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Acid 1' Leaching and Anode Dissolution
of Graphite-moderated Fuels

By K. R. Hyde,T D. J. O'Connor,* and J. L. WoodheadT
Results of nitric acid leaching and anodic disintegration processing studies of two types

of homogeneous graphite moderated fuels ore reported. ZN nitric acid leaching at 90-100°C
appears suitable as the primary processing method, whereby uranium and thorium are
obtained in solution suitable for solvent extraction. Anodic disintegration in 2N nitric acid
is a satisfactory wet method of breaking down the graphite fuel assemblies, but the dis-
integration process does not give the required uranium and thorium recoveries. lt has not
been possible to assign any electrochemical action to the anodic solution of uranium and
thorium carbides.

INTRODUCTION (iv) uorlnation and bromination treatments.
Only the acid leaching and anodic disintegra-

GI'¢Pl\il'°-"\°d¢'°l'ed 539" l'emP6l'|'"I‘e 905- tion studies are reported in this paper.
cooled reactors

DOne type of advanced reactor under study at MATERIALS AN AN
the Atomic Energy Research Establishment, M°l'e"°|$
H3-1‘WB11, is the high-temperature 89-5-°°°1ed Two possible types of fuel have been exam-graphite-moderated thermal breeder system ined_
based on the uranium 233-thorium 232 cycle.
(Cockcroft 1957, 1957 8,, 1957 b; U.K.A.E.A. Third COMPACTPED FUEL
Annual Report 1956-1957). Fuel temperatures .
of the order of 800°C may be achieved (Cock— C°1d °°mPa°‘=ed fuel was Prepared In the
croft 1957 b) and the heat developed is trans- Metallurgy Divismn’ A:E'R“E" fmm “Fixed p°.wd' l

ferred by high pressure gas (Fortescue 1957, ers 9f gmphltm ummum and .th°num’ minedKay 1957, Moore 195-7)_ dry 1n_glass bottles charged with glass beads.I t - 1 d - th f 1 I The mixture was cold compacted in hardened
of Izhieeypslgaarailgn its :8 rgdiiou d ct?931$“ steel dies at 80001b. lb./sq. 1n., and red in argonp un s, gr p e con ainer Dcan’ and a sSi1e_ferti1e U235_Th232 Sleeve at 1,400 C. The non-irradiated compacted fuels
enclosing a. central graphite rod. The fuel and were very brittle’ had p°°r mechamcal. strength’
fertile material would be incorporated as car- could be easny gT°und’.and “gem re?“;11y.hyd¥°1;
bides in a graphite binder in sleeves an inch lysed l° 3‘ ne powder In °°n act mt air’ willor so in diameter and a fraction of an inch evolution of hydrocarbon gases. ‘These sainp
thick (Times scientic Review, 195.” had the approximate composition C. U..

The results described in this paper have been "°'2'7'3 (W/‘”)' In1s°m° °”°s grfipmte and
obtained from processing studies of two types urammn powders on y were compacte ‘and t enof fuel proposed for a. 10MW experimental red in argon‘
rea°t°r- GRAPHI'I'ISED FU'EL
pmcessing qspegfs In this fuel, prepared in the Chemical Engi-

The processing studies have been based an the neering Division, A.E.R.E., the fertile material
assumption that a mechanical separation of Was iY!00l‘D01‘al?ed as l?h01'i9- into 1'1 ¢0ke-Ditch
the ssile-fertile sleeves from the fuel elements mixture which was extruded and then baked at
cannot be achieved. Processing has therefore 800-1.000°C to f01'm a Carbn artefalh The re—
been aqnsidered to fan into two parts, namely quired uranium concentration was then obtained
the initial separation of the uranium and by impregnation with uranyl nitrate solution. %thorium from the large bulk of graphite in the and the Element 8TB-Dhiifi-Bed at 2,500°C 170 PTO
system, and the subsequent separation and de_ duce uranium and thorium carbides. The fuel
contamination of fertile material in a solvent was Prepared in the f°1'm °f 1‘°d$, i" diam» 3"
extraction plant of conventional design. The “mgr and n°m}anY °°nt9'ined aPP1'°ximate13f 1°
1a1;1;e1- is not considered in this paper_ per cent. thorium and 1 per cent. uramum

The inii;ia,1 separatign methods which have (w/w). In contrast to the compacted fuels,_these
been investigated include: samples were similar _to pile-grade graphite in

