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PRODUCTION OF U504 USING
MACROPOROUS SULFONATE CATIOR EXCHANGE
RESINS IN THE BEAD FORM

INTRODUCTION

The use of cation exchange resin to produce U304 suitable for
powder metallurgy fabrication of reactor fuel tubes with Al- —U,04
cores 1s belng investigated. An ion exchange resin process could
also facilitate onsite recycle of enriched uranium from separations
activities. Previous studies showed that conversion of uranyl-
loaded macroporous sulfonate resin in granular form (AG MP-530 from
Bio~-Rad Laboratories) produced U305 powders with narrow particle
size distributions and high tap den31t1es suitable for the powder
metallurgy process.l Subsequently, G. A. Burney of the Actinide
Technology Division identified a less expensive macroporous
sulfonate resin, Duolite® (Diamond Shamrock) €26 available in bead
form for possible use in the resin process. Also, John Fisher,
formerly of the Nuclear Engineering Division, purchased several
samples of AG MP-50 resin in bead form from Bio-Rad Laboratories.
Conversion of these uranyl-loaded, bead-form resins to U 30g has
been studied. Influences of converslon parame ters on U308 powder
properties have been determined. About 600 grams of U304 have been



prepared from uranyl-loaded Duolite® €26 resin for powder metal-
lurgy fabricability tests. This memorandum presents the results of

these studies.

SUMMARY

U,05 powder with particle size distributions suitable for
powder metallurgy fabrication of Al-U,04 reactor fuel tubes can be
prepared using macroporous sulfonate resin in bead form. Particle
size distributions of Grade 108 aluminum powder and U 30y powder
made from Duolite® C26 resin purchased from Diamond Shamrock match
almost exactly which indicates that these two powders should blend
well. Also Duolite® C26 resin at ~$80 per cubic foot offers a
significant cost savings over AG MP-50 resin available at ~$250 per
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parameters to produce U0, powders with particles in the form of
integral spheres. Rapxd decomposition at 500-1000°C appears to

favor production of sperical U 30y particles. Such spherical U,0,
particles may improve material handling and powder blending. -

DISCUSSION
PRODUCTION OF U308 FROM DUOLITE® C26 RESIN
Description of Duolite® C26 Resins

Duolite® C26 resin is a macroporous sulfonate (strong acid)
resin. It can be purchased in the form of 40-30 mesh beads for
about $80 per cubic foot. {Note: AG MP-50 resin costs $200-250 per
cubic foot). Duolite® C26 resin is supplied in the sodium—form
whereas AG MP-530 resin is purchased in the hydrogen—form. [Care
must be takem to remove all the sodium during conversion of
Duolite® G26 resin to the hydrogen form since sodium has been shown
to cause violent reaction between aluminum and U,0; (the "thermite"
reaction) during billet outgassing.]
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Two batches of
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Batch 25 consisted of a few pounds sent free-of-charge for
evaluation. Batch 26 consisted of a cubic foot of purchased resin.
Small scale conversion studies were performed with Batch 25 resin.
Batch 26 resin was used to produce ~600 grams of U0, powder for
powder metallurgy fabrication tests,
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Loading of Duolite® C26 Resins

Duolite® C26 resin was converted from the sodium—form to the
hydrogen—form by rinsing with ~14 bed volumes of 1.0M nitric acid.



Both batches of resin were lcaded from acidic uranyl nitrate

11 i 1 0. 0O5M ni
solution contining ~30 grams of uranium per liter and 0.05M ni

-
acid. Loaded resins contained about 200 grams of uranium per 1
of resin. One liter of Batch 25 resin and seven liters of Batc
resin were loaded.
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Loaded Bateh 25 resin was dried in air at room temperature and
had a uniform beige color. It was tacky and difficult to pour.
Heating a small amount to 300°C in air produced ignition of small
patches on the surface of the resin bed. Resin dried at 300°C
could be poured easily. However, dried resin beads tended to
adhere to glass and plastic surfaces because of static electric
charges. While most of the resin dried at 300°C retained its beige
ceolor, some beads varied in color from white to dark brown. Batch
25 resin as-loaded consisted of beads generally 200-250 um in
diameter (Figure 1). [The presence of a few very large beads with
diameters of ~750 um suggested that this batch may have been mixed
with a small amount of resin from another source.] Bead surfaces
were covered with a I-um-thick skin that had cracked and buckled.

