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'PRODUCTION PROGRAM

‘These projects are concemed 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.

‘Eight polonjum-beryllium neutron sources, two alpha-sources and eleven plutonium-beryllium neutron
sources- were shipped in June. Five polonium-beryllium nentron sources, one alpha source, and. five
-plutonium-beryllium neutron sources were for other AEC: sites.

‘Twenty-nine tanks of influent water were processed during this period. Nine of the tanks required no
pretreatment. Eighteen of the tanks required one treatment of amorphous carbon and caleium chloride. One
tank was treated twice before its final-filter count was-low enough to be passed through the system. Work
continues on the treatment of sludge with caustic to prevent gas formation in the drums which are:transpotted
to Osk Ridge for burial. ' B

‘Data-for the Waste Disposal Operations are given in TableI.

‘TABLE |
Discharge Volume ' 747,600 goilons
Total Alpha Activity _ 4.8 millicuries
Total Beta Activity 22.9 millicuries
Activity Density
-Alphe ' . 1.9 cts/min/ml
‘Bata 9.0 cts/min/ml
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NUCLEAR RESEARCH AND DEVELOPMENT

"GENERAL WEAPONS DEVELOPMENT

Process development work is being conducted in connection with the fabrication

and chemical processes for plastics, high explosives, gases, metals, alloys, and

other material for weapons components and the fabrication and recovery

-assoctated therewith.

Plastics Project

The asbestos-filled diallyl phthalate plast.i& used in molding operations at
Mound Laboratory must meet specifications more rigid than are common in

industry. Development work has beén directed at the determination of the
effects of process variables and toward ackievement of better control of

these variables in order that plastic which meets specifications may be
consistently produced. In addition, efforts will be made to_find plastics

and fillers which would provide improved properties.

Plastics Formulation - 8ix full-size runs were made in the sigma-blade mixer. These- formulations are

-gummarized in Table .

TABLE'|

Diallyl Phthclate Formulations-Bapon Plus Filler 25 Pounds

Run S . Parts Per 100 Parts Dapon 35
‘Ne. Filler . Soivent Monomer Caiclyst Pigment Stearate
‘a/b. c/d e /9 h/i
_ 40 275 4 . 2.5 1.5
B46 80 - 0.5
: 40 200 2.5 1.5
B47 60 35 5 3 0.5
- 40 . 200 2.5 -
B43 60 35 5 3 0.5 2.0
‘B49 a0l 200 5 5 ‘2.5 -
' &0 35 0.5 2.0
‘B ' - 100 - 2.5 2.0
50 100 - 5 3 : :
‘BS] 40 200 5 5 2.5 2.0
60 35 5.0 :
a. Cellulo 200 {azbestos) d. Benzens
b. Hydrite-PD-121 {kaolinite) -a. Tert-butyl perbenzoate

¢. Ace'tone f. Scarlét 25AD IR 6440

UNCLASBIFIED

Weight Residual
of Change Volatiles

Minus 4
Solvent

b

26.3 12,3
26.6 11.0
26.6 10.5
26.6 14.6
26.5 6.0
26.6 12.6

g Rutile T10,
h.’ Zinc Stetate
i Caleiym Sterate
i. . Cellulo 100

-_‘Peuk
Power

Kw

1.59

1.50

1.15
1.75

1.60



Central File No. 57-7-39 - UNCLASSIFIED | 6

Runs B46, B47, and B48 were made in one wesk, but the maintenance requirements of the sigma-blade
mixer make it doubtful if more than five nms can be made per {two- week period on a continuing basis.

-In both runs B47 and 1348,-'35 :‘«iarl:s- of henzene was added at about the midpoint of selvent removal.
Mixing was guite good throughout both runs.

-Rutt B49 was identical to run B48 excevnt that Cellulo-100 was used in place of Cellulo-200. Mixing was
hot a8 good with the longer-fiber Cellulo-100 even though the total mixing time was 33 houts. There are
-definite processing advantages to using the shorter-fiber Cellulo-200.

Run B50 was made without asbestos, using 100 paris of kaolinite a5 the mineral filler., Excellent mixing
wag experienced-throughout this run. The power input increased rapidly near the end of the run, the major
rise taking place in less than an hour. Although the residual volatile contemt of the product was only six per

cent, the product was quite soft. It had a greater tendency to cold-flow than did formulations containing
Cellulo having twice this residual velatile content.

In run B51, prewetting of the dry ingredients was-fried. A dilute solution of prepolymer (10 per cent of
the varnish diluted with 70 parts of acetone) was filtered onto the kaolinite and asbestos in the sigma-
blade mixer. This was mixed for one-half hour before the remaining varnish was added through the filter.
The stearate, pigment, and TiO, were then added as a slurry in acetone and the batch was processed in
the usual manner. It is felt that there was some slight improvement in the mixing in this run, and a further
study of the effect of pre-wetting will be made.

Formulations B45, B46, B47, B48, B49, and three lots of B50 have been milled on the differential rolls.

Pive lots of B45 were milled to final net input powers slightly over the minimum net input powers
which were obtained during each run. The net input powers at cut-off were 1.68, 1.30, 1,20, and 1,21 KW.
‘8ix lots of-B46 were milled in the same manner, and the net power at cut-off varied between 1.34 and 1.49
KW. '

‘It is believed that some polymerization occurred in the sigma-blade mixer during the solvent removal
steps, probably during periods when the mixer was stopped. Under these conditions the temperature in the
‘center of the mass could rise well above the surface temperatire, probebly sufficiently high to give n
reasonably rapid rate of polymerization. The wide variation of net input powers obtained-in milling B45
‘could be explained by the fact that different mill lots contained varying proportions of material from the
center of the mass.

'-'care was- taken to avoid stopping the sigma-blade mixer for more than a few minutes during runs B47
and: B48. All twelve of these mill lots were milled to approximately 1.1 KW final net input power and
millin'g times were considerably longer than for B45 and B46. Apparently very- little polymerization took
pla.ce during solvent removal in runs B47 and B43.

349 was fermulated wlth Cellulo-100 in pla.ce of Cellulo—zoo ‘It did not handle on the mill rolls as
well as did B4'7 and B48 and mill times were shorter.-Some evidence of partially wetted- asbestos could
be seen in the milled sheets.- F'onnulat.mns using: Cellulo-200 have definite processing advantages over
formulations using Cellulo-100, and also give a more uniform product.

B50 was formulated with Hydrite-PD-121 a8 the on]y mineral fillet. It was very plastic and milled
without the slightest difficulty. It transferred a.lm_ost- immediately to the hot roll. Tl:_le ease with which

UNCLASSIFIED
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Bso.pzﬁcessed- through all stages indicates definitely that our processing difficulties are caused -
-primarily by the asbestos and are increased by the long-fiber content of the Cellulo-200.

