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eruch.mterial WBS espcidly susceptible %o thmnaJ. cr.ackup, dm t o  the law 

resistance of fabsicated b e r y l U  %o %hemal stresses, 

of such fuel %&e8 woulil probably be the lfmsting factor  Sn operating the 

This thermal cracking 

p i l e  at high erisrgy levels (maker than 4000 k ~ ) ~  

therefore suggested as a replacmen% for bewllia in the fuel rod becauses of 

The, use of graphite was 

its plasticity 24% high t q r e t w s ,  its mcharnical strm&hg its repbtively 

~ U W  COS% and I t s  a~ailalbilfty, Also it r~eermotd l i k d y  that the C M C ~  pro- 

cessing of s p a t  fuel m& would be eayiep when made of graphite rather thzm 

beryllls, Furthemre, a great deaf of mcperimce had been dbtained with 

maphite as a pile mtep.ihillo ") The pmgram described hrein mas undertaken 

t o  develop a method for incorporating uranium 5nto a graphite he1 rodo 

Two approaches t o  the p b l e m  were suggestede (I) that  uranium oxide 

be mixed with coke flour ayrd the mixture graphitized, and (2) that  the uranium 

be incorporated Snto tbe fgbrieated graphilx radso Since no high temperature 

facizi t ies  were available f o r  graphitization at this labmatory, attention 

was focusled on the secmd approach," The &gome M a t i d  Laboratory has, 

* A prelasarg a c p e m %  was carried out at the Apsanng Naticmal 
Laboratory before abandoning the first approach, Pawtiered graphite wae added 
t o  a solution of mmy3 n i t r a b  hex&ydrate and the xnlxtm was evaporated te 
a thick paste. This waa packed into a beryl-lia tube and baked over nighti arP, 
4oo°C, whereby the remai- water was remmed and the n i t ra te  decomposedo The 
temperature of the o v a  was then raiseid t o  P4SOoC and held there fop-a fem haurs, 
When the ample! waa removed from the furnace it waa found t o  be in the form d 
a ffne powder and it waa obvPaw tha t  t o  produce coherent material, it would 
be necessary t o  mix the powders i n  -p%tch and actually regraphitize at very n-tigfi 
temratures 

- 
5 -- 



Sfice graphite is quite porous, it %vim belimed that the pores could 

be filled with a solution of a uranium s a l t  which could then be changed %o 

a form stable under pi le  conditions, 

because it has a high solubility and is easily converted t o  an oxide stable 

at the proposed p i le  tmp@ratums, 

Uranglnitrate was the s a l t  chosen 

Early e a t b a t e s  of the amount of uranium 

i n  the Danielse p i l e  showed that approximately Oo04 g of U3O8 ( m i c h d  
h the 238 isotope) per cubfc centimeter of graphite would be requirsdo (1 1 

On a weigh% basis, the fuel elemtrs would have t o  ham 2 - 3% U S O ~ ~  demding 

on the density of the graphite, Hmee the  prfmary recprhmntt of the process 

WWI that it should produce fuel  roder contafning 2 - 3% U808@ vsferably by 

one fmprognation, w5th a8 littb vnriation i n  uranium content a~ w a ~  possibh. 

The process selection was  also guided by the fact that the  uranium lehuld be 
' >  

depOsi%ed U I l i f O x d y  tb*out th@ fuel element, 

This report describes a process for making -1rods by impregnatim 

with uranyl and gives a swnnapg of %he experir&ental work Xeading to 
,- this pPoCesl30 

. .  . .- - 

. ,  

..- 

Three % m a  of graphlee, aU. products of the National Capban Company, 
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On the basis of  the reproducibility of its properties, type L1508-A 

seem t o  be the best graphite for fuel rod material of the three types  

tested, 

The process i t s e l f  consists of five steps: 

(3.) Fabrication of a fuel rod blank f r o m  graphite stock 

(2 ) Pretreatment 

(3) Impregnation 

(4) Dryfrs 

(5) Conversion to  a stable urmiun compound 

2,2 Fabrication of the eD8.cr_r;nit;s 

Design requirements for the fuel rods called for a hollow cylinder, 6 

inches in lengtho 1,500 inches OD and 0,875 inches ID, 

bars were cut in to  s d  blocks slighLly larger than the outside &bensions 

The large graphite 

of the fuel rods. 

