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XZOLUC]IOV XZOGZAM

These Prcjects 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 Pmcesses.

A thorough investigation is in progress to find a pliable glove which will resist deteri-
oration when in contact with acids containing radioactivity_ Many different manufacturer's
types of rubber and neoprene gloves were tested and were found to be unsuitable_ Up to the
present time, the best results obtained were from gloves made from Unichrome which were fabri-
cated in the T-Building Further work is in progress to increase the thickness of this type
of glove to reduce the migration of radioactivity through it

Thirteen polonium-beryllium neutron sources and three alpha sources were shipped in
April, 1956, Seven neutron sources and two of the alpha sources were for other AEC sites

Total Alpha activity discharged to the river remained about the same as for the previous
report period. Total. Beta activity discharged to the river was about 75 per cent greater than
the previous report period. Data for the Waste Disposal Operations are given in Table I,

TABLE I

HISCLAVGE ZOPUME	 518.222	GAPPORS

XOXAP APTLA ACXIZIXY	 506 MIPPICUVES

XOXAP FEXA ACXIZIXY	 45.3 MIPPNCUVIES

ACXIZIXY HERSIXY

APTLA	 3	CX/MIR/MP

FEXA	 16	CX/MIR/MP
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DEVELOPMENT PROGRAM

IOVIUM XZOREC]

The ionium project is directed towards 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.

Three "hot" runs have been processed through the ionium pilot plant since April 15, 1956.
The first two runs used feed shipped from the Mallinckrodt Chemical Works, while the third
was a reprocessing run on the aqueous raffinates from the first two runs plus the sulfate solu-
tion that was on hand. Variations were made in the flowsheet to obtain better rare earth and
common element decontamination; these experiments resulted in better products, but led to very
high ionium losses in the raffinate streams,

A comparison of feed and product for these runs is given in Table I.

TABLE I

FEED VERSUS PRODUCT

FAXCL RO0

XOXAP

XLOVIUM

(gm/l)

IORIUM

(gm//)

RIXVIC

UVARIUM	 ACIH

(gm//)	(I)	(liters)

ZOPUME

XOXAP

IORIUM

(grams)

3 JEEH 704: 20857 203:	 4015: 86047 64043

3 TVOHUCX 87029 8061 2.236	 20793 103:: :0:9

6 JEEH :052 2.784 2099	 10986 1980:8 15202

6 TVOHUCX 114044 1108: 20244	 20191 50715 88075

5 JEEH 180:5 1.51a 2.84	 1 , 987 8202 9208a

5 TVOHUCX

a0	THIS SAMPLE WAS. NOT ALPHA COUNTED AND THE VALUE	IS BASED ON THE AVERAGE OF THE Xm-434 + Xm-432/Xm-432
RATIOS	FOR	FEEDS NUMBER	1,	3 AND 4.	THE RATIO FROM FEED NUMBER	2 WAS OMITTED BECAUSE	IT WAS ABNORMALLY

HIGH	IN Xm-434 CONTENT.	THIS COULD HAVE BEEN CAUSED	BY	GETTING SOME CARNOTITE MIXED	IN WITH	THE AIR

PORT CAKE.

Two shipments of final product have been made from Mound Laboratory since April 6, 1956.
The first was on May 1 and consisted of the four gram unit which was short on the April 6 ship-
ment. The second was on May 10 and consisted of five units of two grams each and five units of
ten grams each. These units were part of the 200 gram shipment for May 18.

The analytical data on the major components of these two shipments are listed in Table I
under batch numbers 3 and 4. Batch numbers 3 and 4 had a weight composition of 5.607 x 107 3 and
9,38 x 10 3 grams of ionium per gram of solution respectively, The shipping data are listed in
Table II,
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TABLE I I

IONIUM  SH1PMENTS

BOTTLE

CODE

IONIUM

CONTENT

(gwams+

SHIPPING

DATE

T-3.15-4 4,01 MAY	1

T-4.16	2 1.99 MAY	10

T.417.2 2.00 MAY	10

T.4.18.2 2.00 MAY	10

T.4.19.2 1.99 MAY 10

T.4.20.2 2.00 MAY	10

T.4.21.10 10.02 MAY 10

T.4.22.10 10.02 MAY 10

T.4.23.10 10.00 MAY	10

T.4.24.10 10.03 MAY 10

T.4-25-10 10.00 MAY	10

TOTAL 64.06

A "material balance" of the ionium throughout the process on these three runs is given
in Table III.

