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CONFIDENTIAL

OAK RIDGE NATIONAL LABORATORY
OPERATED BY

CARBIDE AND CARBON CHEMIcALS COMPANY

A DIVISION OF UNION CARBIDE AND CAREBON CORPORATION

LICC

POST OFFICE BOX P
OAK RIDGE. TENN.

~WM"

April 11, 1955

Mr. W. ﬁ/ Jenkins -

E. 1. duPont de Nemours Company
Explos1ves Department
Wllmlngton 38, Delaware

Dear Bill:
25. ;‘ I Thorex-type high temperature feed dlgestlo =
high HNO cog:§§%3aﬁlons will prevent subsequent organic ez 81on

formatiof in the @ extractlon column, even when the d;sﬁblver
solution is known to contamn emulsion-producing 1mnurf%1es. Gross
D.F.'s for three splked-feédxgmall pulse column rusnS were at least
3 x 10% B and 5 x 103 y acrOSéqujh columns. ;fEkle dissolver
tests using 25 Al sheet in the 5-iny D, pipe qait yielded & 5 ft.
packed height for a processing rate of ;kg Al/day, equivalent
to~ 20 kg U/day when dissolving SR tubulafelements. The packed
height dropped to just under 3 ft. wheH‘the drssolv1ng rate was
cut in half. ’;? :

Metallex . Thorium metalf* ality studies 1nd1cate %hat metal
samples prepared by arc-melt‘ g sintered compacts are°w1thin “target
specifications (as set fe£#f in DPST 54-582, Nov. 1954)" ‘except £Or.._
the iron content. Theﬁéb ie "Dispersall” mixzer has been tested
briefly for the dry,Thﬁih contacting with NaHg and probably will
prove satisfacto:z;fﬂ% making 0.5 1b. batches of Th as quasi amalgam.

Very truly yours,

YT

F. L. Culler, Director
Chemical Technology Division

FLC:ACJ/pms

Attachment (1)
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1.0 25 PROCESS ASSISTANCE

1.1 1A Column Chemistry

Work is continuing on the organic emulsion problem under
1A column feed-plate conditions. Application of variations of the
Thorex head-end treatment, i.e., dehydration of feed impurities by
high temperature digestion at high nitrate concentrations, has been
studied using an emulsion-producing 25 Al bar-stock dissolver solution
(1.8 MAl, 1 M E", 0.008 M Hg™2) as the 1AF. These experiments are
summarized in Table 1. The results indicate that 3 hours digestion
at the boiling point in the presence of 8 M HNO:; at Al concentrations
of 2 to 4 M, prior to readjustment to 1AF flowsheet conditioms, will
prevent organic emlsion formation. The treated 1AF's (unfiltered)
were batch-equilibrated for 1-1/2 minutes with 6% TBP-Amsco in the
presence of neutral 0.75 M AL(NO )5 - 0.02 M Fe(NHQSOE)Q scrub, using
the volume ratio AF:AS:AX = 100:20740, and the presence or absence
of stable emlsions noted. Apparently the presence of Bt ion during
digestion is necessary for the dehydration, since digestion of~5 M
Al with essentially no acid present (see Experiment No, 3, Table 1)
did not elimingte emlsion formation. In all other runs, & clear
agueous phase was obtained in 20 to 30 seconds and the orgenic cleared
in 65-80 seconds, leaving a clean interface.

An gttempt was made to produce emulsion by adding trace
impurities to synthetic feed. This feed was batch equilibrated
with 6% TBP-Amsco in the presence of 0.75 M Al(N05)3 - 0.02 M Fe
(NH2SO )2 - 3.0 M HNO; scrub solution with the feediscrub:solvent
volume ratio of 1oo:23:uo. Trace impurities (Fe, Mn, Cu, Ni, Ag,
V, Ca, Mg, Si) in the same concentrations as determined by spectro-
_graphic analysis of 25 Al bar-stock were "spiked" into the system
one at a time and the phase disengagement times noted after such
addition. Although some variation of disengagement time was seen,

no stable emlsions were produced by this method. Therefore, it ' T
was concluded that the impurities known to be present in the bar- » o
stock must exist in different forms in actual dissolver solution. AR
. ) P -~

