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0.0 ABSTRACT

Chemical and engineering data were obtained for
the feed digestion system and the extraction-scrub
step of the Monex tributyl phosphate solvent^extraction
process for recovering thorium and uranium from nitric
acid—digested unclarified monazite sludge. Tests of
the recommended conditions in a 2-in.-dia pulsed column
demonstrated that thorium losses were approximately
1.2$ and uranium losses, 1.5$. The flowsheet is
workable but is not necessarily optimum.

1.0 INTRODUCTION

Preliminary chemical and engineering studies were made to determine

feed preparation and extraction conditions for recovering thorium and

uranium from Brazilian monazite sludge.

Methods of feed preparation were studied with particular emphasis

on the effect of such preparation on emulsion formation in the extraction

columns.

The separation flowsheet was derived on a laboratory scale, with

final evaluation in a 2*-in.-dia column, for which the effect of the

extraction height on the efficiency, the flooding rate, and the HETS and

HTU were determined with the aqueous phase continuous. A few organie-

phase-continuous runs were made. The thorium-uranium partitioning flow

sheet was derived from Thorex development data and tested on a laboratory

scale.

The second cycle was not tested since it is, essentially, a dupli

cation of the first, and the first cycle demonstrations and data were

considered valid for the second.

Laboratory studies included development of rapid empirical tests

for determining the dry-weight content of the undigested sludge and the
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completeness of sludge digestion.

The objective of the studies was to find workable conditions. The

flowsheet was requested in January by Mound Laboratory to serve as a

design basis for the plant they were building, and was delivered in

March. No attempt was made to determine optimum conditions.

2.0 RECOMMENDED FLOWSHEET

The recommended Monex flowsheet (see Fig. 1 and Table l) uses a

3-hr nitric acid digestion of the sludge, which is fed to the solvent-

extraction column without clarification. The thorium and uranium are

extracted from the feed with kQ$> tributyl phosphate (TBP), aqueous

phase continuous. Aluminum nitrate is used as the salting agent in

preference to nitric acid in order to eliminate excessive acid extraction

and the resulting chemically unstable conditions in subsequent steps.

The organic extract is scrubbed with aluminum nitrate solution, and the

thorium is stripped from the organic solvent with dilute nitric acid.,

In demonstration runs with a 2rin.-dia continuous extraction-scrub

column, the HTU and HETS were-6r± a&d 6.5-8.4 ft, respectively. Under

the proposed conditions, thorium losses of 0-5-2$ and uranium losses of

less than 0.01$ to the extraction column aqueous waste were demonstrated

in laboratory batch tests. A cerium decontamination factor for the
5

thorium product of 5 x 10' was obtained in laboratory batch counter-

current runs; this would probably permit the thorium product to meet

tentative specifications of a maximum rare earth contamination of 1

ppm.

3
Uranium separation from thorium by a factor of 1.2 x 10 was demon

strated in laboratory batch-countercurrent equipment. If the rare earth

decontamination in the first cycle is sufficient, the required additional

uranium separation factor of 20 could be obtained by thorium oxalate
f2e)

precipitationv ' instead of by a second solvent-extraction cycle.
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FEED PREPARATION

A

SLUDGE

45% SOLIDS

55 7. WATER

SLUDGE

HNO,
1.3-1.6

DIGESTER

3hr AT 85-95°C

AGITATION OR

AIR SPARGING

AF; A-COLUMN FEED

250 ± 10 gTh/liter
2.3-3.0^ HNO

AX; A-COLUMN EXTRACTANT

40% TBP IN AMSCO

A-COLUMN

THORIUM-URANIUM EXTRACTION

^ k ,r

B-COLUMN

THORIUM-URANIUM PARTITION

A
^

N>

BT, THORIUM PRODUCT
~ 45 gTh/liter

BU; URANIUM PRODUCT

0.2-2gU/liter

TO URANIUM STRIPPING
AND SOLVENT RECOVERY

TO SECOND EXTRACTION
CYCLE OR OXALATE

PRECIPITATION

EVAPORATOR

Fig. 1. Monex Process Flowsheet, March 3, 1955. Circled numbers represent stream ratios based on AF=1.

I
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Table 1 !
Proposed Monex Process Flowsheet Conditions

Stream

Stream*^
Volume

Ratio Chemical Composition

Dissolvent =,»_ 70$ nitric acid

Sludge k% solids, 55$ waterj digest 3 hr at
90°C in acid; sludge/70# nitric acid
volume ratio in range 1.3-1.6 (0.9^6 g
of anhydrous nitric acid per gram of
dry solids)

Feed, AF 1 Thorium, 250 + 10 g/liter; uranium, 1-10
g/liter; 2.3-3.0 M nitric acid; REgOo,
~20 g/liter; 0.1 M PO^3**; ~5# solids

Extractant, AX 5 k<yf> TBP; 60# aliphatic hydrocarbon
diluent (Amsco 125-82)

Scrub, AS l 0.5 It aluminum nitrate; neutral

Extraction column

product, AP 5.1+ Thorium, ~50 g/liter; uranium, 0.2-2
g/liter; 0.1-0.2 M nitric acid

Extraction column

waste, AW 1.9" 0.25 M aluminum nitrate; 1-1-5 M nitric
acid; thorium, 1-2 g/liter; REgO ,
~10 g/liter

