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A process has been developed for impregnating graphite with UgQOp in

4

connectlon with the proposed use of such material for fuel rod elements in

1 the Danlels’ High Temperature Pile, The process as developed consiste of

‘. | five steps: 1, TFabrication of the graphite in the desired shape.

2, Pretreatment of the graphite by boiling in water and then

firing in helium at A00°C,

3, Impregnating the graprhite by first evacvating the pretreated

material and then aimitting an aqueous wranyl nitrate solution
whoss concentration is determined by the final uranium content
desired in the graphite,

4, Drying the impregnsied graphite slowly wnder squilibrium

conditions.

Conversion of the wranyl nitrate to UzOg by firing in

i

g3 5,
helivn st 800°C, ‘

By this process fuel rod elements have bheen made which contain as much

as 18% 1?308 distribuated wrifordy throughout the graphite. The considerations

leading %o the choice of this process are discussed in this report, together

with the alternate procadures which were investigated.
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1 INTRODUCTION
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Proliminary tests of beryllia fuel rods (i.e., rods hot-pressed oul of
mixed beryllium and uranium oxides) for the Daniels® Power Pile indicated that
such material was especially susceptible to therma). crackup, due to the low
resistance 6f fabricated beryllia to thermal stpresses; This thermal cracking
of such fuel tubes would probably be the limiting factor in operating the
pile at high energy levels (greater than 4000 kw)., The use of graphite was
therefore suggested as a replacement for beryllia in the fuel rod because of
its plasticity at high temperatures, its mechanical strength, its relatively
low cost and its 'availabilityo Also it seemed likely that the chemical pro-
cessing of spent fuel rods would be eaéier when made of graphite rather than
beryllia, Furthermore, a great deal of experience had been obtained with
graphite as a pile mtérialo @) The program described herein was undertaken
to develop a meﬁhod for incorporating uranium into a graphite fuel rod.

Two approaches to the problem were suggeétedz (1) that uranium oxide
be mixed with coke flour and the mixture grephitized, and (2) that the uranium
be incorporated into the fabricated graphite rods. Since no high temperature
facilities were available for graphitizétim at this labowatory, attention
was focused on the second approacho* The Argomne National ILaboratory has,
however, interested the Norton Company, the Battelle Memorial Institute, and
ths National Carbon Company in the graphitization approach,

(1) CLFD-4 by F. Dantels, August 4, 1946, - ©62 306

# A preliminary experiment was carried out at the Argonne National
Laboratory befors abandoning the first approach. Powdered graphite was added

to a solution of wranyl nitrate hexahydrate and the mixture was evaporated to

a thick paste. This was packed into a beryllia tube and baked over night at
400°C, whereby the remaining water was removed and the nitrate decomposed., The

. temperature of the oven was then raised to 1450°C and held there for a few hoaurs,

When the sample was removed from the furnace it was found to be in the form of
a fine powder and it was obvious that to produce coherent material;, it would

be necessary to mix the powders in pitch and a.ct.ually regraphitize at very high
temmaratures, _

5
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Since graphite is quite .porous s it wés believed t’hgt‘ the pores could
be filled with a solution of a uranium salt which could then be changed to
a form stable under pile conditions. Uranyl nitrate was the salt chosen
because it has a high solubility and is easily converted to an oxide stable
at the proposed bpile temperatures. Early ‘estimates of the amownt of uranium

in the Daniels’ pile showed that approximately 0,04 g of UzOg (enriched
in the 235 isotope) per cubic centimeter of graphite would be required. )
On a weight basis, the fuel elements would have to have 2 = 3% UzOg, depending
on the density of the graphite. Hence the primary reqirement of the process
was that it should produce fuel rods containing 2 - 3% Ug0g, preferably by
one impregnation, with as 1littls variation in uwranium content as wag possible,
The process selection was also guided by the fact that the wranium should t;e
deposited wniformly throughout the fuel element, |

This report dez;cxfibes a process for making fuel rods by impregnation
with uranyl nitra‘be and gives a summary of the experimental work leading to

this process,

2 THE IMPREGNATION PROCESS -

2,1 Types of Graphite Used

Three types of graphite, all products of the National Carbon Company,
have been usad, They are: '

(1) AGOT-K, which has a densit;? varying from 1,60 to 1,72 g em™ ,

(2) AGR graphite,. a "high purity” graphite whose dehsity averages
1.4 to 1.6 g em™ , and . - |

(3) B-1508-A, & low density graphite made to be essentially wniform

in 1ts porosity,(?) It has a density of 1.36 g cem=>,

(1) cL-#D-19 by F. Daniels (October 8, 1946),

(2) The use of this graphite was suggested by V. C. Hamister and H. G,
MacPhersen of the National Carbon Cowpany,

gz 007
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On the basis of the feproducibility of its'-properties » type B-1508-A

seems to be the best graphite for fuel rod material of the three types

tested,
The process itself consists of five steps:
(1) Fabrication of a fuel rod blank from graphite stock
‘ (2) Pretreatment
(3) Impregnation
(4) Drying
(5) Conversion to a stable wranium compound

2,2 Fabrication of the Graphiﬁe

Design requirements for the fuel rods called for a hollow cylinder, 6
inches in length, 1,500 inches OD and 0,875 inches ID, The large graphite
bars were cut into small blocks slightly larger than the éutside diﬁensions
of the fuel rods, They were then cut down on a lathe to the outer diameter
and the inner dimension was obtained by drilling and reaming.

