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PRODUCTIONTROGRAM

These projects are concerned with the ProdUction of alpha and neutron
sources, and with the disposal of radioactive wastes. Work is being
done to improve present methods and processes.

The plastisol Unichrome is being used to an advantage in the polonium processing areas
in making gaskets for pyrex pipe, diaphragms for plastic valves, gloves for the dryboxes,
stoppers for applications where rubber deteriorates rapidly, and coating metal parts which
tend to corrode.

A special Kel-F Fluorocarbon lubricant made by the M. W. Kellogg Co.is proving to be
advantageous in preventing freezing of ball joints and stopcocks handling polonium solutions.

Twenty-six polonium-beryllium, one polonium-mock fission and six alpha sources were
shipped in June, 1956. The mOck-fission source, twelve polonium-beryllium sources and four
alpha sources were for other AEC sites.

The amount of alpha activity discharged to the river was reduced during the past month
while the Beta activity increased slightly. Data for the Waste Disposal Operations are given
in Table I.

TABLE I

DISCHARGE VOLUME

TOTAL ALPHA ACTIVITY

TOTAL BETA ACTIVITY

ACTIVITY DENSITY

ALPHA

BETA

	

413,000 	 GALLONS

5.2 MILLICURIES

21.4 MILLICURIES

	

4 	 CT/MIN/ML

	

15 	 CT/MIN/ML
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PROCESS DEVELOPMENT PROGRAM

IONIUM PROJECT

The ionium project is directed touards the development and operation
of a process for the extraction of ionium from partially processed
raffinates from the Mallinckrodt uranium refinery. The process must
Produce ionium suitable for use by Los Alamos as a tracer.

IONIUM ANALYSIS AND RECOVERY

A product run containing about fifteen grams of ionium was cycled through the mixer-
settler units four times. This was done to check on the Th-232 to Th-230 ratio to see if our
analytical procedures were sound, and to note any change in the alpha energy peak near Ac-227
and Th-227 and their daughters. The total thorium and ionium analyses of these runs appear in
Table I.

TABLE I

RESULTS OF RECYCLE EXPERIMENT

RUN NUMBER TOTAL THORIUM IONIUM

(gm/l)

Th- 232
Th-230

INITIAL 	 FEED 1.85 0.156 10.85

PRODUCT FIRST CYCLE 5.37 0.599 7.96

PRODUCT SECOND CYCLE 9.42 0.766 11.29

PRODUCT. THIRD CYCLE 13.89 1.160 10.97

PRODUCT FOURTH CYCLE 85.27 8.867 9.62

The drop in the ratio from initial feed to first cycle product is about the same as has
been noticed between feed and product in past runs. This has never been satisfactorily
explained, The ratios in runs number two, three and four are the same order as initial feed
which is what is felt should occur, that is, no significant change in the ratio should result
The ratios of Th-232 to Th-230 for feed and product in past runs are shown in Table II.

Work is continuing on finding an explanation of this anomaly, It would seem to point to
an analytical discrepancy in the X-ray fluorescence analysis, in the alpha count, or in both

The results of pulse height analysis on the recycle runs are shown in Table III,
•

An inventory of ionium in waste streams and product tailings in the Hi-risk corridor has
been taken. This is consolidated in Table IV. These waste streams are being processed and it
is thought that a pure ionium product solution containing nearly one hundred grams of ionium
will be on hand as part of a research stockpile by the end of September.
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TABLE II

Th-232 TO Th-230 RATIO 	 IN PAST

SAMPLE

FEED NO, 	 1

RUNS

Th-232
Th- 230

10.18

PRODUCT NO. 1 9.23

FEED NO. 	 2 11.45

PRODUCT NO. 2 8.80

FEED NO. 	 3 10.08

PRODUCT NO. 3 9.47

FEED NO. 	 4 10.15

PRODUCT NO. 4 8.61

FEED NO. 7 10.11

PRODUCT NO, 5 7,87

TABLE III

PULSE HEIGHT ANALYSIS OF RECYCLE EXPERIMENT

ALPHA ACTIVITY
	

ALPHA ACTIVITY 	 ALPHA ACTIV'TY

RUN NUMBER BELOW 4.53 MEV

per cent
ABOVE 4.73 MEV

per cent
Th-228

per cent

1 4.6 0.32 < 0.05

2 1 .1 0.27 < 0.03

3 5,3 0.28 < 0.04

4 2.8 0.24 < 0.03

TABLE I V

IONIUM INVENTORY

	IONIUM	 PHASE 	 TOTAL VOLUME

(gm) 	 (liters)

	12.3	 MIXER-SETTLER 	 8. ORGANIC
4. AQUEOUS

	

10,1 	 ORGANIC 	 > 500.

