probably by reducing 2 
-bo UC which subseqrently yeacts with ahminun .to prodace TJfU 

2 3 and UA14. 

2 

2' 2 

Compatibility of I Timn-iim- Carbides i n  Composite Fuel Pla tes  

'Z"ne compatibil i ty of tic2 with aluminum was determined from the r e s u l t s  of 

s i x  f u l l - s i z e  p l a t e s  containing 59 w t  % UC 
fabricabed identical1.y. ?"ne exception (No. M-128), .in addi t ion to containing 

a vaci.?m-sint,ered core, vas rrai'mfa.c-';cre?. from n b i l l e t  whii- ,h  wa:~ evacuated a t  
600"~ p r i o r  t o  t h e  r o l l i n g  opera-tj.on. After fabricatiion, each p l a t e  was heat, 

t r e a t e d  at 605°C in 1 6 - h ~  increments. At the  termination o f  each. 16-hi- period, 

,the p l a t e s  were a i r  cooled and length and voliime changes aceurabely measured 

by micrometer and water-displacement, techniques, respect ively.  After 64 h r  

(14 -  cycles) at 605"C, volume inci-easzs xere l e s s  than 0.04$, 
(8 cycles)  at . th is  temperature, however, volume increases varied. from neg1.i.- 

gj.ble t o  2.07%. 

Fig. 8. 
f u e l  element. manufact-m-ing cycle .I However, p l a t e  elongation increases a t  an 

increaslng r a t e  with .Lime, and, in general, a8te-r 64 h r  has progressed t o  abuu-t 

0.5%. 1.t may be s igni f icant  that, p 1 a . k  No. M-128, which was evacinated a t  600°C 
p r i o r  t o  ro l l j .ng ,  exhib i t s  s igniff-cant ly  less  eloxgation than  the  other  

A l l  pla-i;es excep-1; one were 2' 

After 128 h r  

Elongation data of -the h e a t - t r e a t e d - p l a t e s  are summarized i n  

Only very s m a l l  changes in elongation occuT during the estimated 3 -h r  
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carbide-bearing p l a t e s .  

d l o y  composite elongated during - t h i s  study. Table VI11 l i s t s  the react ion 

products fou.nd i n  the  plates a f t e r  corirpkt5on of  the thermal cycli.ng. The 

majority of  the p l a t e s  contained ra ther  large amounts of the ix te rmeta l l ic  

react ion product. However, p l a t e  Eo. M-128, which had a negl igible  volume 

change and a low elongation a f t e r  128 hr, contained r e l a t i v e l y  small quant i t ies  

of the U-Al intermetal1.i.c compo-unds. In accordance with the previously pro- 

posed react ion mechanisms, it appears t h a t  t h e  UC j.mpurT-Ly i n  t h e  UC 

responsible f o r  a port ion of the P A 1  in te rmeta l l ics  and that; 8 hydrogen source 

e x i s t s  i n  the fuel conupact which contributes addi t ional  UC. T h i s ,  i n  turn, 

r e a c t s  Lo form more TJAl and UA1 in te rmeta l l ic  compound.s. It i s  possible t h a t  

the l o w  conversion r a t i o  f o r  p l a t e  M-128,which was evacuated at 600"~ p r i o r  .to 

ro l l ing ,  may be due t o  lower hydrogen con-Lent. Admittedly, the basis f o r  th.2-s 

proposal. I s  from one experiment aad, although a trend. ap2eal.s to e x i s t ,  it 
needs substant ia t ion,  A port ion of' the  defor ia t lon i s  obviously ciue t o  creep 

as indicated by the growth of  the U-Al. alloy plat,e. 

It i s  a l s o  per t inent  -that the  conventional 18% WA.I 

i s  2 

3 4 

TULE: VI11 

WCTIOM OF uc2 WITH AI, rx COMPOSITE FUXL PLATES 

__I 

Total Time Relative Amounts of 
a t  605"~ Components from X-Ray - I n t e n s i t i e s  Conversion 

R a t  i 0% uC2 P l a t e  (hd T TAL UA14 UC 3 
M-128 160 1.0 10 18 70 0.23 
M-173 176 8 53 22 62 0.73 
M-174 -1-'[%; 9 65 18 45 1.17 
M-175 1.7 6 5 68 20 42 1.02 

M- 177 176 9 72 20 57 1.05 
M-176 176 1.2 '18 20 40 1.50 

UAl + UAl)+ 

uc + uc* 
.x 3 C. R. = 



FABRICATION STUDlES 

On the  basls of t h e  compat'bllity inves t iga t ions ,  UC was the  carblde 2 
selected as t h e  fuel dispersoid i n  alumlnum composite f i e1  plates. 
for these fabrlcatlon s tud ie s  was ,orepared primarily by t h e  react ion of UO 

and C; a few p l a t e s  were also manufactured with UC prepared by arc-melting. 