and the inner dimension was obtained by drilling and reaming, 

They mere then cut d m  on a la.the to the outer diameter 

2,3 Pretreatmen% 

The graphite, Puel pods were boiled. in rater f o r  30 minutes t o  remove 

loose graphite pander remaining from the machinbg operations. They were 

them fired in helium at 80O0C for 30 m3nutes tlo perptulve water and any volatile 

substances present. About O,l$ by weight of the graphite vras burned off in 

this step since no effort was made t o  pur* the helium, 

_. 

2,4 Impregnation 

The fuel rod was’pPaced jlrm a vessel which was subsequently evacuated, 

The *peosure miis maintained below 1 mm of mercury for about 10 minutes, follacsing 

which an aqueous soltrtim of u~leayrlnitrate ~ r m  admi4;tad t;O the vesseZ to cover 

96.2 208 

....... .................... . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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2,6 Conversion to a Stable Umnim C0rn-i' 

To convert the uranyl. nit rate  t o  Ug689 t he  fuel pod was fired to 8WoC 

----- 

in helium for 15 &utes0 Sm3.l oxidation losses due t o  water and oxygen f r o m  

the deconpssitiom of the  uranyl n i t ra te  plus that, traceable to the free oxygem 

content o f  t he  helh& were noted, 

The process far impregxrbislg gra&ite? fwP rods given in Sedtion 2 was 

chosen r d t h  tm chief' considerations in mind z repsduci.bility. of the uranium 

trp with 'the cansidemi&ions leacling to t h e i r  choice, and the alternative step8 

, investigated are c l i ~ c u s s & ~  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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FIG.1 URANIUM CONTENT ATTAINEiD IN' THE IMPREGNATION OF 
6- 1508-A GRAPHITE 6Y THE EVACUATION TECHNIQUE 

OF IMPREGNATING SOLUTION . I  
( PERCENT GAIN I N  URANIUM CONTENT vs. CONCENTRATION 

I 
i 
I 
i 

, I  

, 
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b m  aims, 3 inch dfameter round bars, and 4 inch x 4 i nch  square bars0 The 

machinine operations were quite standard and required l i t t l e  attention. How- 

ever, it mu noted tha t  reaming the inner hole in the f u d  rod mas necesssry 

t o  keep the inner dimensions t o  a tolerance of 2 0,001 inches. The tolerances 

obtained in these demntnsions give a variation in volume of 602$a 

The possibility of fabricating the f'el rod by extrusion of  the graphite 

no bPWPatimS ham in the required shape and size has beem suggested(') 

been carried out with samples of such type, 

3,2 Pretreatmeat 

The pretreatmnt step was d e d  necessargt In the e w l y  pa& of the 

experimental work in  order t o  bbtain a reasonably comparable ini t fa l  weight 

f o r t h e  graphiteo The quantitative removal of loose particles remabing from 

the fabrication of the fuel rods could be accom@.ishd by wiping, brushing, ai- 

vamm cbeaningg hmever, %mutemion 5n boiling water appeared to be satisfactory, 

Thein t o  dry t he  sample thoroughly, it tw fired at 80O0C in helfm, The htgh 

temperature was used t o  drive out volatile matter &though 8WoC was chosen 

chiefly because a furnace operating a t  t h a t  t rat,- was available,. 

Tdbe.n impregnation using the evacuation technique given in Section 2,4 

was used, the prelreatmnt, or lack of it, had 30 ~ a s w a b l e  effect on the 

uranium content of the final fuel rod. However9 with no pP.etreatmt, graph%@ 

particles a c c d t e d  in the  impregnating solution, a factor which would hinder 

any m-use of the Impregnating solutiono 

was retained, 

Consequently, the pretreatment step 

T h e n  the bpregnation ma carried out by reflwdng the solution with 

the graphites, the pretreatmen% did have som effect. The f i r k g  at the high 

IT. C, Hamister of the Natfonal Carbon 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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temperature appmred t o  activate the graphite so that greater pickup of 