“Work has continued on the effect of residual solvent and the problem of 145 removal.

The loss in weight of several DAP resins when dried under several conditions are given in Table II,
‘while the effectiveness of several eombinations of time and temperature when an- air circulating oven is
used as shown in Table III.

TABLE 1l

‘Volatile Content of DAP Reésins

Semple Weight Loss on:Drying, Per Cent
No. o
: Cw lati
he A8 hfg@uum enéS hr at - . 96 hr at - 24 G crudt o v?l;f
25%- '7816’ 25°C  70°C 25°C 7°C 25°C 70°C 25°C

.B44-6 - 1.93 390 - - - - - -
‘B45-1 .64 3.81 - . 2.09 4.10 - - 1.59 2.60
'B48-1/6C 0.31 1.90 0.33 2.03 - - 0.41 - - -
Mesa . 036 0.76 - - -

‘B-1143

‘Mesa - - 0.05. 0.58 .- - - - .
-B-1433 .

Mesa - 044 098 - - - - - -
‘B-1543 .

TABLE Il
Effect of Drying DAP Resins in Air Circulating Oven
Sample Condmon of rying’ Flow Time Weight of ‘Residual Voluﬂ]es
No: Time emp at 5 Tons Test Cup Yacuum Oven for 4@ hr
: hr Sec g9 at 25°C at

B4BVEC . 72 %5 6.8 39.04 0.28 1.54
‘B47:1/6CDY 72 38 9.99 39.58 0.25 1.26
‘B47-1/6CD2 32 45 10.73 39.80 0.017 0.81
‘B47-1/6CD4 2 55 11.15 © 3970 © 0.015 0.85
'B47-1/6CD3 23 60 13.78 139.66 - 0.06 0.37
*B47-1/6CR® - 9.15 39.58 - -

_a. Dried 72 hours on laboratory bench top; all other B47 samples were aliquots of B47-1/6CR

UNCLASSIFIED
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It is belleved that some poalymerization took place during 23 hours heating at 809, but that Uttle if any
polymerization took place during 21 hours at 55°%C. Bince a drying cycle of less:-than 24 hours is definitely
desirable for production, it is probable that a temperature above 459 but below 60% can be uged. This
work will be continued with large quantities of DAP molding powdet.

‘It appears after drylng has proceeded for a few hours that the solvent concentration at the surface is
reduced to a low value, s0 that the drying rate- becomes limited- by the rate of diffusion of the solvent
from the interior to the surface of the particle. Thus small particle size is desirable.

The rate of polymerization is probably rather slow even at 66°C but may be sufficiently high to-produce
a thermal gradient between the center and the surface of the larger particles. B47-1/6CD3 was & 200 gram

‘sample, and hence, any nonuniformity in the sampling of this material would probably be in a nonuniform

distributicn of particle size. Four flow time measwrements were made of B47-1/6CD3; these gave 13.15,

'14.39, 13.12, and 14.49 seconds. If it is agssumed that the ldrger parti¢les polymerized more than the smaller

particles-and that two 14.4 second samples had a greater percentage of larger particles than the 131 samples,

‘the flow time data can be explained. The 13.1 second cups weighed 38,40 grams while the 14.4 second cups

weighed 39.88 and 39.89 grams. This weight difference can be explained if it is assumed that the internal
temperature of the larger particles was significantly higher than that of the smaller particles.

It would therefore appear to be important that our product contain no large particles, and it is probably
desirable to minimize the number of particles larger than'say 16 or perheps 20 mesh. Since it is also
desirable for our produet to contain no very fine material, a special grinding technique should be developed.
Some of the data obtained to date on the use of various grinder screen sizes or combination of screen sizes

-are given in Table 1V.

It will be seen that stiff material gives 2 higher percentage of fines than does seft material. Fortunately

' it is probable that material milled to net input powers between 1.10'and 1,20 KW will have proper flow for

production molding. Also, double grinding or the use of finer sereens tend {6 give a smaller average _
particle size In the ~10 '+ 16 mesh range, so the benefit is actually greater than that indicated in Table IV.

It has been shown that relatively small amounts of residual solvent have a definite effect on the cup
flow test flow time, and that the weight of the test-cut is an indication of the relative solvent content of
the material. Unfortunately, it is not possible to accurately remove. exactly the same amount of material

~from the test flow cups when the flash is removed; hence, cut weights cannot be used as a quantitative

measure of the residual solvent content.

Table V shows the variation in flow test cup welght with particle size for three materials, and the
variation of cup weight with time for two.

The data for B42-1/58 are particularly interesting. The <16 }20 mesh fraction gave cups of 1¢war

-weight than did the »16 mesh fraction, while the weights of the <20°>40 fraction cups were essentlally

the same as those from-the >16 fraction before the fractions were dried. After drying, the cup weights
increased in the expécted order. The anomaly was hence due to 'fesid’ual solvent in the material.

It now seems definite that part of the variation of flow time with particle size is due to variation
in residual selvent content.

The solvent effect is 'greateét- with materials milled to low input powers since they contain a larger
amount of residual solvent.

UNCLASSIFIED
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TABLE IV
Effect of Grinding Technique on Particle Size Distribution

_ Mesh Size, in.
-First Grinding 1/8 1/8 '3/32 3/32 3/32 1/16 1/16
Second Grinding9. - 1/16 1/16 - - - -

Sample Number - 342~1/§S 842 1/;5 B46-1/§S B47-'|/é ‘B48- 1/9 BSU-'Id "B50-2
Mesh Range Wi. % Wt. % Wt. % Wt. %

<10 >100 ‘5'5.32f 92.80 92.12 . -95.60 95.41 92.25 86.47
<100 4.68 7.20 7.82 4.40 4.59 7.75 13.53
R ST P FSRIEEE PRI B et 000 ............ son
<10:> 16 41.35 768 5.97 - 1.90 3.07
<16 > 20 18.15 31.45 31.09 . . 27.15 .
<20 > 40 1872 36.03 37.67 - - 39.62
<40-> 60 7.49 11.45 10.05 - - 12.79
<60 > 80 2.63 4,00 5.04 - - 7.67 -
<80 >100 1.50 2.19 2.30 - - 312 .
_ <100>200 2.34 3.47 3.85 2.65 2.65 4.92 7.12
- <200>325 1.7 1.80 1.61 0.72 0.77 2.12 3.85
. <325 1.17 1.93 2.47 1.00 1.10 0.71 2.56
a B42-1/5 milled to 2.05 KW nst input power d B50-1 milled to 1.02 KW net input power
‘b B46-1/6 milled to 1.40 KW net input power e B50-2 milled to 2.20 KW net input power

¢ B47-1/6 and B48-1/6 milled to 1.10 KW net input powsr f Contains 0.72% of >8 and 4.76% of <8 >10 mesh
g Material greater than 20 mesh reground.