Loaded Batch 26 resin was dried in air at room temperature
to produce a freely flowing powder. Most of the resin beads were
beige, but some varied in color from white to dark brown. Static
electricity caused the dried beads to stick to non-conducting
surfaces. Resin bead diameters ranged from ~I150 um to 500 um
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(Figure 2) No cracked skin was detected on bead surfaces.

Conversion of Uranyl-Loaded Puolite® €26 Resins to U304
Conversion of Batch 25 Resin to 0,0,

Thermogravimetric Analysis., Thermogravimetric analysis
(Figure 3) showed that complete conversion of uranyl-loaded
Duolite® C26 resin to U;0; occurs on heating above 700°C in air.
Four distinct stages of thermal decomposition are evident. Heating
to 300°C produces mostly dehydration. Resin decomposes in two
stages at 300-380°C and 380-410°C to produce an intermediate
product that is probably U0;. Final decomposition to U,0; occurs
at about 650°C. The thermogram for Batch 25 Duolite® resin is
nearly identical to that recorded for uranyl-loaded AG MP-50 resinl
(Figure 7).

Conversion In A Muffle Furnace, Small quantities (13-53
grams) of Batch 25 resin were converted to U305 by heating to
~1000°C in air using three alumina dighes stacked in a muffle

furnace. Conversion was controlled both by temperature and
availabilitv of oxXygen. Resin in rhn dish near the ton of rhe
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furnace began to decompose at a furnace temperature of ~300°C.



When the furnace was opened to observe the reaction at 400- 600°C,
resin in the top dish would begin to glow red hot as the resin
began to burm spontaneously. Some resin beads would ignite and
eject from the dish. Reaction in the top dish usually subsided
before significant reaction occurred in the center and bottom
dishes. Some reaction indicating incomplete conversion to U 30g was
noted in the bottom dish even after heating at 1000°C for about two

hours.

The nature of the U3O8 product was influenced primarily by the

location of the dishes 1in the miffle furnace 1.0 nowdar

______________ in m:ffle furnace. 7,0, powder
particles from the bottom dish generally retained ghe spherical
shape of the resin beads (Figure 4). Powder from the top dish
consisted of segments of spheres. Slower heating rates also seemed
to increase the percentage of U;0y particles in the bottom dish
that were fractured. These observations suggest that production of
integral spherical particles of Uy04 might be accomplished by
heating uranyl-loaded Duolite® C26 resin rapidly to 3500-1000°C
before beginning decomposition.

U; 0y powder with spherical particles (R25%) had a very narrow
partlcle size distribution about an average diameter of 132 mm
(Figure 5 and Table 2). Powder consisting of segments of spheres
(R25B) had a particle-size distribution skewed towards diameters
smaller than 100 pm. As shown in Figure 6, the graia size of U304
powders made from Batch 25 Duolite® C26 resin at 1000°C was ~1 um.

Glass beads several millimeters in diameter were found in the
U30g4 product in some of the dishes. It is suspected that Batch 25
resin was contaminated with glass. '

Conversion in a Rotary Calcimer. Two conversion experiments
with Batch 25 resin were performed using -a one-inch-diameter rotary
calciner described previously.l 1In the first experiment, the
calciner was operated at 1000°C with a tilt of 16°. Residence time
in the hot zone was 2 to 3 minutes and conversion was only 88%
complete. About 25 grams of resin were calcined in 45 minutes of
operation. In the second experiment, the calciner was operated at
1040°C with a tilt of 6°. Residence time was 7 to 13 minutes and
conversion was over 99% complete. About 50 grams of resin were
calcined in 45 minutes. A tar-like condensate formed on the cool
exhaust end of the calciner tube causing some U 30g product to stick
to the tube. Much less condensate formed in the second experiment
than in the first. Also, in the first experiment, flames and white
fumes formed in the calciner tube when resin was fed into the hot
zone too fast. WNo flames formed during the second experiment but
some sparking and white fumes were detected at fast resin feed
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U304 powder produced in the second rotary calciner experiment
1s shown in Figure 7. The U 05 particles retained the spherical
shape of the resin beads although some appear on the verge of seg-
menting. Some of the particles appear hollow. The hollow parti-
cles caused the powder to have a low tap density of 2.5 g cm™3.