	

47_0 	 AQUEOUS 	 > 900.

	

30.0 	 AQUEOUS PRODUCT

TOTAL 	 99_4
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A set of fourteen samples has been sent to Mound Laboratory from Mallinckrodt for
analysis The samples have been removed from their system at all points in the flowsheet,
and will be used to aid in a material balance of the ionium in their head end production
process. We will compare analyses with them after we are finished.

RARE EARTHS

A 500 gram sample of crushed xenotime ore was delivered to Mound Laboratory by
J. F. White of ANPD, General Electric Company, at Lockland, Ohio. There is a possibility
that we will digest two to three tons of this material for Ames, Iowa, The ore sample has
been used up in experiments which indicated that about four hours at 210-220 °C with a ratio
of one liter of concentrated sulfuric acid to one kilogram of ore would crack about 95 per
cent of the ore. The engineering department prepared an estimate for revamping the equipment
in the HH- and WD-Buildings for this work. Mr. White of General Electric has since informed
us that Ames would probably do the digestion themselves.

A proposal to do solvent extraction research on rare earths elements is being prepared
for final submission to the General Electric Company at Lockland, Ohio An initial literature
survey on this subject is being prepared.
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ISOTOPE SEPARATION PROJECT

This Project is directed toward the physical separation and Purifica-
tion of gaseous isotoPes, the evaluation of the Performance of thermal
separation columns, and the study of the mechanics of gases.

Work has continued with the one inch I.D. column on the investigation of the use of rela-
tively large diameter center wires, Molybdenum wires -1 inch in diameter have been used with
50 per cent mixtures of hydrogen and deuterium, With this diameter wire at 915 °C, the column
exhibits an H-D equilibrium separation factor of approximately 22,000. The optimum initial
pressure for these conditions is approximately 1.20 atmospheres.

The - inch wires could not be mounted in the column in the same manner as the smaller
wires because the end crimping action normally used introduced a serious bow in the wire, The
wire was, therefore, threaded and screwed into tapped chucks on the top connection and on the
tantalum bob. This system worked very satisfactorily with respect to maintaining wire align-
ment and for passing the large currents required to heat the wire.

About 19 volts, DC, are required to heat the-k inch diameter wire to 900 °C. At this tem-
perature the twelve foot length of wire drew 142 amperes.

After several runs of mixtures of hydrogen and deuterium with this wire, the top part
of the tantalum bob crumbled and snapped off, X-ray diffraction analysis of the crumbled por-
tion of the tantalum indicated that the embrittlement was not due to recrystallization of the
tantalum, but rather was due to the formation of a small percentage of tantalum deuteride.
Hence, undue heating of the tantalum bob had occurred. Whether this heating is due to heat
flow from the wire, or from excess contact resistance between the wire and the bob has not
yet been determined,

Work has started with the 1,25 inch I.D. column on the separation of 5 per cent hydrogen,
95 per cent helium mixtures to work out some of the problems that may be encountered in con-
tinuous flow separation of helium-3 and helium-4, Preliminary batch type operation has indi-
cated that the optimum initial pressure is 0.86 atmosphere with a 0,016 inch diameter center
wire, Under these conditions an equilibrium separation factor of approximately 20,000 was
obtained, The gas samples obtained from the top of the column were enriched to nearly equal
amounts of hydrogen and deuterium while the gas samples obtained from the bottom of the
column were almost pure helium. The mass spectrometer precision for the determination of the
hydrogen content of the bottom samples was very poor, Hence the separation factors obtained
from the column with mixtures of this ; composition are probably no better than a factor of
two,

One of the problems encountered with continuous flow operation of the columns is the
precise control of very slow flow rates. Some time ago, a number of roller type peristaltic
liquid pumps were built for another project at Mound Laboratory, It was thought that with
proper tubing very slow gas flow rates could be controlled with this type of pump, One of the
pumps was obtained, and run continuously for 32 days against a pressure difference of approxi-
mately 350 mm of mercury. At the end of this time one of the pump bearings had burned out,
but the tygon tubing was still intact, It is planned to investigate this method further

K,. W. Foster of the Thermal Diffusion group attended the Gordon Research Conference on
the Chemistry and Physics of Isotopes July 2 to 6, 1956. He presented a paper at one of the

UNCLASSIFIED 
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sessions on some of the work done in the Mound Laboratory Thermal Diffusion Project during
the past year, Items that were duscussed were: the H2 , HD, D2 concentration profiles that
were measured for equilibrium separation conditions; center wire temperature profiles; cor-
relation of the gas transport factor A with observed wire temperature variations; and the
degradation of the equilibrium separation factor and the reduction of optimum pressure with
increasing center wire misalignment.