TABLE V
Variation In Weight of Flow Test Cups with Particle Size and with Age

Weight of Flow Test Cups..in Grums

-Mesh Range B35-2/55 ‘B41-1/68 ‘B47-1/65 B42-1/5% B42-1/55 -. 'B42-1/55
_at 864 hr at' 73 hr at 840 hr at 120 hr at 696 hr at 1152 hr9
>16 38.50 39.2 . 39.53 .39.85 39.86
< 16> 20 38.67 39.46 39.89 -39.45 39.81 39.91
< 20> 40 - 38.80 - 39.53 40.02 39.54 .39.88 39.97
< 40> 60 39.4 39.77 40.04 29.87 40.00 40.04
< 60> 80 "39.5 39.9 40.16 40.053 40.09 40.07
< 80>100 39.7 40.0 - . 40.10 40.1
<100>120 39.8 - - - - .
100> 140 - - - - 40:15 40,17
<120>140 39.9 402 . . ; .
<140>200 - - . 40.20 40.19 -
<200>325 - - . . 40.23 40.24
<200 401 40.3 40.47 . . .
<325 - - .- 40.24 40.28

@ Alr dried on laboratory bench for 18 doys at room temperature

UNCLASSIFIED
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Probably of more impoitance 18 the faet that higher residual solvent content results in flow test-eups
of lighter welght. The design of the mold is such that the volume of plastic in the mold is constant if the
mold closes completely. Thus, differences In weights of flow test cups indicate difference in the density
of the cured plastic. With the same material, a lower density-is possible only if the molded plece is
porous. Residual selvent must-therefore give porous moldings, with the poresity increasing as the selvent
content is increased. '

-Previous work showed- that samples milled to the same net power input gave products having flow times

-which did not diverge greatly from the average. There were varlations, however, which were difficuit to

explaln. It now appears probable that many of these variations were due {o variations in the residual solvent
content. Table VI lists the flow times and cup weights for 12 mill lots (six from each of two sigma-blade
mixer runs) all milled to essentially the same net input power. it can be seen that, in general, lower flows
are assoelated with lower cup weights.

"TABLE VI

-Comparison of F_loﬁr Times with Flow Test Cup Weights for
‘Samples Milled-to the same Net Input Power

'B48 AND B47 AT 74 HR AFTER' GRINDING

Net Input Flow Times Flow Cup Net input  Flow Time ~  Flow Cup
Samp-Le Power at 5 tons Weight SumpLe Power -at 5 tons Weight
No. KW Sec g Ne. Kw Sec - g
‘B47-1C 1.10 -8.14 39.30 B48-5 - 1.09 6.49 38.98
‘B47-2C 1.10 8.30 139.37 'B48-2 1.09 6.54 39.00
‘B47-4C 1.10 8.45 39.37 B48-4 1.09 6.68 38.99
B47-6C 1.09 8.63 '39.37 .B48-1 1.09 6.84 :39.01
‘B47-3C 1.10 8.83 39.43 -B48-4 " 1.10 6.85 :39.00
347'-_5(: 1.13- 900 39.42 B48-3 1.09 6.99 .39.02
B47-1/6C 110 9.15 39.58 B48-1/6C 1.10 5.68 39.04
B47-1765I° 110 11.80¢ 39.85 -B48-1/881°  1.10 11.23 .39.55
-B47-17651F 1.0 12.989 40.00 -B48-17/68il 1.10 10.90 139.70
‘B47-1/65111 1.0+ 13.08¢ . 40.28 B48-1/681! 1.0 11.85 140.03
a B47 dried in air civeulating oven at toom temperature
b B48 dried on lehoratory hench at reom temperature
‘¢ Mesh range of fractions: C, <10°>100; -51, <100 >200; -511,:<200 >325;. -5111,.<325.
d Flow times and weights after 246 hows, samples ieff spread on trays on laboratery bench.

The flow data for the *S* fractions indicate that the _stabilized- flow times of B48 are not radically
different- than the stabilized- flow times of B47. The large difference in flow time between the B47C and
B48C mill lots are therefore due to the higher residual solvent content of the B48 materials.

-The hardness of a DAP molding is a function of the degree of cure and of the porosity of the molding.
For & glven material the hardness-increases rapidly-_with mold closure time, but it socon becomes

UNCLASSIFIED
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essentially constant a3 the mold closure time is increased. The use of hardness as a method of
determining cure therefore does not eppear to be promising. Additional data on the variation of hardness
-with mold closure time are given in Table VII, which also gives a rough comparisen of the Rockwell M
scale and the Rockwell H scale when used for our materials.

-TABLE Vi

‘VARIATION OF HARDNESS WITH MOLD CLOSURE TIME:
"COMPARISON OF ROCKWELL M AND H SCALES

Material, B45-3/4

-Mold Closure Flow Time ' Hardness Flow Time Hardness

~Time at 3 Tons Rockwell at 5 Tons Rockwel|

Min Sec M Scale Sec H Scale
0.5 7.58 92 9.18 82
1.0 8.30 94 8.66 89
1.5 8.43 101 8.62 90
2.0 ‘8.41 103 ‘7.73 24
2.5 8.38 103 8.18 94
3.0 7.57 : 106 8.15 96
35 8.12 104 7.43 95
4.0 8.51 107 7.85 95
5.0 8.59 108 7.85 96
6.0 B.63 106 7.50 97
8.0 8.21 104 - -
10.0 8.7 107 - -
12.0 8.04 106 . -
15.0 8.1 106 - -
.20.0 B.56 106 = -

Filters have been installed in the air inlet to the Formulation Room (E-119), and in the air inlet to
the steam-heated circulating air oven. The Engineering Division bas been requested to design a new
- system for driving the sigma-blade mixer. This will include a slip cluich in the motor drive, out-board
antifriction bearings, and materially improved shaft seals. New shafts, precision ground to fit the sigma-
blades, will be installed as soon es the front sigma blade on order amrives. These shafis will be made of
high speed drill rod but will not be heat {reated. It is believed that the high tensile strength and low
elongation of this material will eliminate the twisting encountered with the soft stainless steel shafts
‘ewrrently used. =

Evaluation - An evaluation of the physical properties of B44 has been begun but will not be reported. in
‘detail unti! next month. B44 contains 30 parts of Cellulo-200 and 70 parts of Hydrite-PD-121. Preliminary
indications are that 1344 will have reasonably good physical propetties, but that they- will probably be
inferior to those of formulations.containing 40 parts of Cellulo 200.