Thorium strip, BX 5-1-5.6 0.2 M nitric acid

Scrub, BS 1-53 kOffc TBP; 60$ hydrocarbon diluent (Amsco
123-82)

Thorium product,
BT 5-3-5-8 lt-5-50 g/liter; O.k M nitric acid

Uranium product,
BU 6.k Thorium, 5-10 mg/liter; uranium, 0.2-2

g/liter; 0.0^ M nitric acid

Cone, thorium

product — Thorium, 250 g/liter; uranium, ~6 mg/
liter; 2.k M nitric acid

(a) Based on a stream volume of 1 for the feed (AF),
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3.0 FEED PREPARATION

The Brazilian sludge is the residue from the conventional French

process for recovering rare earths from monazite sand by leaching the

caustic-digested sand with hydrochloric acid. It is aliiick tan-

colored slurry, containing about k5 wt $> solids, and is thixotropic,

relaxing to a soupy mixture when agitated. It contains thorium,

uranium and significant percentages of impurities (Table 2).

Digestion of the sludge with 70$ nitric acid for 3 hr under

reflux at 90°C dissolved the thorium and rendered the silicious or

colloidal materials non surface active so that unfiltered material

would not cause excessive emulsion formation in the extraction column.

A sludger/acid volume ratio in the range 1.3-1.6 was recommended. A

range rather than a single value was specified since the Brazilian

sludge composition varies somewhat from one drum to another. A

rapid empirical method developed for determining the dry-weight

content of the sludge, for use in calculating the amount of acid

needed for a given batch of sludge, is given in the appendix (Sec.

7-2).

The thorium concentration of properly digested sludge was 200-250

g/liter, and the HNO., concentration was 2.3-2.6 M.

3.1 Laboratory-Scale Sludge Digestion Studies

Laboratory-scale studies were concerned chiefly with finding a

suitable empirical method of determining when sludge digestion is

complete. The method developed consisted in filtering the digested

feed through a 11-cm-dia Buchner filter covered with a Whatman No. 1

filter paper, with about 60 cm Hg vacuum. Sufficiently digested feed

was that which gave a clear filtrate under these conditions at a rate

of 0.5 ml/sec or higher. If the filtrate was cloudy, if the solution

did not filter at all as a result of coating of the filter with slime
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Table 2

Analysis of the Dried Solids from Monazite Sludge^ '

Constituent t Constituent

ThOg W.3(a) Zr02 1.35

RE203 15-2 U 1.01

*v 7.05 COg 0.70

T102 6.95 F" 0o2rf>

sio2 k.36 S(\s 0.04

Fe2G3 1^30 w 0.0

Cl" 2o60 Loss on

ignition 13»9

(a) 39$ thorium.

from the sludge, or if the filtration rate was much legs than 0o5 ml/see^
the feed was considered insufficiently digested.

Feed that was shown in these tests (Table 3) to be properly digested

was suitable for extraction (see Sec. k<ti)„

3.2 Unit Operations Digestion Studies

The amount of interracial solids formed in the extraction column

was determined by the manner of feed preparation (see Sec. %.2)o When

the sludge was digested 3 hr at about 90°C with 70$ HNO.,, with a sludge/
acid volume ratio of I.3/1 to 1.6/1, the unclarified feed was

extractable in the 2-in.-dia pulsed column (see See. k03)„

It has been reported'^' that 0.5 hr digestion at the temperature gener
ated by the exothermic reaction with the nitric acid is sufficient for

dissolution of 9756 of the thorium. Howerer^ feed digested overnight

under these conditions could not be processed in the extraction columns



Table 3

Laboratory Feed Preparation and Filtration Data

Sludge digested 3 hr at 90 C with air sparging; 50 ml of water added 1.5 hr after digestion
started; filtered hot through 11-cm Whatman No. 1 filter paper, Buchner funnel, vacuum of

about 60 cm Hg

Sample
No.

Volume Ratio

of sludge to
70$ HNO-

Weight Ratio of
Dry Solids to
Anhydrous Acid

Filtration

Rate

(ml/sec)

Filtrate Concentration

Thorium

(g/liter)
HNO,
(M)3

Filtrate

Appearance

(sp.
1

gr. 1.55)
1.2

1.3

1.22

1.13

I.296

O.kdk

180

17k

2.75

2.30

Clear

Clear

l.k 1.05 0.653 183 2.00 Clear

•1.5 O.98 —Ja) 183 I.65 Cloudy

(sp.
2

gr. 1.53)
l.k

1-5

. 1.08

1.01

1.797

0.806

I65

173

2.10

1-75

Clear

Clear

106 0.95 0.525 Yjk 1.60 Clear

1-7 O.89 O.O98 185 1-35 Cloudy

(a) Filter plugged completely.

I

-J

1
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because of the large amount of emulsion formed.

3-3 Clarification

Although the final flowsheet recommends unfiltered feed, a few

preliminary experiments were made on feed clarification. Sludge

digested at 90°C for 2A hr was completely clarified when batch
centrifuged at 75-90°C for 1 min. Feed digested overnight without
external heating required 6 min for complete clarification. The

centrifuge operated at 1000 G and in each case the feed contained

13-18 vol <f> wet solids.