(i) oxidation of the graphite in a stream of physlcal, P1'°P°1‘t1e$» 1-°- they P°55e§$ed €°°dair or oxygen, mechanical strength. and were not brittle. After
(ii) extraction of the uranium and thorium sawmg mm small. p‘°9es' Fhey °°“1d .be readilyfrom the fuel by acid, and pressure leach- gr°uml' on sllandmg m am hydmlysls was n°tmg, as rapid as with the compacted fuels, and these. . .(iii) anodic disintegration (the fuel element is samples retained their mechanical strength on ii

made the anode in an electrolytic cell) standing in air for several m°nthS-
and ' ' '

MERE Harwell 6ft. lengths of graphite tube which had been
Comizilssldii Research Establ1shment.omlld:anu§:‘i'1i%d:, proposed as 2.!‘ fuel element can for 9‘ 10 MW1-eeeived May 5, 1953_ reactor experiment.
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’ Compactecl 1 91 '11 99.6 as 99.a as 99.9 as

Q 4 s1 '13 as '15 as '15 as '15

‘ 16 95.4 a1 95.2 as 96.4 as 96.5 as

Analysis
- >80 per cent.) by reaction between thoria and

1 1. i nited at 1000.0 to graplnte. No evidence for monocarbide forma-l‘ , - . .regal]? csaaglgisarfée ‘gang fused with potassium tion was iound under these conditions. Prescott
b' 1 hate to render the uramum and thorium and Hm‘: ? (1927) qu°.t° a‘ temperatute °f 1'8°°°C
scgblle in hydrochloric acid. Analyses for these Fig dlcarblde f°rmat1°n fmm th°na and gm‘
elements were then carried out on separate ali- D ta"
q“°t5 °f -3' sample s°1“ti°n' inter S?p.ara'ti°n On this basis the temperature at which thefrom sulphate by an ammoma precipitation, compacted fuels were ,,. . . . prepared (1,400 C) wasthorium was determined colorimetncally as the probably insumcient to give a high conversion
th°r°n°1 mmplex °n §°luti°n .°°nt9‘imng 0'1 to uranium and thorium carbides. Howevermgm/ml and volumetrically using EDTA on
the more concentrated thorium solutions. gtgegdigr h‘§fd,§Y§g§do§yg;§'§§1r§;ningais i?1Id‘i-Uranium was estimated spectrophotometrically, Gated that some carbide formation had
using. dibenzoyl m?tha'ne' solution a’natySes.f9r occurred. It would appear that ignition at“mmum and th°num were permrmed m mtnc 2500°C produced both uranium and thorium
acid s°1u°n directly as ab°ve' dicarbides in the case of the graphitised samples

In all cases where a mass balance of uranium
and thorium between sample, solution and resi- ACID LEACHNG
due WES 1‘eq11i1'ed, the 111‘?-Ilium and $110141-1111 ¢0l1- It was thought that an initial separation oftents of solution and residue were determined, the uranium and thorium from the graphite
and the additive gures normalised to 100 per might be obtained by acid leaching. If nitriccent. with respect to the original sample. The acid was used as the leach liquor, the resultant
appropriate percentages leached into solution and solution after suitable head-end treatment couldretained in the residue were then calculated (see be fed into a solvent extraction plant. It is
tables). In all cases the additive uranium and desirable to know to what extent the uranium,
thorium contents of solution and residue were thorium, protactinium and ssion products are1 1 per cent. of the respective contents of the leached into solution, are re-adsorbed on the
original sample. All uranium and thorium graphite. 01' remain incorporated in the graphite-
analyses were performed in duplicate. _ ,

Non-irradiated samples
Analytical data on the exact carbide c0mpo- Nitric acid leachings were performed under

sition of the compacted and graphitised fuels are reux and at 20, 60, 200, and 300°C on samples
not available. Uranium mono-carbide can be lightly crushed to pass a 22-mesh sieve. The
obtained by reaction of U,0, with carbon at 20° and 60°C experiments were carried out by
1,800°C, while a reaction temperature of 2,400°C shaking in a ask immersed in a thermostatic-
produces uranium dicarbide. Reaction of U0, ally-controlled water bath and tted with an air
with graphite in near stoichiometric proportions condenser. About 2-4gm. of sample was used
at 2,400°C also produces the dicarbide (see in the initial experiments, but the subsequent
Schwarzkopf and Kieffer 1953, Katz and R.abi- experiments contained sufcient sample to give
nowitch 1951, Katz and Seaborg 1957). Wylie a nominal thorium concentration of M/10 and a
(personal communication) has found that a uranium concentration of M/100 if quantitative
minimum temperature of approximately 2,000°O leaching was achieved with the primary aliquot
is required to produce thorium dicarbide (yield of acid. The selection of these concentrations

TABLE 1.—-U AND Th RECOVERIES. HNO8 LEACHING UNDER REFLUX.