A total of 53 hydrogen-deuterium gas samples and 86 hydrogen-helium gas samples were
analyzed on the mass spectrometer this month, This work was done in conjunction with the
above experimentation,

UNCLASSIFIED
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PLASTIC PROJECT

This project is directed toward the production of a more uniform
and satisfactory molding compound and the development of better
molding compounds for the plastic molding operations at. Mound
Laboratory .

Commercial diallyl phthalate molding compounds have been used previously, and will be
used for initial production at Mound Laboratory. Past experience has shown that the commer-
cial molding compounds vary significantly from lot to lot and frequently contain excessive
amounts of foreign materials A more uniform and cleaner product is highly desirable,

Parts meeting all present specifications can be made from diallyl phthalate molding com-
pounds, However, the combination of physical, electrical, and chemical properties desired
are such that a better resin would be definitely advantageous.

The installation of equipment in the plastic formulation laboratory is nearly complete,
There is a question whether the present grinder will produce a product sufficiently free of
foreign materials, and additional instrumentation is desirable.

All equipment for the plastic evaluation laboratory which has been received has been
installed, but several major items have not yet been received,

Work to date has consisted of checking equipment and in becoming familiar with the
properties of the commercial diallyl phthalate molding compound Conditions for compression
molding appear to be very critical, and completely satisfactory moldings have not yet been
obtained. The resin appears to depolymerize if the temperature is too high, Best results to
date have been obtained by molding at 300 °F. The resin loses moldability rapidly at 300 °F,
and a minimum of time between filling the die and the application of full pressure will be
required,

UNCLASSIFIED 
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RESEARCH PROGRAM

FUSED SALTS RESEARCH PROJECT

The Aircraft Nuclear Propulsion Project is considering the use of a
fused -salt fuel system. Mound Laboratory has been assigned the Prob-
lem of determining the phase relationships and Physical Properties of
the components of some of the proposed fuel systems

PETROGRAPHIC. STUDIES

Completion of the examination of two compositions reported in the June progress report
gave the following results: The ternary composition 61.3 mole per cent LiF - 30.7 mole per
cent BeF 2 - 8 mole per cent UF4 gave a liquidus temperature of 461 °C and a primary phase of
Li 7U,F31 . At the valley intersection, 414 °C, Li 2BeF4 appeared. The final phase occurring at
the solidus, BeF 2, was not-definitely identified, The ternary composition 64 mole per cent
LiF - 32 mole per cent BeF2 - 4 mole per cent UF 4 gave a liquidus temperature of 442 °C and a
primary phase of Li 2BeF 4_ At the valley intersection, 424 °C, Li 7U 8F 31 appeared. The final
phase occurring at the solidus, BeF2 , was not identified definitely_

A thermal gradient quench of the ternary composition 56 mole per cent LiF - 38 mole per
cent BeF2 - 6 mole per cent. UF 4 gave a liquidus temperature of 478 °C and a primary phase of
Li 7U6F91, At the valley intersection, 392 °C, Li 2BeF4 appeared. The final phase occurring at
the solidus, BeF 2, was not identified definitely .