To minimize t h e  m0w-t of eqeriniental  work required, techniques 

The UC2 

2 

2 

established f o r  manufacturing composites containing d.ispersions of U02 i n  

aluminum were followed. Basically, t he  preparatLon of fue l  sandwiches for  

rol-ling by these  previously developed p rac t i ces  involves: 

appropriate  charge, (2) blending i n  oblique blender, (3) pressing into 

2.3 x 2.0-in. die cav i ty  at 33 t s i  using O,OOl-in.-thi.ck AL foils on either 

side of the  compact, (4) pressing the green core compact i n t o  an 1100 Al 
p ic tu re  frame to el iminate  air entrappment around -the core perimeter, 

(5) i'usion welding type 1100 Al cover p l a t e s  to a type 1100 A 1  frame along 

t h e  s ides  parallel to the  rolling di rec t ion ,  and (6) preheat ing the assembled 

sandnich i n  a i r  at 600°C and hot  rolling t o  desii-ed thickness  using i n t e r -  

mediate 

(1) weighing the 

rehe at i ng e 

Of s i x t y  f ie1 plates fabricated by t h i s  procedure, s l i g h t l y  more t han  

50% were r e j ec t ed  because 02 the formation b l i s t e r s  during t h e  required 

heat treatments.  Figure 9 i l lust rates  the  surface appearance of a t y p i c a l  

defect ive f u e l  plate manufactured by these techniques.  

b l i s t e r s  is obvious. Figure LO is a transverse sec t ion  t aken  through a b l i s t e r  

in a similarly f ab r i ca t ed  f u e l  p l a t e ,  It cari be seen t h a t  the b l i s t e r s  are 
mani fes ta t iors  of defec ts  within the core rather than flaws a t  the core-elad 
i n t e r f ace .  Gase6, present  i n  b o t h  blistered and isnblistered axas from a 

t3ipical plate, were co l l ec t ed  by vacuum-fusion techniques and identified by 

mast-; spectrometry. Resul ts  of these anaLyses are l is ted.  below: 

The profusion of large 

Uublistered Sample  

"I+ 0.3s 
0.5% 
78 k 

%* 
20 $ N2 

02 
A l $  
CO2 0,2$ 

Other hydrocarbons 0% 

3lister.cd Sample 

'26% 
E20 
N2 25% 
02 
A 1% 
COZ 3% 

Other hydrocarbons 26$ 
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Fig. 9 Bl i s te rs  on Surface of Composite Fuel P la t e  Contzining Unsintered Core. 



Pig. 10 Transverse Sect ion  Through a Blister in a Composite UC2-Al Fuel 
Plate (M-77). 
As-polished. 30 X. 

Origin o:F blister v i t h i n  core is apparent. 



These analyses reveal  t h a t  the gases removed from the unbliotered mater ia l  

have essen-t ia l ly  the same composition as air, whereas gases ii? the b l i s t e r e d  

mater ia l  contain more than 50% hydrocarbons and 18% E20. 

from the hydrocarbonaceous qua l i ty  of the  gas t h a t  hydrolysis of UC2 had 

oc cur re d . 

It w a s  suspected 

Analyses were conducted on four  uranium carbide samples aad two a h m i n u i  

samples t o  determi.ne tile amount of water removed as a furic'tion of temperature. 

The t o t a l  quantity OS water removed a f t e r  heating to 300°C and t o  600"~ are 

ILsted i n  Table I X .  A maximum and minimum value i s  presented f o r  each temper- 

a ture  s ince a rninirmm l e v e l  below which no si-gnificant changes could be 

detected ex is ted  i n  t h e  a n a l y t i c a l  method. From these data  it cain be men 

t h a t  the UC contains two t o  f i v e  times more water than alixninuni powder. 

There is a l s o  some indicat ion t h a t  6oo0c i.s a more e f f e c t i v e  temperature than 

yj00"C f o r  removal of the irateer. 