I ,  
; . - 
_ .  

solution was 8ttained 091 5mpmgnatfono Detailed data on these experiments 

seemed t o  be the m a s t  satisfactorg process, 6y t h i p l  process, t he  Yoid8 in 

the graphita are almost completely f i l l e d  with uranyl ni t ra te  (97%)* The 

degree of impregnation was found t o  be constant w i t h  resp@ct t o  Umited 

varlatioas in process t h e ,  evacuation p r e m ~ r e ~  solution concentration, 

hydrogen fm cmcen%ratian, and degree of activation of the graphite. &OIU 

the solution, dried end fired, 

dependent on the pretreatment of the graphite as mll ae on the S o l r m t  em= 

The -degree o f  impregnation by this m&hod wm 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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techniques, 

nitrate,  

tion, 

The data w e  fo r  an impregnating solution of 1 L! aqueous ura.yl 

Other concentrations mould give uranium contents in direct  propor- 

- 

Table 1 
Comparison of the Uranium Cont6n-k Attainable by Impregnation 
of Various Graphites by the Evacuatim and Refluxing Techniques I 

.- 

I (density 8) 1,42 g ma> 
t I 5,s 
I 1 I - 

It can be seen tb-b the reproducibility in the U308 content of the fuel 

elemnts w i l l  cia;mnd ch%lt&Ly on the coinstaney of the graphite porosity and 

the  efffcimcy of the Lipregnation. In t h i s  work only a rather rough estimate 

of these factors could be made because t h e  rancertainty in the one limited an 

estimate of  %ha otkfis, €breves, it is baEZeved that the efficiency of bpreg- 

nation by the evacuation techiques is constant to sonothing mder 

4,4 gives data on one serias of  t e s t s  correlating the uranium eontent after 

impregnation x i t h  the  grapIzi%c porosityo 

Section 
.. 

'98ble %I gives a resum of tho repraducibility obtained w%th the two 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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impregnating techniques, 

of samples, 

fom different bars received in two shiamrite. 

These data are limited t o  a rather smdl r,u.lnber 

The B-1508-8 data are based oa twenty fuel elemnts CL$ from 

'he AGR data are based mi 

known, No comelation fmm bar t o  bar mas recordedo These b3-erances should 

supply of any of these types of grapI-d.te,. 

' ,  . _  

G-3 62 
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t o  be remembered that the exact conditions would depend OF. the type and 

size dryer being usedo 

3,s F i r h g  

Conversion of the uranyl nitrate in the gores of the graphite t o  U30, 

was effected by firing in helium at 800’C for thirty minutes. 

heated with a EurreZt. fwllaes was used, Tiork reported by l rklm md H a . ~ r n ( ~ )  

A quartz tube 
b 

showed .that the U308 in  impregnated graphite changes successively to U02 

and UC2 as the temperature is raised from 800°C to 1400’C but U ~ O R  re=mposm 

t o  air U308 is  again formed. 

uranium in graphite would kte U808 if the -fuel e3.emmts were not  to be used 

Hence it would seem that the preferred form of 

immedfately, 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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due fo the loss of graphite by oddation, but, for experbents in which com- 

parative results were most fmpartant, it ?roved sufficiento 

it mas necessary t o  obtain the actual uran-ium content, th is  m s  done by firing 

the graphite in a plathum crucible at  80O0C and mighing the residue as U3O8 

after correcting for the ash content of the graphi%e. 

In cases where 

. 

The determination of the uranium distribution was done either by direct 

analysis or by x-ray ahadmpapho 

up on a bencblatb,  successive layers were t m e d  d m ,  m d  the turnings from 

each layer analywd f o r  uranium by ignitim as above. For x-ray sh&uv@aphs, 

cp transverse sl ice ma$ taken fromthe sanple, placed on a sheet of film and 

exposed to x-rayD* It was found rather dffficul% to get abcmfute values of 

wmim contonPt because of the difficulty of securing adequate contm3. of 

exposure time and sm& thickness, but the method did ind5cate whether any 

For direct analysis, the samples were set 

irregularity existed, 

Some of the mrk described hereln j3 not too mlevant %o t h e  ~ ~ Q C ~ S S  

discussed under Section 2, but is groupxi with tlmt pori5ion of the work t o  

which it most nearly applies. Work was done on several nethods of impregnation, 

the use of various soPvents for i ~ p r e ~ n a t i r ~ g  solutions, m several methods of 