203 Pretreatment

The gr‘a.phite fuel rods were boiled in water for 30 minutes to remove
loose graphite powder remaming from the machining operations. They were
then fired in helium at 800°C 'fér 30-nﬁnutes to remove water and any volatile
substances present. About 0.17% by weight of the graphite vas burned off in
this step since no ‘effpr‘b was made‘ ‘boém'ify the hélilmo

2.4 Imprenation

| The fuel rod was placed in a vessel vhich was subsequently évacua;t.eda _

The pressure was'?naintained belm# 1 mm of mercury for about 10 minutes, following

which an aqueous solution of urenyl nitrate was admitted to the vessel to cover
562 (08
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the fuel rod, (The concentration of this solution was adjusted to give the

desired uranium content according to the relationship shown in Figure 1.)
After approximately five minutes, the system was opered to the atmosphere

and the fuel rod was allowed to stand in the inmpregnating sclution for five

‘minutes more, Thus atmospheric pressure served to drive the solution into

the pores of the grapiite, approximstely 9% of the void volume being filled.

The fuel rod was removed from the impregnating bath and allowed to drain,
The sample was allowed to stand over a CaS0, desiccant for 40 - 50 hours or
aiternately it was dried by passing helium over it at room temperature for

4 - 5 hours.

2,8 Conversion to a Stable Uranium Compound’

To convert the uranyl nitrate to UzOg, the fuel rod was fired to 800°C
in heliwn for 15 minutes. -Small oxidation losses due to water and oxygen from
the decomposition of ithe uranyl nitrate plus that traceable to the free oxygen

content of the helium were noted,

3 DISCUSSION OF THE CHOICE OF PROCESS

The process for impregnating graghite fuel rods given in Section 2 was
chosen with Uvo chief considerations in mind: repreducibility. of the uranium
content from one fuel rod to another, and mifonm’.ﬁy of the wranium distribution
throughout, each fuel yod. In the follovdhg_paragraphsl the five é’teps are “taken

up with the considerations leading to their choice and the alternative steps

investigated are discussed,

8,1 Fabrication ) 862 009

A1 the graphite used in this work wae in the form of extruded bars in
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two sizcs, 3 inch diameter round bars, and 4 inch x 4 inch square bérs; The
machining operations were quite standard and required little é.ttention. Howe
ever, it was noted that reaming the iﬁner hole in the fuel rod was necessary
to keep the inner dimensions to a tolerance of # 0,001 inches. The tolerances
obtained in these dimensions give a variation in volume of 0.2%.

The possibility of fabricating the fuel rod by @.xtrusion- of the graphite ‘
in the required shape and size has been suggested(l) but no impregnations have
been carried out with samples of such type. |

3,2 Pretreatment

The pretreatment step was deemed necessary in the early part of the
experiment.-ai work in order to obtain a reasonably comparable initial weight
for the graphite. The quantitative removal of loose particles remaining from
the fabrication of the fuel ‘rods could be accomplished by wiping, brushing, o
vacuum cleaningj howsver, immersion in boiling water apﬁea:red to be sét.isfactoryo
Then to dry the sample thoroughly, it was fired at 800°C in heliwm, The high
temperature was used to drive out volatile matter although 800°C was chosen
chiefly because a furnace operating at that tmberature was available,

Vhen impfegnation using the evacuation technique given in Section 2.4
was used, the pretreatment, or lack of it, had no measursble effect on the
uranium content of the final fuel rod. However; with no pretreatment, graphite
particles éceurmlated in the impregnating solution, a factor which would hinder
any reauée of the impreghating solution. Consequently, the prétreatment step
was retained. | | |

Then the imbregnation was carried out by refiwd.r_lg the solution with
the graphite, the prétreatment did have some effect. The firing at the high