2 

bfATER REMOVED FROM CORE MATERIALS AT 300°C AND 600°C 

Powder 

A t  3000 c ~ . t  600"~ 
M i n i r n u m  Maximum Minimum Max- in im 
( W t  %> ( w t  4) ( W t  %> (14% % >  
0.29 0~36 0, $1 0 e 'p UC2-G 

UC2-H 0.77 0.82 0.77 0.97 
UC2-I 0.64 
UC2- J 0,43 
Al- 1 0. lb 

0.78 
0.45 
0.16 

0.64 0.99 
0,43 0,48 
0.14 0 0 2 2  

Al-2 0.19 0,20 0.19 0.23 



To  ef€ect water removal, b i l l e  i; evacuation w a s  the  first process modifi- 

ca t ion  se lec ted  f o r  study, A s  shown i n  Fig.  U, an aluminum evacuation stem 

w a s  incorporated i n t o  the  b i l l e t  assembly and the  UC,-Al cornpact sealed 

within t h e  b i l l e t  by fusion welding around t h e  e n t i r e  perimeter of the sand- 

w-ich. For convenience, t h e  f irst  e q e r j m e n t a l  b i l l e t s  were heated only to 

300°C and the pressure within the b i l l e t  was reduced t o  l e s s  than 1p of Wg. 
'I'iic. stem of t h e  b i l l c t  was then sealed bj forge welding, and a f t e r  preheating 

a t  600°C, t h e  b i l l e t s  were hot r o l l e d  i n t o  composite plates. 

p l a t e s  prepared by t h i s  technique, all but one b l i s t e r e d  during heat treatment,  

Included i n  t h i s  group were e ight  p l a t e s  containing arc-melted UC and s ixteen 

p l a t e s  containing UC 

t h ~  method o€ carbide preparat ion w a s  not the cont ro l l ing  f a c t o r  i n  eliminating 

b l i s t e r s  

2 

O f  twenty-four 

2 
produced by tine reac t ion  of U02 a:id C, ind ica t ing  t h a t  2 

Since the  evacuation for one-half hour at 300°C did not appear s u f f i -  

c i e n t l y  rigorous t o  eliminate t h e  bli-stem, b i l l e t s  were subsequently evacuated 

a t  600°C f o r  2 kur. 

r e j e c t e d  f o r  b l i s t e m .  

O f  s ix teen  p l a t e s  fabr ica ted  by t h i s  technique, none were 

Additional experimentation revealed t h a t  b i l l e t  evacuation could be 

replaced by v~cuum s i n t e r i n g  of the  ike l  cores t o  minimize blister r e j e c t l o n s  

i n  the  subsequently fabr ica ted  f u e l  composite, I?ne recommended prac t ice  i s  t o  

sin%er t h e  core a t  ('JOOOC f o r  2 t o  3 hr under a dynQiic vacum of less than 11-1 

OP Bg. Of seventy p l a t e s  €fabricated by t h i s  procedure, onl) two were reJected 

for b l i s t e r  formation during subsequent thermal treatments a t  600°C. 

No s p e c i a l  experiments were conducted t o  optimize the p a r t i c l e  s i z e s  and 

r a t i o  o€ p a r t i c l e  s izes  €or matrix and f e r t i l e  phases. I-rstead, -100 mesh 

s i z e  f r a c t i o n  of both alurnLnuni and UC was employed i n  a l l  the  f u e l  p l a t e s ,  
2 

However, sonie e f f o r t  was made t o  control t h e  nmbel of UC 

the mi l l ing  operation i n  oraer  t o  minimize the  tendency for spontaneous 

i g n i t i o n ,  

f i n e s  produced i n  2 

To determine t h e  dens i f ica t ion  on cold compacting of various UC2--Al 

These compacts were cold pressed at 33 t s i  t o  94,7 - 95.7% of 
mixtures, a series of  four compacts containing from 58,8 t o  68.2 ~ r t  $ UC, w a s  

prepared, 

t h e o r e t i c a l  densi ty ,  

s j n t e r i n g  $he f u e l  cores e 

ci 

Vir tua l ly  no dimensional changes were noted a f t e r  vacuum 
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The longi tudinal  cross sec t ion  of' a typic21 fuel p l a t e  contaimlng a 

dispers ion of 58.8 w t  $ UC2 i n  aluminum i s  shown i n  Fig. 12, 

observed from t h i s  ill1Ylstration that l i t t l e  o r  no fragmentation o r  s t r inger ing  

of the  angular IJC p a r t i c l e s  has occurred during t h e  r o l l i n g  operations.  
2 

It can be 

2 
The f e a s i b i l i t y  of brazing composite f u e l  p l a t e s  containing 60 wt UC 

dispersed i n  a.lminum was demonstrated by the  manufacture of severa l  NIIR-type 

fuel  elements. 