EFFECT OF HNO3 CONCENTRATION AND REFLUX TIME.

Sample Acid % leached into solution after reuxing for
normality

1 hr. 2 hr. 3 hr. 4 hr.

U Th U Th U Th U Th

4 90 89 99.7 93 99.9 94 99.9 94

B 97.8 84 99.6 86 99.9 87 99.9 87

16 99.0 82 99.5 83 99.9 84 99 .9 85

Graphltised 1 '77 71 83 75 85 77 87 79

2 90 .83 92 86 92 86 92 86

8 88 81 91 84 91 85 92 86

CHEMICAL PROCESSING PAGE 42l
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TABLE 2-—U AND Th BECOVERIE5 cent. are consistently obtained for leaching
4N imoa 1'EA°HmG- EFFECT OF TEMPERATURE‘ times of 2 hours, but the thorium recoveries are

lower by up to 1'7 per cent. The graphitised
% leached mm samples give uramum and thorium recoveries up

TemPe1'e- I-eeeblns solution to 1'7 per cent. lower than do the compacted
Sample i.____ samples. 2 to 4N nitric acid appears suitable for

U Th use as leach solution. No advantage is gained

Compacted 20'

60*

Reux

mu»Nb-I|hO\\l\3i-I

zoo 8+

in using nitric acid concentrations ) 4N.

Z: EFFECT OF LEACH TIME FOR LEACHING
91 42 UNDER REFLUX (TABLE 1).
98 57 Most of the extractable uranium (> approxi-

mately 85 per cent.) and thorium (> approxi-
99-6 73 mately 70 per cent.) is removed by leaching tor
90 89 1 hour. For longer leaching times, the uranium
99 93 and thorium recoveries are increased, but only9” 94 slightly. A sample of mixed residues (contain-

ing 9.5 mgm. Th/gm.) was digested with 4N
99.8 84 nitric acid for 24 hr. under reux, and a

Grapliltlsed 20'

60'

Reux

nhll-*NHAMNH

200 81'

44 T 38 further thorium recovery of 65 per cent. of the
50 44 thorium content of these residues was obtained.

This indicated that the low thorium recoveries
obtained with the graphitised samples were not

73 65 due to acid inextractible thorium.
90 77
91 78 EFFECT OF LEACH TEMPERATURE
8-, -,3 (TABLE 2)
33 -15 As expected, an increase in temperature from
33 75 20"C_ to approximately 100°C increases the

uramuni and thorium recoveries for the same
- leach time. This applies for both types of

samples. For the compacted samples. pressure
* With sheklns leaching_at 200°C did not signicantly change
1‘ Total contact time between ruel and BNO, = 16 hr. the iuanium and thorium recoveries from those

obtained under reux.

was arbitrary. In all cases where repetitive EFFECT OF ADDED HF (TABLE 3)
lee-ehiflgs Were dime. the lea-ehed Sample W85 Fluoride ion is known to catalyse the nitric
ltered, Washed. and then fresh acid added acid dissolution of thorium metal and thoriaA 4in. diameter stainless steel autoclave was (Moore, Goodall, Hepworth, and Watts, 1957).
Heed for the Pressure leeehinge at 200°C and For the compacted samples, the use of both 0.01
300°C. Approximately lgm. of sample was and 0.05 M.HF does not alter the uranium re-
heated with nitric acid in a sealed silica am- coveries for leach times >2h.r. However, the
poule immersed in water. The ampoule was thorium recoveries are signicantly increased
not agitated and no gas overpressure was used. ’

Preliminary leaching experiments were per- TABLE 3-—U AND T11 REGOVERIEB. 4N HNO
formed on graphite impregnated with uranyl LEACHING UNDER REFLUX. ‘
nitrate and red at 400°C in argon to U308. EFFECT or ADDED I-IF AND Th (No,),.
These samples contained approximately 1-5 per
cent. uranium (W/w) and were leached under re- 3
ux with 16N nitric acid. Uranium recoveries Added Leaching % lggfgggninw
of > 98 per cent. were usually obtained for sample '°%ff)“t 3%‘? ii
leaching times of three hours. ' U Th .

Results for nitric acid leaching of both the Cempeeted HF0-01 1 99 39 rs
non-irradiated compacted and graphitised fuel 2 99.9 98.4
samples are shown in Tables 1, 2, and 3. Dupli- " Q
cate experiments were not carried out, because 0-05
each leaching was one of a series. The main
conclusions are as follows: Graphltised 0.05

Generally, the higher the nitric acid concen- G,-aphmsed M
tration used as leach solution, the higher are the
uranium and thorium recoveries. For the com-

ms.