TABLE III

IONIUM "MATERIAL BALANCE"

DEISCRIPTION

BATCH 3 FEED

BATCH 4 FEED

SULFATE FEED

IN

42.23

150,0

3.4

OUT

BATCH 3 PRODUCT 8,89

BATCH 4 PRODUCT 66.75

BATCH 5 FEED 90 ..6

BATCH 3 ORG.	RAFF. 0.35

BATCH 4 ORG.	RAFF. 10.46

EXTRA HOLD-UP	IN 17,58

UNITS + SAMPLES

TOTAL 195.63 195.63

¬TY2S6iiNi.e
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As in the "material balance" previously reported, no analytical data were available on extra

hold- up

The spectrographic analysis of product number 3 appears in Table IV Products 4 and 5
will be analyzed together to expedite the chemical processing .

XAFPE IZ

STECXVOGVATLIC ARAPYSIS JOV

EPEMERX	 TTM	(FASEH OR	IORIUM+

TVOHUCX 3

ACCUVACY

Pa 37 ±52%

Rh ?82 -52%

Hy 77 ±52%

Ce 142 ±52%

Gi 44 ±52%

Y 3 ±52%

Sm 66 ±52%

Tw : ±52%

As 46 URKROWR

Xa ?45 ±52%

W 72 +1227.52%

Sc ?452 -52%

Eu ?15 -52%

A method has been developed for analyzing thallium and arsenic by X"ray fluorescence
using selenium as an internal standard. Both of these elements are too volatile for satis-
factory spectrographic analysis, For product number 3, the values of arsenic and thallium
were 200 ppm ± 50% and 20 ppm + 100% - 50% respectively, based on ionium.

The 007 per cent of the alpha energies that were attributed to Th-227 and its daughters
in products 1 and 2 has not decayed as anticipated This indicates the presence of the parent,
Ac-22 .L

Work has continued on the development of techniques for the preparation of slides for
alpha pulse height analysis Slides were prepared by plating from a thorium nitrate solution
using potassium ferrocyanide as an electrolyte. This resulted in two slides for pulse-height
analysis. A third slide, to complete the assay , was prepared by pipetting the solution remain
ing from the electrolysis onto a fresh slide. The results of the pulse-height analysis for
products 3 and 4 are given in Table V.

The supernatants from the head-end concentrations contained a total of 800 mg of ionium ,

Aluminum nitrate was added in an attempt to carry the ionium down with the aluminum hydroxide
flock Fifty per cent of the ionium was carried down by this method These supernatants are
still held in the high risk corridor and preliminary waste disposal treatment will be carried
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out on these streams after the May 29 shipment One organic raffinate that was high in ionium
has been partially stripped. The aqueous stream from the strip will be concentrated for repro-
cessing. It is believed that all of the aqueous raffinate streams may be treated in the ionium
processing hoods to bring the ionium down to a level that will permit them to be sent to the
waste disposal building. The organic raffinates will be stripped, and then possibly absorbed
in vermiculite or other material, and shipped to Oak Ridge for burial

TABLE V

PULSE HEIGHT ANALYSIS

APTLAS HUE XO

TVOHUCX	 APTLA EREVGiES	 Ac-447 ARH	 APTLAS HUE

RUMFEV	 FEPOW 6053 MEZ	 HAUGLXEVS	 XO Xm 44:

3	 306%	 2 5%	 ?2.24%

	

4.1%	 2.8%	 ?2P24%
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RESEARCH PROGRAM

NUSEL SAT]S ZESEAZCP XZOREC]

The Aircraft Nuclear Propulsion Project is considering the use of

a fused-salt fuel system. Mound Laboratory has been assigned the
Problem of determining the Phase relationships and physical uwoTew-
ties of the components of some of the proposed fuel systems.

PETROGRAPHIC STUDIES

Binary compositions containing ten to thirty mole per cent of UF 4 (on the LiF-UF 4 binary
system) were studied to verify the binary diagram, and to gain further information on the
unidentified green crystalline phase previously reported. The unidentified phase was found in
all of the compositions studiedd. It was found to occur as a quench product in samples quenched
from above the liquidus temperature. The unidentified green phase was also formed in samples
that were soaked for extended periods in the temperature range between the solidus and the
liquidus, On slow-cooling to room temperature, the green phase was unchanged. However, on hold=
ing the samples just below the solidus temperature for an extended period, the unidentified
phase disappeared in all cases, An attempt is now in progress to produce a pure sample of the
phase for identification by leaching out the associated LIP.

