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tures and batch sizes were rnade in 35 experiments
wi th  gas  f lows f rom 0 .295 to  7 .37  t "  o f  a rgon per  g ran
of  u ran ium f ron  1500 to  1690 'C a t  convers ion  leve ls
f ron  15  to  93%.  Batch  s izes  var ied  f rom 28 to  4g6 g
in furnace tubes fron 35 to 108 nm in diameter.

Resu l  ts

The Anber l i te  IRC-72 TGA ana lys is  showed a  grad-
ua l  we igh t  loss  to  270"C fo r  2"Cfmin ,  a  la rge  we igh t
loss  f rom 360 to  440"C,  and l i t t le  subsequent  we igh t
loss  to  1000 'C.  Fas ter  heat ing  ra tes  inc reased the
w e i g h t  l o s s .

The Duo l i te  mater ia l  shows 1 i t t le  we igh t  loss
unt i l  210 'C where  a  g radua l  loss  occur red .  Fas ter
we igh t  losses  occur  w i th  lower  heat ing  ra tes  to  ap-
prox j -mate ly  315oC,  above wh ich  the  we igh t  loss  acce l -
e ra tes .  Above 480oC,  1 i t t le  we igh t  loss  occurs  to
1000"C.  The Duo l i te  res in  requ i res  h igher  tempera-
tures for equivalent deconposit ion than does the
funber l i te  na ter ia l ,  wh ich  is  a t t r ibu ted  to  the  h igher
degree of polyrner cross-l inking result ing fron the
higher uraniurn concentrat ion. The predoninance of
the  reac t ion  ra te  in  the  350 to  460"C res ion  is
apparent throughout.

The DTA results show three broad endotherns for
bo th  res ins .  Conpar ison  w i th  the  TGA resu l ts  ind i -
cates that the peaks correspond to the weight losses.
The re la t i ve  peak  s izes  cor respond to  the  re la t i ve
we igh t  losses .  The s imi la r  thermal  behav io r  ind i -
cates that si¡ni lar processes may be occurring in both
res ins  above 270"C.

The e f fec t  o f  heat ing  ra te  on  Amber l i te  IRC-72
fron 200 to 500oC, the predominant TGA region, on the
weigh t  loss ,  vo lune loss ,  and carbon- to -uran iun  ra t io
shows a strong l inear dependence on the 1og of the
heat ing  ra te .  As  carbo thern ic  reduc t ion  to  UC2 re-
quires a carbon-to-uranium rat io of 4, any technical-
l y  feas ib le  heat ing  ra te  w i l l  be  sa t is fac to ry .  Duo-
l i te  C-464 shows a  s t ronger  cor re la t ion  w i th  h igher
carbon-to-uranium rat ios.

Comparisons of the carbon-to-uranium rat io are
signif icant as a higher rat io reduces the agglonera-
t ion tendency during conversion. Both resins show
reduced agg lonera t ion  tendenc ies  w i th  s lower  heat ing
rate through the cri t ical range. Conversion runs
under  conpara t ive  cond i t ions  ind ica te  Duo l i te  res in
to  be  super io r  in  res is t ing  agg lomera t j -on .

The changes in  we i -gh t  loss ,  vo lume loss ,  and tap
dens i ty  a re  shown fo r  A¡nber l i te  in  F ig .  1 .  Tap den-
sity is obtained fron the bulk volune occupied by
the  par t i c les .  The we igh t  loss  curve  fo l lows the
TGA behav io r .  The behav io r  o f  Duo l i te  C-464 is  s im i -
la r .  Par t i c le  s ize ,  carbon- to -uran iun  ra t io ,  and
¡nercury  dens i ty  c lose ly  rep l i ca te  the  TGA and shr ink-
age curves. Mercury porosimetry shows that carbon-
i z e d  D u o l i t e  C - 4 6 4  h a s  0 . 0 5 - ¡ n  p o r e s ,  s i g n i f i c a n t l y
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In t roduc t ion

The reference fuel kernel in high-tenperature
gas-coo led  reac tors  (HTGRs)  i s  U02 and UC2 f ine ly  d is -
persed in nicrospheres of porous carbon derived from
w e a k - a c i d  i o n - e x c h a n g e  r e s i n s  ( W A R ) . r ' z  T h e s e  r e s i n s
are  ava i lab le  corunerc ia l l y  as  s ized  and shaped n ic ro-
spheres  der ived  f rom acry l i c  ac id -d iv iny lbenzene.
Anberl i te IRC-72 (manufactured by Rohrn fr Haas) and
Duoli te C-464 (nanufactured by Diamond Shamrock) were
used in  th is  s tudy .

Af te r  d ry ing ,  carbon iza t ion ' to  900oC conp le tes
the  H20 evo lu t ion  and thermal ly  decomposes the  res in ,
producing f inely dispersed U02 in a porous carbon rna-
t r i x .  Typ ica l  p roper t ies  a re  carbon- to -uran ium
rat ios  o f  f ryon  4  to  6  w i th  a  dens i ty  o f  2 .4  to  3 ,7
lutg/nJ and 67 to 75 wt % U,

Carbothernic reduction of the UO2 (conversion)
produces  UC2 and UCt -xOx w i th  the  evo lu t ion  o f  CO.
The percent oxygen renoved is defined as the percent
convers ion  (U02 =  0%,  UCz =  100e" ) .  F ina l  we igh t  per -
cent uraniun ranges from 72 to 86% with corresponding
d e n s i t i e s  f r o m  2 . 4  t o  6  M g / n 3 .