CORROS I O X  STUDlES 

The corrosion of UC - A l  d ispers ions i n  demineralized water xas evaluated 
2 

at room temperature a d  a t  60°c on two types of samples. 

0-f sample w a s  bare core material., consis t ing of a dispers ion of 61.6 w t  $ 
UC i n  aluminum, prepared by machining the cladding from the i t e l  sec t ion  of 

a composite p l a t e .  These specimens were 2 i n ,  long, 1/2 i n .  wide, 0.017 in .  

th ick  with a 1/16-in.-dia hole dr i l l ed  near one end f o r  suspending the  sample 

i n  the  corrosive medkiml. The aluminum-clad samples were similar t o  t h e  unclad 

samples i n  composition and size, ,  The f u e l  dispers ion w a s  c l a d  w i t h  0.015-in.- 

t h i c k  1100 Al on the  f lat  surfaces ,  However, the  f u e l  w a s  exposed r a t  the  

edges m d  a t  t h e  hanger hole. 

The Jruncladn type 

2 

Clad and unclad specimens were t e s t e d  i n  room-temperature water for 24, 
a lso  t e s t e d  i n  60°C water for 24 and 48, 7Z!> 96, and 120 hr. Each type 

48 hr. 
no long-term t e s t s  were conducted, 

Dm t o  the  catastrophic  nature of t h e  uranium casbide-water reaction, 

The ex ten t  of co-rrosion ~m.6 determined p r i m m i l y  by visua.1 exminat lon  

and weight-chmge measurements. The pE of  t h e  so lu t ion  was a lso  monitored 

and chemical anaLyses were performed on al l  of t h e  s o l i d  p r e c i p i t a t e s .  

Resul ts  of these t e s t s  are summarized i n  Table X. It can be seen from t h e  

weight change ani! p r e c i p i t a t e  weight datu. t h a t  a marked increase i n  tne 
corrosion ra te ,  or more aceura-teely t h e  hydro lys is  ra te ,  occurs i n  both the  

c l a d  and t h e  unclad specimens when t h e  temperature i s  increased f r o m  room 
temperature t o  60" C e 

Gas evolution w a s  observed when a l l  specimens were placed i n  water, with 

Y e  r a t e  of evolution decreasing with t i m e ,  Although this gas was not; quanti- 

t a t i v e l y  analyzed, a s t rong acetylene order was detected, ind ica t ing  a carbide- 

hyayolysis react ion.  



Fig. I? Longitudinal Cross Section of  Composite Ahminun-Clad 59 w t  % A l  
Dispersion Fuel Plate I l l u s t r a t i n g  Continuity of  Core-Clad Bond 
and Lack of Fracmentaiion and Str-ingering 0; UC,. As-polished. 



Weight 
of Solid Chemical Analysis of Specimen 

Specimen Surf ace Time in Temper- Precipitate Solid Precipitate Weight Gain Solution 
Rumber Condition Test (hr) ature (mg) ($ u} {$I AL) (md PH* 

.. 

Clad 

Clad 

Clad 

Clad 

Clad 

24 
48 
72 
96 
120 

Room 

Room 

Room 

Room 

Room 

1.25 
.5 
1,l 

5.2 

4.0 

6.50 
6.25 
6.30 

6. $0 

6.40 

126 

299 

8.80 
8.10 

24 
48 

60" c 
60" c 

305 

306 

Clad 

Clad 

Trace 
13.0 

" 

64.1 I 

w 
in 

14.7 

e4 
48 
72 

20 

97 
90 

7.25 I 

7.30 

7 *70 

Unclad 

Unclad 

Unclad 

Room 

Room 

Room 

T 

18.80 
28.1 

26.0 
10.7 

36.1 
19.5 

313 Unclad 96 Room 10.2 22.4 28,9 86 8.70 
314 Unclad h20 Room 58.2 52,4 21.2 )Hc 8.70 

315 Unclad 24 60'c 83.0 60.2 7-15 249 7.35 
316 Unclad 48 6 0 ~  96* 3 76.3 8.6 225 7.30 

. . -  

-E 

* Initial pH = 5 e 6  
Specimen disintegrated, no weight-change data possible. 
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The unclad specimecs were, of  course, more drasticai.1-y at tacked w - l ' c h  

scaling, warpage, and gro-dth occurring si.mu.itaneously, One specj-men w a s  

observed t o  increase 6% i n  length,  

No.  3.6 after 11-8 hr i n  60°C water i s  shown i n  Pig.  13. 
Tie c o n p k t e  degradation of unclad specimen 

The appearance of a clad. specimen (No. 305, 'Table X) af te r  expomre t o  

6092 for 24 h r  i s  si~owr~ i n  Fig,  l h s  Severe a.-ttack OP tlie core coupl.nd wi-Lh 

peel ing back and dis. tort ion of the cladd.ing can be aoted. 