UNCLASSIFIED
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Service - Mesa Batch No. B-1433 gave & significantly lower percentage of rejected heads in Production

" Molding for reasons other than inclusions then did Mesa Batch No. B-1143. A comparative study of these
-two resins was requested by Production Molding. The welght lossés on ehloroform extraction, ard on
heating in a vacuum oven (both at room temperature and at 70°C) were determined. The chloroform extracts
-were evaporated to dryness and examined. The extract from B-1433 appeared to be less-selubie in
chloroform and to contain a much larger proportion of material which appeared-to be white and opaque,

and less of material having a glassy appearance. The weight loss data are summarized in Table VIII.

TABLE VIl

Comparison of Mesa DAP Batches B1143 and B1433

" Mesa Batch Weight foss on CCT, Weight loss-in Vacuum Oven at Flow Time at 5 Tons
Number Extraction Per Cent §3°C 70°C Sec
B-1143 3%.6 0.36 0.67 10.88
B-1433 L32.¢ _ 0.05 0.58 15.18

‘No differences were-found which could not be explained by a difference in the degree of cross-linking
as indicated by the flow times. No good-explanation for the difference in rejection rates between these-two
-batches was found. '

Complete flow curves were run on Mesa Batehes B-1433 and B-1543. Both of these had flow times
definitely above 14 seconds at 5 tons. However, they have given reasonably low rejection rates in produetion
molding and are being used.

-Materials on which dry blending tests had been run were received from the J. H. Day Company- and
from Patterson-Kelly Company, Inc. These samples have been evaluated.

-Visual observat'ions and flow time measurements indicate that adeauate mixing was obtained with a
ribbon blender in less than one hour. A mixture of Acme Natural 38, Bateh 1141 (flow, 7.57 seéc at 5 tons)
and Acme Blue 25, Batch 1076 (flow, 16.13 seéc-at 5 tons),-and Acme Blue 28, Batch 1076 @low, 16.13 sec

-at 5 tonsy was used for this test. The blending operation was very dusty.

Test on the blending of Hydrite PD-121, zinc stearate, and bigment were: maﬂe in a ribbon blender, and
in a twin-shell blender with intensifier bar - Visual observation and spectrographic analysis for zinc were
used to measure the homogeneity of the blends.

The ribbon blender gave a-reasonably good dispersion of the zine stearate and the pigment in the bulk
of the Hydrite, but the Hydrite formed small balls which rode on top of the mixture and were not broken up
after one-half hovr. Mixing in the ribbon blender was therefore not satisfactory. This was also a dusty
operation.

-Mixing with the twin-shell Blender with intensifier bar appeared to be excellent.

If & method can be developed for defelting the Cellulo ashestos hefore charging to the sigma-blade
mixer, all ingredients can be blended during this process, -and dry blending will not be required. Materials

UNCLASSIFIED
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for meking & migma-blade mixer charge (except for monomer-and plgment) have been shipped to the
Petterson-Kelley-Company for wet blending tests in a twin-shell blender with liquid-addition, intensifier
- ‘bar. Tt s felt that the combination of slow speed mixing and high speed: stirring may- give the desired
-result. This test-has been delayed by a vacation at the Patterson-Kelley plant. '

‘Correspondenee and conversation with Mr. W. C. stargeon of the Pattersen Foundry and Machlne
Company resulted in-a recommendation of their type GPM mixer for our liquid, defelting blending. Since
the GPM mixer is a massive, slow-speed mixer which might offer little, if any, advantage over a sigma-
‘blade mixer, no further action has been taken pending the tests to be made at Patterson-Kelley. -

Beveral conferences have been held to outline the production process and equipment as firmly as
possible at the present time. The biggest question still remaining is the equipment for the pre-blending step.

UNCLASSIFIED
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‘Helium-3 Recovery Project

Mound Laboratory has been given the responsibility of recovering helium-3
from Savannah River’s gaseous wastes. A process involving both chemical
and isotopic purification is being developed.

-@as Purification - Outgassing of the gas purification line was continued. For evacuation, the system- divides
into two parts. - Connected to one of the diffusion pumps are two feed gas tanks, a feed manifold, and two
-copper furnaces.- This unit can be pumped down to a presswre of about three microns of mereury. When the
pump is ¢t off, the pressure Initially rises-at the rate of about one micron of mercury per minute till it
reaches six microns, at which point it levels off to no perceptible rise for several more minutes. The
remainder of the system, connected to a second diffusion pump, includes a compresser, filtets, a liquid air
-cold trap,- a product manifold, and two product collection tanks.- This section can be pumped down to a
pressure-of about 11 microns of mercury. When the pump is cut off, the pressure rises- at the rate of about
flve microns per minute tifl it reaches 35 microns, at which pressure it levels off to no perceptible rise for
the next several minutes. ' '

Loading and Uploading Facility - The trailer unloading system for Savannah- River Plant by-product gas has
-been installed-in' R-105. The system was tested under helium pressure with the helium leak-detector and
was found to be vac-uum—tig‘hg,

Permanent connections to the manifold for a Pirani vacuum gauge and two gas sampling points are
being made,

‘Loading of the by-product gas into trailers at Savannah River Plant is expected to begin about
‘September 1, 1057. It is estimated that the helium-3 content of the gas will be about three per cent.

‘Tritium Reeovery Project

A process is to be déveloped for the unloading of witium reservoirs, chemical and
isotopic purification of the tritium, and reloading of the reservoirs. The process-is
to include the capability of loading and unloading of special high presswre loadings.
-The initial process development will include the recovery of tritium from Los Alamos
Scientific’ Laboratory’s decayed salt, aqueous and gaseous materials.

-Some-design criteria have been provided the Engineering Division in connection with the hot gas
facility. Arrangements are being made with Los Alamos Scientific Laboratory to procure from them
varfous tritium containing materials from which the tritium must be recovered. Estimates have been made
as-to the relative merits of low temperature distillation and gaseous thermal diffusion in the preparation
of pure tritium from these wastes. Several sowrces of supply of liquid hydrogen have been investigated as

-to cost and time for procurement. Savannsh River Plant was visited to discuss the progress on the
bottling of reservoirs. The Cryogenic Engineering Laboratory at National-Bureau of Standards, Boulder,
-Celora.dq. was visited to discuss their potential contributions to low temperature distillation studies.
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Isotope Separation

Mound Laboratory is responsible for the production of several isotopes needed

in research projects at several Division of Military Applications sites. Particular
emphasis is placed on the investigation and use of the thermal diffusion process
for separating gaseous isotopes. Processes and facilities to handle both inert
and radioactive gases are being developed.