(1) Personal Commmication, Vo C. Hamister of the National Carbon
Company. ) ) -
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temperature appearsd to activate the graphite so that greater pickup of
solution was attained on impregnation, Detailed data on these experiments

ara given in Section 4.3,

3.3 Impregnation

Impregnation by the evacuation techmique described in Section 2.4
séemed to be the most satisfactory procass. By this process,; the. yolds in
the graphite are almost completely filled with uranyl nitrate (97%), The
degree of impregnation was found to be constant with raespect to lﬁmited

variations in process time, evacuation pressure, solution concentration,

hydrogen ion concentration, and degree of activation of the graphite. From

preliminary experiments it was found uwnecessary to conkrol these variables,
Hence the variation in uranium content obtained by this technique is deter-
mined chiefly by the conétancy\ of the graphite ‘porosityo'

Impregnation by the follaw:mg refluxing technique was also studiedo
The fuel rod was pretreated as in Saction 2.3 and then allcwed to reflux for
30 minutes in a boiling solution of uranyl nitrate. It was thsn removed from
the solution_, dried' andv fired, The degrse of impregnation by this method was

~ dependent on the pretreatment of the graphite as well as on the solvent em-

ployed for the uranyl nitrate. Using am équsous solution of uranyl nitrate,
only some 65% of the voids could be filled whereas with ether, acetone, and
hexone solutions, 88 = 90% were filled, Addition of wetting agents to the
aqueous solutions gave no incrgaée in the ura.nimn content over that attained
with pure water, |

~ The uranium cmtent and the limits to which it can be held seem to be
prime considerations upon which{ the choice of impregnating tecmxiq“e depends,
Table I gives a comparison of, the uranium contents attainable with graphite
of different densities when impregnated by the evacuatioﬁ and by the refluxing

862 512
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techniques. The data are for an impregnating solution of 1 M aqueous uranyl

nitrate, Other concentrations would give uranium contents in direct propor-

tion,
_ Table I ;

) Comparison of the Uranium Content Attainable by Impregnation
.- of Various Graphites by the Evacuation and Refluxing Techniques

Type of Graphite Percent Gain in Uranium [ "te UgOg X 100

. Content. \ Initial W, of G’_raphit?’-
ivacuation Technique# Refluxing Technique#

B=1508-A -3 _

(density = 1.36 g em ) ToT o4

}kCK)qﬁ=J§ =45 .

(density = 1.67 g em™") 3.1 1.8
AGR = » |
4 (density = 1.42 g em™) - ~ 5,5

*The 3mpregnating‘ solution was 1 M aqueons uranyl nitrate.

It can be seen that the reproducibility in the U368 content of the fuel
elements will depend chiafly on the constancy of the graphite porosity and
the efficiency of the impregnation. In this work only a vrather rough estimate
of these factors could be made because the uncertainty in the one limiteé an
sstimate of the other, Hovever, it is believed that bhe efficiency of impreg-
nation by the evacuation techniques is constant to something \mdervl%a Section
4,4 gives data on one éeries of tests correlatiﬁg the uranium content after
impremnation vith the graphiie porqsit.yo |

Table IT gives a resume of the x;eproducibility obtained with the two
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impregnating techniques. These data are limited to a rather small rumber
of samples. The B=1508-A data are based on tweniy fuel elements cut from
four different bars received in two shipments. The AGR data are based on

thirty samples from four different bars received in three shfmentsg and the

‘AGOT»K data on soms twenly samples taken from two bars whose history is not

known, No correlation from bar toc bar was recorded, These tolerances should
be interpreted as being limited since no effort was made to sample the total
supply of any of these types of graplile.

Table II

Variation of Uranium Centent Observed in the Impregnation
of the Different Types of Graphite

Type of Graphite | Numbey Percent Variation (Crreatest Deviation » 1005\

of in Uraniwr Conbent Average Value n
Samplas : :
Evacuation Technique Refluxing Technique
B=<1508=A 20, *2% - o5%
AGOT=K 30 247 1.3%
AGR 20 w = . ¥25%
3.4 Drying

Uniform distribution of uranium is the critical ‘requirement which deter=
miﬁes the choice of the drying procedurs. It was determined that there is

miformity of impregnaticn before the sample is removed from solution (Section

' 4,2). A number of drying methods were tested in terms of the resultant

uranium distribution and those methods which approximated equilibriuvm drying
cenditions gave good resulis. The procedures in Section 2,5 were satisfactory

fer full sige fuzl rods drisd irdividually in laboratory apparatus but it is

562

)
C e
e

voeses
Ceee
osen
cees
oceees
o
conee

o =
cesee

.

-
beseaws
Howesas
Dowses
COvase
o e e
&
Coeems
<

cese

(3
(33 X3




14

to be remembered that the exact conditions would depand on the type and

size dryer being used,

3,6 Firing
Conversion of the uranyl nitrate in the pores of the graphite to Uz0g

was effected by firing in helium at 800°C for thirty minutes. A quartz tube
heated with a Burrel). fumace was used, Vork reported by Malm and Mason (1)
slhowed that the U308 in impregnated graphite changes successively to U0g

and UCy as the témpera‘bure is raised from 800°C to 1400°C but upon re-gxXposure
to air UzOg 1is again formed, Hence it would seem that the preferred form of
uraniwm in graphite would bte U308 if the fuel slements were not to be‘used

immediately.