No severe dis.tortl.ons of  c l ad  specimens t e s k d  :in room- temperature xater 

were observed and chemical analysis  of  several  solut ions indicated uraniim 

contents of l ess  than 2 ppm. Some at:tack did, nevertheless,  occur i n  these 

specimens as wi+aessed by the  water-sffec'ied. zone arounc -the hanger hole o f  

specimen No. 304 sizovn i i l  Fig.  15- 
The p o s s i b i l i t y  of ai1 ina.dvert,en-t claddiiig defect  ,cou?led with the  

catastrophic  nature of the  corrosion of  TJC -AI. dispersions I n  60°C w a t e r ,  

renders t h i s  materials combination marginal f o r  r e s e a x h  reactox a.ppiLca%i.ons 

However, t h i s  does not precl-cde the p o t e n t i a l  i i ae  of  t h e s e  dispe-sions i n  

o ther  cooling media, par t icu la i* ly  organics 

2 

I n  order to study -the i r radj-at ion behavior of UC.--Al d ispers ioas  over a 2 
wide rajige of biirnups, a s e r i e s  of  t e n  miniature fuel p l a t e s  were fabricated.  

2 The core i n  each of these p l a t e s  was a dispers ion consis t ing of  59,5 WL $ U C  

(enriched 19.99% i.n t he  I.?35 isotope)  and 140.5 wii $ Al, 
procedures were i d e n t i c a l  to those previously outlined. f o r  producing b l i s te r -  

free p l a t e s  using vacuum-si-ntered Tuel cores, 

1.0 Ln, wide x 0.050 i n .  t h i ck  and each core was norzinally 5.0 in,, long x 

0.''70 l a .  wide x 0.020 in .  tiiick. A rediograpii of s o m e  t yp ica l  miniature 

p l a t e s  i s  shown i n  Fig,  16. 
load.ings f o r  these p l a t e s  a re  included i n  Table  X I .  

Tine f ab r i ca t ion  

Each p l a t e  &-as 6.0 i-n, long x 

Per t inent  dimensional i n fomat ion  and uranium 

A s  a pi-e-irrad.iation perYomance tesf, f o r  cl-a.d.ding defects,  t he  p l a t e s  

were held i n  demineralized 90°C water for 24 he 

noted during t h e  t e s t .  

i r rad ia t ion ,  were inserted i n  "leaky rabbi t"  capsules a f t e r  carefu l  eval.iia.tior, 

o f  ex te rna l  dimensions using the same faci.li.ti.es wk13.c11 w i l l  be used. f o r  

No  de le te r ious  e f f e c t s  were 

Eight of these p la tes ,  se lec ted  f o r  subseqie:.lt 
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Y - 262 4- 3 

Fig. 13 Unclad UC -Al Dispersion Exposed in 60°C Demineralized Water 
for 48 H r  Showing Catastrophic Attack. 2 

3 X. 
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Fig. 14 Ahminum-Clad UC -A l  Dispersion Exposed in 60°C Demineralized 
Water for 24 Hr, Sho~Lng Core Attack  and Cladding Distortlon. 3 X. 2 





Fig. 16 Radiograph of Typical UC -Al Miniature Coraposite Fuel Plates for 
Irradiation Tes-Ling. AcZual size. 





pos t - i r rad ia t ion  inspection. 

M!FR i s  shown i n  Fig. 17. Pai rs  of  sariiples are pi?esently under i r r a d i a t i o n  t o  
scheduled biirnups o f  20, 40, 60, and 80% of the $35 atoms. 