Gaseous Thermal Diffusion - Work is belng continued on the continuous-flow separation of neon isotopes in
the four twelve-foot columns connected in serles cascade. Using normal neon as a feed- gas, 20 milliliter
samples contalning as high as 91 per cent neon-22 have been obtained from the bottom of the cascade. This
concentration was attained affer 90 hours of alternate flow and steady state cperation. There was a total of
eight liters 8TP gas thronghout during the flow operation. During this time normal neon was introduced into
& port six feet -below the top of the caseade and depleted neon coniaining about 1.5 per cent neon-22 was
-pumped from the top of the cascade. The cascade was operated at a pressure of 345 millimeters of mercury,
with- center wire temperatures of approximately 900°C.

One of the major problems that has been encountered in this separation process Is the accumulation of -
these gases is believed to be concentration of air contamination of the feed gas by the columns rather
than air leaks into the system since all detectable leaks have been eliminated. Removal of the impurities
from enriched neon has been effected by very slow pagssage of the gas through two activated charcoal heds
held a¢ liquid nitrogen temperatures and through a magnesium bed held at 625°C. Typical analyses of three
samples of gas purified by this treatment are as follows:

Sample | Treatment % N,, 0, and A
1 None 75.03
pi Charcoal Bed 0.9
3. * Charcoal Bed and
Magnesium Bed 0.11

At present two large samples of enriched neon 22 have beent collected. Thelr analyses are as follows:
No. 1, 400 millilitérs co_nt'aining 70 per cent neon-22 and less than 0.2 per cent nitrogen,oxygen, and
argon, No. 2,300 milliliters containing 76 per cent neon-22 and less than 0.15 per cent nitrogen, oxygen,
and argon. These samples were removed from the bottom of the cascade with a glass Toepler pump and
-are stored in 500 milliliter pyrex vessels.

-Design and development work is being continued on the gas handling pumps to develop techniques
to remove gas from the columns and store it at elevated pressures with no appreciable gas loss ar
introduction of contaminants.

A total of 50 neon gas samples were analyzed on the mass spectrometer this month, This work was
done in conjunction with the above experimentation. In addition, two standard neon samples were prepared
ohe containing tank neon and the other containing approximately three per cent dried air. These samples
were run and compared on the mass spectrometer. The results obtained were used to calibrate the
instrument for analysis of alr contamination of neon samples.

‘UNCLASSIFIED
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.Ligquid Therma} Diffusion - A 48-hour and a 86-hour run have been completed, employing a 50-50 volume
per cent mixture of D,0 and H,O &s feed. In both runs, & nominal hot wall {emperature of 35°C and a
nomina] temperature difference of 17°C prevalled. The fractions from both runs gave evidence of
corrosion. Most of the fractions had a yellowish color, and a reddish-brown preeipitate formed on
standing. In addition, the feed fraction from the 96-hour run was contaminated with graphite from a
port plug employed in a repair operation.

The densities of the supernates from the fractions from the 48-hour run were determined with a
cne-milliliter Lipkin pycnometer. No consistent evidence of separation was obtained. Discrepancies may
-be attributed to.varying degrees of corrosion; It is planned to centrifuge the fractions from the S6-hour
run before determining the densities of the supemnates.

-Test runs with reagent-grade tributyl phosphate have indicated satisfactory physical and chemical
characteristics for column operatipn. There was no visible evidence of corrosion or gas accumulation,
and the drainage rate seemed satisfactory. The maximum temperature- difference attainable was similar

-to that attained with the benzene-carbon tetrachloride system, namely, 45 to 50°C.

Approximately 0.5-molar solutions 0f cerous nitrate and yttrium nitrate in tributyl phosphate have
been prepared. The crystalline hexahydrates were agitated with the organic solvent, and the emulsified
-water of hydration was removed by centrifuging. After the exact compositions of the two solutions are
" ‘determined, they will be mixed in the proper proportion to give a feed solution equimelar in the two salts.

A voltmeter has now been permanently installed on the instrument panel. A double-throw switch makes
-1t posgible to measure the voltage drop through either column heater.

 UNCLASSIFIED
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Materials of Weapons Interdést

-Précess development for the production of small amounts of unusual materials
‘is occasionally required to meet the needs of the- weapons program.

-Joninm Project

The extraction of lonium from partially-processed raffinates from
the Mallinckrodt Uranium Refinery is being completed to fulfill
previous commitments.

-Experiments were conducted to increase-the distribution coefficlent of thorium in the dummy sulfated
-feed- solution. The resuits of this work are shown in Table'I.

TABLE'|

Distribution Coefficient of Thorium in Sulfated Solpiion

Anitiel Aqueous Nifrate lon Normality Distribution Coefficient
., From . From Corg./Caq.
‘Nitric Acid Aluminum Nitrate Total
4 1] 4 0.58
1.70
3 4 5.86

On the basis of the results listed above, 25 gallons of the "hot" sulfated feed from Mallinckrodt
Chenmical Works- were added-to 25-- gallons of two-molar aluminum nitrate solution to give a solution which
was-approximately one-normal in nitric acid and-three-normal in aluminum nitrate. Aithough much mechanical

-difficulty was encountered with the mixer-settler units, including clogged aqueous ports, clogged organic
ports, gear wear-which caused a change in torque on motors and a decreese-in rpm on the stitrers, and their
‘blockage and leaks, the extraction process gave good results. These resutts are shown in Table II.

"TABLE I

‘Extroction Unit Results

‘Sample:Neo. Or%unic Product Aqﬁqous Raffinate
g/liter  g/liter -g/liter g/liter
A 2.75 "4.41 0.08 0.15
‘B '4.30 7.81 0.09 0.09
C 3.35 4.67 -0.08 0.1
D .3.55 5.10 0.10 0.14
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The partition unit has been requiring more strip solutlon than anticipated, and the partition flow-sheet
s gtill being developed. However, most of the difficulty has been mechanical.

In ah effort to deerease the time required for this final ionlum preduction, solid aluminum nitrate
-rather-than the two-molar solution will be added to the next feed batch. This will reduce the fotel
-volume of the feed solution by over 50 per cent.
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Protactinium Project

The production for Albuquerque Operations of a gram of protactinium-231
from unprocessed Sperry-Filter-Press residues from Mallinckrodt is being
completed.

Production - The raffinates from the first exttaction have all been-recycled through the units. It is not
yet- known how much of the protactinium was recoveted.

All of the protaetinium sheuld be in one homogeneous bateh by July 22. This requires about four batch
precipitations of the protactinium on a ferric phosphate carrier and dissolution of the resulting slurries-and
precipitation on a titanium phosphate carrier. The titanium phosphate carrier will be disselved and the
protactinfum will be concentrated and purified by selvent extraction.

