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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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1 POWER PILE PROBLEMS

Structural Properties of Beryllia (P. Boykin, To Drugas, L. iV. Fromm,
So Ro Ga“.rdor, J. R, Gilbreath, Jo Karp, Ro Phillips, Do H. Rich,
J. L. flerka)

1.1,1 'Iffoot of Prolonged Heating on the Dsnaity of Hot-Pressed

>

Beiyllia Brioks

Previous investigations (CT-3528, J. R. Gilbreath and S. Ro Goarder,
5/20/46) b'xre indioated that, in almost all oases, small beryllia picoes
(density 7.7 » 2.E5 g o0a~3) nodemby the hot-pressing technique expand
on prolonged heating at 1400°C - 1500°C in either air or nitrogen,
although the expansion in many cases is very alighto These changes in
density vere the sane for small pieoes out from the some fabricated
shape. In general the donsity change was much more gradual on prolonged
heating in nitrogen than in air although the trend was still downward.
The me:dnum density decrease observed was for e sample which had been
heated 500 hours in air at 1450°C - 15000G.

A full slse (4an) hexagonal beryllia briok* (Brush S.P. BeO powder}
density of briok " 2.768 g am‘3} has now been heated at 125070 - 1;300°C
for approximately 1000 hours in a stream of oxygen-free helium. This
treatment caused no significant change in weight, density, or linear
dimensions nor did any oraoks develop. The fact that no density change
wr/a observed in this one isolated experiment could be due either to the
h,w temperature which, was employed or to the possibility that the
expansion previously noticed on small pieoes was due merely to surface
affects.

1.1.2 Resistance of Beiyllia Brloks to Thermal Stresses

A number of experirasnts were perfoimsd in an effort to determine whether
hexagonal beiyll?a brioka (4”" high) whioh had been annealed for several
hours afc \;eniper'.ture3 greater than 100Q°C were superior to unannealed
brioka in their resistance to thermal stress. The apparatus used con-
sisted of a 4n diameter water oooled brass jacket resting on top of fir®
briok. The beiyllia briok to be tosted was placed Inside the jacket
between two other bricks of approximately the seme density and a globar
was inserted through the center of the bricks. Thus by introducing
heat to the center of the brick and cooling the outer surface of the
brick ty circulating water through the brass jacket, various temperature
gradients oould bo maintained between, the inside and the outside of the

"Fabricated by Norton Company at Niagara Falls by placing the beiyllia
powder in a graphite mold, then heating the mold by resistance methods
to 1600°3 - 210£PC and finally applying a pressure of 1000 - 2000
pounds inoh™] until the piece has readied the desired dimensions.



120

briok* The tenpei*at«r©Os wax'® measured by thermocouples oomontod to

the inside and the outside of tho brick. It is quite possible, howerer,
that the readings of the inside surface temperature are as much as

50° low.

A few prelijainary experiments have been performed and the data are sum-
marised in liable I. Share is as yet insufficient data to permit a

decision as to whether annealed bricks are superior to unannealed bricks
in their resistance to thenaa?,. stress.

TABLE 1

Effect of Annealing on Resistance
of Beryllia Brloks to thermal Stresses

IH

B

"Heated at ca. 14001 for 2-5 hours (24 hour heating and oooling
cyole) by Norton Company of Worcester, Mass.

1.1.5 Resistance of Fuel lubes to ifceraal Stresses (L. W. Fromm,
T. G. Drugas, R. W. Hiillips)

The general equations relating temperatures and thermal stresses in power
pile fuel rods to their physical properties are given in 0P-3493

(C. A. Hutchison, Jr., 4/15/46). Numsrieal calculations indicate that
the maximum compressive and tensile stresses in solid circular cylindrical
fuel rods in a power pile operating at 4000 kw are 38.3 x 10? dyne cm*“2.
In a pile operating at 100,000 kw they are 9.58 x 109 dyne ora"2. The



Hjaxinnm our.prassive tnud tensile strassos in holloiY oiroular oylindrioal
fuel rods”operating at 100,000 lav are G4 x 107 dynes casT and 128 x 10

dynes anF*' respeotiveiy™*

Since the magnitudea of these thermal stresses are obviously of great
importance, experiments -were initiated to verify these calculations and
also to determine the actual effect cf such stresses on Be0-U02 fuel tubes
Efforts were also made to determine whether ‘the spalling strength of
beryllia tubes was increased appreciably by different manufacturing tech-
niques or by the inclusion of various additives with the beryllia.