A t y p i c a l  assembly ready f o r  i n s e r t i o n  i n  ilie 

The authors wish t o  acknowledge the  services  of  a l l  those who contributed 

t o  the development of t h i s  technology, including: 

C. K. E. k B o s e  - Metallograplq-, 

J. Richter - X-Ray Diffraction, 

G. E .  Angel and J. B. Ylynn - Compatibllity Studies, 

H. J. Wallace - P l a t e  Fabrication, 

W .  Laing - C%emical Analyses, 

J. B. Flynn - Arc Melting, 

P. Petretzky - Carbide Preparation, 

L. Queener - Brazing, 

J. Sites - Mass Spectrometry, 

W, Kucera and D, W. Hess - Corrosion Testing, and 

C. F, Lei t ten  - I r r a d i a t i o n  Testing. 
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Y- 2 6 3 

Fig. 17 'Typical "Leaky Rabbit" Irradiation T e s t  Assembly Showing UC -AI 
Miniahre  Fuel P l a t e  in Alumj-num Capsule. 2 



'The following procedmec d e t a i l  the b e s t  prac t ice  for producing one 

19-plate M';?i--tn)e fi:el elemen-i; contai  rri ng 190 g of U235 using compositx 

p l a t e s  with UC -Iu powder-rnetall?lrgy coreo. This prac t ice  s e l e c t s  the moat 
sat i s I"ac t o r y  t e c hili que s de r ived from the previously described expe r irnent a1 

program and in tegra tes  them i rt e s  Labli shed manufactiiring procedures 

? 

I. PRODUC':~ SPECBICATIONS - C,JRE M A ~ R T A I S  
14  

A. ?JC - IJse -190 mesh IJC pmriv.ced by the react ion of UO w i - L h  C. -2 2 2 
T%is material  should contain no residiral- 7J0 as determined from x-ray 

spectrometer pa3terns and should contain at  l e a s t  8.2 w t  $ carbon as 

determined by chemical analysis. 

19.99% i n  the tJP3? isotope,1060,01 Q of carbide w i l l  be requ-ired., 

2 

For UC2 containing 89.65% U and erxiched 

B%. Aluminiun - Use --IO0 mesh al . ix i i imm having a t y p i c a l  ma1ysi.s of 

93.75 w t  $ Al and 0.25 w t  S i .  The mount of  aliminum required w i l l  be 

729.6 g. 

11, PROCESS SPECPICATIOW - UCI2 PBEPARATION 

Fmcture  tke massive TJC wi th impact blows and conmi.nute t h e  resultant, 2 
chimks -to -1.00 mesh by bal l -mil l ing i.n i n e r t  atmosphere. The mil l ing t i m e  

betweell subsequent screenings should be held t o  10 - 15 min t o  minimize the 

number of f ines ,  thus curbing the pyrophoric tendencies of the rnal;eri.al. 

The UC 

the  m i l l ,  sei-eening, a?d transfez. to storage containeys This minimizes 

radiological  and pyrophoric hazal-ds during processing. The s ized mater ia l  

can then be s-liored in Mason j a r s  i n  ai.?, 

sho1:l.d be h.andled 1.11 an iuer - t -gas- f t l l ed  dry box &wing removal from 2 

III. PROCESS SPECIFICATZON -9, CQ-W MATJUFACY'URE 

A. I:.n as appropriately vented glove box, weigh i n t o  4-oz-wide-mouth 
hott;bes charge;; consis t ing of  55079 g of UC2 enriched 19.99% i n  the TJ 235 

A, II, Da,ane e t  a l - ,  Preparatiori uf Carbides of' Uranium, ISC-11 11.1. 
-- - 

(December 1947). Unciassiffed. 
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isotope and 38.40 g of aluminum. 
box. Nineteen such clztzges are required for one f i e1  elemen-i;. 

Cap the  b o t t l e s  and reinorre from tne  glove 

E. S e a l  the  b o t t l e  cap with masking tape and simifltaneously blend the 

individual  charges op1 an oblique blender for 3 kr. 
C. Press the  blended charge i n t o  a fuel core 1.964- in. long and 

2,264 i n .  wide x 0.278 in.  th ick  using a 300,OOO-lb pressure on a hy&mU.c 

press. A 0.001-in.-%ick aluminum foil should be pressed onto each side of  
the core. Amixture  o f  s t e a r i c  acid and acetone i s  used as the  d ie  lubricant .  

D. Sinker the green cores a t  600°C fo r  2 - 3 hr i n  a dynamic% vacuim a t  
less V%_m ly of 'IIg, 

cores i n  the Funace during s in te r ing .  

S l i g h t l y  bevel the edges of each core with a file and remove any 

nAl-Si-Magq7 ceramic is a su i t ab le  receptacle for the 

E. 

f ree  f i l i n g s  by wiping with 834 acetone-wet t i s sue .  