N0-I‘"7"’NHMr-I

99.9 99.3

pacted samples, uranium recoveries > 99.5 per "
PAGE 422 SECTION 3
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and with 4N nitric acid and 0.05 M hydrouoric TABLE 5.—U. Th, Paw AND GROSS rs, ,3 AND 7

acid, approximately 99 per cent. thorium can be RECOVERIES FROM. IRRADIATED GRAPH1'l‘E/

extracted into solution. In the case of the URANIUM/THORIUM COMPACT (SAMPLE 2). 2N

graphitised samples, addition of 0.05 M hydro- HN03 LEACI-TING UNDER REFLUX. EFFECT OF

uoric acid increases both the uranium and REFLUX -1-1ME_

thorium recoveries, the latter signicantly.
% leached into soln. after reuxing for |

the uranium and thorium recoveries were not _,

signicantly changed. An experiment was per- Paws 17 30 47 70

formed in which a compacted fuel sample was .

digested under reux with 4N nitric acid for 4 Gross 26 47 -,0 99,;

hours to give a nal solution 0.6 M in thorium. °‘ _
_

The overall recoveries of uranium and thorium Gmss 20 36 54 -16

A

EFFECT OF ADDED Tht (TABLE 3) 1 m__ 2 m__ 4 m__ 28 M

The nitric acid leach solutions were made 0.2M ' T t 1 * e

in thorium nitrate. After digestion for 1 hour, U‘ ° 9“) 25 4.7 -,2 99 3

the resulting thorium nitrate concentration was _ .
'

approximately 0.3M. The results indicate that Th 22 40 so 82

were lowered to 8'1 and 71 per cent. respec- '6 - _
e

13
l ‘Ytively (c.f. Table 1). Gm“ 2'1 44 69

|l'I'ldited samples * Mass balance incomplete due to adsorption. These

The fate of ssign pl-Qdugtg, protactinjum, and percentages represent per cent. of Pa!” actually

the emciency of uranium and thorium recoveries f°““d in S°1‘m°n'

from irradiated compacted samples were investi- not easily be separated. As in the case of the

sated by 2N nitric acid reux leaching of the non-irradiated samples, the solution was ltered

59110“/1113 samples! and fresh acid used for each leach. Uranium,
‘ , rid rotactinium analyses were per-

s“MP1'E 1: Equal weights °f uranium 235 and iilcziqriiigdnog thepleach solution, and on the con-

gmpmte p°wders were °°mpa'°ted at 1° t°n/ trol sample and residue after wet oxidation of

sq‘ in" irradiated in BEPO f°r 85 days at 9- the graphite. Protactinium 233 was determined

flux of 1.4 x 10“ n/sq. cm./sec., and an irradia- by 7 spectrometry using the 032 Mev peak

tion temperature of 600°C. The sample was (Fudge and woodheaq, 1955)_

then cooled for 218 days, and reuxed in 2N

gitric acid for 4 hours. The leach solution was URANIUM AND THORIUM RECOVERIES

ltered, and ssion product and uranium 1, mum recove of 999 er cent was Ob_

analyses camed wt °n ‘P15 s°1ut1°n' and. °n taiiieii. airom samplerlyafter 4 lijours’ reuxing in

the control sample and residue after wet oxida- 2N -t dd (Table 4)_ For sample 2, the
n1 c a

t1%n- of ighe gmphlte Wm‘ c°n°' per°h1°n°/ uranium recoveries are higher than those of

m nc ac S‘
thorium and increase with leaching time (Table

SAMPLE 2- Equal weights of uranium 235 5). Tables 4 and 5 conrm that uranium re-

morium and graphite powders, were compacted coveries > 99 per cent. can be reproducibly ob-

as above, red in argon at 1,400°G, and irradiated tamed fmm the °°mpa°t°d samples’

in BEPO for 18 days at the same ux. After FATE OF FISSION PRODUQTS

42 days’ cooling lgm. of sample was leached with _ _ _ . .

2N nitric acid under reux for periods or 1, 2, 4, The d1s"1b"l1_°n °f tYP1°a1 351°“ P’°d“°?‘

and 28 hours. It was noticed that during irradi- fmm Sample 1 18 shown m Table 4. Approxi-

ation the ve individual sleeves comprising the mately 5°40 per cent" °f the ssmn pmducts

specimen had adhered to one another, and could 5t1"?nti“m' zir°°mum-. ni°bium.' caesium’ imd
cerium were leached mto solution. Ruthenium
was also leached into solution by the nitric acid,

TABLE 4-"PERCENTAGE °F U AND T155101‘ but it was not possible to obtain a complete mass