A sample of ternary composition, 8 mole per cent UF 4 , 23 mole per cent BeF2 , 69 mole per
cent LIP, was studied by thermal gradient quenching over the temperature range 395 ° to 460 °C
The liquidus temperature was found to be approximately 430 °C, and the solidus temperature was
found to be approximately 425 °C This composition is apparently very close to a ternary
eutectic The phases identified were Li 2BeF4 , Li 7U6F31, and a third phase of questionable
identity which appeared to be LiF. Additional compositions in this same region are being pre-
pared for examination,

FILTRATION STUDIES

Additional data for the system LiF - BeF 2 UF4 is given in Table I, Samples 1 and 2
tend to confirm an earlier suggestion that the UF 4 phase area extends very close to the
LIP c BeF 2 edge of this ternary,

TABLE I

LIQUIDUS COMPOSITIONS BY FILTRATION

UF 4 - BeF 2 - LiF TERNARY

SAMTPE

RUMFEV

SXAVXIRG COMTOSIXIOR

MOPE TEV CERX

UF4	BeF2	LiF

JIPXVAXIOR

XEMTEVAXUVE

00

JIPXVAXE

MOPE

UF4

COMTOSIXIOR

TEV CERX

BeF2	LIP

1 42 62 62 6:1 301 6902 67.9

4 42 62 62 54: 609 6:02 6701

3 42 4:05 5105 622 108 680: 5108

6 42 4:.5 5105 622 107 6509 5406

5 15 45 82 639 50: 3205 8307

8 15 45 82 662 803 3208 83.1

7 15 45 82 65: 702 4905 8305
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Testing work has continued with the high temperature centrifuge mentioned in the April
report. The chief difficulty has been that some liquid goes around the filter instead of
through it, so that some solid may be included with the filtrate. Apparently the amount of
solid in the filtrate has been small, since Samples 3 and 4, representing two separate experi-
ments, have nearly identical filtrate compositions, It seems doubtful that the amount of solid
in the filtrates would be identical in each experiment, Further support for this reasoning is
given by samples 5 and 6 which are also two separate experiments that gave nearly identical
filtrate compositions.

DIFFERENTIAL THERMAL ANALYSIS

Investigation by differential thermal analysis of the binary equilibrium phase diagram
LiF BeF2 will be completed soon. Data in Table II show the melting point of LiF to be 847 °C
as against 870 °C reported by Roy, Roy, and Osborne Various handbooks give the melting point
at 870 °C. However, the value found at this laboratory agrees with the value determined by
Oak Ridge National Laboratory, A plot of the liquidus values from 72 mole per cent LiF - 28
mole per cent BeF 2 to 100 mole per cent LiF falls on a smooth curve, but some uncertainty in
the liquidus curve exists for the area between 65 mole per cent LiF.- 35 mole per cent BeF2

and 72 mole per cent LiF - 28 mole per cent BeF 2 . In this latter area, liquidus values taken
from cooling curves are nearly 50 °C above the values observed by Roy, Roy, and Osborne Some
additional work in this portion of the diagram with the help of X-ray diffraction will com-
plete this investigation ,

TABLE II

DTA

NO,

DIFFERENTIAL THERMAL ANALYSIS

LiF	BeF2	BINARY

COMPOSITION	 SOLID

MOLE PER CENT	TRANSITIONS	EUTECTIC

LIP	BeF2	 °C	 °C

LIQUIDUS

°C

LIQUIDUSa

°C

11L 100 0000 - - 847 870

12L 30 70 218 353 495 488

13L 66.6 33.3 460 455 497	? 458

14L 68.5 31.5 - 455 507 455

15L 72 28 - 455 555 560

16L 74 26 - 455 620 625

17L 90 10 - 455 797 -

18L 85 15 390 453 756 -

a.	ROY. ROY, AND OSBORNE, " FLUOR IDE MODEL SYSTEMS:	IV. THE SYSTEMS LiF - BeF 2 AND PbF 2 - BeF
2

11
"

J. AMER. CERAM. SOC. '73, 300- 305 ( 1954 )

Ten differential thermal analysis compositions have been run in the ternary system
LiF - BeF2 - UF4. Complete liquidus values will be given in the next monthly report The