pretreatment, drying and firing. The natme of the  uranium fn the finished 



4&1 Reflwrinp, 

The general method used for  imgregnation consisted of refluxing the 

s q l a  3a a solution conterinlng uranyl ni t ra te  at the  b o W g  point at 

atmospheric pressuree Various solvents were used as discwsed in Section 

4,1040 

1- Changipg the time of refluxing shoved that there oi;~9 no appreciable 
- pickup of uranium after 15 minutes for samples of thickness conparable t o  tha t  

'.' , 
- .  . 

i' 

of fueltubes, 

subsequent work, 

and IVe 

graphite after refluxing in an acetone so1ut;ion of rwanylnitrate hexahydrate 

Therefore a refluxing time of 30 minutes vas taken f o r  a l l  

This conclusion is based on the d.ah s h m  in T a b l e s  I11 

Table 111 gives t h e  weight gain a f te r  f i r i n g  for samples of AGOT-K 

(UNH) for varying length of t h e o  

10 2,78 
3079 
20 90 

3.337 
3.26 
20 86 

3a66 
3,22 
3 2.4 

...................... . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Tabh fv givea the pmc& might increase after for -1 tube 

sections of A W - K  reflmwi for varioua t h e 3  in an acetone solution of 

, 
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As the original specification for Uponfum content of the fuel tubes 

vas higher than could be obtained by a sin@..e fmpregnathn,, tests were 

made to determine the effect of re-xated fmpregnatians on the same? sampleo 

In thcse runs each sample tnas fbst pretreated by boiling in mater and then 

k. firing in helium at  80O0C. Follow5ng this it was impregnated by refluxbg 

in the uranium solution for 30 minutes; finally the sample was dried and fired 

- in heliumb The refluxing and ffping cycle was thb-repeated, !the data in 

Table V shuw the relationship betmm the number of impreglaP;lons and the 

weight gain for three cylinders of AGOT-E Paphfte impregnated in an ether 

eolution of uranyl nitrate hsxaklprlrate, 

. -  

_ -  

Table V 
Effect of Repaated hpregnations by the hflwdng 
Technique on tihe Uraniun Con%& of Graphite Samples 

Number of Impregnations 

* AGOT-K sample3 P cm $n diameter and 2 cm Long 
refluxed 6 t h  an ether solution cmtatning 3% 
uranyl nitrate hexabydrater, 

The data indicate, that the gain in rreigka p r  hpregnatim decmases 

as the uranium contat  of the sauphs hcreases. It- also noted that the 

variations in the results were such %hiit each eraaplet deriated from the o4;herr 

.. .. .. .. .. 
O D  

... . .. . . 
O D 0  

................. . . . . . .  ..., ..... . . . . . . . . . . . . .  . . . . . . . . . . . . .  
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4 e l e 2  EmCuatfm 

Verg early in the program evacuation was suggested a possible 

means for impre~aQ;fono The procedure used consisted of plaoing the pretreated 

samples in a vessel which was evacuated eo a pressure of  about 1 m of mp%ury0 

Tho impregnating solution m then admitted t o  the san4SLe without breaking 

the vacuum md allowed t o  stand until  most of the gm bubblea had boiled ovt, 

The systm was then opened t o  the atmosphere, 

This technique was tried With the usual pretreatment poc&ure 

using ether solutima of uranyl nitrate as t h e  impregnating rsolutions, 

set of tes ts  was concerned with the  effect of' the number of  hpregnatiam on 

the uranium content, The tests were stopped at 13 hpxwgnations because the 

graphite samples mre becoming badly coated with a surface hyer of men 

uranium oxide. Thee@ data ami shown jirP Table VI, 

One 

Here as in the case of simple refluxing the might increase per 
I 

impregnation gradually bec- smaller as the wanim content of the graphite 

increased, 

the refluxing tazhnique (Table V) shmed that d t h  sther sohblona 8 greater 

Camgarism of these results vith those o5tained an recyclingby 

to  be due t o  the high vapor pressure of ether at  roan temperatureo 

However, with aqueous solutions a meater weight gain w a ~ ~  obtained 

.................. . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  
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Table VI 
Effect o f  Repeated Impregnations by tha Evacuation 