PRODUCTS LEACHED mom IRRADIATED balance because analysis indicated that ruth-

GRAPHITE/URANIUM COMPACT (SAMPLE 1) . enium was lost in the wet oxidation stage of the

sample, presumably as volatile ruthenium
tetroxide. A gamma-spectrum analysis of the

Uranium 999 106 Table 5 shows that the beta and gamma

activities were leached from sample 2 with an

Fission product Sr overall recovery similar to that shown for indi-

FATE OF PRO'I'AC'I'INIU'M 233

The apparent protactinium 233 recoveries are

lower than those for thorium (Table 5), ap-
proximately 5 per cent after 1 hour and ca. 10

Element % leached Into s<>ln- after volatile product from the wet oxidation showed

"e“"mg in 2N mm" m’ 4 m‘ the characteristic gamma-energy of rhodium

'
106, in equilibrium with the parent ruthenium

49 .

zr 51 1' vidual ssion products in Table 4.

Nb '10

Cs 5'7

ce 59-
.

59
'

Gm“ ‘Y
per cent. after 2, 4, and 28 hours leaching. The

CHEMICAL PROCESSING
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protactinium bred in the thorium appears to be
extracted with the bulk thorium, but because

on the graphite and/or on the walls of the leach
vessel, the mass balance is incomplete.

ANODIC DISINTEGRATION OF GRAPHITE "°‘ '°" ""°=

Introduction

Because of its layer structure, graphite has
dierem; physical properties along and across
the sheets of regular hexagons of carbon atoms
which constitute the two dimensional molecule
(Wells, 1950); e.g., it is possible to expand the

L3-O

some 5-10 per cent. was lost due to adsorption ,,, .,,,,,3

IN NCl/

IN rm

/
1 /

lattice, in the _direction perpendicular to the / 1‘
layers, by the insertion of layers of atoms or // //’ = 4

molecules between the sheets. Many natural //",/ <>;'N_"~:1';*'”-

graphites expand greatly along one axis and O: " ‘ “ *‘ ‘om I-mo;

“puff-up” if moistened with nitric or sulphuric
acids (Boersch and Meyer 1935). The composi- . » Y | . 1

tion of these graphite derivatives and the degree ° '"° =~° =‘°
of expansion of the lattice are variable. How- ‘”"'E° '°“‘“ ("°"")
ever, pile-grade graphite is remarkably stable to
oxidising agents such as boiling concentrated HGURE 15 c‘_4"""-'"""'°|*°9e ¢""/e? f°' 9'°Ph'*enitric acid_ ' anode and stainless steel cathode in HN‘O=, HCI,

H2504, ond NoOH solution.
Thiele (1938) has reported that when natural

graphite was made the anode of an electrolytic in which the 591111118 Was D081?-ivlled between
cell containing sulphuric, nitric, perchloric, gr two sinter discs and solution streamed through
hydrouoric acid and a suitable voltage applied, the P1118 Daking 9-5 current was Da$59d- F01‘
the graphite swelled and decrepitated. No de- the p0Wde1‘6<i Samples bth Platinum and
struction was observed in the case of alkalis or Stainless Steel °ath°des were used-
orthophosphoric, hydrochloric, hydrobromic, -

hydriodic, chloracetic and chromic acids. How- vohgafgézgt axis s%%§1‘$Ig'§1f;o:tbf“11‘a§§d2?‘
ever, with these acids, the anode was covered nel -th’ the ace“ "controlled ?‘hp ling
with an easily removable dull-black deposit. $2? e am, c rent Thes were measreaépgnea
Thiele considered that oxygen did not penetrate |:Un?giv°t1r veggate‘ alvaiometer ecu led with
between the graphite layers and force these Dpc b gA d- - t th,
apart mechanically, but that destruction of the ax. rgngeltoxéd erh dlsmiélgra H122’ 3
anode was due to formation of ‘ ‘cl t‘ g ap e as er ’ was e W wa r anStates of graphita During thevg1;_1:s1éi€’§1n&é?iI: acetone, dried under an infra-red lamp, and
gations it was thought that if the graphite fuels weighed’ V

could be disintegrated electrolytically to a ne \

powder, the uranium and thorium would be . CURRENTNOLTAGE CURVES
more readily available for acid leaching. Ac- U.5mg.3' md °f pne'grade gmP.hit° (3m' “mgcordingly’ experiments were performed on pi1e_ x lln. diam.) as anode and a stainless steel_ rod
grade grapmte and on both types of fuel to test cathode, current-voltage curves were obtained
this hypothesm for a series of electrolytes. Figure 1 shows the

current-voltage curves obtained with various
concentrations of nitric, hydrochloric and sul-