The relative temperatures of the valley intersections in the above compositions, together
with earlier data, confirm the downhill slope to the ternary eutectic at 350 °C of the valley
separating the Li2BeF4 and Li 7 U8F

31
 primary phase areas,

Two compositions were studied which gave valley intersections too high in temperature to
fall in line with the others, The ternary composition 60 mole per cent LiF - 33 mole per cent
BeF 2 - 7 mole per cent UF4 gave a liquidus temperature of 473 °C and a primary phase of
Li 7Ue 31 . At an apparent valley intersection of 433 °C Li 2BeF4 appeared. The ternary composi-
tion 56 mole per cent LiF - 30 mole per cent BeF 2 - 14 mole per cent UF4 gave a liquidus tem
perature of approximately 560 °C and a primary phase of LiU4F 17 , At 530 °C Li 7UeF 31 appeared,
and at 515 °C the crystallization path apparently broke away from the terrace as the LiU 4F 17

disappeared leaving only the Li 7U,F sl . The valley intersection at which the Li 2BeF4 appeared
was found at 425 °C, In both of the above compositions the final phase occurring at the
solidus was probably BeF2 , but it could not be identified definitely. The occurrence of
Li 2BeF4 in these compositions at higher temperature than expected may be due possibly to
quench growth. For compositions close to the Li 2BeF4 primary phase area only a very small
sample can be quenched to a glass. If the thermal gradient tube contains too much sample, a
quench form of Li 2BeF4 will appear at the higher than normal temperature This has been found
in a number of samples and discounted However, in some cases the distinction between normal
Li 2BeF4 crystals and the quench forms is very slight making positive identification difficult.

One thermal gradient quench was made in the vicinity of the 427 °C ternary eutectic, The
ternary composition 70 mole per cent LiF - 19 mole per cent BeF 2 - 11 mole per cent UF4 gave
a liquidus temperature of 435 °C and a primary phase of Li 7U 6F 31 At approximately 428 °C both
LiF and Li 2BeF4 appeared

01.1101M
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A repeat thermal gradient quench of the ternary composition 46.5 mole per cent LiF
48.5 mole per cent BeF 2 - 5 mole per cent UF 4 gave a liquidus temperature of 492 °C and a
primary phase of LiU 4F17 A valley intersection was found at approximately 403 °C where
Li 7Ue 9 1 appeared

Slowly cooled melts are now being used exclusively for thermal gradient samples. Examina-
tion of some of these melts indicates that non-equilibrium conditions result frequently during
the slow cooling. In some cases the melts supercool and yield a crystalline phase which should
not be present. The previously reported high temperature compound which may be a high tempera-
ture form of Li 4UF8 was found to be the only green phase in compositions in which Li 7U 6F 31
should have been the only green phase present.

FILTRATION STUDIES

The most recent data for the system LiF BeF 2 UF4 is given in Table I. Samples 1, 2,
3, and 4 are believed to be forming the valley between Li 2BeF4 and Li 7U6F31 . Sample 5 probably
is still on the Li 7U,F 81 phase area just above the valley These samples indicate that this
valley flows toward the ternary eutectic with BeF2 which is in agreement with petrographic
analysis that found the 350 °C ternary eutectic to contain Li 7U6F 31 , Li 2BeF4 , and BeF 2. The
sample reported last month containing 6.6 mole per cent UF 4 - 29.4 mole per cent BeF2 	64.0
mole per cent LiF must also be in this same valley, but, since it is very close to the edge
of the composition triangle, there is very little liquid available to follow the crystalline
path as it moves down this valley toward the ternary eutectic,

TABLE I

LIQUiDUS COMPOSITION BY FiLTRATON

SAMPLE

NO.

STARTING COMPOSITON

MOLE PER CENT

UF4 	BeF 2 	 LiF

FJLTRATION

TEMPERATURE

°C

FILTRATE

MOLE

UF4

COMPOSO -MON

PER CENT

BeF 2 	 LiF

1 5 33 62 442 4.4 32.8 62,8

2 5 33 62 438 4,2 33,1 62,7

3 5 33 62 423 3,1 35.3 61.1

4 5 33 62 429 3,5 35.3 61,2

5 7 33 60 438 3.8 35.3 60.9

6 30 15 55 588 26.2 1500 58,8

7 30 15 55 544 19.1 1708 63,1

8 20 28,5 51,5 554 16.1 28.7 55.2

9 20 28 .,5 51.5 504 1005 37.6 51.9

The line dividing the area between Li 7U8F 21 and L1U4F 17 had been investigated from two
different starting compositions Samples 6, 7, and 8 appear to be still on the L1U 4F 17 phase
area, but not sample 9. Therefore, this dividing line must pass through sample 9 and very
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close to sample 7. The shape of this line conforms with the latest quench runs which have been
made in this region