Th is  work  de tern ined the  e f fec t  o f  heat ing  ra te
during carbonization on the bulk physical and che¡ni-
ca l  p roper t ies ,  the  var ia t ion  dur ing  process ing  o f
s ign i f i can t  na ter ia l  p roper t ies ,  and the  e f fec t  o f
conversion condit ions on the thermodynamic predic-
t l o n s .

Experi¡nental Procedure

Processing occurs in vert ical graphite resis-
tance furnaces containing cyl indrical.  graphite f luid-
ization tubes having conical bottons. Chanber diane-
t e r s  a r e  n o n i n a l l y  2 , 5 4  t o  6 . 5 5  c m  ( 1 . 0 0  t o  2 . 5  i n . ) .
Temperature neasurement is accornpl ished with sheathed
Chronel-P-Alumel bed thernocouples to 700oC and opti-
cal pyronetry for higher temperatures. Fluidizing
(argon) gases are supplied through cal ibrated f low-
n e t e r s .

Thernogravinetr ic (TGA) and dif ferential thernal
analysis (DTA) were conducted with a l l tett ler record-
ing  vacuun thernoana lyzer  300.  To  es tab l i sh  the  e f -
fec t  o f  heat ing  ra te  dur ing  carbon iza t ion  on  bu lk
proper t ies ,  Anber l i te  IRC-72 and Duo l i te  C_464 were
heated  a t  con t ro l led  ra tes  to  500.C fo l lowed by  ran id
h e a t i n g  t o  1 2 0 0 ' C .

Proper ty  var ia t ion  dur ing  process ing  was inves t i_
gated  by  heat ing  bo th  res ins  a t  Z 'C/min  to  S00"C and
then at 20"C/nin to a selected temperature. Mercury
dens i ty  and poros imet ry ,  B I I ' I  sur face  area ,  carbon- to -
uran iu ¡n  ra t io ,  par t i c le  s ize ,  and bu lk  phys ica l  p rop-
er t ies  were  de termine<I .

Compar isons  o f  observed and pred ic ted  convers ion
leve ls  fo r  d i f fe len t  gas  f lows,  rcs in  types ,  tenpera-
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porosity is avai lable so that carbon
nonoxide renoval is not dif fusion-rate
l in i ted ,  convers ion  can be  pred ic ted
f rom the  equ i l ib r ium par t ia i  p ressure
of carbon monoxide.

Conc 1us ions

1.  Chemica l  and bu lk  phys ica l
p roper t ies  c lose ly  re f lec t  the  TGA be_
havior and are sensj-t ive to heating
rate through a cri t ical temp'erature
range fron about J50 to 460.C during the
carbonization process, The carboniia_
tion process is near optimal at a rate
of_ approxirnately 2"C/min through the
cri t ical range and the maxinun practicable
ra te  ou ts ide  th is  range.

2. The carbothermic reduction of
U02 can be acconplished at lS00 to
1750"C in  a  cont ro l led  nanner  by  the
rate of C0 re¡noval by the inert sweep
gas and temperature as predicted by 

-

therrodynanic calculat ions.
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Fig. 1. Weight Loss, Volune Loss and Tap Density Variat ion
fron 150 to 7625"C for Uraniun-Loaded Anberl i te (IRC-72) Weak-
Ac id  Res ins ,

la rger  than the  0 .015 um funber l i te  IRC-72.  Both  res ins  showed
s in i la r  var ia t ions  f rom 150 to  1625oC.  Smal le r  pores  open f ron
150 to  440 'C wh i le  thermal  deconpos i t ion  proceeds.  Frorn  S00
to  1200oC,  the  pores  coa lesce and increase in  s ize .

The changes in volume, weight, and density with conversion
levels at 1625"C (after carbonization at 2"C/min) are shown in
Frg .  2  fo r  Anber l i te  IRC-72.  Duo l i te  C-464 had a  s imi la r  behav-
io r .  Par t i c le  s ize  and nercury  dens i ty  var ia t ion  w i th  conver -
sion level correspond to the bulk property variat ion.

The conversion behavior of various batches at dif ferent gas
flows is shown in Fig. 3. The gas f low is in l i ters of argon
per gran of uraniu¡n per percen-t conversion obtained. The dashed-
regression-1ine f i t  fot g = arb and the conversion reaction curve
are shown. The two resins were not signif icantly dif ferent.

The strong dependence of conversion on gas f low agrees with
the  mode l  descr ibed by  L indemer2  and Beat ty .3  I f  su f f i c ien t
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Fíg .  2  (Le f t )  Weigh t  Loss ,  Vo lu rne  Loss ,
and Tap Density Variat ion as a Function of
Conversion Level at l62S"C for Uranium-Loaded
Amber l i te  ( iRC-72)  Weak-Ac id  Res in .
Fig. 3 (Right) Conversion Behavior of.  Weak-
Ac id  Res in -Der ived  Fue l .
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