5XPe"I‘I1eI\l'| and results phuric acids and caustic soda. For similar con-
Several types of electrolytic cell were used °ent1‘ati°n$ °f acid °1‘ alkali» t_h° curves were

during these studies. For the pile-grade graphite of similar shape. For the 1N acids the observed
and fuel samples which were available as solid decomposition voltages were all in the region
rod, the graphite and fuel were made the anode of 1.5-1.8 volts, which indicated that the same
in a 250 ml squat beaker. The cathode was usu- electrode processes were most probably occur-
ally a sin. diameter rod of 18/8/1 stainless steel, ring in each case Similar results were vbtainqd
but other materials, e.g., platinum and graphite using Calihodes Of Pile-grade gmpmte and P19-11* e

were also used. Owing to hydrolysis in contact I11lm- T

with air and w t th ta er, e com c ed carbide . .
samples fen to powden For powdxged samples a It was observed that decrepltation of the
cell was used, in which the sample was con- rea°t°'1"$r?'de $1‘aPh1l=e 3'n°de °°°un'ed ‘ml?
tamed in, and formed the anode of, a p1ati_ -when nitric acid was used as the electrolyte
num mesh basket and when the decomposition potential (+1.7

. volt 1N for nitric acid) had been exceeded. No
Alternatively, the powder was placed on the decrepitation took place with hydrochloric acid,

bottom of a platinum dish which was the anode Sl11phl.l1'iC acid (c.f. Thiele, 1938) and caustic
of an electrolytic cell, or oated on a mercury soda, even though there was copious evolution
anode. Powdered carbide samples have also of oxygen at the anode. The range of electro-
been anodically electrolysed in a streaming cell lytes was therefore extended to include 2M
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solutions of sodium nitrate, calcium nitrate, before and after disintegration in nitric acid
lanthanum nitrate, thorium nitrate, perchloric using the Debye-Scherrer technique and 3'
acid, orthophosphoric acid, sodium selenate and Guinier type focusing camera. Dierences in
sodium acetate. For these electrolytes it was the structure have been observed with the wet
only with sodium nitrate and the strong oxidis- disintegrated graphite, and the results suggest
ing agent perchloric acid that breakaway of the that the disintegration process cannot be simply

graphite anode took place, and then only with explained in terms of an increase in interlayer
anode potentials > approximately 6 volts. With spacing. Disintegrated graphite powder, after
both the 2M sodium nitrate and perchloric acid removal of the nitric acid by drying under an
solutions, the weight of graphite removed per infra-red lamp, was found to be identical in
ampere-hour was approximately one-tenth of cell size and cell structure with the sample
that with 2N nitric acid. before disintegration.

Stainless steel, platinum, and graphite were
satisfactory as ‘cathodes, remaining unattacked ANQDIC DISIN-I-EGRA-I-ION OF FUEL
at low current densities. For these materials, SAMPLES
the eciency of disintegration was approxi-
mately constant (1.2 gm./ampere hour). Table 6 shows the uramum recoveries obtained

by n d'c d" t t‘ ' 't' ‘d fFor mixed nitric acid/hydrochloric acid solu- gr9_p?m;% 11-Dds fir“ 1?I:-1 n}thm rm amt Op gna e w uranyl ni rate
tions the current-voltage curves were of similar solution’ and also the uramum and thorium re_
h t t 1’5 ape 0 T1059 01' the P1-Ire acids, and the dB- coveries from graphitised fuels. Table '7 gives

composition potentials were approximately examples of uranium and thorium recoveries
+1-7 17° +1-8 V°1ts- The respective Weights °f from compacted fuels, using various cell assem-
graphite decrepitated per ampre 1'1°\11' in 4N blies. Several interesting results appear from
acid solutions, using a lin. diam. graphite anode inspection of these 1;a,b1eS_
and a sin. diam. stainless steel cathode, were:

_; ; ;’ 036 m_; e uramum recoveries are invaria _y ig er
0_€g;g’f{HIgé1,(1gg11n_ g than those for thorium (c.f. mtric acid leach-

’ ’ ing). In some experiments, e.g., using a plati-
The joint presence of both hydrogen and num dish or basket anode, uranium recoveries

nitrate ions appears essential for the rapid > 98 per cent. have been obtained, but these
disintegration of pile-grade graphite. Because are not reproducible. Increase in the number
no disintegration was observed in solutions of of ampere-hours passed generally gives an in-
hydrochloric or sulphuric acids, it seems reason- crease in both the uranium and thorium
able to assume that nitrate ion is the contro1- recoveries. When mercury was used as the
ling factor. In an attempt to elucidate the mech- anode, appreciable solution of mercury in nitric
anism of the disintegration process, samples of acid occurred. Increase of nitric acid concen-
graphite have been analysed (private communi- tration from 4-8N does not generally aect
cation, E. Wait) by X-ray powder diffraction the uranium and thorium recoveries.