Feed digested for 3 hr at 90°C was filtered hot at a rate of 60
gal/hr/sq ft provided the form time was less than 30 sec. One-quarter

inch of new Celite 5^5 precoating was used in these runs (see Fig. 2).

When the slurry cake and a thin portion of the precoating was removed

and the filter reused, the filtration rate was 52 gal/hr/sq ft.

k.O SOLVENT-EXTRACTION STUDIES

k.l Laboratory-Scale Studies

4.1.1 Thorium^Uranium Extraction

The recommended flowsheet (Fig. l) was based on batch counter-

current experiments made with filtered feed containing cerium tracer.

In these runs thorium losses were l-kfy and uranium losses were of the

order of 10~3# (see Table k). If it is assumed that the complexes at
saturation are Th^NOj^TBP, U02(N0J2-2TBP, and HNOg'TBP, solvent
saturation may be calculated to be 95-100$ at the feed plate and 65-75$

at the top of the scrub section. In Thorex studies these conditions

gave maximum rare earth decontamination. The decontamination factor

obtained with cerium tracer in Monex studies was a function of the
k 5extractant/scrub ratio, namely, k x 10 with a ratio of 10/1 and 5 x 10''
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UNCLASSIFIED
ORNL-LR-DWG 9747

"1 1 1

DIGESTION: 3hr AT 90°C
FILTER: 0.1 sq ft, 0.25-in. CELITE 545
PRECOATING;

/\/£ 30 cm Hg, 75-90 C

50 60 70

AVG. FILTRATION RATE (ga l/sq ft/hr)

Fig. 2. Filtration Rate of Digested Sludge Containing I3-I8 vol % Solids.

90
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Table 4

Typical Batch Column Countercurrent Extraction-Scrub Data

Feed: thorium, 242 g/liter; uranium, 7*0 g/liter; HN0-,
2.60 M; Ce p, 6.72 x 10' c/m/ml; filtered

Extractant: 4(5$ TBP, 60$ Amsco
Scrub: 0.5 MM(W^)y neutral
29 equilibrations

Organic Phase Aqueous Phase

Stage

Th"
(g/liter)

H+

•(H)

Ce 6

(c/m/ml)
Th

(g/liter)
U

(g/liter)
H+

(K)
Ce p

(c/m/ml)

Feed/extractant/scrub flow ratio «. 1/5/0.5

Scrub

8 47.2 0.31 300 13.7 2.63 8.37 x 103

6 I.87 x 103 6.64 x: 1011-

k 47.1 O.56 1.08 x KT 12.7 3.70 5.48 x 105

Extraction

1 49.5 O.58 34.0 fc.35

3 1.99 0.42 7.70 1.88

5 0.25 0.06 5.70 8 x 10"5 0.98

Th loss:

Saturation

3.5$ U loss: 0.002$ Ce 6 decontamination factor: 4 x 10
: 76.5$ at 8th stage, 97-8$ at feed plate

Feed/extractant/scrub flow ratio = l/5/l

Scrub

8 48.0 0.12 25 15-5 2.08

6 100

4 53-6 0.32 360 17.9 3.02

Extraction

1 51.8 0.59 34.7 4.79

3 2.77 0.80 2.86 3.20

5 0.23 0.28 4.33 X 10° 1.70 7x 10"5 1.63 4.22 x 10T

Th loss:

5.3 x 105
1.4$ U loss: 0.001$ Ce £ decontamination factor:

Saturation: 65$ at 8th stage, 101$ at feed plate
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with a ratio of 5/1. A rare earth decontamination factor of >Kr

or even 10 may be required for the thorium product from Brazilian

sludges.

The presence of about 0.1 M phosphate impurity in the feed caused

about a 10$ thorium loss to the aqueous waste in preliminary experi

ments owing to the formation of the nonextractable thorium phosphate.

Since aluminum will complex phosphate, the use of an aluminum nitrate

scrub solution decreased the thorium losses to 1-2$. Also, the non-

extractable aluminum nitrate, in contrast to a nitric acid salting

agent, allowed a predictable salting strength throughout the extraction

column. Thorium reflux was minimized since the nitric acid and thorium

competition for the TBP was not a large factor. Although a scrub conc

entration of 0.5 M Al(N0-)_ was recommended, the scrub concentration

and/or flow rate can probably be lower.

4.1.2 Thorium-Uranium Partitioning

The partitioning column conditions are similar to those used in

the Thorex process. Under the recommended flowsheet conditions, a
3

uranium-thorium separation factor of 1.2 x Kr and a thorium-uranium
o

separation factor of 5.9 x 10 were obtained (see Table 5). The

thorium product from this column contained about 24 ppm of uranium,

based on thorium. Eight stripping stages and six scrubbing stages

were required to obtain the suggested separation factors with feed/

strip/scrub ratios of l/l/0.3 in the partitioning column.

4.2 Unit Operations Studies

4.2.1 Aqueous Phase Continuous Extraction Runs

Continuous countercurrent solvent-extraction runs were made in

the 2-in.-dia pulsed column. With 22 ft of extraction height and

operation at approximately 65$ of flooding, the thorium loss was 1.2$.