Conversion of Batch 26 Resin to U308'

Three liters of uranyl-lcaded Batch 26 resin were converted to
about 600 grams of U.0, powder for use in powder metallurgy fabri-

cation of one "mini'-fuel tube. Conversion was performed in two
miffle furnaces. Resin, contained in three alumina dishes stacked
in each furnace, was heated in air at ~9°C per minute to 900-1000°C
and held at temperature for four hours. Conversion completeness
was monitored by comparing the masses of the resin and product.
Incomplete conversion occurred during the first run in dishes
filled with ~70 grams of resin to produce a bed depth of ~20 mm.

In subsequent runs, dishes were loaded with only 30-55 grams of
resin and conversion was complete. Ratios of resin mass to product
mass varied from 3,16 to 3.95 because of differences in uranium
loading.

Flgure 8 shows that U 08 powders from the top dishes in the
two muffle furnaces were significantly differeat even though con-
verslon parameters were nearly identical. Particles of one powder
generally retained the spherical shape of the resin bead while the
other powder consisted mostly of sphere segments. Spheres with
diameters larger than 100 um tended to fracture. Fractured spheres
often exhibited hollow interiors. Powders prepared in both muffle
furnaces were mixed to provide enough U 305 for powder metallurgy
fabricability tests., Figure 8C shows a representative sample of
the mixture which consisted predominantly of integral spheres.
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This cohservation 1s consistent with the results of studies on Batch

25 resin which showed that conversion in the lower dishes produced

more integral spheres. U305 powder made from Batch 26 Duoclite® C26
resin at 900-1000°C had a grain size of ~0.5 ym. U 305 powder from

Batch 26 resin had a tap density of ~3.3 g cm™3.

Figure 5 shows that U,0, powder from Batch 26 resins has a
smaller average particle size [d(50)=98 pm] and a wider size dis-—
tribution than powders produced from Batch 25 resin. Such differ-
ences are expected based on the wider range of bead sizes in Batch
26 resin compared to Batch 25 resin (excluding the small number of
~750 ym beads). The particle size distribution of U,0g powder from
Batch 26 resin matches” almost exactly that of Grade 108 atomized
aluminum powder.3 Therefore, these two powders should blend well

during powder metallurgy fabrication of Al- Ug0g cores.



Production of U305 from Bead-Form Ag MP—-50 Resin
Description of AG MP-50 Resins

AG MP-50 resin is normally available as 20~50 mesh beads and
50-10, 100-200 and 200-400 mesh granules prepared by grinding the

beads. However, three one-liter batches of AG MP-30 resin in the

form of 50-150 mesh beads made specially by the DOW Chemical
company were purchased from Bio-Rad Laboratories. These resin
batches were identified as BRX45028, BRX45029 and BRX45030.

Loading of AG MP-50 Resins

Small O.i-liter volumes of the three batches of AG MP-50 resin
were loaded from acidic uranyl-nitrate solution containing ~30
grams of uranium per liter and 0.15 M nitric acid. Loaded resins
were dried in air at room temperature to form freely flowing
powders.

Conversion of AG MP-50 Resin to U,0g

AG MP-50 resins were converted to U304 by heating ~30 gram
quantities in air to ~950°C at ~10°C per minute and holding at
temperature for about 3 hours. Conversion was carried out with the
resins contained in three alumina dishes stacked in a muffle
furnace. Ratios of resin mass to product mass were 3.534, 3.29 and
3.15 for batches BRX45028 {(bottom dish), BRX45029 (center dish) and
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was complete for all three batches and that ratio differences are
caused by differences in uranium contents of the loaded resins.