Pwrification - The protactinium concentrate recovered from operations during FY 1856 is being homogenized
and consolidated before further purification. It was estimated in last-month’s report that purification work
-eould be begun by July 15, and-that the protactinium would be purified-and in aqueous solution by September
1. However, - because unexpected difficulties were encountered in current HH-Building process work, it was
‘necessary to suspend the consolidﬁtion and purification work this month in favor of process development.

Process Development - In last month’s report a procedure was deseribed: for conicentrating the protactinium
recovered in two-molar phosphoric acid on a relatively small ferric phosphate precipitate. Because of the
diversity of the batches of raw material, the conditions developed for precipitating pretactinium on ferric
phosphate were found to be inapplicable to the next two- batches of product, and it was necessary to
develop new conditions for accomplishing this purpose.

The first sample of product received for development had an indefinite history. It consisted of
phosphorle aecid strip solution frem first-cyele processing of a variely of raw materials including some
raffinate residue, some recyeled raffinates, and some pre-processed solids from FY 1956 operations
(sedium chloride process). The phosphoric acid strip solution was treated with-the amounts of water

-and 50 per cent sedium hydroxide called for in the previous ferric phosphate precipitation method,

but poor recovery of protactinitn resulted: from the use of these conditions. Additional sedium hydroxide
was added until a heavy precipitate formed which carried all of the protactinium, but which also appeared
-to have carried nearly all of the iron. The preeipitate was too bulky for storage, and a concentration

step was required.

_ Mesanwhile, a second batch of phosphoric acid strip solution with an equslly indefinite history was
-obtained. However, in this case, no sedium hydroxide was added prior to receipt of the sample- for
development. Rather than develop separate processes for the two batches of phosphate product, it was
found convenient to mix the batches to provide a homogeneous slurry. Nearly all of the precipitate
from the hydroxide-treated batch went into solution when it was mixed with the second batch. A sample
of this composite was then taken for development of a ferric phosphate préeipitation methed.

It was found that the effieiency of the protactinium-iron separation was dependent not only on the
amounts of sodivm hydroxide and water added but on the heating and- stirring times. The best procedure
-consistent with_- the available equipment was found to be the following:

To 25 gellons of phosphate product, add 2.31 gallons of 50 per cent sodlum
hydroxide and ten gallons of water. Stiy the mixture for flve minutes without ’
heating. Continue stirring, heat to 200°F, and continue stirring at that temperature
for 30 minutes. Cut. off the heat, and allow the mixture to cool to below 85°F
without stirring. Siphon off and discard the clear supematant liquer.

UNCLASSIPIED
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‘When this procedure was performed:-on the large batches in the HH-Rullding, samples of the supernatant
liquor were checked for protactinium. They had no' count at 300 kev.- Hydroxide preeipitation tests indlcated
-that approximately 85 per cent of the precipiiable solids were removed with-the decanted supernatant liquor.

One more bateh of phosphbric acid prodnet remains {o be homogenized and to be tested for optimum
ferric phosphate precipitation conditions.-1t is anticipated that when this preeipitation has been completed
-and the supernate discarded, all the ferric phosphate precipitates can be transfeired as water slurries-to
& single Pfandler kettle for homogenization. A titanium precipitation procedure will be developed to
echcentrate the protactinium further and to remove nearly all of the iron-now associated with the
protactinium. '
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REACTOR DEVELOPMENT PROGRAM

CIVILIAN POWER REACTORS

BROMOGENEOUS REACTOR

The Civilian Power Reactor Program is concerned with the development of reactors
suitable for the production of power or heat for civilian use. Homogeneous reactors
are one of the types being investigated. In 6 homogeneous reactor, the fuel is by
definition evenly dispersed in the moderator, so that-solutions of uranium-233,
‘wranium-235, or plutonium-239 are acceptable fuels if their chemical and physical
properties permit low capital and operating costs.

Plutonium Solubility Studies

A project has been initiated to investigate aqueous systems
containing plutonium as a fuel for a homogeneous reactor.
Initially, the solubility of various plutonium salts in aqueous
solution up to 300°C will be measured. The maximum concen-
tration of plutonium will be ten grams per liter. A second
solubility study will be made on an aqueous system containing
up to 300 grams of uranium per liter and five grams of plutonium
per liter.

Five setles of runs were made on the solubility of the system plutonium (III) sulfate-sulfuric acid-water.
-Results are listed in Table I. A summary of all resuits for the plutonpium (IIT) sulfate system is givenin
Figure 1. Experimental difficulty was encountered in the range of acid concentrations from 0.6-hormal to
1.01-normal. Experiments were repeated in this concentration range but the situation was not clarified.

The proposed procedure (CF-57-6-31, "Mound Laboratory Technical Activities Report Through
June 15, 1957%) for the preparation of plutonium (III} carbonates must be revised becanse plutonium (IT)
hydroxide is too strong a reducing agent to be stable in water. Other procedures are being investigated for
preparation of plutonium (III) carbonate.



TABLE {

Plutonium (I11) Sulfate Solubility in Sulfuric Acid-Water System

0.62' N H,50, 10N H,SQl 2.0 N H,50, 3.0 N H,50, 6.0'N H,50,
- Temp. of Py Conc. Temp. of Pu Conc. Temp. of Pu Conc. Temp of Pu Conc. Temp of Pu Conc.
Phase  g/liter Phase g/liter Phase -g/Niter Phase -g/liter Phase g/liter
Change Change Change Change Change
°C °C «c : °«C °C
218.0 12.62 212.4 21.63 260.5 11.74 272.8 17.66 >342.5 14.98
226.2 8.02 211.5 19.41 254.3 6.41 284.0 12.15 >340.5 10.70
231.2 5.65 204.6 12.02 299.5 515 287.8 10.04 2M1.5 6.43
.256.0 3.22 : 212.4 9.02 -333.0 3.90 319.5 7.81 >340.8 4.28
- 276.6 1.80 245.2 6.66 >350.5 1.98 339.7 5.41 >34%1.7 2.14
N 293.8 1.52 229.0 6.59 >349.7 1.52 >340.5 3.20 >343.2 1.28
3 29%.9 117 267.6 6.00 :>348.2 0.67 >342.7 460 »>342.7 0.86
‘C:'xz 234.4 5.16 >341.3 3.14
=
‘_\:b 252.8 3.69 >346.0 2.84
.. S 256.4 3.20 »344.3 2.3¢9
-.1; E 328.0 2.53 >338.8 2.16
5§ 349.3 1.51 >340.5 1.61
*_ 308.4 1.32 >341.3 1.54
309.3 1.1

68-4-LC 'ON aT1d BIU3D.
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AIRCRAFT PROPULSION REACTORS

‘LIQUID CYCLE REACTOR

‘The Aircraft Propulsion Reactors activity is concemed with the development of
reactors suitable for the propulsion of aircraft or missiles or suitable for the
production of auxiliary power for such vehicles. A liquid-cycle reactor is one of -
the types under development. In such a reactor, o liquid containing the fuel
citculates through the reactor and a heat exchanger. The fluid for operating a
turbine or jet is heated at the exchanger. Suitability of liquids for such reactors
is based on extensive knowledge of their physical and chemical properties.