Central File No. 56-5-45

eutectic of the primary phase areas of LiF, Li 2BeF4 , and Li 7 110F31 occurs at 426 ° ± 5 °C. The
location of the eutectic has not been definitely determined, but preliminary data would indi-
cate that it lies near 70 mole per cent LiF - 22 mole per cent BeF2 - 8 mole per cent UF 4 ,

In concluding a report on a previously investigated system, BeF 2 - UF4 an X-ray diffrac-
tion investigation was made to determine an unexplained transition break occurring between
the eutectic and liquidus. The transition, occurring both on heating and cooling curves, ranged
in temperature from 760 °C to 790 °C. Nearly twenty diffraction patterns were made of various
compositions held and quenched at several temperatures bracketing the area in question, Only
UF4 and BeF 2 were found to exist in the system and therefore the differential thermal analysis
break remains unassigned and unexplained.

PHYSICAL PROPERTIES

A series of 15 density and 15 viscosity runs were made on the ternary mixture of lithium
fluoride, beryllium fluoride, and uranium fluoride over the temperature range of 500 ° to 900 °C.
Interpolated values at 800 °C and where possible at 600 °C are given in Table III,

TABLE III

DENSITY AND VISCOSITY OF LiF, BeF 4 , UF 6 TERNARY MIXTURES

MOPE TEV CERX

PiJ	BeF2	UF4
7+

Poise

822 ° C
p

gm/cm3

7)/p

Stokes
;;

Poise

:22°C

P
gm/cms

;;3A

Stokes

65 55 2 204952 10915 2.1562 202819 10:63 202335

98 2 6 - - 2.2776 109:9 2.23:9

:2 18 6 - 202568 4.423 20246:

:2 16 8 - - - 202624 406:3 2.2184

72 46 8 201122 40569 202634 202691 40671 202199

82 36 8 201462 40568 2026:7 20251: 40664 202414

52 66 8 204521 40664 2.1246 2.2817 4035:, 2.2484

94 2 : - - - 2.135: 40:79 202674

:2 14 : 2.2874 40:86 202435 2024:1 40785 202124

72 44 : 2.2762 40:48 2.2484 2.2327 40748 202113

82 34 : 20134: 4.713 2 26:9 20251: 4.815 2.219:

52 64 : 204319 40744 202:54 202572 40837 202418

:: 2 14 - - - 202834 30332 2.2192

78 14 14 201585 30345 202671 2.2665 30173 202162

72 1: 14 - 30417 3.14:

82 4: 14 - 3019: - - 3.274

52 3: 14 - 30264 - 409:2 -

:2 2 42 - 604392 - 6.1645 -

72 12 42 - 60215 - 30:56 -

,E\XVATOPAXEH
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HIGH TEMPERATURE CALORIMETER

The environment for the high temperature calorimeter will be a Leeds and Northrup cali-
bration furnace (Cat #9004), It has been calibrated and is now temperature controlled by a
Foxboro Controller using a Chromel-Alumel thermocouple input The furnace has a thermal resist-
ance (R) of 1.80, 1.55, 1.39, 1.28, and 1,13 °C-watt-1 at temperatures 116 ° , 280 ° , 424 ° , 628 ° ,
and 850 °C respectively Its effective heat capacity (C} is about 9000 cal- °C-1 , and so the
time constant (RC) is about 4.8 x 10 6 seconds at 628 °C. This is sufficiently long for complete
on-off control to be practicable. For example, when controlling at 628 °C with the on-off power
set at twice the steady-state demand of (621;826)	470 watts, the power is on 50 per cent of
the time and the temperature rises and falls at a rate of PaX/RC = 602/4,8 x 10 6 = 0,0125 °C-sed-1
Since the Foxboro Controller has a ten-second period, the temperature could conceivably be
maintained to ± 0.13 °C if the sensitivity were higher. With a Chromel-Alumel thermocouple, a
change of temperature of about 0.5 °C is required to actuate the on-off switch Since the
Foxboro was factory calibrated for this thermocouple, and the calibration appears good to with-
in 1 °C, the sensitivity will not be increased at this time The calibration was checked with a
platinum resistance thermometer to 435 °C and with the standard millivolt calibration chart of
Chromel-Alumel to 850 °C.