Tho apparatus used in these experiments was modified considerably during
the course of the work'. In the first experiments it consisted of a
water-cooled brass jacket resting on top of fire brick. The BeO tube to
be tested (ca. 3" long x 1.5" 0D x 0.9" ID) was placed inside the jacket
between two other BeO tubes to minimize e¢jjd effects and a globar with a
10” heating 3-ength was inserted through the center of the tubes. In
some experiments the single globar was replaced with a bundle of three
5#LG" diameter x 11" globars with 4" heating lengths. In later runs the
brass jacket was replaced by a glass jacket and oooling was acocnplished
by blowing a stream of air or nitrogen in the annular space between the
tube and the jacket. The total power input to the globar was measured
and frem this the power input to the fuel tube in question oould be cal-
culated. (This is, of course, only approximate sinde the end losses were
considerable.) The temperature gradient in the fuel tube was measured
experimentally between a thermocouple cemented to the outside wall and a
thermocouple in a hole not quite touching the inner wall* Frcei these
data, an apparent thermal conductivity of the material can be calculated
using the equations

kr
27/AT/ *1

where
k - thermal conductivity (oal sec  am-+ °C-")

J/ ¢ total power input to the globar (oal seol)

AT - measured temperature difference (°C)

j? z length of the heating section of the globar

)

> length of the fuel tube

2 outer radius of tube

l

= radius of tube at inner thermocouple

From this value for the apparent thermal conductivity the total .tempera-
ture difference between the inner and outer walls can be calculated using
the same equation. Values for the apparent thermal conductivity as cal-
culated in this manner are under no circumstances a measure of the true
themal conductivity. Their only use is in the calculation of the total
temperature difference.

4000 12



By increasing tho power input to the globar, the tube w'ms subjected to
increasing temperature gradients, and therefore thermal stresses, until
finally the tube failed. This point of failure was determined either
by the sound of the cracking during the run or else by subsequent visual
examination or inspection by means of the Zyglo technique. The total
temperature difference existing at the time of tube failure is a measure
of the relative spalling strength of the tube if the tubes whioh are
being compared all have the sane dimensions and differ only slightly in
thermal conductivity as was true in these experiments.

It is also possible to calculate the maximua tensile stress to whioh tho
tube vjr.s subjected using the approximate equations

Sb [,
L -cr 2 2
rl \

where
/s circumferential stress (dynes cirT")

E Z Young’s modulus (dynes om”2j see section 1.1.4 for
values)

coefficient of thermal expansion (1 x 10”5 °C*1)

on
I

<r x Poisson’s ratio (assumed to be 0.1)
»

I total temperature difference between 77 and rg
i « radius of inner wall of tube
rg s radius of outer wall of tube*

The results of a number of representative runs are reported in Tables 11,
III and r?. TJhere two values for a sample are reported, these represent
the upper and lower limits between which the actual value lies. Closer
approximations are not possible with this apparatus.

As shown in Table II, the average tensile strength of hot-pressed high
density (2.7 g BeO tubes lies between 1.6 x 109 and 2.3 x 109
dynes om“*» This value for tensile strength is to be compared with the
reported value of 1 x 109 dynes om™2 for hot-pressed Be0-10" UOg tubes
(density z ca. 3.0 g cm”™S) as determined froa the bursting pressure of
hollow cylinders (CT-3528, J. R. Oilbreath and S. ft. Oaarder, 6/20/46).
As determined by these experiments, there appears to be little correla-
tion between density and spalling resistance in this range. On the

other hand, the spalling resistance of hot-pressed tubes having a density

*See CP-3493 for tho derivation of the corresponding general equation. It
should be pointed out that these equations apply strictly only to the case of
an infinitely long tube.

4000 13



TABLE II

Relative Spe.llinr Strength of Hot-Pressed BeO Tubes

Sample Type of I?ensnx
Ho. BeO g om
Fowler
Fused 2.290 139.1-205.9
Fused 2.379 125.2-157.0
Fused 2.484 117.1-175.3
127.1-189.4
2.734 87.5-139.6 810 -1.82
2.745 104.6-167.3 901 -2.19
2.750 126.5-202.0 935 -2.64
2.802 107.3-171.4 934 -2.40
Fluoresoent 2.896 83.4-123.4 840 -1.88
Metal 2.951 133.7'-198.1 1092 -3.15
Metal 2.951 123.2-182.1 -2.90
Metal 2.955 70.1-103.8 -1.66
Metal 2.966 117.6-174.2 -2.83
Metal 2.975 104.7'-155.0 -2.52
Lfetal 2.985 99.2-146.9 -2.38
105.3-160.3

This is the calouJated temperature difference between the inner and
outer walls of the tube.

(“Metal and Fluoresoent grades are low fired BeO powders made by the
Clifton Company.
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P91aii\T6 Spalling Streng-fii of Eot"Srossed BaO Tubes
Containing 2% AlgO”™ 2% SiOg, or 2fo CaO

(a™1s is tho cnlcnlatcd temperature differenea

botwaen inner and outer walls of the tube..