TABLE 6.—ANODIC DISINTEGRATION OF IMIPREGNATED AND GRAPHITISED FUELS.
U AND Th RECOVERIES.

\

Sample Electrolyte Cathode Current Voltage Disintegration % mund in 5°“;-
(ampere) time (h1‘.)

U Th

Graphite impreg- 8N KNOB Stainless 3.0 Decomposition 5 91 Samplenated with steel potential mntamed
UO,(N-0,), red no thorium

at l000°C
8N BNO, Stainless 2.9 Decomposition 5.5 >.98 Sgmple

steel potential mntggned
no thorium

3N HNQ Stainless 2.6 Decomposition 8 > 98 Sample
3 steel potential ngoliliiglim

p con ne
no thorium

Gfaphltlsed 4‘N HINO, Pt gauze. 3.0 De;>,o)i:ap;s1i,t]lon 4 96 cgglgd
no thorium

4N BN9; P1; gauze 1,5 Decomposition 1 89 88
potential

4N HNO, Pt gauze 1.5 I)8O0l:lpg§l.t11On 7 89 82
po en a

4N BNO, Pt gauze 1.5 Decomposition 10 96 84
potential
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TABLE "l.—ANODIC DISINTEGR, ATION OF‘ COMPACTED FUELS.
U AND Th RECOVERIES. DIFFERENT ELECTROLYTE ASSEIVIBLIES.

Sample Cell assembly HNO3 Disinte- Current _m_m__%round in solmnormality 8'l't10I1 ( BIRD )time (hr) . u Th

Granh1te/\1ren1\1m/ Pt dish anode, 4 7 1 '15 61thrlum Pt cathode
Gre-ph1te/11ren1\1m/ Pt dish anode, 4 7 1.5 76 64thorium Pt cathode

Greph1te/11ren1\1m/ Pt dish anode, 4 7 2 99.4thorium Pt cathode

Graph1te/urv-n1\1m/ Pt dish anode, 4 22 1.5 95.4 71 jthorium Pt cathode
Graphite/uranium/ pt dish anode, 4 1 1.5 36 26thorium Pt cathode

Graphite/uranium/ pt dish anode, 8 0.75 2.3 30 36thorium SS cathode
\ 1.5 2.3 86 48

2.25 2.3 83 53

4.5 2.3 83 54

Gmph1te/uren1\1m/ Pt dish anode, 3 3.0 '2.5 > as '14thorium SS cathode

G1'D1\lte/111‘-1111l1Il/ Pt basket anode, 3 4 3 >198 78thorium SS cathode
Gra.phite/uranium/ Pt plate anode 3 3 0.7 63 42thorium at bottom of cell
Graphite/uranium Pt dish anode, 8 -3 2.3 >,98 —SS cathode

Graphite/uranium Pt basket anode, 4 2 2.6 — 56SS cathode

Graphite/urani\1m/ Hg anode‘ 4 4 3 28 '7thorium Pt cathode

thorium
'

thorium

Graphlte/uranium/ Streaming cell 4 '2 0.2 79 '79 at

Graphite/uranium/ Streaming cell 4 2 0.4 '79 83
5

Graphite/uranium/ Streaming cell 4 4 0.4 as esthorium
P

' Dissolution of Hg in HNO, occurred (224 mgm. Hg/m1.).

In addition, the aiiodic disintegration pr0- tegratien, the graphite was broken down in
cess gives uranium and thorium recoveries no such a _way that a subsequent acid leaching
higher than those obtained by direct nitric acid was facilitated. Anodic disintegration oers a
leaching of the fuel (Tables 1-3). The results possible alternative to crushing and grinding
suggest that anodic disintegration is effective for powdering a fuel element, with the advan-
in breaking down the graphite fuel into small t-ages that partial dissolution of the uranium

also observed that, due to the passage of cur- Accordingly, experiments were performed en e
€“

rent, the electrolyte temperature increased (up 6ft~ length °f_gra'ph1te can PT°p°sed for 3' IOMW

particles which are more amenable to nitric énd th91”1\1II1_1$ 013931395, 8-1'_1d I10 dl-1515 Y_19:ZB'1‘d
acid leaching. It has not been possible to assign 18 Created. Direct eld leachlng Of the d1s1nte-
any electrochemical action to the anodic s0lu- grated fuel m?-Y than be used t° extract “> 99tion of uranium and thorium carbides. It was Del‘ ¢e'I1t- 111‘9J'l111m and > 95 P61‘ can? th01‘i11m-