DIFFERENTIAL THERMAL ANALYSIS

As stated in the last monthly report DTA liquidus data has been very difficult both to
detect and interpret In addition, it is not known with the quantity of data thus far obtained
whether non-equilibrium conditions are yielding erroneous solidus and liquidus data With the
difficulties of non-equilibrium in DTA, single temperature quenches are being made of the same
compositions in order to bracket the liquidus and primary phases, As shown by composition 23 K
in Table II, the primary area of LiU 4F 17 extends down very close to the ternary eutectic and
indicates that the boundary of LiU 4F 17 and L1 7U8F 21 may pass just above the eutectic (350 °C)
at about 1.5 mole per cent UF 4 Additional runs of compositions nearer the ternary eutectic of
48.5 mole per cent LiF - 51,0 mole per cent BeF 2 - 0.5 mole per cent UF4 justifies the down-
ward revision of the ternary temperature to 350 °C Liquidus data from DTA and quenching show
a very steep ascent from the ternary eutectic of 350 °C DTA runs and quenches at 2 mole per
cent UF4 in the area surrounding Li 2BeF4 experience considerable quench growth which obscures
the liquidus determination, also unassigned thermal breaks are found which do not fit into
the proposed composition triangles ,

TABLE i

DIFFERENTIAL THERMAL ANALYSIS STUDIES

COMPOSITION

NUMBER

COMPOSITION

Mole Or cent

LiF 	 BeF2 	UF4

SOLIDUS

°C
OTHER

°C
LIQUJDUS

°C
PRIMARY PHASE

5K 46 46 8 350 435 580 NOT DETERMINED

11K 54 34 12 350 390,416 535 NOT DETERIWNED

19K 64 34 2 423 333343 445 Li2BeF4

22K 52 46 2 348 380 408 L11U,F31

23K 48 50 2 350 423 LiU4F1.;

24K 76 22 2 422 439 629 LiF

VISCOSITY.AND DENSITY

Six density and four viscosity runs were made on the ternary mixture of LiF BeF 2 -UF4
over the temperature range of the liquidus point to 900 °C Interpolated values at 800 °C, and
where possible at 600 °C, are given in Table III This essentially completes the work on this
ternary except for reruns required for correlation of anomalous points ,

Eleven density and eight viscosity runs were made on the ternary, NaF-BeF 2-LiF over the
temperature range of the liquidus point to 900 °C Interpolated values are given for 600 and
800 °C in Table IV, These samples were prepared and supplied by the Materials Chemistry
Division of ANP, Oak Ridge National Laboratory.
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TABLE III

DENSITY AND VISCOSITY OF LiF - BeF 2 - UF 4 TERNARY MIXTURES

MOLE

LiF
PER CENT

BeF2 UF4 Poise

600 ° C

gm/cm3
77/p

Stokes
77

Poise

800°C

p
gm/cm3

7i/lo

Stokes

62067 37033 0 0.1028 1,9520 0.0527 0,0464 1,8718 0,0248

55 43 2 2,108 2.019

80 18 2 2038

90 8 2 20051

40 56 4 2257 2.218

60 36 4 2.305 2222

80 14 6 000399 2.476 0.0161

40 52 8 0„5"„6 2,651 0,195 0.1076 2.572 0.0418

70 22 8 0 	 1/41 2 826

TABLE

0,0404

iV

0,0503 2,725 0.0185

DENSITY AND VISCOSITY OF LiF NaF - BeF 2 TERNARY MIXTURES

600 ° C 800°C

OR NO MOLE PER CENT 77 TVp
LiF NaF BeF2 Poise gm/cm 3 	Stokes Poise gm/cm 3 Stokes

711 6667 0 33 33 0,248-0 1.943 0,1276 0.0722 1.876 0,0385

717 9.7 57 33 3 0,0880 2.042 0,0431 0.0422 1.940 0,0218

721 10 45 45 2,039 1.,941

722 47 13 40 0 	 1280 1.964 0.0652 0.0491 1,879 0,0261

723 35 20 45 1.963 1881

724 42 29 29 0.1448 2,001 00724 00487 1.909 0„0255

725 33.3 33 3 33.3 1.988 1,901

735 12 38 50 0,2020 1.999 0,101/ 0.0622 1..977 00324

738 50 25 25 10964 1,883

739 61.3 8 30.7 0.0814 1,949 0.0418 0.0379 10891 00200

744 12 51 37 0,1036 2.041 0,0508 0.0435 1942 00224

746 43 23 33.3 01049 1 	 976 0 053/ 0,0461 1 861 0.0248
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X -RAY ANALYSIS