AG.C. grade is a low fired BeO powder made by

the Brush Co.3 Metal grade is a low fired
penrder made by the Clifton Co.

4000
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TABLE IV

Effect of Composition
on Fslatira Spalling Strength of BeO Tubes

"Average values®

4000 16



of less than 2»5 g on“'S nay bo soinsivhat greatar as indicated by tho
somewhat larger temperature differentials to 'which the tubes were sub-
jected before failure occurred. The presence of 2% AI203, 7% SiOjj or
28, Ca0 in the hot-pressed BoO tubes dooa not appear to increase the
.spalling resistance (Table III). Tubes containing various other addi-
tives including 2$ ZrOz, 2% Na20-Al2Q3* 2% K2Q-AI203, and 10*? SiC were
also tried. None of these showed any significant improvement in resis-
tance to themal spalling. However, two samples of hot-pressed BeO
containing graphite shewed a very significant factor of improvement
(Table TV). A tube containing 10?? graphite showed a two-fold increase
and a tube containing 20?? graphite a four-fold increase over pure BeO
in strength. Tvro tubes made by ceramic firing from coarse grained BeO
also showed a significant two-fold increase in strength over hot-pressed
BeO. It was found that these samples did not crack suddenly (as was the
case with hot-pressed materials) but very slowly. After cracking, one
of these samples was subjected to a temperature gradient of 8170C, yet
no furtiler cracks appeared. Several hot-pressed pure BeO tubes whioh
had been annealed at 1700°C were also tested but showed no improvement
over non-ctmrealed samples.

In view of the increased spalling resistance of hot-pressed Be0-20?S gra-
phite, a test was run in which such a tube war, heated by passing an elec-
tric current through the sample itself. At the peak of the teat, 6000 kva
were dissipated by the specimen at a temperature of 1200°C - 1500°C.
Cooling was accomplished with a stream of nitrogen. This power dissipa-
tion is 1.82 tines the power dissipated by one 3" fuel rod in a pile of
504 six foot channels running at 40,000 kw. A few small cracks resulted
but none that greatly weakened the sample. An additional test wus made
In like manner on a. solid graphite rod (3/4” diameter and 5>0n long).
Again 6000 kva were dissipated but no cracks of any kind appeared in the
sample.

The presence of cracks in a tube might so relieve the stresses as to
make it possible to expose the tube to subsequent thermal stresses with-
out additional degradation. In order to test this possibility several
tubes were subjected to recurrent heating and oooling cycles. A hot-
pressed tube made frea metal grade BeO powder was subjected tc 32 such
cycles. For the first three cycles heating and oooling were carried
out at a controlled rate of 10°c/ainute, and the sample was examined
under Zyglo after each cycle. In the remaining cycles, heating and
cooling were dene as rapidly as possible (heating - oa. 40°c/ainutej
oooling - ca. 20oc/ninuto}» Initial cracking was noted on the first
cyole at a total temperature difference between inner and outer wall of
about 150°C, with an outer temperature of 90C°C. Subsequent cycles did
not cause excessive damage other than slight widening of tho oraoks
resulting frem the initial heating. Similar recycling tests were also
run on mtwo BeO tubes whioh bad been annealed at 1700°C. These annealed
tubes shattered coupletsly after five and ten cycles respectively.

1.1.4 Variation of Elastic Modulus of Beryllia with Density (J. D. Karp)

Preliminary studies have been made to determine possible correlation
between the elastic modulus and the density of beryllia shapes. A series
of prisms were made frem various beryllia bricks and hollow cylinders
representing diversified methods of manufacture.

~O000 /77
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In ordZT tc det“rmiaw the ncdulus a d’rr.?J!ie nethod of TnoHunroraeut
was used which in'uulired dotemining the velooHy of propagation of an
clastic warne by observing the resonanco vibration frequency of a test
specimen of suitable dimensions (ca.-C.46 cm x 0.46 can z 4.4 cm), ihis
method is a modification of that described in several papers including
that of L. iV. Balcanuth (fhys. Bev. 45, (19M), 715-720).

The sample to be measured is made part of a composite oscillator by attach™
ing it to a piezo-quarts orystal by means of beeswax. The system, quarts-
sample, is driven by a harmonically varying potential of constant amplitude
but of adjustable frequency applied between the silvered faces of the
piezo-quartz. As a result of the harmonically varying pieso-eleotric
stress induced in the quartz, the entire oscillator is caused to assume

a state of foroed longitudinal vibration. The resonance frequency of tho
oomposito oscillator is then determined by measuring the amplitude of

the current in the quartz circuit as a function of the applied frequency.
In tho region of the resonance point .of the composite oscillator, the
current flowing to the quartz rises to a maximum, falls to a minimum,

and then regains its previous value. From this value for the resonance
frequency of the composite together with the known resonance frequency of
the quartz crystal, the resonance frequency of the sample can be calculated.
The elastic modulus of the sample can then bo calculated from tho equation!