-4

s

vs
I

1:‘! s,

1

<1-~

to approximately 55°C), and, with the excep- re'a'°t°r expernnenttion of the streaming cell experiments, agitation it/Vof the fuel particles took place. The cathode, which was used as the containerANODIC DISINTEGRATION OFFUEL vessel for the electrolyte solution, was a '7inELEMENT GRAPHITE CANS diam. stainless steel beaker of 10 litre capacity.
The current (maximum output 60 amps at 24Although quantitatwe recovery of the uranium volts) was supplied from arrectier unit ttedand herim was 11015 Obtained by andic di$i11- with a “Variac” control on the primary winding. _;§;‘;l,5
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' 2 20 7 .111 42 102.8 .73

TABLE 8.—DISINTEGRATION OF GRAPHITE FROM FUEL ELEMENT CAN IN 2N HNO3

‘ Initial Current Maximum
Run Current Time Density Tempeftur Wt. of graphite Emclency

Number (8-mp-) (hr) (M1117-/cm’) (°C) deposited (gm.) gm. amp-hr)

1 10 7 .055 31 50.2 .71

3 30 '7 .166 52 138.4 .66

4 40 7 .221 61 137.6 .49

5 50 7 .277 69 114.0 .33

6 30 2 .166 — 55.7 .93

7 30 4 .166 — 93.5 .78

In operation a known length of the graphite When the current density was less than 0.2can (usually 4 inches) was immersed vertically ampere/sq. cm. ltration of the graphite fromin the nitric acid solution and the current, at the electrolyte was rapid and a clear ltrate
a constant amperage, passed for the desired resulted. For current densities greater than thistime. The disintegrated graphite was ltered, gure, ltration was slow, and the ltrate
washed with water and acetone, dried under was brown and slightly opaque. The smaller
an infra-red lamp and weighed. It was then particle size of graphite produced at the higher
graded by sieving. The lower six inches of the current densities may be partly due to the in-can were then removed by cutting, and the same creased temperature leading to an accelerated
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can used in subsequent experiments. The relative rate of reaction between the nitric acid and
weights of graphite disintegrated under c0ndi- the graphite. At current densities greater than
tions of varying current density in 2N nitric 9»lJD1'0Xi11'1te1Y 0-15 9-mDe1‘e/$q- 6111-. Cathodic dis-acid are shown in Table 3_ The particle size solution of the stainless steel container vessel
distributions of graphite from ve of these ex- occurred and, after ltration, a violet solution
periments are recorded in Table 9. Experiments due $0 Solllble ¢h1‘0mi11m Was PI‘0d11¢ed- A11with 4N nitric acid gave similar results to those initial current density of 0-1'7 ampere/Sm cm- for1iS1;edm Tame 9_ 210 ampere-hour gave a solution which ana-

lysed as follows: iron 1.8 mgm./ml. andUnder the experimental conditions used, the chromium Q_4 mgm/m1_
eiciency of the disintegration (weight of _ _ , _

graphite disintegrated/-ampere hour) was a .Expenments were also carned °ut. m a‘ 4?“function of the current density and above a dlam 4ft‘ long glass tube tted wlth 5' im-current density of can 02 ampére/sq_ cm de deep annular stainless steel cathode held in
‘ 1 creased with increase of current density. The p°§iti°n by tw° n" diam‘ stainless steel mdsJ‘ :1?
xi-‘Q

z 1
»

Y

r~

»
We

. - - - - -_ (Figure 2). These rods were insulated by P.V.C.
1» tohours passed at any given current density The trical connection. Using this apparatus, a higher

particle size of the graphite varies consider- current denslty (1-5 ampere/s‘L cm-) °"er 9'ably, with a general tendency as shown in small length of the graphite was obtained.
Table 9 to decrease with an increase in current with the sgaimess steel annums the graphiter ~ '
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density. can was disintegrated and severed over a length
TABLE 9.-—PAR.TICLE SIZE OF‘ GRAPHITE DISIé1N'Ic‘,EGRATED FROM FUEL ELEMENT CAN IN 2N’

a

Run Particle size (microns). expressed as % falling within given range.
Number

> 700 700-300 300-200 200-150 150-76 76-53 <53

1 1.2 11.0 13.0 26.8 33.6 6.4 7.8

2 1.3 30.7 19.7 18.2 19.4 4.3 6.3

3 0.9 24.3 19.9 23.4 19.6 4.9 7.0

4 0.6 9.4 19.0 21.5 ' 21.9 6.2 9.4

I

5 0.1 1.5 9.0 21.2 41.8 10.8 15.5
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