1.2 0.75" -Diameter Pulsed Column Facility e :
4 ST

1.21 Batch Dissolution of Ik /:833%361 Elements _Y? R

i \/ ’ 7 "
(Eg%;ﬁummv fuel element #D-99 (2350 grams total weight) SRS
was dissolved I -

0 liters of 7.4 M HNO; containing 0.005 M Hg(NOz),.
The reaction was initiated by heating t® 90°C, and then controlleg %y
applying cooling water for about 1 hour. Steam was then reapplied to
maintain the dissolver at~105°C. Teble 2 shows the results of periodic
sampling, and indicates that the element was essentially completely con-
sumed within g period of about 2 hours or less.




Table 1

Feed~A1-bar~stook'dissolver solution:

O

.8
.0
.00 2

M
Oor
aﬂzlz
= g >

Standard equilibration test for emulsion:

50 ml of designated 14AF

10 ml neutral 0.75 M A1(NO )5 - 0.02 M Fe(NH2805)2
as 1AS

20 mi of 6% TBP-Amsco as .1AX

Equilibrate 1-1/2 minutes

Experiﬁehts 1 Dissolvef Solution -
) No. : » Pretreatment Observations
; 1 Evaporate to 1/4 vol.; add equal vol. 16 M| No stable
; HNOB; digest 3 hr. Evaporate off acid emlsion
; (142°C) and readjust to 1.0 M E' and 1.8 M
; Al. .
i
2 Evaporate to 1/2 voi. (130°C) add equal No stable

vol. 16 M HNOz; digest > hr. Evaporate off|{ emulsion
acid (130°C);”add sgual vol. of 2 M HNO5:
i B =2.3 N,Al =1.8 M.

3 Evaporate to 1/3 vol. (135°C), digest 3 Obtained
br. Add back condensate: H = 1.0 M, Al = stable -
1.8 M. _ .| emulsion

o Evaporate to 1/2 vol. (130°C); add equal o stable
vol. 16 M HNOz; digest 3 hr. Evaporate emulsion

off acid (130°C); dilute back to original
volume with H;O: H = 1.0 M, Al = 1.8 M.

(Note: 1In all cases a clear squeous phase was obtained in 20 to 30
sec.; with the exception of Experiment No. 3, a clear organic phase
was obtained in 65-80 seconds.) _ ‘ .

ab

' " ' . V‘N\.
Dissolution of In Sﬁe@ubular,Fuel Element in 7.4 M HNO ~0.005 M Hg(NO5l2 . ’(’
Dissolving HY Comc., —f-€onc., | Al Conc., | Volume, Welght e
| Time Hours M mg/ml mg/ml liters | Dissolved
0.5 1.76 2.89 36.7 50 84.5
1.0 -~ 3.80 0.9 -- -
2.0 0.7k k.12 b2 7 -- --
2'5 - 5097 )+507 - -
3.0 0.79 4,01 4y 1 -- —
2-5 -- k.05 47.2 " --
.0 0.83. L.oo1 bl 3 8 99
e _




1,22 Flowsheet Testing

Tc date, threg column—Tuns wers made utilizing feed ;}_»!:*ﬁ?
prepared by dissolving Gummy SR—=tubwter )fuel elements, digesting, .. =~
filtering, and spiking with fissioT Troducts from irradiated U-Al $\\\\;;i;4 o

alloy. Runs HCU-Z and BCU-2 were of 7 hours duration and Run HCU=3

lasted 11 hours. The fcilowing £ rysheet condivicons were used:

, 1.8 M AL(NOz)5, 0.005 M

1
Y
o
®
f%
d
‘J
o
=

1AF/75 ml/min M EN05 M
a Hg(N03 )5, 1.5 = 5.0°z 10 Gross fc n/nl,
3.4 2 8.1 x 107 @ross 7 c/m/ml. |