3.6 Type of Crapnite

Tables I and II show the variations in uranium content using the three
graphite types. No attempt has been made here to consider any octher properties
of grapnite, but, on the basis of the behavior in impregnation, B-1508-A seens
best suited for fuel rod material,

4 SUMMARY OF THE EXPLRIMENTAL WORK

The experimental work in the development of the process describeq in
the preceding sections was largely a series of trials of va:;ious procedures
to see what wranium content or what typs of uranium distribution could be
obtained, Soms of t‘he preliminary wdrk was dbﬁe using small cylindrical
graphite samples but all final conclusions were based on i‘ull size fuel element
sections, The uraniwn content was measured in mostv of the lWOI'k by taking the
gain in weight of the grzphite sample after impregnating and firing. It was

knownn that this quantity did not represent the true amount of uranium present

{ o .
\1>J(, Jo Malm end O. Mason, ANT=4008, Section 1.5 and ANL=4090, Section l.5.
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due to the loss of graphite by oxidation, but, for experiments in which com=
parative results were most important, it préved sufficient. In cases where
it was necessary to obtain the actual uranium content, this was done by firing
the graphite in a platinmu crucible at 800°C and weighing the residue as UzOg
after correcting for the ash content of the graphite.

The determination of the uranium distribution was done either by direct
analysis or by x-ray shadowgraph. For direct analysis, the samples were set
- upon a bench.‘la'bl'yaﬂ successive layers were turned down, and the turnings from
‘each layer analyzed for uranium by ignition as above. For x-ray shadowgraphs,
a transverse slice was taken from the sample, placed an a sheet of film and
exposed to x-ray,® It was found rather difficult to get absolute values of
uranium céntent because of the difficulty of securing adequate control of
exposure time and sample thickness, but the method dici indicate whether any
irregularity existed.

Some of the work described herein iz not ‘too relevant to the process
discussed under Section 2, but is group@d with that portion of the work to
which it most nearly applies. Work was done on several methods of impregnation,
the use of various solvents for impregnating solutions, on seﬁeral methods of
pretreatment, drying and firing. The nature of the uranium in the finished
fuel element; the causes of the nonetmifom diétribution, and the choice of

the graphite type were also investigated.

4,1 Impregnation Techmiques

The first approach to the problem of impregnating graphite was based
oﬁ preparing an impregria‘bing medium containing the required amount of uranivm
and then getting all of this uranium into the sample. The method involved
congiderable recyclihg and resulted in badly coated samplés so it wes socn

discarded,

* The m-ray shadewpraph technique wes developed with She sdvice aad assistznca
of Miss A, Smigelskae, ' - PR
v ’ <62 (116
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4,1,1 Reﬂmdlg

The general method used_ for impregnation consisted of refluxing the
sample in a solubion containing uranyl nitrate at the boiling point at
atmospheric pressure. Various solvents were used as discussed in Section
4,104,

Changing the time of refluxing showed that there vas no appreciable
pick'up. of uranium after 15 minutes for samples.of thickness comparable to that
of fuel tubes., Therefore a refluxing time of 30 minutes was taken for all
subsequent work., This conclusion is based on the data.shovm in Tables III
and IV, Table III gives the weight gain after firing for samples of AGOT-K
graphite after refluxing in an acetone solution of uranyl nitrate hexahydrate
(NH) for varying lengths of time, ‘

Table IIX

Effect of Time of Refluxing on Uranium Content
of Standard Graphite Samples#

Time of Refluxing ' Percent Weight Increase:
(minutes)

10 2,78
3,79
2,90
S0 : : 3637
3,26
2,86
- 60 ‘ 3,20
3,38
3,20
1200 o " 3,66
’ 3,22
3,14

* AGOT-K graphite samples (1 cm in diameter x 2 cm in
length) refluxed with an zcetons solution of uranyl
nitrate (44 g of WH/L00 ml of sclution),
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Table IV gives the percent weight increase after firing for fuel tube
sections of AGOT=K refluxed for various times in an acetoné solution of

uranyl nitrate hexahydrate,

Tabls IV
Effect of Time of Refluxing on Uranium Contmt
of Fusl Tube Sectiona# '

Time of Refluxing Percent Welght Increase
(minutes) ‘ '
30 _ 1,98
60 R 2,06
80 o 1,97
120 ‘ 1,93
10 1,89
180 : 2,03

AGOTaK fuel tube ssctions reflu:md with an acetone
solution of uranyl nitrate (40 g UNH/100 ml of solution).