In the study of the ternary phase system LiF-UF 4-BeF 2 , 21 samples have been investigated
by X-ray analysis in order to substantiate conclusions for difficult compositions,

Also since difficulty with LiF was encountered from time to time, it was found necessary
to make.another standard Xray pattern from our best material

To reduce the time for the analysis of samples by X-ray diffraction, studies were begun
to determine the exposure time needed to give patterns of suitable intensity for analysis,
Preliminary data indicates that an exposure of fifteen minutes might be sufficient for routine
work,

A commercial high voltage filter unit was connected to the General Electric XRD-3 X•ray
unit, Performance of the filter. and tae'meritatt filtration are being evaluated.

HIGH TEMPERATURE CALORIMETER

The high temperature calorimeter has been assembled and wired. Twenty-three leads, from
the two bridges and four heaters, were brought individually through ceramic tubing to a dis-
tance of 25 feet above the calorimeter where they were terminated at four Jones connectors,
There still remains the machining of a few minor parts The conductivity cell that will go in
the sample side will not be needed until after all instrumentation has been installed, The
complete performance will be determined at room temperature This data will be useful in case
a serious breakdown occurs at elevated temperatures. The accuracy and heat distribution error
will be evaluated with a P6 21° heat source Standard heat capacities also will be measured at
room temperature.
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HOMOGENEOUS REACTOR PROJECT

PROTACTINIUM SEPARATION

A program has been undertaken to isolate and Purify a gram of
protactinium-231. This material is important since it will Provide
a relatively stable isotope to study the Physical and chemical
Properties of the 27—day Protactinium-233 which will be created in
the Th-232 —■ Pa-233 U-233 sequence in thorium breeder—blankets.

PROCESSING

The first solvent extraction cycle yielded 26 gallons of strip solution This was divided
into two portions. The first portion, 13 gallons, consisted of the first aqueous strip of the
organic extractant; the second portion, having the same volume, contained the second aqueous
strip. Seven gallons of aqueous strip were obtained from the recycle solvent extraction of 500
gallons of raffinate from the first solvent extraction cycle.

The first aqueous strip was extracted with isopropyl ether under the conditions outlined
in the last Technical Activities report (Mound Laboratory Central Files Number 56-6-33),
Approximately one per cent of the protactinium was lost in this step, but the removal of a
large portion of the iron (III) was necessary to effect further concentration

The aqueous system remaining after the ether extraction, and the other strip solutions,
were acidified in the following ratio: five volumes of aqueous solution to four volumes of
concentrated sulfuric acid to ten volumes of concentrated hydrochloric acid. A total volume
of 130 gallons of feed solution was obtained for solvent extraction with the mixture of
di-isobutyl carbinol and odorless mineral spirits. The acidified aqueous solution was extracted
with one-third its volume of organic extractant. The same criteria as used for the original
extraction was employed in this step, i.e. the protactinium concentration in the raffinate was
reduced to 0.05 parts per million before the raffinate was discarded. Therefore, the 630 gal-
lons of raffinate (3000 liters) which was discarded contained approximately 150 milligrams of
protactinium. Excessive reprocessing would have been necessary to recover the protactinium
from this raffinate.

The organic extract, consisting of about forty-three gallons, was stripped with three per
cent hydrogen peroxide. Initially, ten per cent hydrogen peroxide was used for this step, but
investigation indicated that three per cent was nearly as effective as the higher concentration
in stripping the protactinium from the organic phase. The lower concentration gave considerably
less gas evolution when the strip solution was added drop wise to one-half its volume of con-
centrated sulfuric acid. After the gas evolution has ceased, the mixture is added to concen-
trated hydrochloric acid and re-extracted into di-isobutyl carbinol - benzene solution as out-
lined in the last Technical Activities Report. Further Concentration is being effected through
organic recycle operations.