1AX/30 mi/min = 6f TBP in Amsco Special Neptha Nc. 1
148/15 ml/min = 0.75 M AL(NO5)s, 3.0 M HNO5, 0.02 ¥ Fe(NE;S03)5 :
1BX/11 ml/mir = 0.01 M HNCs -

1l

. Results of run HCU-1 (AF = 1.5 x 107 Gr B ¢/m/ml)
indicated that the A column had regched equilibrium with respect to

the fission products at the end oOf sbout 5 hours (~ 6.5 volume changes),
and that the B column hed reached equilibrium at the end of about 6 hours.
The Gross B decortamination factor {D.F.) across the A column was about

5 x 10% and sbout 8 x 10% mcross both columnss- the Gross 7 DF across

both columns was 1 X 107! -

] L - Pgble 3._shows deconismination data from Ruz number
HCU-2 (AF = 2.5 x 107 Gr B o/m/uil. S

Tghle 3

ittty

Firét Cycle Deccntemination - Run No. HCU=-2. .

F.P. Activity 1AF, o/m/ml 1BP, c/m/ml DF
Gross B 2.47 x 107 .08 x 107 .57 x 107
Gross 7y 9.42 x 103 7.%0 x 10 5.33 x 102
Ru B 1.38 x 169 148 3,91 x 10
7r ¥ 1.8 x 162 5 .3.x 107 3.29 x 10
W 7 3.60 x 100 2.k x 10 6.32 x_10°
TRE B 1.5% x 10 £ 162 >107

Resulis of Run HCU-% confirmed these decontamination
factors on a feed having about Twice the gross actlivity of that in
HCU-2. The decontemination factcrs for Cross B end Gross 7 activities
were 3 x 107 and 5 % 105; zespectively. Results of individusl fission
product deccntaminaticz are nct rressntly aveilable.

Column operaticz was very smooth throughout all runs,
and essentialily nC snterfacial meterizil cr emulsions built-up during

T e

the operation.
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1.3 Mixzer-Settier Facility

An excessive amount of difficulty with the Zenith metering

pumps, caused by corrosion of internal parts (made of Type - 400 stainless

steel) in contact with TBP in Amsco, necessitated frequent shutdowns

and repairs. All solutions in contact with the pumps have been changed

to either water or straight Amsco iz a2 effort to keep the pumps operating.

Pump fallures rained the tracer level run that had been

started in the mixer-setiler unit. Another run is scheduled for

3-28-55.

/ 1.4 Trickle Dissclver Tests

Two trickle dissolving® of oS Al sheet have been made in
the 5-in. D pipe system. £ packed height-of 5 ft. was obtained in
one run made at a processing rate of 200 Kg Al/day (equivelent to
~20 kg U/day in SR tubular eiements), while in a run at one helf
this rate the packed height was just under > ft. The results of
these two runs parallel The results obtained earlier for Al slugs,
but the rate vs. packed height curve is shifted to roughly a 65 kg/day
higher rate for all packed heights.

About 10 g‘solids'(mﬁstly magnetic} was found in the bottom
‘of the dissolver folliowing the gissoiution of about 500 lbs. of 25 Al.
These solids dissclve im HNO5. Anglyses are currently being performed.

2.0 METALLEX

5.1 Reduction cf ThCly, with Nelg

v

Experiments were continued in which ThCl powder was reacted
with NaHg in glass apperatus at temperatures ranging frome150-250°C

t

using pitched blade agitators and no paffling in the systen. Analytical
results of these experiments show*’80—90% reduction of ThCl), to Th quasi -

amalgam based on angiysis of acid and water wash solutions, in experi-
men%s carried out about 160°C. In cne -experiment a maximum temperature
of 153°C was recorded and s low conversion of ThCly 1o thorium amalgam
of ~ 25% was found. -

Other experiments were carried ocut by W. Schaffer in which
a small Abbie "Dispersall” mixing upnit was used as a reactor. This
unit may be described as containing a mixing device somewhat similar
to a coffee mill. It provides a high shear to the reactants and may
be operated at varisble speeds. Analysis of reactants from the initial
run using this equipment while operating at a temperature range of~ 25-
145°, ard containing 195 gm Th as ThCl) produced a good grade of quasi
amalgam with a yield of >50% ThCl, reduction to Th smalgam. Incomplete
analysis of later runs show this apparatus to be well suited to pro-

ducticn of thorium gquasi amaigem O & scale of the order of~1/2 to 1 1b.