While these results show soms variations » it would seem that a
refluxing peried of 30 minutes is su.fficiénﬁ to attain virtually mascimum

impregnation. ,
One experiment was done which confirmed this canclusion in a more

fundamental manner. A fusl tube aection was boiled in distilled water and
hydrostatic mastn'ements of its weiglrb inmsrsed in water were taken a:t
various times. Each weighing was made after allowing the sample to ‘cool
below the boiling point momentarily so that an accurate weighing could be
‘made, Here too it was shown that after ten nﬁnutes no measurable amownt of
water was absorbedo
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As the original specificaﬁion for urar.ximn}content §£ the fuel tﬁbes

vias. higher than could be obtained by a single impregnation, tests were
| made to determine the effect of repeated impregnations on the same sample.

In these runs each sample was first pretreated by boiling in water and then
firing in helium at 800°C. Following this it was impregnated by refluxing

in the uranium solution for 30 minutes; finally the sample was dried and fired
in helium, The refluxing and firing cycle was then repeated. The data in
Table V show the relationship betweén the number of impregnations and thé
weight gain for tm'e_e cylinders of AGOT-K graphite impregnated in an ether
solution of wranyl nitrate hexahydrate.

Table V

Effect of Repeated Impregnations by the Refluxing
Technique on the Uranium Content of Graphite Samples

Number of Impregnations Perc_ént Weight Gain®
#1 #2 3
1 B 27 B
2 7.1 6.4 6.
e | 10.8 .‘8.‘,6  93
4 15,8 11.0 12,1
5 - 1 16,8 131 14.5

* AGOT-K samples 1 cm in diameter and 2 mnmg
refluxed with an ether solution containing 39%
~ uranyl nitrate hexahydrate.

The data indicate that the gain in weight per impregnation decpeases
as the uranium content of the samples Increases. It was also noted that the
variations in the results were such ihat | each .sample' deiriated from the other
two samples by zbout the same amownt, indicaihzing {.hat the irreproducibility
662 0193
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was largely due 4o the graphite,

Impregnations were carried out using fuel tube sections of B-~1E08-A
érgphite to check the reproducibility of the impregnation by refluxing.
The solubion used ms 28 z of WH per 100 ml of aqueous solution., Ths gain
in weight far five seé‘;ions ranged from 3.14% to 3.46% which was a spread of

approximataly 10% around the average value.

4,1.2 Evacuation

Very early in the program evacuation was suggested as a possible
means for impregnation. The procedure used consisted of placing the pretreated
gamples in a vessel which was evacu_ated to a pressure of about 1 mm of mercury,
" The impregnating solution was then admitted to.ﬁhe sample without breaking
the vacuum and allowed to stand wntil most of the gas bubbiea had boiled out.
The system was then opéned to the atmosphere. |

This technique was tried with the usual pretreatment procedurs
using ether solutions of uranyl nitrate aé the impregnating solutions. One
set of tests was concerned with the effect of the number of impregnations on
the uranium content. The tests were stopped at 13 impre@ations bec;ause the
graphite samples were beconing badly coated with a surface layer of green
uranium oxide. These data are shown in Table VI,

Here as in the case of simple reflwkiﬁg the weight increase per
impregnation gradually became smaller as the uranium content of the g_ra\ph}ite
increased, Com’parism of these results with those obtained on recyciing by
'bl:xe reflind.ng te;:!mique V(Table V) showed fhat with ether sdlubiqns a grea'l;ér
weight gain was ‘b_bta:’m:ed by refluxing than by evacuétiono' This was agsumed
to be due to the high vapor préssure of ether at .roonvl,t'emperatureo

However, with aqueoﬁé' solutions a greater weight gain was obtained
by the evacuatioﬁ than by the refiux:ing technique as is shown in Table VII,
R6Z (20
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Table VI ,
o Effect of Repeated Impregnations by the Evacuation
- ~ Technique on the Uranium Content of Graphite Samples
Number of
Impregnations = | Percent Vaight Gain®™ -
1l 2.7 2.6
. 2 5ol 4,7
- 3 8.4 7.9
. 4 10,9 . 10.4
[ 12,8 12.8
6 ’ 1502 1501 ’
7 16,0 15,9
8 1800 ’ 1803
9 19,0 19.0
10 21,4 ) 21,6
11 22,4 23,0
12 24,7 25,1
13 26,7 26,3

® Small cylinders of AGOT-K graphite impregnated by the
evacuation technique using an ether solution oontaining
39% of WNH,

Table VII
Comparison of the Impregnation of B<1508-A Craphite
by t.he Evacuation and by the Refluxing Techniques

Percent Gain in Veight# (Zicrease in T x ‘100) ,
bEvacuation Technique Refluxing'Techniqne
3,83 | . 3.25
3.88 3,48
3.9 3,29
3091 , 3,14
. 3099 3,35
| 3,81
3.9