On several occasions, it has been observed that the protactinium contained in the organic
phase precipitated out on the glass storage bottles. The volume of the precipitate suggested
that the protactinium was co-precipitated with another metal, possibly titanium, The precipi-
tate was readily soluble in a mixture of sulfuric acid and ten per cent hydrogen peroxide
but not in either solvent alone,

UNCLASSIFIED 
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ION. EXCHANGE PROCESS DEVELOPMENT

The last Monthly Technical Activities report described the marked decrease in protactinium
breakthrough capacity of a Dowex-1 column resulting from pre-treatment of the feed with bromine
water. It was desired to determine how a typical reducing agent, stannous chloride, would
effect the breakthrough characteristics. However, because of the complications due to the high
iron concentration, an approximately iron-free feed was prepared This was done by passing the
original feed F-62 through a 3 by 8 centimeter column, stopping the feeding well short of the
major breakthrough point, washing the column with 9-normal hydrochloric acid, and finally pool-
ing the sorption and wash effluents, The resulting feed (SW-86) contained that portion of the
original activity which failed to be sorbed by the resin and which, judging from the evidence
presented in the last Technical Activities Report, contained significant amounts of protac-
tinium. The 27 Key activity of this feed was twice that of its 85 Key activity and nearly five
times that of its 68 Key activity.

Three breakthrough tests were made with feed SW-86. In all cases, a Dowex-1 column, one
centimeter in diameter and four centimeters long, was used with the usual pre-treatment with
9-normal hydrochloric acid. Flow rates were maintained at one-half milliliter per minute. The
effluent fractions were gamma counted at 27, 68, and 85 Key. Breakthrough curves were obtained
by plotting the ratio of successive effluent fraction concentrations to the feed concentration
against the accumulative effluent volumes.

All breakthrough curves rose quickly to constant values of the relative concentration.
These constant values associated with the flats in the curves, are reported in Table I for
each of the energy levels for all three tests. In the first test, no additive was used, In the
second test, the feed was prepared by stirring 50 milliliters of SW-86 with 5 milliliters of
bromine water at room temperature. In the third test, the feed was made 0.4 molar in stannous
chloride,

TABLE I

EFFECT OF ADDITIVES ON RELATIVE CONCENTRATIONS

OF BREAKTHROUGH FLATS

ADDCTIVE

KEV NONE Br 2 SnC12

27 0.10 0.09 0,35

68 0.56 0.57 0,68

85 0.58 0.60 0.62

The results for the control test differ markedly from those for the iron-rich feed (F-62)
reported last month. The relative concentration for the 27 Key flat is of the same order of
magnitude as before (0. 1 as compared with 0.16), Whereas in the case of the original F-62
feed, the 68. and 85 Kev flats fell only slightly above that of the 27 Key flat, they now fall
at relative concentrations nearly six times as great. This discrepancy might be attributed
to increase in the resolving power of the resin resulting from the removal of iron, The new
control run seems to indicate that more of the activity in the breakthrough effluent is
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associated with radium and thorium than with protactinium. This is not in agreement with the
spectral evidence cited last month.

Again, the bromine pre-treatment had no effect on the breakthrough characteristics of
the new feed (SW-86), whereas with the original feed (F-62), the breakthrough flat for the
300 Kev activity was increased to 0.46, Finally, Table I shows a marked increase in the 27
Key flat, resulting from the stannous chloride pre-treatment, but only a small change in the
68 and 85 Kev flats,

It was desired to determine how great a concentration of protactinium might be obtained
by sorption of protactinium from an iron free, boric acid treated, fluoride elution effluent
followed by re•elution with fluoride. The fluoride effluent available for this experiment
(E-70) was a product of an iron-removal column using as feed a solution prepared by a labora-
tory solvent extraction process. The fluoride effluent (E-70) gave approximately 2,000 counts
per minute per 3 milliliters at 300 Kev and was 9-normal in hydrochloric acid and 0.1-normal
in hydrofluoric acid .

After making this effluent 0.1 molar in boric acid, 140 milliliters were fed onto a 1 by
4 centimeter Dowex-1 column at one-half milliliter per minute. Feeding was stopped at this
point because of gas formation in the column, Without washing, the column was eluted with
9-normal hydrochloric acid plus 0.1-normal hydrofluoric acid.