Fused Salts Research Project

The Liquid Cycle Reactor is considering the use of a fused-salt

fuel system. Mound Laboratory had been assigned the problem of
determining the phase relationships and physical properties of the
components of some of the proposed fuel systems. Mound Laboratory’s
participation in this program has been concluded.

LiF-RbF-BeF, Temary System - The phase equilibrium and temperature contour diagram summarizing the data
obtained by differential thermal analysis, the identification of primary phases and boundary intersections of
thermal gradient quench samples and slowly-cooled compositions, high temperatwre filtration studies, and
X-ray diffraction appears as Figure 1. This is the ssme fiastam as in last month’s report since recent data
have indicated a need for minor revision only.

Differential thermal analyses of compositions selected in the Li,RbBe,F,-BeF, region yieided data in
agreement with this portion of the diagram as previously presented. Apparently the high viscosity of fused
salt mixtures in the high beryllium fiuoride region leads to poor definition of the fransitions.

Examination of compositions in the RbBeF-LiRbBe F', region by differential thermal analyses and
-thermal gradient quench techniques indicated that the RbReF-LiRbBeF,-Rb,BeF', peritectic should be
placed at 48 mole per cent beryllium fluoride, 12 mole per cent lithium flucride, and 40 mole per cent
rubidium fluoride, and that the area assigned to RbBeF, is larger than that indicated in Figure 1. The

boundary between RbBeF, and Rb,BeF, will be redrawn to include this larger area,

. Examination of thermal gradient quench samples adjacent to the RbBeF, primary phase area revealed

.an abundant amount of quench growth RbBeF, which generally persisted through the entire length of a
gradient tube. The quench-growth RoBeF, made identification of the true primary phase and its boundary
intersection very difficult by optical methods. X-ray diffraction techniques were of no assistanbe-under
-these-conditions. The twe temary compounds, LiRbBeF, and "Li,RbBe,F,", and RbBeF, cannot be identified
-acéurately_ in the presence of one another. Therefore, mainly liquidus tempersture and boundary infersection
data obtained by differential thermal analyses were used for the construction of this portion of the phase
-diagram.

The primary phase in Composition R-46, Table 1, was found to be "Li,RbBe,F,". At the valley
intersection, Li,BeF', appeared. Examination of this composition confirmed the location of the boundary
line separating the primary phase areas assigned to Li,BeF, and "Li,RbBe,F," in Figure }.

falonad
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Comp:
‘No.

40
4]
42

43

A7

* Not verified by X.ray diffraction

Composition, Mole Percent

LiF  RbF
15 35
10 40
30 5

5 35

13 29

45 10
15 40

TABLE |

Thermal-Grodient Quenching Data for-the LiF-RbF-BeF_- System

BeF,
50

- 50

40

L1

45

45

Phc;se'Change

-Temperature

358

385

405

407

336

430

430

400

Pha s?s-Found
. Just Above
Phase Change

Liquid
Ligquid

Liquid

~Liquid

‘Liquid

Liquid

Liquid, Comp. A

‘Liguid

‘Liquid, Comp. B

" Phases Found

- Just-Below
Phase Change

Liquid-Comp. A™
Liquid-Comp. B*
Liquid, BeF,

Liquid, RbBe-,F;
Liquid, RbBezF;
Liquid, Comp. A

Liquid, Comp. A.

Li,BeF,

Liiguid, Cemp. B.

Liquid, Comp. B,
Rb;BeF, *

26

Interpretation

Liquidus and
primary phase.

-Liquidus and

ptimary phase.

‘Liquidus and

primary phase,

‘Liquidus and

primary phasa.

-Liquidus and

primavy phase.

Liquidus ﬁnd
primary phose.

Boundary

intersection.

I-*quidus and
primary phasa,

Boundary
infersection
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TABLE Il

Sample Charocteristics

Ceil Bob 0.D. Container Weight of Weight of Area (°C-sec) Area (°C-sec) - Salt

in. 1.D. in Nickel Sample.  ‘Due to Nickel Due to Salt Prepared
g g % %
2 0.4825 0.7410 70.27 '43.96 67 33 "MOUND
3 ) 0.3837 0.5436 146.31 19.12 72 28 ORNL
4 0.2450 ‘0.6075 97.62 -33.6% 35 65 ORNL

L 0.3830 0.6122 119.06 26.65 &0 40 ORNL

* Composition 70, others Composition 30.

Since a value of K =~ 0.00198 was obtained with Cell 3 with no indication of a large error, and & tentative
value of K = 0.0035 was reported previously with Cell 2, it was decided to remeasure K- with Cell 2 in
another furnace.-First, however, Cell No. 3 was inserted (with a slip-fit) to the center of a 6-inch long, 2-inch
O.D. by 0.800-inch I.D. nickel cylinder. A Chromel-Alumel thermocouple was inserted in the nickel eylinder
-and connected to a Foxbhoro controller. This assembly, with the normal differential couples in place, was
inseried in a Type M2718 Hevi-Duty Electric Company furnace equipped with a brass liner of 2-inch 1.D.
by 2.25-inch O.D. The only furnace control af- firat was the Foxboro with an ON-OFF of 230 volts in series
with a Ward-Leonard potentiometer. With this relatively crude set-up an average vaiue of K- = 0.00183 was
obtained, in agreement with the calorimeter results within the possible ertor.

Two theimocouple wells were then drilled in the center and periphery of a solid nickel-cylinder of
1.06-inches O.D. and 2 inches long. This cylinder was countersunk into the nickel block and the assembly
inserted into the furnace as before. Three runs ranging from 30°C to 670°C gave 0.10 cal-sec 5-°C ™ -cm™ as

-the conductivity of nickel whereas 0.13 is reported in most literature. This test indicates that there is
negligible error originating from the thermocouples in measuring the thermal conductivity of Composition 30.