Scanning electron microscopy revealed differences in the U3 0q
powders made from the AG MP-50 resins (Figure 9). Particles of
UOg made from all three resins had shapes related to the spherical
shapes of the parent resin beads but there were distinct differ-
ences in particle cracking and fracturing. In U,0g powder made
from Batch BRX45028 resin, spheres with diameters smaller than
50 ym were not cracked and spheres larger than 50 um, although
cracked, remained integral. 7,0, made from Batch BRX45030 resin
consisted of spheres with dlameters larger than 75 um. Nearly all
the spheres were cracked and some had fractured into segments of
spheres. U,0, from Batch BRX45029 resin consisted of spheres
larger than 100 uym in diameter. Many spheres had cracked and
fractured into shells and segments producing many fine particles.



U,0, from Batch BRX45029 resin had needle~-like grains ~1 pm
wide and tens of microns long oriented along spherical radii where-
as U305 from the other two resins had spherical grains ~0.5 ym in
diameter (Figure 10). [U3O made from granular AG MP-30 resin
consisted of similar submicron spherical grains.l!] Cracking of the
Uy Og partlcles occurred along grain boundaries to produce cells
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These cells exhibited columnar and equiaxed structures depending on
the shapes of the Us0g grains. Some of these cells broke off to
form the fine particles inm the U 30g powders. Fracturing of parti-
cles to form small cells also occurred in U 08 powders made from
granular AG MP-50 resins.!

Particle size distributions of U305 powders made from AG MP-50
resins are shown in Figure 11. The small average particle size,
d(50)=52 ym, of U,0, from Batch BRX45028 resin probably reflects
the presence of small beads in the parent resin. The broad size
distribution and larger portion of particles smaller than 40 um for
U, 0g from Batch BRX45029 resin is probably caused by the severe
fracturing of spheres into small cells. Particle sizes of 0,0
puwuerb prepdrecl from these three batches of AG MP-50 resin ralL
between that of fine Grade 10! aluminum powder and those of the
coarser Grades 102, 108 and 1204. The closest match of particle
size distributious occurs between Grade 102 aluminum powder and
U,0, prepared from Batch BRE45030 resin.

Tap densities were mnot measured on the small quantities of
powders made from bead-form AG MP-50 resins.
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TABLE 1
Conversion of Batch 25 Uranyl-Loaded Duclite® G26 Resin to U,0g.

U308 Product

Resin Dish Heating Mass (Resin) Tap
Designation Mass Location Rate Mass Mass{Product) Form Density
g C/min g g/ece
A 43,3 Bottom 3.3 - - - 4.0
B 53.0 Top 3.3 16.0 3.31 Segments 3.2
C 38.1 Top 4.2 i1.3 3.37 : Spheres & 3.8
Segments
D 36.5 Center 4.2 11.0 3.32 - : 4.2
B 34.3 Bottom 4.2 10.3 3.33 Spheres 4.3
G 15.7 Top 13.0 4.7 3.3 Segments -
H 13.0 Center 13.0 3.8 3.4 - -
I 13.0  Bottom  13.0 4.0 3.3 ‘Spheres -
J° 52.2  Top 2.0 15.8 3.30 Spheres & 3.2
Segments
K 32.0 Center 2.0 9.8 3.3 - 3.7
L 21.8 Bottom 2.0 6.7 3.3 Spheres & 3.1
Segments



TABLE 2

Characteristics of U304 Powders Made From Bead-Form Macroporous

Sulfonate Resins

Designation d(50) d(16) d(84)  ad* d(SO? d(84)
pm Hm wm um d(16) d(50)

Duolite C26 Resin

258 112 76 145 69 1.47 1.29

23E 132 118 160 42 1.12 1.21

26 98 56 138 82 1.8 1.41

AG MP-50 Resin

BRX45028 52 37 72 35 1.4 1.

BRX45029 58 32 90 58 I. i.

BRX45030 72 48 99 51 1.5 1.

* Ad = d(84) - 4(16).
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50 um | | 10 umo

Figure 1. Batch 25 Duolite C26 Resin Loaded With Uranium -
and Dried ) - '



500 um:

Batch 26 Duolite C26 Resin Loaded With Uranium

and Dried

Figﬁrg_Z.