IV. PRODIJCT SPECIFICATION - COMPOSITE FUEL PLA!PE MATERIALS 

A. Frames - Use llOO-grade aluminum - 19 required.  

B. 
C. Fuel Cores - U s e  cores produced by techniques described i n  Section I11 - 

Cover Plates - Use 1100-grade aLinmiLlum - 38 required.  

19 required. 

V. ITOCESS S3?ECIFICATZONS - COMF'OSITE FUEL PLAm MA_nTuACTURE 

A+ Sheax from l a rge  sheets,  picture-frame blanks o€ 1100 Al, 5 ia. 
long x 4.25 in. wide x 0.250 in. +, 0.002 in. thick. 

press EL window 2.30 i n .  wide x 2 in.  long in the center of each frame blmk. 

The Long dimension of the window l i e s  para l le l  t o  the width dimension of the 

frame, DegYesse framcs i n  vapor degreaser with trichloroethylene.  Prepare 

19 frames per fuel element. 

Punch on a blanking 

B. Sheas from large sheets ,  cover p l a t e s  of 1100 Al, 5 in .  Long x 

4.37'5 i n .  wide x 0.198 in .  +- 0.001 in .  th ick .  

t h i s  s i z e  ( f o r  shor t  p l a t e s )  are required per Piel  element. 

large sheets,cover p l a t e s  of1100 A1,5 i3. x 4.375 i n ,  wide x 0.295 in. t- 
0.001 in. th ick .  FOW cover p l a t e s  o~ t h i s  s i ze  ( f o r  long p l a t e s )  are 
required per f u e l  element. Degrease all e w e r  p l a t e s  i n  %he vapor d e g e m e s .  

Thirty-foxr cover p l a t e s  of 
Shear from 

C .  Press fuel cores (from Section m) i n  p i c t a r e  frames using approxi- 

mately 260,000-ib pressure.  



D, ScPa-tch-bl-.;sh one s ide of each cover p la te .  

E .  Weld covey p l a t e s  with scrat:ln-bmsh.ed surface inward t o  each side 

of fra,med care by making an edgn-:RJsloi1 weld along the  long edges o f  the  

f~ame orily. I J se  no f i l l e r  rod. 

I?, Prehes3 the assembl.ed sandwich one-half hoim at 6oo0c and ro3.1. 

according t o  the fcjllowing schedule, reheating 5 mi.n between passes: 

1s t  pass -. 15$ reduction 

2nd pass - 20$ reduc-Lion 

3rd pass - 20$ reduction 

4-th pass - 20% rechiction 

5 t h  pass - 25% reduction 

The b i l l e t s  are t- lmed end fop end and reversed a P t , e ~  each pass, 31% 

f i n i s h  sh0r.t p l a t e s  t~ a thickness 0,055 ir,. and.long p l a t e s  t o  a thickness 

of 0,070 in., 

6 th  pass - 25% reduction 

7 - t ~  pass - 25$ reduction 

8 t h  pass - 27% reduction 

9 t h  pass - 3O$ reduction 

G. Paint cold p l a t e s  wi%h s l u r r y  of eu tec t ic  l9O flux i n  methyl al-cohol. 

Dq- at  180°c for one-half ho-2- i n  alumrim?? pans and then flux-anneal for 1 hr 

at 6055,- L ?.TI .the same pans. 

Wash. p l a t e s  i n  hot  water (60"~) t o  remove flux, etch i n  15% ILNO -5% Tfl H. 3 
aqu-eous solut ion for 10 mLn, r inse  Ln hot water, and a i r  dsy. 

1. Cold-roll  short  p l a t e s  Lo 0.050 i n .  rf: 0.001 in . ,  cold-roll Long plates  

t o  0.065 in,, k 0,001. i n .  

J. Stress-yel ief  anneal p l a t e s  for 3/4 b.l- at; 500 - 550°C. Reject an2 

b l i s t e r e d  p l a t e s ,  

K. Center fuel. care i n  center  of  file1 pla-Le using template and an x-ray 

fluomscope ojj.-t,liriiYlg t k e  appmprl'.ate ayea w - L t h  a scr ibe.  Reject any p l a t e s  

contai.nir;g flaws i n  the. core. 

L .  Shear pl.at,es to scribed dimensions. 