-Next, the 1.06-inch cylinder was bored for a light press fit to Cell 2. Thus, with the exception of the
discontinuity of the press fit, Cell 2 was similar-te Cell 3 with the reference junction in the outer periphery
of the sample. This assembly was lowered in the fumace asbefore. Af this time differential ON-OFF control
was obtained by comnecting a 10 ohm - 50 watt Ohmite potentiometer across the Foxboro switch. The
average of four runs was- K-~ 0.00205. in excellent agreement with data obtained with Cell 2. Another run
with rapid heating from 530 to 700°C gave K = 0.00221 with some indication of an increase in heaf transfer
when the differential temperature across-the salt reached about 11°C.

Cell 4 was constructed to accentuate the effect of convection. It was first run in the furnace. During
-these runs the thermocouples were somewhat ¥ noisy  but there was- strong indication that values of K
Increased with temperature (0.00212 to 0.002688) as-though some convection was unavoidable as the
viscosity decreased. One run with a fast heating rate showed an- abrupt tempetrature drop across the salt
as the temperature differential was rising to about 9°C.
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TABLE i

Complete Thermal Conductivity Results on Composition 30 in Order Run

Celi Environment T, T, . AT K . Remarks
°C °C °C cal-sec™-
cm=.oC!
3 Calarimeter 141.9 2274 85.5 0.00315
3 v 227.4 326.7 99.3 0.00272 First sat of thermocouplas not
3 " 3267 426.8 100.1 0.00242 - tracking preperly and "noisy".
3 " 426.8 504.4 77.6 0.00243 -
3 " 76.2 141.9 65.7 0.00218
3 . 141.9 227.4 85.2 0.00227
3 f 227.4 327.0 99.6 0.00226
3 " 327.0 426.5 96.5 0.00207
3 " 277.2 326.9 99.7 0.00241
3 " 326.9 426.6 99.8 0.00217
3 " 426.6 504.2 77.6 0.00210
3 " 504.8 515.7 11.0 0.00240°b
3 " 515.7 524.6 8.9 0.00219*
3 " 523.5 623.1 99.6 0.00180
3 " 525.1 574.4 49.4 0.00211
3 " 574.4 624.3 49.9 0.00196
3 " 160.3 259.7 99.4 0.00216
3 * 504.5 526.5 22.0 0.00205° New sat of thermocouples,
3 " 526.5 582.7 55.8 0.00198% ____with excellent rasulys,
3 Furnace 126 265 139 0.00157
3 " 264 -399 135 0.00175 Larges temparatore oscillations
3 * 530 4630 100 0.00177* because of single ON-OFF
3 Y é30 530 100 0.00166; furnace cantrol.
3 " 265 400 135 0.00200° d
3 " 530 630 100 | 0.00136;
3 " 630 530 100 0.00191 d
3 " 530 430 110 0.00194*

Solid v 30 260 230 0.10 Thermocouple wells in canter. and
Nickel " 265 485 220 0.09 periphery of 1.06inch solid nickel
" " 485 670 185 .11 cylindet. e T

2 " 24 126 100 0.00148
2 " 126 226 100 0.00176 Temperature oscillations reduced
2 " 226 326 100 0.00186 80 par cant by differantial ON-OFF
2 " 326 441 115 0.00196 Foxbaoro control.
2 " 530 580 50 0.00201%
2 " 585 642 62 0.00196*
2 " 642 700 58 0.00214*
2 " 700 525 . 175 0.00211*
2 " 525 470 55 0.00217
2 " 470 530 60 0.00198*
2 " 200 305 105 0.00213 P
2 " 530 700 170 0.00221* .
4 * 530 568 38 0.00212* '
4 " 545 630 &5 0.00230*
.4 " 630 480 50 0.00268*
4 " . 530 700 170 0.003269
4 Calorimater 35.6 61.2 25.6 0.00143,
4 " 475 © Through  -AH 0.00160!
4 " 525.6 576.9 51.3 0.00221* Pracision of measurement about
4 " 577.2 4625.3 48.1 0.00224* 1 per cent.
4 " 529.9 79.9 50.0 0.00216* '
4 " '579.4 627.4 48.0 0.00228*
4 " 515.5 524.4 9.3 0.00187*
4 " 524.4 544.6 0.2 0.00204*
* Plotted on Figure 2.
ar 85% of AH (melting); p = 3.80 g/m s. AH = 56.8 cal/g g™ 3.75 g/cm’ h. Fast cooling, causing voids and low K
b. 15% of AH (melting); p = 3,68 om f. Fast heating, 17°C differantial values in solid. :
c. AH=48.2 cal/g, p = 3.75 g/cm g. ' Fast heating, $C max. diff.; sharp i AH= 1.5 cal/g of 475°C breck (which
d. Somple con inverted break otiributed to convection. appears in oll samples aofter fast cooling.

4 ;/ k. 15% of AH 50 cal/g included.
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Cell 4 was then put in the calorimeter. In the temperature range from 524:47C o 544.6°C (just above
melting) K was (0,00204, with values at higher temperatures ranging from 0.00216 to 0.00228. In these runs
the differential temperature was about 1°C as in the furnace runs.

These conductivity cells become a crude calorimeter for the determination of AH of phase changes
after the conductivity of the salt has been determined. In Table Il AH was determined with the high .
temperature calorimeter and used to calculate K. The reverse of this can be done, i e., K can be determined
before a phase change and the area under a phase change can-then be converted to calorles. This method
was applied to the 4759 break, which occurs only afterrapid quenching. A value of 1.5 cal-gm™ resulted,
in agreement with the calorimeter results.

The thermal conductivity measurement of Composition 70 in Cell 5 has not been completed. The initial
value obtained, under adverse conditions, is K = 0.0022 cal-sec *-cm-9C" Two differences were noted
between this salt and Composition 30. There was no 475°C break after fast cooling and there was much more
heat of melting above 5229C. Melting began at essentially the same temperature, 505°C.
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DEPARTMENT OF DEFENSE

U. 8. -ARMY SIGNAL ENGINEERING LABORATORIES

‘Ft. Monmouth, N. J.
COMPONENTS BRANCH
{Coniract No. R-50-759935-8C-01-91)
Nuclear Battery - Themoelectric Type.

The development of a system for the direct conversion of the energy of
radicactive decay as heat into elecirical energy is under investigation
for the U. S. Army Signal Engineering Laboraiories by Mound Laboraswry.
Radioactive materials are being evaluated as heat sources with )
-consideration given to availability, cost, halflife, shielding, health
‘hazard, and efficiency. Thermocouples, and factors for optimum shape
and configuration for maximum efficiency output will be considered, and
a prototype thermal battery will be construcied.

A thernoelectric generator having 120 junction pairs of the type described in MLM-CF-57-6-31
(*Monthly Technical Activities Report Through June 15, 1957") was constructed and heing tested for
output voltage and efficiency. Figure 1 is a photograph of the prototype generator:

_ Figure 1 - Prototype Thermoelectric-Generator
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