The HTU was 6r± ft. The efficiency of extraction was markedly

superior to that obtained in the runs where the continuous phase was
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Table 5

Typical Thorium-Uranium Partitioning
Batch Column Gountereurrent Data

Feed: Th, 48.9 g/liter; U, 1.40 g/liter; HNO-, 0.23 M
Strip: 0.2 M HNOo
Scrub: 40$ TBP, 50$ Amsco
Flow ratios: Feed/strip/scrub = l/l/O.3
33 equilibrations; 8 strip and 6 scrub stages

Organic Phase Aqueous Phase

Stage

Th

(g/liter)
U

(g/liter)
H*

(M)
Th

(g/liter)
^U

(g/liter)
BT

(M)

Strip

8 0.007 I0I8 0.04 0.015 0.112 0.21

6 0.032 2.15 o.o4 0.117 1.00 0.21

4 0.334 2.30 0.05 2.69 O.89O 0.25

2 9.85 1.45 0.09 25.I 0.230 0.26

Scrub

1 58.2 1.35 0.13 49.4 0.125 0.4l

3 56.9 O.138 0.13 49-4 0.0195 0.42

5

6

60.0 0.044 0.12 48.8

40.7(a)
0,0021

O.OOO98

o.4l

0.39

U-T

Th-

h separation
U separation

factor =1.2

factor =5.9

x 103
x 103

(a) Thorium analysis doubtful.
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organic (see Sec. 4.2.2).

In a preliminary aqueous-phase-continuous run, with feed digested

overnight with only the exothermic heat of the reaction (75°C maximum),

the emulsion that formed filled the column and operation was

impossible. In all the other runs, made with feed digested 2 hr or

longer at 90°C and not filtered, emulsions formed (see Sec. 4.3). but

operation was satisfactory.

Flooding Rates. With the specified flow ratio of feed/scrub/

solvent of l/l/5, the flooding rate was 775 gal/hr/sq ft at a pulse

frequency of 50 eycles/min and 610 gal/hr/sq ft at 60 cycles/min, as

shown by a flooding study run.

Effect of Increasing Extraction Height on Efficiency. When the

extraction height was increased from l4 ft to 22 ft, the thorium loss

of 4.8$ was decreased from 4.8$ to 2.4-1.2$ (see Table 6). No

difference in the losses was detected between pulse frequencies of 60

and 50 cpm in Run 6. The HETS values calculated were 7.1 ft with the

l4-ft data and 6.5-8.4 ft with the 22-ft data.

4.2.2 Organic-Phase-Continuous Extraction Runs

The organic phase continuous extraction runs were made after the

failure of the initial aqueous-phase-continuous run due to emulsions.

Pulse frequency and aqueous/organic ratios were varied in an attempt

to increase the efficiency, but a thorium loss of l4$ was the lowest

that could be obtained with 14 ft of extraction height (see Table 6).

4.3 Interracial Emulsion Formation

With excessive buildup of emulsion at the interface in the

extraction column, the column becomes inoperable. This occurred

when the feed was digested at too low a temperature. In all other

runs emulsion formed but did not prevent column operation.

In Run 6, in which the depth of the emulsion present was



Run

No.
Feed

Preparation
(a)

4 2-hr digestion at
/T-90

5 Two 3-hr digestions
at/"-\_90OC; diluted
to 240 g/liter to
compensate for
evaporation

6 3-hr digestion at
/->-900c

2

3

Overnight digestion
with exothermic heat

of reaction

Same as Run 1

2-hr digestion

at/^^90°C

Table 6

Summary of Monex Extraction Runs

Extraction

Height

(ft)

Pulse

Frequency
(cycles/min)

Feed/ExtractanV•
Throughput

(gal/sq ft/hr)

14

22

22

14

14

14

Scrub Flow

Ratio

Aqueous Phase Continuous

50

60

60,50

1/5.5/1

1/5/1

1/5/1

Organic Phase Coatihuoas

60

85

85

l/4/0.4(d)
I/6.2/1.3

1A/1

445

(c)388

388

428

435

475

Thorium

in feed

(g/liter)

301

242

240

237.5

277

290

Thorium

Loss

($ of feed)

4.8

2.4

1.2

24.5

14

25

i

I

HETS

(ft)

7.1

8.4

6.5

(h)

(h)
15-9

11.0

14.0

(a) Concentrated nitric acid used for all digestion.
(b) Calculated from equil.curve for equal vol. of feed and Al(NO-) scrub. This curve would not necessarily apply to

the conditions for these runs.

(c) Approximately 65$ of flooding.
(d) Water used as scrub in this run.
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recorded at intervals (see Table 7), the initial rate of buildup was

relatively steady, with about the maximum depth of 25 in. reached

within the first 4 hr. At 4-5 hr the material had compacted and the

emulsion layer was only about 12 in. deep. After 5.5 hr, bits of the

material broke off, rose to the top of the organic layer, and over

flowed with the extract. This behavior indicated that a side outlet

at the interface might be used to remove the material and thus

prevent its buildup in the column. In this run, with a buildup of

about 2 in./hr, removal every 30 min would have kept the emulsion

layer at a minimum.

5.0 SECOND-CYCLE PROPOSALS

A second thorium solvent-extraction cycle was visualized as

essentially a duplication of the proposed first cycle. Refinements

of the second cycle, such as the use of the second extraction column

waste stream for first-cycle scrub makeup, were not demonstrated but

appear operationally feasible.