M. Machlne p l a t e s  .to required length and width, gang machining the width 

and length on a umiversal mill ing machine. The short  plates  a re  2.796 in .  

wide and 25-5/8 i n .  long, while the long p l a t e s  are 2.792 in .  wide and 

28-5/8 i n .  long. 

f u e l  element 

Sevenken  sh0P-L p l a t e s  and t w o  long p l a t e s  are required per  

N, Degrease p la lxs  i.n vapor &greaser and.  remove bums w i t h  a f i l e .  
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0. Blister-eheck plates by annealing for 1 hr at 6 0 5 " ~ -  Reject any 

b l i s t e r e d  plates. 

Po Fora p l a t e s  t o  5-1/2 in .  radius  of curvature between appropriate 

p1atlem.s on a 5ydraulic press. 

Q. Degrease plates in vapor degreaser. 

K.  Acid-etch for 10  mi^ i n  '@P-B.RO apeous  solut ion,  r i n se  i n  h o t  watePg 3 
and d r y  i n  oven a t  180"~. 

A. Detailed drawiag - P h i l l i p s  Petroleum Company Dwg. m - ~ - 2 9 6 3 .  
B. 
C, Short Plate8 - processed per Section V - 17 required. 

Long P la t e s  - - processed per  Seetion V - 2 required. 

D. Side Plates - 1100 Al braze, clad with &--Si eu tec t i c  - 2 required, 

E. Braze M e t a  - Use A l 4 i  eu tec t i c  composition a l loy  (11.6 Wt; $ Si) ,  
Thirty-four s t r i p s  0.008 in. th ick  x 0.100 in .  wide x 26 in. long reqcired 

f o r  sho r t  plates m d  4 Stzips  0,020 in.  th ick  x 0.100 in .  wide x 30 i l m .  long 
required f o r  long plates, 

F. Combs - 1100 Alt braze, clad with A l 4 i  eu t ec t i c  - 2 required,  

V I I .  PROCESS SPECTFICmIOX - FUEL E L X m  ASSEMELY Ef T R U I N G  
A. Apply one s t r i p  o f  bTaze m e t a l  t o  each long edge o f  each fuel p l a t e j  

anchol-ip? i n  p o s i t i m  by folding s t r i p  over end o f  the p la te .  

B. ' Pain% side p l a t e s  slrith eutectic lgO f l u x  s l u r y  a d  pos i t ion  i n  

s t a i n l e s s  steel assembly j i g .  

C .  Apply f l u x  s lu r ry  t o  the long edge of one short  f u e l  plate by dipping 

Into a small flux-eontaini:g trough, 

plates 

Insert fuel p l a t e  i n to  gmove in side 

Do Position first comb in comb bolder of s t a i n l e s s  s teel  assenibly J i g  

after flxxing. 
E. Add remaining s ixteen short  f u e l  p l a t e s  after f luxing as in s tep  C .  

E;. Add fluxed secocd coab to assembly. 
G. 

H. 

Insert, appropriately fl.uxed long plates. 
Tipster, cap screws of assembly j i g  and check width dimensions w i t h  

3-in.  micrometer. 

I e Remove s h in le s s  s-l;eel-eomb holder a 

J q  Place asaemlaly i n  drying OVEE at 180°C for l-1/2 hr .  



K. Remove assembly from eve3 ar;d separate elemeci; from stainless steel 

assembly jig. 

L. Place elerwn-6 in c ~ ? r m i c  (Al--Sf:-&g) braziL:g J?.g a.r,d t r s n s f e r  ts 

prehea t  i"uriia,c e . 
p x h e a t  fy.xrnnce a-L 4c5 C fo;. l-l/2 h;. 

W. 'Transfer t o  fo rced -a l r  e!.rzuLatLon h a z i n g  t - m i a c e  an3 hcLd f3r  

3'4 hr at 605"~. 
0. Remove from braz jng  f u r n a c e  a n d  a' i . r -cool  5 Gine 

Po Remove brazed element f r o m  brazi.:ig j i g  - c o o l  'io room tempera-Lure. 

Q. Wash i n  hot agita'ced water  f c r  3/4 hr, acid-e-tch f o r  IC) mic, rinse,  

am3 dry i n  a>i.r blest I 

R, Check cr'i tica.1. e x t e r n a l  6.lmensicns by li1LCrcineC,ric neasu.reine.tits and 

check plate spacings w i t h  spec ia l  mezsurinq probe. Rejec t  out-of-td.era3ce 

elements * 

S .  Attach  app-ropriate end boxes by fusion welding and perform f i n a l  

machirLng ope ra t lons  to specificatlcns 

T. Uegreasc ar,d visilal.l.jr i j lspect e lmaent  p r i o r  i;o shiprnynt 
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