The first control junction and leads were secured to the inner wall of the furnace with
Sauereisen No. 63 paste The Alumel wire became extremely brittle at all points in contact
with the cement

X-RAY DIFFRACTION STUDIES

Twenty-five X-ray diffraction samples were processed during the past month.

A sample of composition LiBe 2F5 , initially of glassy composition, was soaked five days at
172 °C The X-ray diffraction pattern consisted of a series of somewhat diffuse lines and another
series of sharp lines It was possible to index the sharp lines as a face-centered tetragonal
lattice The diffuse lines belong to a lattice of lower symmetry as yet undetermined

It is certain that LiBe 2F5 is not a compound, but is a eutectiod Definite identification
of the phases has not yet been made. The eutectiod point lies between 218 °C and 225 °C,

A small fragment of Li 4UF5 (about 0,2 x 0,2 x 0,3 mm.) was found in a thermal gradient
quench prepared by N. E Rogers. This was indicated by Laue photographs to be a single crystal.

Precession photographs showed the crystal to be orthorhombic, space group Pnma (or the isomor-
phous diffraction group Pna). Unit cell dimensions are: a = 5,98 ± 0.02 X, b = 9.91 ± 0.03 X,
c = 10.00 ± 0,02 A. Assuming a reasonable density (about 4,5) the unit cell would contain four
formula units. An accurate density determination has not yet been made. This data would verify
the chemical formula, which has not been rigidly determined,

A number of diffraction samples were run for B. Rhinehammer in an attempt to detect a
UF4 - BeF 2 compound which may be indicated by the differential thermal analysis work. No com-
pound was found. If such a compound exists, it obviously does not exist metastably, and could
only be detected by a suitable high-temperature X-ray spectrometer or camera.
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XZO]AC]IVIUM SEXAZA]IOV XZOREC]

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 4 U-233 sequence in thorium-breeder blankets.

TVOCESSIRG

A total of 130 gallons of the slurry produced in the first step of the protactinium con-
centration process has been processed through the solvent extraction cycle operation being
carried on in 1-B of the GP-Building Approximately 20 gallons (76 liters) of aqueous strip
has been obtained from this operation The protactinium concentration in this aqueous strip
is about 10 milligrams per liter.

The raffinate from the solvent extraction operation is presently being stored Examina-
tion of the clear aqueous phase after settling has indicated that a second extraction of it
may yield an appreciable amount of protactinium If this action is necessary, it can be easily
carried out without the use of additional materials The insoluble material in the raffinate
has been separated from the aqueous phase and treated with concentrated sulfuric acid. This
treatment has put additional protactinium into a solution which can be extracted with
di"isobutyl carbinol. This extraction operation is more readily accomplished than the extrac-
tion in which hydrochloric acid is used to dissolve the slurry Practically no interphase
emulsion appears

Several batches (drums) of the slurry produced by the initial concentration operation
contained titanium which had been added as a carrier for the protactinium. It was necessary
to treat the slurry with up to twenty per cent of its volume of concentrated sulfuric acid
before adding the concentrated hydrochloric acid to complete the solution of the slurry for
the preparation of the feed solution for solvent extraction If the pre treatment with sul-
furic acid was omitted the amount of the protactinium extracted by the di" isobutyl carbinol
system was between fifty and seventy per cent in all cases

TVOCESS HEZEPOTMERX

The aqueous strip solution from the first solvent extraction of protactinium is being
accumulated , and work is being directed towards the development of the next step in the
process .

In last month's report preliminary experiments exploring the possibility of direct sol-
vent extraction recycling were described. Negative results were reported in contrast to the
success achieved with two precipitation methods which separated the protactinium nearly quan-
titatively from iron

Further work on the solvent extraction recycle procedure however , has resulted in the
development of conditions under which more than 90 per cent of the protactinium can be
extracted, effecting a further volume concentration without previous separation from iron It
is presumed that the iron separation may be carried out in the next stage of the process
either by anion exchange, or by one of the two precipitation methods previously described .