The first cycle thorium product might be separated from contami

nating uranium by precipitation as the oxalate instead of by a second

extraction cycle. This method would be of interest only if the first-

cycle rare earth decontamination was sufficient. Data obtained in

Thorex process development work indicated a uranium separation

factor of 23 in the thorium oxalate precipitation, which, when added

to the separation factor obtained in the first-cycle partitioning
1).

column, gave an overall value of 2.8 x 10 as the uranium-thorium

separation factor. FMPC has reported uranium separation factors of

45 and 185 across the thorium oxalate precipitation step. No rare

earth decontamination was-obtained in the thorium oxalate precipi

tation.



- 16 -

Table 7

Emulsion Layer Buildup during Solvent-Extraction Run _6

Time

(hr)

Emulsion Layer

Depth
(in.)

Time

(hr)

Emulsion Layer

Depth
(in.)

0 ^5 5.5 I6^a)

1-5 8 6.0 11-5

2.25 10.5 6.5 14

2.75 16.1 7.0 15

3-5 17 7-5 24

3-75 20 8.0 20

3-83 25 8.5 lfc(a)

4.0 23 9.0 16.5

4.17 17 9-5 21

4.25 15 10.0 22

k.5 12.25 10.5 24

5.0 13.5 11.0 26

(a) Emulsified layer broke up into large pieces and rose to top
of organic phase.
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7.0 APPENDIX

7.1 Determination of Thorium in Monazite Sludges

Because of the presence of interfering impurities, such as rare

earths, zirconium, and titanium in the feed and waste solutions from

the processing of the Brazilian sludges, a thorium analysis was

developed by which the interfering impurities are extracted from the

sample by mesityl oxide before the standard Thoron colorimetric

procedure is applied. The procedure as outlined below agreed with

the standard thorium oxalate-iodate method within 3$«

Reagents:

A. To 950 g of Al(NO-) -9^0, add 125 ml of l6 M HN03 in a 1-
liter volumetric flask and 500 ml of distilled water. Heat until the

aluminum nitrate has dissolved; then cool and dilute to 1 liter.

B. Dissolve 380 g of AlCNOj^HgO in 170 ml of HgO and add 30
ml of 16 M HN0-. Heat to dissolve the aluminum nitrate; cool before

using.

Procedure:

1. Pipet 20 ml of solution A into a 125-ml separatory funnel.

2. Add sample containing not more than 10 mg of thorium and not

exceeding 1 ml in volume, (if sample exceeds 1 ml, more altsninum

nitrate will be required.)

3. Add 20 ml of jaesityl oacide, and shake for 20 sec.

4. Drain bottom layer into a second separatory funnel and add

10 ml of mesityl oxide to the second funnel.

5. Shake 20 sec and discard the bottom layer. Add the top layer

to the first separatory funnel.

6. Add 20 ml of solution B to first funnel and shake for 20 sec.

Discard bottom layer.

7. Add 20 ml of distilled water and shake for 20 sec. Collect

bottom layer in a volumetric flask and dilute to the range for the

Thoron colorimetric method.
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8. Add 5 drops of concentrated HC1 and 1 ml of 0.2$ Thoron to

each aliquot.

7.2 Determination of Sludge Solids Content

Since the solids content of the sludge varies in the individual

batches, it is advantageous to calculate the amount of nitric acid to

be used in the digestion on a dry-weight basis. Specific gravity

methods of determining the sludge solids content are ambiguous because

of the thixotropic nature of the sludge, and ordinary drying of a

sludge sample was a cumbersome procedure. A quick-drying technic that

appeared to yield consistent results was briefly investigated.

The procedure was as follows:

1. To a weighed, graduated centrifuge cone, add 1-2 ml of the

sludge and reweigh.

2. Mix the sludge with several milliliters of methyl alcohol to

solubilize the water in the slurry.

3. Add ethyl ether to precipitate the suspended solids and

centrifuge; discard the supernatant.

4. Dry the sample in an oven at 110 C for 3 hr, cool and reweigh.

5. Calculate the percentage of dry solids.

This procedure compared favorably with the conventional method of

drying a sample for 24 hr at 110°C. The solids in a sample that dried
for 24 hr was calculated as 43.1$, in comparison to 44.8$ solids

obtained by the quick-drying technic. The nonhomogeneity of the

sludge introduces an error in this analysis; the deviation was not

evaluated.

The size of the sample must be standardized in the quick-drying

technic; about 1 g appears to be a satisfactory weight. As shown in

Fig. 3, the larger samples require a somewhat longer drying time.
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Fig. 3 . Effect of Size of Sample and Drying Time on Determination of Solids Content of Sludge.
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7>3 Equipment and Operation Discussion

A flowsheet of the 2-in.-dia pulse column and accessories used \

in this study is shown in Fig. 4. The column contained stainless

steel plates, with l/8-in.-dia holes and 23$ free area, spaced 2 in.

apart. The solvent entered the column at the top of the bottom

settling section through a conical dispersion head. A Milton-Roy

variable-speed pump was used, the flow rate being determined by

closing the valve immediately below the tank and timing the rate

of fall in the sight glass. The scrub entered the column at the

bottom of the top settling section by means of a pressurized tank.