Th per rakt. o
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Reduction of ThO, by NaHg

Experiments were carried out in an attempt to react ThO, (produced
by thermal decomposition of ThQ(ChO )2 at 650°C) with NeHg, without
success. The reactants mixed extremely well, and visually appeared
as the reactants did when ThCl) is used in place cf ThO However,
on washing the amalgam or dry filtering to separate the bulk of the
Hg, no guasi or Hg containing Th was found. Likewise, the usual
black thorium-mercury compound was nct observed. Runs with ThO
‘prepared at lower temperatures, as well as dried The(czou) and ThOCl,,
are planned.

2.2 Metal Quality Studies

Samples of metal prepared by arc-melting sintered compacts
showed the fcllowing properties: -

Table 4
Component ’ Sample 1 Sample 2 _Sample 5‘*1
ThO,, by HECl-inscluble ; 0.58% - 0.76% 0.59%
HNOz-HF irsoluble - : 0.45% 0.40% . - 0.35%. !
Oxygen by vacuum fusion 480 ppm 1220 ppm 420 ppm
Nitrogen by vacuum fusion 225 ppm 330 ppm | 190 ppm |
Nitregen by Kjeldahl © 150 ppm i . 330 ppm | 190 ppm
Carbon ' 400 ppm 440 ppm 430 ppm
Hydrogen by vacuum fusion 8.2 ppm . 13.0 ppm 7.8 ppm
Irca - 1200 ppm | 650 ppm 1100 ‘ppm
Mercury - ' 21 ppm i 17 ppm ‘Q ppm |
" Scdium o 22 ppm ? - <10 ppm 430 ppm |
Anneelsd density ' 13.67 S A1.65 S 11.6% !
Hardness as cast, Rg \ 10, 10, 12, 34, 34, 32| 7, 11, 13 -
Hardness &s anuealed, Ry < 0,40,0 | 2k, 25, 26| 3, 6, 2

All properiies except iron content are within target speécifications as.set
up by the Quality-Working Committee on Thorium Specificagtions (DPST 54:582)
- Nov. 1954, It is of interest to note that chemically, the only signi- .
ficant differences which might account for the hlgher hardness of sample
no. 2 are oxygen and hydrogen.

A Study of possible reasons for spalling and cracking of
sintered .compacts showed that impurity contents of ThO below 3. 0%,
sodium below 100 ppm, -carbon, nitregen, hydrogen and mercury in the
quantitles encountered prior itc arc melting could .not account for this
type of behavior. Sodium ranged between 30 and 240 ppm; ThO, between
1.0 and 3.9%; Hg between 4 and 730 ppm; carbon between 210 and 790 ppm;
nitrogen 72-310 ppm; hydrogen, 4 to 80 ppm. Sodium content above 100 ppm
and ThO2 above 3.0% appeared tc increasse cracking of sinters.

- - e e ——




2.3 Phase Study of the Thorium-Mercury System

Studies of the thorium amslgams indicate that the ThHg3
hexagonal close packed phase is stable at elevated temperatures
(about 200°C) in the presence of free mercury. At room temperatures
in the presence of free mercury a new phase appears which is identi-
fied by its X-ray diffraction pattern. This new phase (phase II)
exhibits intense diffractions of the Cu K a X-rays at Bragg angles of
1%.0°, 17.5° and 29.0°. This phase II forms slowly and becomes ob-
servable when the amalgam has been at room temperature for several
days. Also phase II is the only solid phase found in amalgams which
had been formed by low temperature reductions, 50°C.

Studies of the amaslgam from the pressing step following _
filtration of the amalgem indicate thaet as the thorium concentration
increases from 4 to 15% the amount of the ThHgz hexagonal close packed
phase increase and the amount of the phase II decreases.