As usual, the boric acid prevented breakthrough during sorption. Table II gives the rela
tive concentrations of successive elution effluent fractions and the accumulative per cent
300 Kev activity eluted The maximum concentration of the effluent was nearly twelve times
that of the feed. Ninety-eight per cent of the protactinium in the feed was contained in an
elution effluent volume equal to only 13 per cent of the feed volume

TABLE II

FLUORIDE ELUTION OF PROTACTINIUM AFTER SORPTION FROM A BORIC-ACID

TREATED, IRON FREE, FLUORIDE ELUTION EFFLUENT: ACCUMULATIVE
PER CENT 300 KEV ACTIVITY ELUTED AND RELATIVE CONCENTRATION OF

SUCCESSIVE EFFLUENT FRACTIONS VERSUS ACCUMULATIVE EFFLUENT VOLUME

ACCUMULAT]VE

PER CENT

ACCUMULATIVE 	 300 KEV 	 AC-11 VI -1Y RATIO

EFFLUENT 	 ACT:VrTY 	 EFFLUENT FRACT I ON
VOLUME 	 ELUTED 	 FEED

(ml)

2.3 0.02 0.01

4.5 0.03 0.01

7.0 0.09 0.03

9.8 8.13 3.81

12,4 29.40 10.10

15.1 54.14 11.74

97.8 76.85 10.78

20.4 89.96 6.23

23,2 95.88 2.81

25.8 98.18 1.09
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PROTACTINIUM SOURCES

A survey is being made to determine the feasibility of recovering protactinium from a
variety of sources. The sources examined thus far include the final waste residues from
Mallinckrodt Chemical Company's Uranium Division; the "Metal Oxides" from the uranium recovery
plant of National Lead Company of Ohio, at Fernald, Ohio; and residues remaining at Mound
Laboratory from the first solvent extraction cycle in the GP-Building

URANIUM WASTE RESIDUES. As reported previously (Monthly Technical Activities Report,
period ending August 15, 1955), significant amounts of protactinium are present in the waste
residues. (The waste residues consist of the aqueous raffinate from Mallinckrodt's uranium
separation operations which have been treated with burned dolomite and stored as an inhomo-
geneous brown-and-green mass of semi-solid cake.) The samples previously analyzed had been
treated with hot concentrated nitric acid, filtered, and the residue dried in an oven at 140 °C,
These dried samples were found to contain an average of about 0.05 parts per million of
protactinium,

Five samples of untreated waste residue have been received for analysis . one of these has
been analyzed for protactinium and was found to contain 0.01 parts per million of protactinium.
A preliminary study of the feasibility of recovering the protactinium from this source indi
cates that it would depend largely upon the existence of a market for the thorium which is also
present. When the waste residues are treated with nitric acid , nearly all of the thorium is
solubilized along with a considerable quantity of non-radioactive solids. The protactinium
however, remains with the residue which is insoluble in nitric acid In order to recover the
protactinium, it would be necessary to make a preliminary digestion of the residue remaining
after the nitric acid treatment with hot concentrated sulfuric acid and subsequently remove
or decompose the nitrates, Extraction of protactinium from the sulfuric acid solution would
follow the routine used successfully in our previously reported protactinium concentration
process.

METAL OXIDES, The "metal oxides" obtained from the uranium refinery at Fernald represent
a waste product obtained in a dry state during the uranium recovery process. The metal oxides
have been found, by spectrographic analysis, to consist chiefly of iron, cobalt, aluminum
calcium, magnesium and silicon compounds. No protactinium was found in this material. It is
possible that previously reported protactinium in these metal oxides was due to contamination
of the material or equipment,

GP-PROCESS RESIDUES, The GP process residues are obtained when the caustic treated pro-
duct from the first concentration step is dissolved in hydrochloric acid and extracted with
di-isobutyl carbinol. These residues, as slurries, are contained in five 13-gallon carboys,
There are approximately fifty gallons of this material. Samples were taken after each of the
slurries had been thoroughly mixed in the carboy. Three of the five samples have been ana, •

lyzed for protactinium, and have been found to contain 0.5 0.7, and 1.0 parts per million,
respectively. The differences probably reflect the degree of wetness of the various residues,
but may, to some extent, be due to the fact that the original drums from which the residues
were obtained were extremely variable in protactinium content, It is estimated that approxi-
mately 200 milligrams of protactinium remain in these residues,

The protactinium in the GP process residues is readily recoverable on addition of sul‘
furic acid. For analysis„ the slurries were treated with 0.5 milliliter of concentrated sul
furic acid per gram of slurry. No external heat was applied. When gas evolution ended, hydro-
chloric acid was added to double the volume, and the protactinium was extracted into
di-isobutyl carbinol, In all three samples, 95 per cent or more of the protactinium was

UNCLASSIFIED



Central File No, 56-7-43
	

UNCLASSIFIED 	19

recovered in a single digestion with sulfuric acid. The remaining protactinium was recovered
after a second treatment of the centrifuged residue.

UNCLASSIFIED 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19