Technique an the Uranium C o n t e n t  of Gra2hite Samples 

Number of 
Impregnatim 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
l.3. 
12 

' 13 

* S m a l l  cylinders of  AGOT-K graphite fmpregnated by the 
evacuatim technique us- an ether solution sontafining 
39% of WHO 

Table V I 1  
Comparison of the Impregnation of L1508-8 Graphite 
by the Evacuation and by the Pefluxing Techniques 



The data are for fuel tube sections of B-1508-A graphite SIUpregnated frsm 

P 

. :. 
, 

- L I  ._ ' 

L _  

- .  

an aqueous solution of WI.1, Sone idea of the comparative reproducibilities 

of the two techniques can also be obtained f r o m  this table, 

One of the more inpertant disadvmtages of wjng organic solvents as 

the impregnating mgdium with the refluxing twhniqw wa8 the reactian ~5th 

uranyl nitrate at  slevatedhnperatures. Several te8trs of impregnation by 

simply bnersing the graphib samples in the solution were made for different 

lengths of time and for different types of agitation, Table V I 1 1  gives the 

results of tests on three samples and compares them with the refluxing technique, 
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It was noted that imersion did not give as great a weight gain as 

The did refluxing, although sow of the long time runs were comparable, 

discrepancy between the U and 20 hour runs without agitation ma8 taken to 

indicate the inherent keproducibi l i ty  of the process. 

the might gain on impregnationo However, it was noted that the s o l u t i m  

Agitation decreased 

fromthese runs s h m d  loose graphits particles and %hi3 may account for the  

Ether, acetone, hexone, and =tar we= the solvents studied as a 

medium for impregnation by the refluxing %echnique, 

carried out after the usual pretreatmnt of the graphite by Wita inhg  a 

solution of uranyl nftrate  hexahydrate i n  the pax%icular solvent at reflull: 

hpmgnations wen 

over the graphite, 

pres& that the uremim irj these sariples was distributed non-unifomly, 

but the .total content was not affected, The gain in weight was taken, 

The samples were then &ied and fired to 800°C, It is 

7 .  

corrected for oxidation losses, and the percentage of the voids f i l l e d  was 

calculated frmthe f i n a l  uranium content, The results are comLparod on this 

basis in Table no 

. 
. c  

Table IX 
Comparison of the Efficiency of Impregnation of 

AGOT-K Grapkfte by Refluxihg in a Solution of" 
Uranyl Nitrate in Various Solvents 
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The increased efficiency of himegnation obtained by the use of organic 

solvents in refluxing w a  offset bjr the diff icul ty  in handling the solvents 

at the elevated tmperatures. Ether, acetone, and hexone all gave prscipi- 

tates which were found t o  be organic compounds of uranium, A few preliminary 

experiments on varying the acidity of the solutions ,produced no appreciable 

inhibftion of these reactions 

4e2 and F i r i n g  Procedure 

The work on drying and f i r h g  ia combfrmed because these s t e p  -re in- 

vestigated together in many cases., The investigation of the dbtribution 

of uranium i n  the reeultant samples was the most sigl i f icant  portion of t h i s  

W O T k  

The fol lowhg e x p r i m e n t i  was done t o  determine the distH%buliorm existing 

in the fbl element before it was removed from the impzlegnathg bath, A 

glass vessel was prepared which had a3 its lovrer portion tWr, parallel sides 

abaut 6 mm aparG, The top  ow9 a tapered glass Joint which aUm& the vessel 

to be wed in %he same impregnation equipment wed f o r  other m s .  A trans- 

verse alice cut f r o m  a graphite Are1 tube mas coated on its faces with a 

silicane resin t o  m a k ~  these faces inpervious so that water mould penetrate 

only fPomthe edges fn a nmmer s i m i l a r  t o  the pernetrs.tfon of the impregnating 