SATdNOOWHAHL TANNTY TAWOUHD d04 J3L03HY0D) O, ' ednjeradus ]
00L 004§ 00V 0

I O S 00/
| : I
| S
L osi
w 062

6& "IHSDIIM

T T o e T T ] 908
.. UTSoY RSN VRS RIS IR R //

gzD @1TToN( S7 UY23BY. JO SISATBUY DITIlsUTABISOWISY] ¢ 9J4nB14g o SRS A IS R S W

u.r.ﬂ,,w.._g P

- osg

besTTTT ‘B . ' .
g ANVISNOD 3L | . Joissaddns | __  ess a7

: )x,.uhw\ WiV 4 \... © ﬂw YpuT 5 LAIHS \Wn.w‘ 1o3vg

s (ZX ONILLIS 37v2S) . 0 spraq Ysdw og - of
3LV ONILYIH you oun _ 34110nN

% O/~ oS  3TYIS 3 31Y0S "dWIL 720 2erd

-0 0\ A 001
AR ISOl ] ¥OLvYy¥3do °© papvoy -ﬂod U0

= JLIVA T 'ON NN¥ SIXVY-A SIXV-X F1dNYS

P

Ao/ SLNE N CRTLENT Al )

OO MR Py )



NN T

BTN, SO EL WP s R PP

T P T B S LTI D

tch‘25 Duol
en in

ders Prepared From Ba

U305 Pow
Resin.
G

ishes.

te C26

i
Table 1
Bottom D

and L-

v

>

querate_Rate.

G
I, E

C and E

ions Are-.as:
hes

Designat

, and J-Top Dis

C
G and 1

-Fast Rate.

»

J and L-Slow Rate.

igure 4.



100

X .

B
O

&

Volume Percent Smaller
Than Plotted Diameter, %

Figure 5.

l‘ll}l ¥ E LU R "I

i
.

-
Y

- L4
Lol IR Lt gty S

LY /6 So 100 3200

Equivalent Spherical Diameter, um

Particle Size Distributions of Uz0g Powders Made |

From Bead-Form Duolite C26 Resins. R25E and
RZ5E Are From Batch 25 (Table 1). RZ6 is From
Batch 26,



3

y
Rty

S
5

-
X

53

s

From Batch 25 Duolite

in Uz0g Powder Made
Resin at 1000°C.

Grains
C26

Figure 6.

100 um

500 pm

Og Powder Made From Batch 25 Duolite CZ6 Resin
#2.

in Rotary Calciner Run

Uz

Figure 7.



160 um

2 um

1xture

C.

& B
P T T TR L Lk
Y 2 R bl ad

: Y e P b N S e

w Tk 2 . Pond : : .. m MW%@W&M@»%A \n.“mw& emﬁmﬁm
. : cERERL oy B W, W GE
ey B S e g DT ey LA,
BRI Y THE

w
ok
-
Ed

.

R e o

iFp@edeane

e
& o

der o B
PR TR R 1 B
prog L LS LT R s &ww
a km&<$@¢§ e o ofEe i 2 Ay AR
; DAL S WY L A
I T AL . bl A b
e s L L i §

IR S P
P a RAB T haase
WA R s iRE g

B T

M
bility Test.

W

100

P, o

i

gk

&

100 um

o
i
U
o))
o'
O
o 2y}
(G I
2 e
(0] B
+2 QO
el O
v @
o=
e I SR
ta i Y o1
| aay ]
o =
o~ E A
o
Rl
[S2 EE
= [}
© =
[o.0 BNRY
AN
= O
e} 3 o0
r-we
o< O H
~ B
o O +
U U
g 8O =
oA Mk
=D
| S BN 5]
Oy o
e B A<
e = B
(SRS = Bt
Py okoeH R
[P
oo o
®] [
T o s
B e R
oo
Q
—
3
[Ty
o
a3



BRX 45028

BRYX 45029

‘BRX 95030

100 um
Figure 9. Uz0g Powders Made From B

at 950°cC,

20 um

ead-Form AGMP-50 Resins
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b. Columnar Cells and Needle-Like Grains

Figure 10. Cell and Grain Structures of U3Og Powders Made
From Bead-Form AGMP-50 Resins
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mwmcwm 11. Particle Size Distributions of Uz0g Powders Made
From Bead-Form AGMP-50 Resins.