URCPASSIJIEH
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It was found , as expected, that conditions which were effective for the extraction of
protactinium from one batch of aqueous strip solution did not give consistent results with
other batches. Accordingly, it was decided to combine several batches in order to reduce the
amount of development work required

Composite Strip I consists of about six and one-half gallons of clear solution obtained
by mixing seven individual batches of aqueous strip solution The solution contains approxi
mately seven milligrams of protactinium per liter, Development of extraction conditions was
carried out on four-milliliter samples of Composite Strip I to which were added varying quan-
tities of concentrated (98%) sulfuric acid and concentrated (36%) hydrochloric acid There was
no heat applied other than the heat of dilution of the sulfuric acid

The data reported in Table I show the effect of variation in sulfuric and hydrochloric
acid additions The aqueous mixture was contacted for five minutes, immediately after addition
of the reagents, with a mixture consisting of one part of di-isobutyl carbinol and one part of
Amsco naphtha. The volume of the organic phase was in all cases, the same as the volume of
Composite Strip I, that is four milliliters,

TABLE I

EFFECT OF VARIATION OF SULFURIC ACID AND HYDROCHLORIC

ACID ADDITIONS ON THE EXTRACTION OF PROTACTINIUM

VEAGERXS

747.	L2 SO6

AHHEH

mq LC1

TVOXACXGRWM VECOZEVEH

Tq ORE E\XVACXOOR

(%+

1 6 8: 7

4 6 7709

3 6 7202a

4 8 :702

4 : 9301

4 12 9309

a0	VIGOROUS EVOLUTJON OF HYDROGEN CHLORIDE OCCURRED WHEN THE SULFURIC ACID WAS ADDED

THE ORGANIC PHASE SPLIT NTO TWO LAYERS THE UPPER 4 AMSCO ° LAYER BE NG ALMOST

COLORLESS AND CONTANING LESS THAN ONE PER CENT OF THE Ta.

The percentages recovered were determined by making a second extraction with the same
quantity of organic solution, and counting the aqueous phase before and after the second extrac-
tion Under all conditions tested, the second extraction recovered a higher percentage of prot-
actinium from the depleted aqueous phase than had the first extraction

The separation of the organic phase into two layers under conditions of high sulfuric acid
concentration indicated the need for an investigation of the role of the diluent used in the
extraction Although the di-isobutyl carbinol has a low density (0.82) and will separate from
the aqueous phase on centrifugation, its viscosity is so high that spontaneous phase separation
is slow Table II shows the effect of variation in the kind and amount of diluent used,

UNCLASSIFIED
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TABLE II

COMPARISON OF AMSCO NAPHTHA AND BENZENE AS DILUENT

FOR DI ISOBUTYL CARBINOL (DIBC) EXTRACTION OF PROTACTINIUM

RAXUVE OJ Ta	IR QUAPIXY OJ TLASE

H4 SO6 HC1 DISC HIPUERX HIPUERX JIVSX E\XR SETAVAXIOR

mq mq mq mq %

4 : 2.5 205 AMSCO 51.7 GOOH

4 8 4.2 1.2 AMSCO :: 2 GOOH

4 : 402 205 AMSCO :7.5 MAVGIRAPa

4 : 402 102 FER_ERE 9102 GOOH

4 : 4.2 205 FER_ERE 91	2 SAXISJACXOVY

3 6 4.2 1.2 AMSCO 88.8 SAXISJACXOVY

a. ORGANIC PHASE TURB D

Because of time limitations and because the benzene diluent appears to be satisfactory
for the purpose at hand, no other diluents were tested, The effect of external heating was
tested by making an aqueous mixture consisting of 4,0 milliliters of Composite Strip I 2.0
milliliters of concentrated sulfuric acid, and 8.0 milliliters of concentrated hydrochloric
acid The mixture was heated for five minutes at 100 °C, during which time there was vigorous
evolution of hydrogen chloride Gas evolution ended before the end of the heating period
While the mixture was still hot, a one-to-one mixture of DIBC and Amsco was added and the
phases were mixed vigorously for five minutes. The organic phase contained 91_7 per cent of
the protactinium, a figure which is comparable to the 93.1 per cent value obtained without
external heat,

The use of hydrogen peroxide as a complexing agent for titanium, mentioned briefly in
last month's report, has not yet been tested extensively, On the basis of qualitative observa-
tions on the colors of the aqueous and organic phases, however, it is possible that this
reagent may have some value in the solvent extraction purification of protactinium

ION EXCHANGE PROCESS DEVELOPMENT

Experiments have continued on the purification by ion exchange of protactinium in the
aqueous strip solution from the solvent extraction operation ,