* . , ,
Fuel tube sections of B-1508-A graphite impremated <342 028
from an agueous selubien emtaining 28 g WH/100 ml '
of solution, : .
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The data are for fuel tﬁbe sections of B=1508-A graphite impregnated from
an aqueous solution of WH, Some idea of the comparative reproducibilities
of the two techniques can aléo be’ obtaihed from this table,

 4,1,3  Immersion '

'.0141@ of the more important disadvantages of using organic solvents as
the impregnating medium with the refluxing technique was the reaction with
uranyl nitrate at elevated temperatures. Several tests of impregnation by
simply immersing the graphite samples in the‘ solution were made for different
lengths of time and for different types of agitation.. Table VIII gives the
results of tests on three samples and compares them with the refluxing technique,
Table VIII

Impregnation of Graphite by Immersion in a Hexone
Solution of Uranyl Nitrate

Type of Treatment | Time of Treatment Percent, Weight Gain*
(hours)

T TS NE— —S =S = =
Refluxing 0,5 B.43 3,81 5,74
Immersion without -1 2,49 2,81 2.47
agitation : - .

16 3,47 8,65 3,47

20 - 2,49 2,56 2,43

Tmmersion with 1 B 1,20 1,07 1.26
vibratory i ,

agitation 20 8,08 3,26 3,18

* Sma11 cylinders of AGOT=K graphite ivﬁ;,n’egnated from a hexone soium
tion containing 44 g of WH/100 m) and which was ca. 0.1 M in nitric
acid. L '
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It was noted that immersion did not give as great a weight gain as
did refluxing, although some of thé long timevruns‘were comparable. The -
discrepancy between the 15 and 20 hour runs without agitation was taken to
indicate the inherent irreproducibility of the process. Agitation decreased
the weight gain on impregnation, However, it was noted that the solutions
from these ruhs showed loose graphite particles and this may éccount.for the
Jower gain in weight. |

4,1.4 VUse of Solvents Other than Tater

Ether, acetone, hexone, and-watef were the solvents studied as a
medium for impregnation by the refluxing technique. Impregnations were
carried out after the usuwal pretreatment of the graphite by maintaining a
solution of uranyl nitrate hexahydrate in the particular solvent at reflux
over the graphite. The samples We:;e then dried amd fired tc 800°C, It is
presﬁnsd that the urapium ir these samples was distributed nonwmifomﬂy,
but the total contént was not affected. The gain in weight was taken,
corrected for oxidation losses, and the percentage of the voids filled was
calculated from the finél uranium content. The results are compared on this
basis in Table IX.

Table IX '
Comparison of the Efficiency of Impregnation of
AGOT=K Graphite by Reflwding in a Solution of
Uranyl Nitrate in Various Solvents

Solvent for UNH Percentage of Vbids
Filled
 Ether R
Acetoné BQ'
~ Hexone 90
Water _ 656

62 023,
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‘ The increased 'efficiency of i.m;jregnation obtained by' the use of organic
solvents in refluxing was offset by the difficulty in handling the solvents -
at the elevated temperatures. .E:ther, acetone, and hexone all gave precipi-
tates which were found to be organic compounds of uranium. A few prel:.minary
experiments on varying the acidity of the solutions produced no appreciable
inhibition of these reactions,

4,2 Dryin g and Firing Procedure
The work on drying and firing is combined because these steps were ine-

vestigated togethef in ma'ny ¢ases, 7The investigation of the distribution
of uraniun in the resultant samples was the most significant portion of this
work.

4,2.1 Effect of D‘;YE‘.% and Firing on the Uranium Distribution

The following experiment was done to determine the distribution existing
in the mel element before it was removed from the impregnating bath. A
glass vessel was prepared which had as its lower portion two parallel sides
about & mm apart. The top was a tapsred glass joint which allowed the vessel
to be used in the same impregnation equipment used for other rums, A trans-
verse slice cut from a graphite fuel tube was coated on its faces with a
gilicone resin to make these faces impservious so that water would penetrate
only from the edges 'in a menner similar to the penetration of the impregnating
solution in avhole fuel :rod. _’.l'_he‘thic_:lmess of this sample was such that it
Just fitted between the parallel faces of the vessal describéd above. The

~sample was then impregnated with an aqueous solution of uranyl nitrate and

shadowgraphed by x-ray while in the impregnating solution. The film gave a
clear picture of the uranium distribution, shcwing that it was essential];y
unifoi'ma This is contrary to an earlier conclusion reached in this labora-
tory based on an experiment in which the fuel element was quickly removed
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from the impregnating bath, frozen in liquid niti-ogen, and analyses made

of the wranium distribution by means of successive turnings of the frozen

rod. These analyses showed a very‘ non-uniform distribution. (See ANL-0CS-93, |
12/12/46,) The present x-ray evidence of an initial uniform distribution
appears unquestionable, however, sinqe new methods of drying have yieided a
fuel rod with a final uranium distribution which is wniform,

‘A large number of small graphite cylinders .weré then dried by different
methods and the distribution' was determined by x-ray shadowgraphs of sectional
slices from these cylinders. The results of these experiments are listed
in Table X and the xeray shadowgraphs are shown in Figure 2,* Figure 3 shows
graphs of uranium distributions as determined by chemical analea.s of the
layers for a sample typical of those des:u.gnated by the terms wniform, almost
uniform, and ron-uniform.