E * 4f>12/2

whore E " Young*s ISodulus (dynes oa‘“2),
/3 * density of the scmple (g am“s),
f - resonance frequency of the sample,
2 ® sample length in cm.

The results of the elastic modulus measurementfi on seventeen prisms out
from beryllia shapes of various densities are reported in liable V. An
apparent linear correlation, illustrated in Figure 1, was obtained between
the modulus and the density of beryllia. The only value for ostensibly
pure beryllia whioh is seriously out of line is that for & sample of
density 1.904. The source of this material is unknown and the deviation
is probably due to some composition or manufacture variable as yet un-
determined.

The steady state themal stresses in solid or hollow circular cylinders,
assuming an isotropic, elastic, substanoo, are direotly proportional to
the elastic modulus and inversely proportional to the thermal conductivity.
Thus, all other quantities being equal, a condition of low elastic modulus
is desirable in considering theraai stresses..* In the course of efforts
designed to increase the resistance of beryllia to thermal stresses, a
series of samples were prepared containing the additives silica, lias,
alumina, and graphite. It was hoped that those additives would behave

*It should be pointed out however, that as the ther-val stresses are lowered
by using material of decreased elastic modulus the tensile strength may be
lowered also, so that no real gain is obtained in theraai spalling strength.
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as bindara tharoby iiiiiibitinf, ~emal crack-up« Ihe elastic modulus of
four such saaples containing 2;> Sj.02, 2*5 CaO, 2"2 AlgO* and 2($ graphite,
respeotiveiy, nraro measured (a00 liable V and Figure M Except for the
Bo0-20" graphito they showed no difference in behavior from that of pure
BeO. IThe addition of graphite, however, resulted in a lowered elastic
modulus and this natorial therefore should be more resistant to thermal
crack-up than pure BeO. Shis nas verified by the experiments reported in

section 1.1<>3 of this report.

1.2 Reaction Between Beryllia and Steam (M. G. Ferknan)

Ihe investigation of tho reaction between beryllia and steam was undertaken
after it had been noted that at high temperatures beryllia was transported from
one point in an apparatus to another In the presenoe of steam.

Bie first experiments of this investigation dealt vrith ttio determination of the
effect of temperature on the rate of reaction between beryllia and steam. A
report on this study is contained in Bi-weekly Abstract ANL-0CS-G7, 11/1?/46,
pp- 3-5.

Subsequent experiments carried out on the reaction of beryllia with steam may
be divided into four groups, iheso deal with*

(1) Ihe effect of steam flow rate on the beryilla-stoam reaction
at 1500°C (Sable VI).

(2) Dio effodt of e tessi flow rate on Hie beryllia-steom reaction
at 1400°C (Sable VI).

(3) Die effect of nitrogen gas on tho fcaryllia-steam reaction
(Table VII).

(4) IThe effect of hydrogen gas on the beryllia-stem reaction
(Table VII).

1.2.1 irer.gral 'ocporimentnl Procedure

In-all nuio the beryllia samples consisted of 5-gram pallets pressed from
Brush high-fired boryllia powder,, *& ml 6N tiitrlc acid being used as a
binder. Die pellets were dried at I000C for 13 hours and tlien fired at
165CPC for one hour.

The beiyllia pellet was placed on a platinum tray, and inserted into a
3illiman.it© (mullite) tube which was heated by a Burrell fa:*naae. £teaa
was then passed ovor the pellet which was maintained at a given tempers.-

" ture. Die time for each run. was 2|r hours In all cases. A preheater and
cooler were provided for the steam. A sketch of the apparatus is included
as Figure 2.

<Yy ¥y a O

1.2.2 Effect of Steam Flow Hate

Die data indicate that the rate of reaction of beryllia with “tgig™iaor“ajiea
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as tha rat© of flow of sfcostn ia increased. At a given stocw. temperaturn
(at constant pressure) the effoot of increasing the mass rate of flow
of steam :s to increase the rate of removal of betyllia from the sample.
Hi® rate of removal of beryllia from the sample, however, is not propor-
tional to the steam flow rate, and, as the steam flow rate increases,
the rate of removal of beryllia increases less rapidly (Figure 3).

In the steam floe’ rato experiments carried out, the extent of reaction
(during the hour reaction period) was greater at 16000C than at’

1400°C (Table VI).