REMOVAL OF FLUORIDE FROM HYDROCHLORIC ACID - HYDROFLUORIC ACID EFFLUENT. The last tech-
nical activities report described how boric acid or aluminum chloride, when added to the acid
effluent containing protactinium, served to neutralize the fluoride and render the protactinium
sorbable by a fresh Dowex-1 column. However, final elution of the column with 1-normal HC1
only slowly removed the protactinium. Accordingly, effort has been concentrated on increasing
this elution rate, The feed used in these experiments was prepared in the manner described in
the previous report (c ,f run 59). As before, a Dowex-1 column, 1-centimeter in diameter and
4-centimeters long, was used for the fluoride removal experiments with flow rates maintained at
one-half milliliter per minute Since nearly identical elution curves were obtained with the
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boric acid and aluminum chloride treated feeds, expansion of the study of the elution charac-
teristics has employed only the boric acid treated feed As before, the feed was made one-
tenth normal in boric acid

The effect of increasing the concentration of the hydrochloric acid elutriant was studied
in one series of experiments Each of the runs employed 25 milliliters of the boric acid
treated feed, followed by 40 milliliters of 9-normal hydrochloric acid wash. Table III gives
the accumulated per cent of the protactinium eluted at different elution stages for three
values of the acid concentration of the elutriant, A marked improvement in elution rate was
observed when the hydrochloric acid concentration of the elutriant was increased from 1-normal
to 2-normal However, an increase to 3-normal failed to give further improvement

TABLE III

EFFECT OF CONCENTRATION OF HYDROCHLORIC ACID ELUTRIANT ON RATE OF

ELUTION OF PROTACTINIUM AFTER SORPTION FROM BORIC ACID TREATED

FLUORIDE EFFLUENT: ACCUMULATIVE PER CENT PROTACTINIUM ELUTED FOR

VARIOUS EFFLUENT VOLUMES

NORMALITY OF HC1

ACCUMULATED ELUTION EFFLUENT VOLUME

(2i)

10	 20	 30

ACCUMULATED PROTACTINIUM ELUTED

(%)

1 10 32 37

2 30 40 46

3 28 41 47

In a second series of experiments, the influence of the quantity of feed on elution rate
was studied. Table IV gives the results of four runs, employing 15, 25, 40, and 100 milliliters
of the boric acid treated feed respectively In each case, the column was washed with 40 milli-
liters of 9-normal hydrochloric acid before eluting with 2-normal hydrochloric acid. No break-
through occurred during sorption and washing, even with the run employing 100 milliliters of
feed thus indicating that the breakthrough capacity has been greatly increased by the removal
of the iron in the earlier ion exchange process Table IV shows that the elution rate steadily
increased as the quantity of feed was increased from 15 milliliters, through 25 milliliters, to
40 milliliters, However, when the feed was further increased to 100 milliliters, the elution
rate decreased, approximating the value obtained with the 25-milliliter run The data suggest
a maximum elution rate, lying between 40 milliliters of feed and 100 milliliters of feed,
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TABLE IV

EFFECT OF QUANTITY OF BORIC ACID TREATED FEED ON RATE OF ELUTION

OF PROTACTINIUM WITH 2-NORMAL HYDROCHLORIC ACID: ACCUMULATIVE

PER CENT PROTACTINIUM ELUTED FOR VARIOUS EFFLUENT VOLUMES

VOLUME OF FEED

(in 1)

15

25

40

100

ACCUMULATIVE ELUTION EFFLUENT VOLUME

(97L )

10	 20	 30	 40

ACCUMULATED PROTACTINIUM ELUTED

(%)

22	 28	 32	 36

30	 40	 46	 48

44	 52	 56	 59

29	 38	 42	 45

The effect of substituting 3-normal sulfuric acid for 3-normal hydrochloric acid as elu-
triant is shown in Table V. The hydrochloric acid gave superior initial elution rates; however,
the integral elution curves crossed at about 35 milliliter of effluent,

TABLE V

ELUTION OF PROTACTINIUM WITH 3N HYDROCHLORIC ACID AND 3N SULFURIC

ACID AFTER SORPTION FROM BORIC ACID TREATED FLUORIDE EFFLUENT:

ACCUMULATED PER CENT PROTACTINIUM ELUTED FOR VARIOUS EFFLUENT

VOLUMES

ELUTRIANT USED

3N HC1

3N H 2SO4

ACCUMULATIVE ELUTION EFFLUENT VOLUME

(ml )

10	 20	 30	 40

ACCUMULATED PROTACTINIUM ELUTED

(%)