From the data showm in F_igure X it is apparent that wniform uranium
distribution may be obtained by drying the impregnated e_aample under essentidily

‘equilibrium conditions. Thus either prolonged desiccation over CaSOy (Table

X, sample numbers 2, 3, 4, and 11) or else a four hour drying period in a
stream of helium at room temperature (Table X, sample number 10) led to
uniform uranium distributi@o ' o

For samples impregnated by the refluxing techniqu@ » reioval of the
graphite sample from the boiling solution resulted in a non=uniform distri-
bution in all cases, irreSpective of the t.reatment used thereaftero

* The X=18y shadawg,raphs in F:lgtn'e 2 are- prints made from the orig:malsg
hence the uranium appears as the da.rlear portions,

Since the X-ray source availsble for this work was of very high mtens:.ty
the exposure time was of the order of a second or less. Consequently, due
to the difficulty of controlling the exposure time, no attempt was made to
reach uniform exposures. For this reason the shadowgraphs were interpreted
only as to variation in density for each individual sample, No comparison
of total uranium content from one sample to another can be made on the basis
of these shadowgraphs, (Several of ths shadowgraphs were omitted fronm
Figure 2 because of the difficulty of wreproduction in cases where over-

exposure occurred, )
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Table X

Effect of Drying and Firing Procedures on the Distribution of Uranium
in Graphite Samples® '

! Resulting Uranium Distribution :

in furnace at 800°C.

“|Sample | Drying and Firing Technique Used :
- § No, ¥ (by x~ray shadowgraph)
p No drying; placed immediately in Non-uniform
furnace at 800°C,
2 | Dried in desiccator 24 hours. Uniform
3 |Dried in desiceator 24 hours; inserted Uniform
in furnace at room temperature, and
heated to 800°C in two hours.
é Dried in desiccator 24 hours; inserted 'Almost wniform
in furnace at room temperature, and
heated to 800°C in 1 hour.
[ Dipped in NH,OH; dried in desiccator Non-amiform
24 hours; inserted in furnace at room
temperature, and heated to 800°C in
2 hours, '
6 Kept at a pressure of 0.1 mm of mercury | Uniforn except for a thin outer
1 hour; heated to 276°C under vacuum in rim of high uranium content.
1 hour; fired in helium furnace at 800°C, :
7 As above with a nitric acid dip after Outer portion of sample badly
firing, depleted in uranium
8 Inserted in furnace at room temperaturss | Fairly uniform
heated to 800°C in 4 hours, |
9 As above but heated to 800°C in 2 hours, | Nonwmiform
10 Inserted in furnace at room Lemperatures | Uniform
allowed to remain in the helium stream :
at room temperature for 4 hours, and then
brought up to 800°C in 1 hour.
11 | Dried in desiccator for 48 hours; placed Uniform

¥ Samples B-1508-A graphite impregnated with an aqueous solution of UNH.

faiad X=ray shadowgraphs for these samples are shown in Figure 2,
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FIG.3 TYPICAL URANIUM DISTRIBUTIONS OBTAINED

- BY VARIOUS DRYING AND FIRING TECHNIQUES
IN B-1508-A GRAPHITE FUEL RODS.
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4,2,2 Graphite losses on Firing

The firing step in this process was carried out in a tube furnace
which was continually swept with commercial tank heliwm, It was found that
graphite losses due to oxidation (oxygen content of the helium averaged
about 0,055%) amounted to not more than 0,06% by weight at 800°C, This was
not considered serious enough to warrant gas purification. Detsrmination
of the carbon burnt off in the decomposition of uranyl nitrate hexahydrate
showed that the amount was approximately equal to 2% of the weight of UzOg
in the graphite. |

4,3 Pretreatment Procedure

For the most pax'b the pretreatment used in this work was done to remove
loose graphite particles remaining from the machining operations and %o
obtain a dry sample frée from volatile matter for the impregnation. While
wo;'king with the refluxing technique, it was thought that the efficiency of

the impregnation could be increased if the porosity of the graphite could ve

increased. A pre-treatment step consisting of boiling in concentrated nitric

acid followed by firing at 80()°C was therefore investi,gateda The effect of
this pretreatment was measured hy impregnating the resultant graphite with
water, weighing the immorsed sample, and then calculating the percentage of
the voids filled. It was found that such pretreatment with nitric acid
increased the amount of water which could penetrate into the graphite. Rach
such treatment increased this effect up tc the third treatment, where itv
became obvious that the increase in water pickup was about equivalent to the
volume of graphite_ lost by oxidation, Data for these experiments are g:.ven
in Table XI, It was fomd on comparing tﬁe nitric acid pretreatment with a
corresponding water pretreatient, that the water pretreatment also had an

activation effect although this was not as great as for the nitric acid.
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Data for one experiment of this nature are given in Table XII,