1.2.5 Effects of Nitrogen and Hydrogen Gas

3he effect of decreasing the partial pressure of ste*! from ore atmosphere
to a lower value by the addition of either nitrogen or hydrogen is to
decrease tho rate of reaction with beryllia. Hie effect seems to lie
somewhat greater with nitrogen gas than with hydrogen. Uheso results
indicate that hydrogen does not enter into the mechanism of the reaction.

1.E.4 Interpretation of Results

There are as yet insufficient data to determine the actual mechanism of
the steam-bo.ryllia reaction. However, one might assume as a working
hypothesis that the volatilisation tokos place through the following
high-tenperature

BoO + EgC-—53(05)2 f

where tho Be(CH)2 is wvolatile and stable at the high temperatures and in
the presence of water vapor. On the other hand, when the reaction product
comes in contact with a cooler surfaceeoutside the furnace, the reverse
reaction takas place. In agreement with this hypothetical, reaction no'
appreciable influence on the rate was observed by adding hydrogen or
nitrogen to the steam other than a alight decrease in rate which may be
attributed to the corresponding increase in the volume flow rate of sbe«m
(see next paragraph).

One might conclude further that if the steam flow rate were slow enough
so that saturation of the wvolatile species is attained, tho steam would
oarry away 80(03)3, or any other volatile species, at the rate given by
equilibrium vapor pressure. Within this saturation range the rate of
removal of BeO would be proportional to the flow rate of the stem. At
higher flow rates the steam would not be saturated and deviations from
proportionality would occur* This is ia agreement with the data if one
assumes that the linear or proportional range (saturation range) lies at
still smaller flow rates "than were used. Thus, data at smaller flew
rates are desired. From such data it may be possible to calculate the
vapor pressure of the volatile species.
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1.S

Effect of Hoating on Fuel Materials (J. 0» Malm, D. K. Millar)

1»3.1 Effect of Heating in Air on the Diraecslons of BoO-UOg Materials

Measurements of the linear dimensions of hot-proesed BeO-UOg pallets and
cylinders before and after irradiation at HEW ahorr an increase in length
of approximately 0»b% after irradiation (see section 1.4). Since it is
known that oxygen reacts with UOg at elevated temperatures with attendant
changes in physical properties and since a small amount of oxygen was
present in the sample cans, experiments were initiated to determine the
effect of heating similar samples tmder the conditions of temperature and
oxygen concentration which might have obtained in the semple cans.

Norton hot-pressed high density BO0-10?§ UOg cylinders (0.25" x 0.25") were
sealed in quarts capsules under known air pressurese and heated in a
muffle furnace, temperatures being recorded by means of a thermocouple
placed adjacent to tne sample.

Table Till lists the results of the preliminary heatings of these samples.
Ihe maximum mole ratio of oxygen/uraniun in the bombardment cans has been
estimated to be oa. 0.007; this would be equivalent to 4 cm® air at

40 nxa pressure/0.6 g pellet. From the results presented in this and in
the subsequent tables it will be seen that an appreciably greater amount
of air was necessary to produce a significant length increase.

3he data of Table IX show the change in length as a function of time.
Apparently if there is any appreciable oxidation, with resultant expansion,
it takes place rapidly at these temperatures.

For sample Nos. 50-56 listed in Table X heatings were carried out at
various pressures, the amount of air present being varied by varying the
size of the quartz capsule containing tine ample. The expansion varies
markedly with the amount of air present, but seems to be relatively inde-
pendent of the pressure over the range studied (0.25-1.0 atm).

Table XI tabulates -the results of heating Norton EeO-UOg prisms (1.75"
x 0.25" x 0.25") in various concentrations of air and at various tempera-
tures. No measureable change in linear dimensions was observed.

3he changes in length resulting from heating BeO-UOg cylinders at 500°C
for 45 days are shown in Table XII.

To summarize, small changes in length of mixed oxide samples were observed
in some oases but those were invariably smaller than those observed after
HEW irradiations. Since the conditions in those experiments were more
favorable for oxidation from both the point of view of temperature and
oaygen pressure than any conceivable conditions during irradiation, it
must be concluded that irradiation was the principal cause of the expansion
of the BeO-UOg samples.
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TABLE IX

Expansion of Bo0-10" U02 Cylinders
on Hoating in Air as a Function of Tiros

mmmM

rrn

NTcxrrz

TABLE X

Expansion of BeO-1QjS UOn Cylinders
on Heating in Air as a Function of Pressure

Temp. |
S

JM ma-aar

515
516
516

T16

516 |

R

516

Tine  Original

at Length
famp. of Smplo

(hrs) (inches

MMIHMcs r—pai
17 0.2384
17 0.2376
17 0.2377
17 1o
0.2597
17 0.2470
17 0.2387
17 ' 02428

Langtti
after
Hoating

29

(inches) (inches)

KKSBEa"natmaci

0.2391
0.2458
0.2529

0.2330
0.2479

0.2393 .
1

0.2441

cAmumaBealL

Length  Par Cant
Change  Expansion |
0.0007 0.29
0.0082 3.23
0.0152 6.00
0.C033 1.25
0.0009 036 i
0.C00S 025 |
0.0013 0.53 J
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TABLE XI

Expansion of BGO-U02 PTISKS on Heating in Air

mrm WEMWBM

T T
ESimmi

HEgSi

IBH.HBl

“"BoG-1QjS UC" low density priszi.
A~Bo0O-2" UOg high density prismo
CO)BO0-2” UOg high density prisia.