The flow rate was measured with a rotameter. An alternate scrub line

entered the bottom of the column for use in initially filling the

column for aqueous-phase-continuous runs, since filling from the top

is unreasonably s}.ow with the maximum of only 2 in. of head available

for driving the water through the holes and the additional resistance

provided by the air compression between plates. The upflow filling

is uniform and, since the column is vented, provides no compression.

The feed slurry could be fed in at either the 14- or 22-ft level by

proper valve settings, thereby making possible two extraction

heights. The feed "tank" was a 3-ft section of 3-in. glass pipe,

the feed rate being determined by the rate of fall. One man was

stationed at this point throughout a run, keeping a continuous check

on the rate, adjusting the speed of the Sigma pump accordingly, and

refilling the pipe from the feed drum. This procedure was not

followed in the early runs, the pump being merely initially set at

the proper rate as determined by discharge into a graduate. However,

waste flow rates indicated the rate to be low, and in some cases the

feed rate was determined by difference. This is the reason for the

unusual flow ratios reported in Run 2.

The product-rich organic solvent overflowed from the top

settling section. The aqueous waste was drawn off the bottom, the rate

being regulated by an adjustable clamp on Tygon tubing and varied

according to whether the interface was rising or falling.
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The settling sections were 4-in.-dia glass pipe. The bottom

section was about 1 ft high. The top section was initially 2 ft

high, but two more feet were added before the switch was made from

organic phase continuous back to aqueous phase continuous. It was

felt, as a result of preliminary tests, that this much interfacial

emulsion accumulation capacity would be needed in order to make a

run of sufficient length to obtain significant data (see Sec. 4.3).

During startup an organic layer was present at the bottom of

the column. This was caused by insufficient density difference

between the phases until the feed slurry reached the bottom of the

column. To counteract this, a frequency of only 40 cycles/min was

used until the feed finally reached the bottom of the column. This

took about an hour. The frequency was then raised to the desired

value, and this was considered the "zero time" of the run.

The solvent from each run was stripped of its product thorium

and uranium, and processed for reuse by batch mixing-settling

operations as follows:

Stripping. Two passes with 1 volume of fresh 0.1 N HN0-. to

2 volumes of solvent, with 30 min agitation for each pass and 15 min

settling before decanting.

Cleanup. Two passes with 1 volume of fresh 0.2 N NapCO- to 5

volumes of solvent, with 30 min agitation for each pass and 30 min

settling before decanting. An alternate cleanup procedure that was

used, especially for newly made-up solvent (all solvent was cleaned

before use), was to add 30 g of Ca(0H)2 per liter of solvent and
5-7$ water, agitate for at least 1 hr, and let settle overnight.

In calculating the thorium material balances for the runs (see

Sec. 7.4), errors could be from the following sources:

1. Error in chemical analysis of in-going and out-going streams.

2. Error in input rates.

3. Neglecting the small amount of unstripped thorium in the

in-going solvent.

4. Change of interface level.
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5. Estimation of the volumetric rates of the out-going streams.

Since output rates were not measured, they were estimated from

the in-coming aqueous and organic flow rates. It was assumed that

the volumes of the streams were additive, and that there was 3.5-4.5$

solvent volume increase due to the extracted thorium, based on Thorex

experience, and a corresponding decrease in the waste volume.

7.4 Detailed Run Data

Detailed conditions used and data obtained in the Monex extraction-

scrub flowsheet development studies are given in the following

tabulations.

* Depending on the relative flow rates.
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Monex Process: Pulse Column Tests

Column: 2-in. o.d., 26 ft high (excluding end sections)
Plates: 2-in. spacing; l/8-in.-dia holes, 23$ free area
Pulse amplitude: 1 + l/8 in.
Solvent composition: 42$ TBP in Amsco 123-15
Feed: HNO, digested, unclarified Monazite sludge

Run 1

Feed preparation: overnight digestion with exothermic heat
of reaction .

Feed composition: Th, 237.5 mg/ml; U, 11.0 mg/ml; H , 2.70 M;
Scrub composition: water
Feed flow rate: 100 ml/min
Feed/scrub/extractant ratio: 1/0.4/4
Throughput: 428 gal/hr/sq ft
Continuous phase: organic
Pulse frequency: 60 cycles/min
Column height: 14 ft extraction, 12 ft scrub

Organic Stream Aqueous Stream
Time

(hr)
Thorium

(mg/ml)
Uranium

(mg/ml)
Thorium

(mg/ml)
Uranium

(mg/ml)

O.83 44.25 2.30 43.6 0.0053

1.17 53.00 2.20 43.2 0.0047

I.67 49.00 2.15 81.4 0.039

2.17 49.40 2.09 57.0 0.017

2.67 46.20 2.30 51.5 0.017

3-17 47.50 2.35 31.5 0.016

3.67 44.80 2.10 42.75 0.0107

Thorium loss: 24.5$
Material balance: 108.4$
HETS: 15.9 ft
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Sun 2

Feed preparations overnight digestion with exothermic heat
of reaction

Feed composition: Th, 277*0 mg/ml; U, 9*k W»lj H , 3«75 M
Scrub composition: 0.5 M aluminum nitrate, pH 3*0
Feed flow rate: 65 ml/min
Feed/scrub/extractant ratio: 1/1.3/6.2
Throughput: 435 gal/hr/sq ft
Continuous phase: organic
Pulse frequency: 85 cycles/min
Column height: 14 ft extraction, 12 ft scrub

Organic Stream Aqueous Stream

Time

(hr)
Thorium

(mg/ml)
Uranium

(mg/ml)
IT

(X)

Thorium

(mg/ml)
Uranium

(mg/ml)
H*

(M)

1.0 0.26 0.70 ___ ...