: Table XI *
Effect of Nitric Acid Pretreatment of AGR Graphite
on the Resultant Water Absorption

Pretreatment Percent Voids Filled with Water
A kB
Before Trestment 75,6 68,8 82,0 6108
After one HNOg treatmeﬁt 89,9 86,56 91,1 89,5
After two HNOg treatments 93,0 87,8 94,3 93,7
After three HiOg treatments 84,5 90,4 96,1 95,9

v
R

Table XII
Effect of Walter Pretreatment of AGR Graphite
on the Resultant Water Absorption

Number of
Pretraatments

Parcent Voids Filled
with Water

. 80,7
82,6
87,6
N.7
92.68
83,0
93,4
85,7
93,9
84,0
94,0 -

COW NN PROVMO

=

With impregnation by the evacuation technique, the efficiency of impregnation
was not substantially improved by a nitric acid pretreatment since activation
of the graphite is not necessary to complete £111ing of the voids.

4.4 _ Correlation of Irreproducibility of Impregnation by Refluxing with
Graphite Dansity ~ A

Impregnations were carried out with 25 fuel rod sections of AGR graphite




.

. in order to estimate how much of the irreproducibility in the uranium

cbntent (as shown in Tgble II) was due to the graphite and how much to the
process., The volume and initial weight of the sample were taken , Tollowing
which it was boiled in water for 30 minutes, and then fired in helium at 800°C,
Impregnation by refluxing in a 1.2 M agueous solution of wranyl nitrate hexa-
hydrate was carried out, followed by cm:zvers:}onv to Uz0g in helium. at 800°C.

The density (as calculated from weight ond volume measurements) and the gain |
in weight on mpregnatlon were compared as shovn in Figure 4. A rough approxi=-
mation of the :mherent Arreproducibility of the reflumng process was obtained
by applying the method of least squares to ’ohg data. Assumirg that the varia=
tions in density of the graphite are accourited for by these calculations, the
remaining deviations can be assumed to be the variations introducsed with
experimental technique. The maximum deviaticn qno‘sm G the grerh is 2%,
Impregnations with B-1508=A graphite uging the same rei‘lmdng technique have
shovm no variation above 5%, Only & samples were used in this case, however,

go the data may not be complete,
5 SWMARY

Graphite containing UsOg distributed uniformly throughout the cross-
section was nade by impregmat.ibn with wranyl nibtrate and subsequsnt firingj' )
at 800°C in helium. Sgnples as lsrge as the fuel rods for theA Daniels® High
Temperature Pile were proceseed to cantain up to 197 UgOg by W@ig’ht in a
single impregnation and it was shown 4hat higher percentages could be attained
by repeating the process one or more timés-;

The process as developed consisted of five steps. (1) The graphite
wes fabricated in the desired shapéu (2) It was boiled in water for 30
minutes and fired in a helium atmosphere for 30 more n'ri:mzt.-as0 {3) The

actval impregnation stzp was carrisd vueh by first evacusting the graphibe
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FIG 4 VARIATION OF URAN|UM CONTENT WITH THE DENSITY OF AGR

GRAPHITE ON IMPREGNATION BY THE REFLUXING TECHNIQUE.
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sample and then adnmitting an aqueous uranyl nitrate solution whose concen-
tration was determined by the final UsOg content desired. (4) It was then
dried slowly at room temperature over a desiccant and (5) fired in helium at
800°C,

The reproducibiliﬂy of the process secmed to be chiefly dependent on the
porogity of the graphite. AGR, AGOT-K, and B~1508-A graphites (products of

_ the National Carbon Company) were used and a rather definite correlation

between the uranium content and the porosity was found., On the basis of
limited sampling, B=1508-A graphite was found to be the most constant with
respect to porosity.

Only one cnt:.cal step was found in the exoem.memal work, the drying

gstep. In order to obtain wniformity of the uranium distribution within the

- graphite it was necessary to dry the sample in a mapner which did not cause

the aqueous solution to flow in the pores of the graphite but rather to
allow the water to evaporate slowly encugh to maintain equilibrium within
the sampls at all times,

Impregnation: by refluxing and by simple immersion, use of non-aqueous
solutions or uranyl nitrate, and other pretreatment procedures were aiseo

investigated but were found to be less advantagecus,