TABLE XII

iixpanuion of 5e0-107£ UOg Cylmders
on Prolonged Heating in Air

isrxxwn+i

Time .Original Length

Volume Pressure Teaip. at Length after Length  Par Cent
of Hibo (asm Hg) (°C)  Tamp, | of Sample Heating Change  Expansion
(om™) (hrs) (inches) (Inuhes) ) (inches)
WmaMMHHM xwimmiaiamm
190 500 1080 0.2470 0.2471 0.0001 0.04
190 500 1080 O.PS88 0.2588
190 500 1080 00:i428 0.2428
190 500 1080 0.2419 0.2422 0.0003 0.12
190 500 1080 0. 2470 0.2472 0.0002 0.08
190 500 1030 0.2432 0.24.52
3.S 7? I 500 1080 0.2586 0.2388 0.c002 |r 0.08
3.4 77 500 1080  0.2496  0.2497 0.0001 1 0.04
4.3 77 500 1080  0.2583 0.2385 0.0002 | .08
5.8 77 500 1080 0.2418 0.2418
x"t'cKsmnicr/al  —rnirh L
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1«5.2 "Life" Testa

"Life" testa refer to the long-time heating testa on Norton Be0-10j5 UOg
hot-pressed pieces as a final check on the rate of volatilization of

uranium in a purified helium stream, lie apparatus and procedure used
was similar to that employed in preceding volatilisation tests on such

samples arid is described in MUC-CAU-46 (C. A. Hutchison, Jr. and J. 3.
Halm, 6/26/46). A successful long run was never obtained and work on

this was discontinued in favor of volatilisation tests on graphite
samples.

1.5.3 Volatilization Teats on Impregnated Graphite

Volatilisation tests in a purified helium stream were beg’in on uranium-
containing graphite uamples, the heatings being carried out in a mullite
tube at 1450°C. However, reaction of the graphite with the mullite at
these temperatures indicates the desirability of using induction heating
in further work on this problem.

1.3.4 Miscellaneous

A sample Be0-1Qf£ UgCg piece containing 0,,53% silicon in the form of
SiQ2 prepared at the Battelle Memorial Institute by ceramic firing was
examined for the loss of uranium and tho appearance of cracks after heat-
ing in oxygen. Heating was carried out in a mullite tube in a globar
fumaoe with water-free tank oxygen passing ever the sample. At 1500°C,
3595 of the uranium was volatilised in 7.8 hours. Tna aac.ple was unusual,
however, in that it showed no signs of cracking on heating from room
temperature to 1600°G in oxygon, L + .
olnrT* etvri
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1.5 Diffusion of Xenon Fission Products from BeO~UC>? Materials (J. E. Wilson*
0. C. Simpson) .

Experimental measurements of xenon diffusion from beryllia fuel rod material are
being continued* The material used is 1C$ U"0Q"DO”" BeO of density oa. 3”1 g om"§j,

'manufactured by the Norton Company by the hot-pressing technique.

1.5.1 1Vlethod and Prooedure

A cube sample of the fuel rod material approximately 1 om on an edge was
irradiated in the Argonne CP-3 pile, placed in a fumaoe at tho desired
temperature, and a stream of helium passed over it and through a thin=walled
oell adjacent to a Gelger-Muller tube. 'lhe total xenon which escaped was
calculated from the helium flow rate and the GM counts.

Each sample was allowed to cool 4 days after irradiation before making a
run. Principally 5d Xe is left after 4 days oooling, the remaining 9h Xe
causing an error of about 9> It ires found that the other principal
fission products which diffuse out at 1000°C are JQ and I. Theso were
removed from the helium stream by passage over olean copper turnings at
250°C, the I and Te reacting strongly with the hot copper. New copper
turnings were used after every 3 runs.

The helium was purified by passing it over activated copper catalyst on
infusorial earth to remove oxygen, then over copper turnings cooled to
liquid air temperature to remove water. The rate of flow of the purified
helium was measured with a capillary type flow meter, the pressure dif-
ference between the two ends of the capillary being measured by a mercury
manometer. lhei relation between flow rate and manometer reading was
established by measuring the time to pass known amounts of gas at various
pressure readings.