solution i n  avhole fuel rod, The t h h h e s s  of this sample ooera avchthat i% 

just f i t t ed  between the parallel faces of the  vessd. described above, The 

sample was then Smpregnated with an aqueous solution of iwanyl ni t ra te  and 

shadowgraphed by x-ray while in the impregmtdng solution, The film gave a 

clear picture of the wmium distribution, showing .&hat it was essentially 

;ia%fm, 

t o r y  based an an cslrperintisnt in which the fuel elemeat was q&KLy mmoved 

This is contrary t o  an ear lbr  conchskm reached 191 thfs labora- 

c-4 fj 2 Q2 4 
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fram the iqregnating bath, f r o m  i n  liquid nitrogen, and analyses mde 

of the uranium distrfbution by mans of sucaessive turninge of the frosen 

rod, These analyses showed a vory non-Wom distribution, (See ANL8cs-93, 

12/12/46,) The present x-rey evidence of an initfal uniform distribution 

appears unquastionable, hotvever, since new methods of dryinc have yielded a 

fuel rod with a final uranium distribution which is tmLfonn, 

A large number of small graphite cylinders were then dried by different 

methods and the distribution was detemhed by x-ray shadmpa2b of sectional 

slices fromthese cylinders. 

fn Tale X and the x-ray shadowgraphs m e  skrown in Figure 2," Figure 3 s h m  

graphs of uranium distributions as d&mnhed by chemical analysis of the 

layers for a ample  typical of those designated by the terms uniform, a h o s t  

The results of these experimm4xi are l i s ted  

tmiforn, and fi~n-~nlf~m 

From the data s h m  in Fieme  X it is appwenP, that mifom maim 
rl 

* -  
distrfbution may be obtained by d q d n g  the impregnated sample under essentfdly 

equilibrium C a n d i t e O n s ,  
4 

Thus either prdhged desZccatiop1 over Cas04 (Table 

X, sanrpla3 n\rmbers 2, 3, 4, and Sl) or else a tour  hour drying period in a 

stream of helium at room teqwzature (Table X, sample number 10) Xed t o  

For samples impregnated by the refluxiplg bchnique, rmova3. of the 

graphite sample from the boiling solution resulted in a non-mifom d i d i d -  

bution 5x1 a l l  cases, irrespective of the treatment used P,bmaPter, 

The x-ray shadamgraphs in F i g w e  2 me prints d e  from the originals, 
hence the uranium appears as the darker portioplso 
Since the x-ray source available fer this work was of very hfgh intensity 
the exposure t h  m s  of the order of a second or less, ConsequentAy, due 
to the difficulty of ccmtrolling the, exposure time, no &ttemptwBpas W e  to 
reach miform exposures, 
only as t o  variation in density fo r  each indiddual sampleo No compakfam 
of total  uranium conP;ent from one sanple to  another can be made on the basis 
of these sheedmgrepha, 
Figure 2 because of %lie dfff5cul%y of xnroductian in cases vhere over- 
exposure sccenrmd., ) 

Jt 

For t h i s  mason the absdmgraphs were interpreted 

(Several of the shademgraph were omitted feocrrzl 
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Table X 
Effect of D r y i n g  and Fir ing  Procedures on the DJtstribution of UranLum 

in Graphite Samples" 
I I 

Sample D m g  and Firing Technique Used . 1 * O P l  

I n 

2 

3 

Dried in desfccator 24 hours, 

Dried in desiccator 24 hours; inserted 
in flunaca at room teqerature,and 
heated %o 800°C in two hours, 

Dried in  desiccator 24 hours; &ex%ed 
in furnace at mom temperature, and 
heated to 80O0C in 1 hour. 

6 Dipped in NH4OH; dried in cbs%mator 
24 hours; inserted in furnace a% rom 
temperature, and heated t o  800°C in 
2 hours0 

6 Kept at a pressure of 0,1 m of mpleupg 
1 hour$ pleat& t o  276OC under vamm 3.n 
1 how: fired in helium furnace at 8Q056, 

1 9 I As above but heated t o  800°C in 2 hourso 

...................... . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  0 0  O D 0  0 0 0 0  0 0 :< .- ~ I I L _ "  -1 . _  



- -  . 