28	 41	 47	 51*

11	 31	 45	 54

*OBTAINED BY,EXTRAPOLATION
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THERMAL DIFFUSION PROJECT

The Mound Laboratory Thermal Diffusion Project is directed toward the
evaluation of the performance of thermal separation columns under a

variety of conditions and the study of the mechanics of gases.,

Batch operation with the one-inch ID by 12 feet long column was continued with the center
wire diameter as one of the variables The equilibrium time and optimum pressure were determined
for a 0.0628 inch diameter molybdenum center wire with a 50 atomic per cent mixture of hydrogen
and deuterium. With the center wire at 900 °C and with an initial pressure of one atmosphere, the
column exhibits a stable separation factor of approximately 9,000 after four hours of operation

It was found to be quite difficult to align the 0.0628 inch wire accurately along the
cylindrical axis of -,the column. When the wire was heated the central portion tended to move to
one side, occasionally contacting the column itself, thereby shorting out the D.0 generator
This difficulty is thought to result from the interaction of the electric current in the wire
with the earth's magnetic field; a direct current of greater than 50 amperes through the wire
is required to raise the wire to 900 °C. The difficulties experienced from this source were over
come satisfactorily by the insertion of quartz aligning fingers through two of the ports in the
central region of the column, These fingers greatly restricted the movement of the wire inside
the column

It was also found necessary to bring this large wire up to temperature gradually by means
of an independent D,C voltage power supply The room temperature resistance of the center wire
is sufficiently small to permit an initial surge current in excess of 200 amperes at the lowest
voltage available on the regulated generator supply.

The large amount of power that is dissipated in the column appears as a rise in tempera-
ture of the cooling water. The rate of flow of cooling water through the one-inch column was
measured and was found to be about 1.7 gallons per minute, In general, the temperature rise of
the water is between 5 ° and 10 °C, A thermocouple was inserted through one of the ports in order
to measure the actual cold wall temperature of the column during operation, This thermocouple
indicated that the cold wall temperature is only 2 ° to 4 °C hotter than the effluent cooling
water temperature,

Gas turbulence measurements were made on the one-inch column for hydrogen, neon, and
argon To do this, the wire temperature was observed closely by means of resistance measure-
ments as the gas pressure of the column was slowly increased stepwise, The onset of turbulence
was indicated by a drop in wire temperature, the turbulence apparently introduces an appreci
able additional convection heat loss into the system, causing a decrease in the wire tempera-
ture, The absolute pressure was varied from 200 mm to 1,200 mm of mercury for each of the
three gases. There was no turbulence observed for hydrogen for three wire temperatures, 300 ° ,
670 ° and 900 °C, or for neon for a wire temperature of 450 °C. Argon, however, showed an onset
of turbulence at a pressure of 450 mm of mercury for a wire temperature of 625 °C, The wire
temperature had dropped to 500 °C at a pressure of 1,200 mm.

Batch operations with the 50 molecular per cent mixture of hydrogen and helium were com-
pleted for the 1.25 inch column. With a 0.016 inch diameter molybdenum center wire temperature
of 310 °C, the optimum initial pressure was found to be approximately 0,88 atmosphere. At this
pressure the column exhibits a stable separation factor of approximately 200 after five hours
of operation
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Work was started with this column on the evaluation of the separation process for 50
atomic per cent mixtures of hydrogen and deuterium, For a 0.016 inch diameter molybdenum
center wire temperature of 900 °C, the column exhibits an equilibrium separation time of approx-
imately 2% hours. The optimum initial pressure has not been determined precisely, as yet, but
preliminary data indicate that this pressure is in the range of from 0.6 to 0.8 atmosphere In
this pressure region the column exhibits an equilibrium H-D separation factor of approximately
500,

The rates of hydrogen and deuterium uptake by the 1,5 kg of uranium in one of the chemical
pumps are being determined. With the pump approximately 90 per cent UH 3 and 10 per cent unre-
acted, the uptake rate for hydrogen averaged 1,2 liters per minute for the first five minutes
This pump was then completely exhausted, and the uptake rate for hydrogen was found to average
4.8 liters per minute for the first five minutes.

The uptake rate for deuterium in this pump, completely exhausted, was essentially the same
as that for hydrogen in the similar case.

A total of 21 hydrogen-helium gas samples and 149 hydrogen-deuterium gas samples were
analyzed on the mass spectrometer this month,. This work was done in conjunction with the above
experimentatiom
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