The sample was heated in a platinum boat inside a mullite tube placed in
a Burrell furnace. 3he linear rate of helium flow directly over the

sample was approximately 1 cm/sec.

tthen it was desired to staid: a run, the platinum boat with the sample was
pushed into the hot furnace by a magnetic arrangement. After passing over
heated copper turnings the helium containing the active xenon was passed
through a small cylindrical pyrax oell about 3 am in diameter and 2 om
deep, the bottom of the cell having a thin mica window. Ihis window was
directly against the window of the Geigor-Muller tube which was connected
to a scaler.

Each run was of three hours duration and the counting rate was measured
frequently during this time, the flow rate being held constant. By plotting



counting rate versus time and integrating graphically, tho total count
for the run was obtained. From this it was possible to calculate the
total number of 5d Xe atoms passing through the oell. Since the total
number of Xe atoms originally present in the sample could be calculated
from the pile neutron flux and time of sample irradiation, it was then
possible to calculate the percent of original Xe which diffused out in
three hours.

1.5.2 Experimental Results

Data for the runs at 1000°C considered free of major experimental errors
are presented in the following tables

TABLE XXVII

Diffusion of Xenon from BeCMJOg at 1000°C

These results may be compared with the /,4% previously found to diffuse
out at 1450°C and oa. 0.4$ at 1400°G.

Another test for the diffusion of less wvolatile products, principally
iodine and talJur3.ums has also been made. A nickel plate 12* leng placed
next tc the fuel rod sample in a 3 hour run at I0O0CPC was tested for
activity by J. Seiler (see section 1.6 of this report). A total activity
of roughly 13,000 o/m was found* This is to be compared with the several
million ¢/m found in a previous similar experiment at 1450°C.

1.5.3 Calculations of Steady State Activity in File Coolant

The steady state nativity due to 5d and 9h Xe in the coolant of the
operating high temperature pile was calculated for ',bam.boon shaped fuel
rods of 00043” wall thickness (see section 1.11.2 of this report). The
pile wan assumed to operate at 4000 kw power, with 3000 liters of helium
coolant. The temperature of the fuel rods was assuned to be 1450°C, and
the diffusion constant for Xe was taken to be 2.3 x 10~® om”/$ain

(calculated from the 1.4$ of 5d Xe diffused out at 1450°C in 3 hours).

4£)00



Hie calculation was node with the help of two assumptions, (1) Mathemat”
ioally these thit-rralled fuel rods were treated as a single infinite sheet,
since use of cylindrical functions loads to unduly complex numerical
computations. (3his assumption ia justified by the fact brought out in
the calculation that the r.m.8. distance of diffusion of 5d Ze before
dying is 0.0165 am s 0..C06B, a distance considerably smaller than -the
wall thickness.) (2) Concentration of active Ze at the surface of the
fuel rod was taken as sero. This is the safest assumption sinoe this
gives most rapid diffusion from the rod. Actually the Xe oonoentration
at the surface of the rod is an unknown function of Xe oonoentration in
the coolant. The assumption is also justified by the calculation itself,
which showed a low concentration of Xe in the coolant because of its
relatively large volume and because of the 5d Xe remains in the rods
in steady operation.

Let £ represent the oonoentration of Sd Xe atoms in the fuel material.
Its units are atoms cm”3.

Let P represent the rate of production of the Xe atoms at the constant
operating power level of the pile. Ihe units of P are atoms cm”5 sec'*.

For one dimensional diffusion of such radioactive atoms the differential
equation is;

c“-JjT- Ac+r (1)

where D is the diffusion constant in om" sec"* and 4 is the radioactive
decay constant in seo”l. In line with assumptions (1) and (2) this equation
is to be applied to the hypothetical case of a semi-infinite slab of fuel
material of surface area S cm2 equal to the sum of all the surface areas

of all the fuel containing pieces which are at the high temperature. How
radioactive xenon atoms will emerge from this surface S by diffusion and
will be rapidly distributed throughout the circulating coolant.

Let G be the total number at any time t of radioactive atoms in -(die
coolant, assumed to be uniformly distributed, and let V be the total
coolant volume in c¢cm5. The equation which expresses tTTe fact that atoms
are coming into the ooclant by diffusion and are leaving by old age and
death ia:

dG D (fslurft

~ AG s )

where the gradient of the concentration ia calculated at the surface of
the slab as indicated in the following sketch.



Helium V ocv?