1.25 10.75 1.88 0.13 19-40 0.04 0.50

1.75 38.75 3.10 0.21 22.65 0.03 1.30

2.25 45.75 3.20 0.25 19.60 0.22 1.53

2.75 44.50 2.10 0.22 17.85 0.029 1.45

Thorium loss: 14$
Material balance: 117-8$
HETS: 11.0 ft
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Run 3

Feed preparation: 2 hr digestion at 90 C
Feed composition: Th, 290.0 mg/ml; U, 7-6 mg/ml; H , 3.85 M
Scrub composition: 0.5 M aluminum nitrate, pH 3-0
Feed flow rate: 100 ml/min
Feed/scrub/extractant ratio: l/l/4
Throughput: 475 gal/hr/sq ft
Continuous phase: organic
Pulse frequency: 85 cycles/min
Column height: l4 ft extraction, 12 ft scrub

Organic Stream Aqueous Stream

Time

(nr)
Thorium

(mg/ml)
Uranium

(mg/ml)
H+

(M)
Thorium

(mg/ml)
Uranium

(mg/ml)
H+

(M)

0.50 8.85 0.62 0.125 29.O 0.011 1.12

1.00 48.13. 2.20 0.210 27.0 0.005 1.82

1.50 56.88 I.85 0.160 32.0 0.006 1.92

2.00 57.50 2.00 0.165 .3^.0 0.006 1.90

2.50 57.70 2.10 o.l4o 34.4 0.005 1.95

3.00 56.88 2.00 0.145 36.08 0.005 I.85

3.50 56.88 2.00 O.145 36.08 0.006 1.88

4.00 56.88 2.00 0.135 40.0 0.006 1,88

4.50 57.50 2.10 0.135 40.0 0.005 I.89

Thorium loss: 25$
Material balance: 107.6$
HETS: 14.0 ft
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Run 4

Feed preparation: 2 hr digestion at 90 C
Feed composition: Th, 301 mg/ml; U, 10.75 ml/ml; H , 2.58 M
Scrub composition: 0.5 M aluminum nitrate, pH 3.0
Feed flow rate: 75 ml/min
Feed/scrub/extractant ratio: l/l/5»5
Throughput: 445 gal/hr/sq ft
Continuous phase: aqueous
Pulse frequency: 50 cycles/min
Column height: 14 ft extraction, 12 ft scrub

Organic Stream Aqueous Stream

Time

(hr)
Thorium

(mg/ml)
Uranium

(mg/ml) M
Thorium

.(mg/ml), (
Uranium

'(mg/ml)
H+

1.00 40.8 2.78 0.075 0.62 0.018 1.35

1.50 42.5 2.78 0.13 4.08 0.020 1.23

2.00 39.0 2.78 0.20 4.88 0.023 1.17

2.50 41.6 2.78 0.265 6.13 0.021 1.03

3-00 44.5 2.78 0.235 8.13 0.020 1.24

3.50 45.63 2.83 0.245 8.13 0.023 1.21

3-83 48.75 2.54 0.245 8.08 0.026 1.23

Thorium loss: 4J
Material balance:

HETS: 7.1 ft

92.6$
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Run J

Feed preparations two 3-hr digestions at 90 C; diluted to
*-*240 g of thorium per liter with water
to compensate for evaporation

Feed composition: Th, 242 mg/ml; U, 8.0 mg/ml; H+, 2.58 M
Scrub composition: 0,5 M aluminum nitrate, pH 3»0
Feed/scrub/extractant ratio: l/l/5
Throughput; 388 gal/hr/sq ft (65$ of flooding)
Continuous phase: aqueous
Pulse frequency: 60 cycles/min
Column height; 22 ft extraction, 4 ft scrub

Organic Stream Aqueous Stream

Time

(hr)
Thorium

(mg/ml)
Uranium

(mg/ml) 00'
Thorium

(mg/ml)
Uranium

(mg/ml)
"h4-

,ftf)

1.25 39-3 1.20 0.42 0.086 0.0022 1.15

1.75 32.6 O.76 0.34 1.74 0.0022 0.88

2.15 39-0 1.20 0.4l 3.50 0.0015 O.85

2.75 36.3 0.80 0.33 4.16 0.00144 O.85

3.75 41.6 1.20 0.35 4.10 0.0022 0.90

4.75 48.5 1.20 0.34 3.76 0.0016 0.90

5.75 46.2 1.20 0.38 2.76 O.OO58 1.00

Thorium loss: 2.4$
Material balance: 104.3$
HETS: 8.4 ft
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Run 6

Feed preparations 3-hr digestion at ~-90 C
Feed composition: Th, 240 mg/ml; U, 7-20 mg/ml; H , 3-08 M
Scrub compositions 0.5 M aluminum nitrate, pH 3«0
Feed/scrub/extractant ratio: l/l/5
Throughput: 388 gal/hr/sq ft (65$ of flooding)
Continuous phase: aqueous
Pulse frequency: 60, 50 cycles/min
Column height: 22 ft extraction, 4 ft scrub