. .  
"nr?$.c. C! 2 

. . . .  

,- 

! 
\ 



FIG.3 TYPICAL URANIUM M S T R  

ON- 

B l  NED 
BY VARIOUS DRYING AND FIRING TECHNIQUES 

IN 8-1508-A GRAPHITE FUEL RODS. 
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4&2 Graphite bsses on Firing 

28 

The f ir lng step in th is  process vms carried out in a tube furnace 

ophich wae continually swept with commercial tank helium, It was found that 

graphite losses due to oxidation (oxygen contexrb of ths helium averaged 

1 about 0,05$) amounted to not mre than O,W$ by wight at 80O0C, Thfs was ‘ 1  

not considered serious enough to warrant gas pwrlficatfoln, Determination 

of the carbon burnt off  in the decompusition of wanylnftrate hexahydrate 

shomd that the amount was approldmately equal to 2% of the might of UaO8 

.,- 

4 

4,3 Pretreatmenti Procedure 

For the most parti the pmtreaplrnent w )no t o  mmcm 

loose graphite particles mmlning from the machifling operations and to 

obtaln a dry sample free from volatile matter for the imprepation, 

mrking with the refluxing tiecbiqw, 2% was thoughti that the efficiency of 

the impregnation could be increased if the porosity of  %he grqphite could be 

increased, A pm-%peatmen% 8-p ccms.b%Lng sf h i X i n g  Sn concentrated nieric 

m i d  followed by firing a% 80O0C was therefore bvestigated. 

this pretreatment waa maswed by i.mpm,rrPlathg the result=+, g r a p E h  nJLtch 

wate~, weighing %he 511nrmrned sample, and %hen ca2cuhtiPl.g the ptwcenbge of 

the voids f i l hd .  

increased the amount of water Vmich CQUU ~ C E B ~ F Z ~ ~  in to  the gxaph5tee 

such treatment increased thfs effect ‘tip %a the  third treatment, where i.4; 

became obvfous that the increase in water pickup w88 atmu% eq~valen% t o  the 

v o h w  OS graphite lost by oxidation, 

in Table X I o  It mat9 f o n d  on comparbg the nitric  acid pmbreatmt with a 

corrssponcllngwater p&reatr,mt, that tho water psetreatmnt also had an 

activatEon effect although tkis m a s  nsP, as great as for the nLtric acid, 

VWLle 

The effect of 

It ma found that such pmf;reatilien% ~ 5 t h  nitrtic ereid 

Pa& 

Data for these experiments are given 
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Data for one sxperimnt of thia nat- are gim in Tdble XII, 

Table 9uc 
Effect of Nitric Acid btPcsatmm% of BOR Qraphtte 

an the Resultant Kater Absorption 
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content (if5 shuwn i n  Table SI) was due t o  the graphite and how much to the 

processe The volume and initial might of the sample were taken, follorifp-rg 

which it mas bofled In water far 30 &.u%es, md then flred b he'fim at 8WoC, 

Iapregnaticm by refluxing lm a 3,2 3 agpreouk, solution of uranyl nitrate hem- 
DL 

hydrate was carried out, fsllmved by col.wefs$on to UsQ, in helium at 80O0C, 

The density (at! calculated frommeight and velum measwemnts) ibffd the gain 

i n  mi&% on Impregnation were compared as sham in Figure 4, A rough appmxi- 

ration of the inherent imeproducibility of the refluxing p~~ccess eras obtalned 

by applying the method of least, squares to the d a h  Assamkg that  t2-m var5.a- 
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The reproducibility of the  process s e d  t o  be ckiofly dependent an the  

porosity of the graphite, 

%he Nntiond Gasban Company) were used ar$l a rather definfte cornelatha 

betmen %he uranfum content and t he  porosity was found, On the basis of 

limited saqUng, B-3.5084 gra2hite was found to be the most eonstant nith 

respect t o  psrosit7, 

AGR, AGOT-K, and B-3.5084 paph i t e s  (products of 

investkated but were found to be less ac3vantageous0 

i '  
i I 
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