Organic Stream Aqueous Stream

Time

(hr)
Thorium

(mg/ml)
Uranium

(mg/ml)
H*

(M)
Thorium

(mg/ml)
Uranium

(mg/ml)
H+

(M)

3.42 46.8 2.70 0.285 5.19 0.054 1.0

4.42 22.7 1.28 0.15 3.29 0.035 1.10

5-42 20.8 1.38 0.095 O.91 0.006 2.08

6.42 59.8 1.70 0.175 1.38 0.028 1.95

7.42 49.9 2.10 0.245 1.70 0.044 1.34

8.42 42.8 1.98 0.305 1.66 0.048 1.36

9-42 43.3 2.32 0.340 1.50 0.040 1.34

10.42 40.4 I.98 o.4o 1*57 O.045 1.28

11.33 44.1 2.10 0.43 1.88 0.052 1.15

Thorium loss: 1.2$
Material balance: 93-5$
HETS: 6.5 ft
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7*5 Equilibrium Data and Sample Calculations for Run 6

Conditions

Column i.d.: I.916 in

Extraction height: 22 ft

Feed/scrub/solvent ratio: l/l/5

Feed rate= 70 ml/min
Scrub rate= 70 ml/min
Solvent rate= 350 ml/min

Run Data

Feed thorium concentration: 240 mg/ml
Solvent thorium concentration: O.87 mg/ml
Average equilibrium extract thorium concentration: 42.6 mg/ml
Average equilibrium raffinate thorium concentration: I.65 mg/ml

Calculation of Throughput Rate

Total throughput rate= 490 ml/min

(490 ml/min) (60 min) (liter) (gal)
hr 1000 ml 3.785 liters

= 388 2=
jt (0.958 in)2 ( ft2 ) ft2-hr

144 in2

Material Balance and Calculation of Thorium Loss
, ,

Assume 4$ vol increase of solvent due to extraction of thorium
(see Sec . 7.3,bottom page 23).

J0 350 ml/min solvent enters column and 364 ml/min solvent leaves column.

Assuming volumes additive, 490 ml/min - 364 ml/min= 126 ml/min.
total input solvent raffinate out

out



- 32 -

In 1 min,

In: (240 mg/ml) (70 ml)= 16,800 mg

Out: (42.6) (364)= 15,506

(1.65) (126)= 208

15,71^ mg

100 x ifi 800 = 93*5^ of thorium out (based on 100$ in)

Thorium loss= 100 x 208/l6,800= 1.2$

Calculation of HETS

An equilibrium curve for the Monex system (see Figure 5) was obtained
by placing 15 ml of feed (thorium concentration 240 mg/ml), and an equal
volume of scrub (as specified by the flowsheet) in a flask, together with
30 ml of solvent, and shaking for more than a week. After the phases
settled, each was sampled in triplicate.for analysis. Other batch
equilibrations were made similarly with feed having initial thorium
concentrations of 120 mg/ml, 60 mg/ml, etc. In these cases, nitric acid
was added to give the desired acid concentration (to compensate for
dilution of the original feed and the decreasing acid concentration
gradient down the column).

The equation for the operating line can be shown by material balance to

be y= L/G x+yx -L/G xx
where L= aqueous flow rate

G= organic flow rate

x= concentration of thorium in aqueous phase
y= concentration of thorium in organic phase
xn= concentration of thorium in raffinate
y..= concentration of thorium in incoming solvent.

In this run, l/g= 2/5, x..= I.65 and yy= O.87.

y= 2/5 x + O.87 - 2/5 (1.65)

=2/5 x+ (0.87 -0.66]

y= 2/5 x + 0.21

.*. Slope of operating line- 2/5 > 7 intercept* 0.21,

(See operating line in Figure 5«)
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Thorium concentration of total aqueous feed= 24o/2= 120 mg/ml
(since diluted by equal volume of scrub).

Operating line intersects x* 120 at

y= (2/5) (120) + 0.21= 48.21 mg/ml.

Starting at y= 48.21 and stepping off stages (see Figure 5), we
see that it takes 3.4 stages to reach the raffinate concentration of 1.65 mg/ml,

22 ft

3.4 stages

Calculation of HTU

By definition,

V •X
?2

6.5 ft= HETS

dy

y* - y

where N_= number of transfer units, based on organic phase
u

y*= equilibrium concentration of thorium in organic phase

y = thorium concentration in the organic phase
corresponding to thorium concentration in the total
aqueous feed.

From Figure 5, we may obtain:

y y* y* - y

1

y*- y

1

2

3

5

10(a)
15

20

25

3

7.5

12

20

36.5 (a)
48.5

60

71

2

5.5

9

15

26.5

33-5

40

46

0.5000

0.1818

0.1111

0.0667

0.0377

0.0298

0.0250

0.0217

(a) See example on Figure 5.
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These are plotted in Figure 6.

For this run, limits are x= 120 and I.65.

(From equation of y= 48.21 and O.87
operating line)

The area under this curve between these limits**

* 22 ft _ ^—j--f-t=s ThTuI.
*i "q ^*6 transfer units ' \ tg
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