G atoms

In order to get the steady state activity in the coolant, AGco» it is
not necessary to eolve equations (1) and (2) in detail. For largo times,
t 3=03,, where steady state conditions obtain, equation (1) may be used
to find the concentration C(x,00) as a function of the distance inside
the surface, 'ihe equation which holds is

D P=0» 3)
Ihere.fore

G(x?00) s — -rAo”’®* -rBetax, (€))
where a « Obviously (§§m) -QQ” 0* hence B = 0. Also it is assumed,
arbitrarily that C(o,t) s 0 from which it follows that A “ - The oon»

oontration distribution which holds in the steady state is therefore

C(x,00) 6)

From equations (2) and (5) it follows that the activity of the coolant,
XGbo» in disintegrations per second is

}si£)m 5 K K/F =(6)
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and the activity in ouriea per litar is

' V3.7 x 10~”V 3.7 x 1010 @)

Tha fraotion £ of tha acti/e atoms which aye in the coolant undor steady
[state conditions is given by

fy AsqQo ., Ip
Pv > vaV h (3)

where small v is tho voluma of tha fuel pieces. For thin'-walled “bemboo”
fuel rods the situation with respaot to the fra ition £ is about the worst
possible™ In this case the :*atio d/v » 1/d where d. is the wall thickness.
Since ' is nujaerioally equal to 0.0155 cm and d a 0.109 cm, £ a 0.142.
At 4000 kvr power the nuiaber of Xe atoms produced per second (assuming
4.0% yield for tho fission chain leading to 5d Xe) is approximately

5.75 x 1075 atoms/seo. If 14§ of these atoms die in the coolant, tiie
aotivity in &hO coolant will be

0.142 x 5.75 x 1015

3.000 x 3.7 x 1010 7 04/60url.es/liter.

If one assumes about the sane fission yield for the 9h Xe, an additional
2..0 /Souries/liter should be added to give 9.4 yScuries/liter.

Several remarks should be made at this point:

(1) If ora assumes that the oonoentration at the boundary

is not Irept at zero but always remains equal to the oonoentration
of active atoms in the ooolant G/V, the analysis is not more
difficult; tho result is the same as equation (6) to a high
degree of approximation. 2ie truth about the boundary oonoentra-
tion probably lies between these two assumptions.

(2) Tha assumption that diffusion takes plaoe as in a semi-
infinite solid can be replaced by the better assumption that
one has a plane sheet of thickness < with diffusion from both
sides. Again, this more complex analysis is hardly worth the
candle even for these thin-walled tubes and at the high
temperature assumed here. For conventional shaped fuel reds
and at a lower temperature, smaller D, the analysis presented
here is still hotter.

(3) No attempt has been made to take account of the varying
temperature from end to end of the pile. Since the diffusion
constant changes rather rapidly with temperature only a fraotion
of the total surface is really effective in giving activity to'
the coolant. By the use of the experimental relation D(T)
between the diffusion constant and the temperature, one can
oorreot equation (6) as follows;
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Sinoa the surface dS will always be acme peripheral length jj
times dh where ]i is a wvertical distance, and since dl/dh will
be approximately constant equation (9) can be written

~C~Pdr (Itt

(4) An alternate derivation of equation (6) can be made as
followst The average (r0ials« ) distance that a particle diffuses
in a direction x in time is given by

an

3hi« equation follows from the particular solution of the one
dimensional diffusion equation with no decay and no production
rate. Thus

C(x.1) 4>t

represents the probability that a particle which is at point
x s 0 at time t = 0 will be at point x_ at time t*. The nus.
distance is then

e TUF dx 2 Dt .

The average volume from which radioactive atoms can diffuse before dying
equals sJzDpY’ where.X i» the average life. Probably the best average
life to take would be tha r.m.8. life sinoe time enters the equation
under tho radical. The r.ra.s. life equals "2/k'. If this volume element
is at the surface of a fuel rod one-half, on the average, of the atoms
which leave the volume will enter the ooolant through the surface. Now
the number produced per second in the volume element E P3~"DT'. At
steady state half of this number will enter the ooolant and die there each
second. !lhe other half diffuses into the interior of the fuel rod and
dies there. Hence

. . . ) PS \2DY ,,
Disintegrations/sec in coolant 2 —2--—--- — a2

1.5.4 Distribution of Activity Through Coolant Ducts

Another question of considerable interest is whether the less wvolatile
fission products are completely spread around the coolant path or whether
they strike and stick to the wall rather close to the pile because of
their low volatility. The following equation from Einstein and Stokes
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can bo used to obtain an answers

Art2 fiT Az
37T r
gives the average square distance of diffniion of a particle through
the cool.ant gas in the £ direction in tine At. Ihe viscosity for helium,
_f, was taken as 1.9 x 10"4 om-" g/seo, the value at room temperature and

atmospheric pressure) actually the gas leaving ihe pile would be at about
1300°S. The equation holds strictly for a particle moving in a perfectly
homogeneous medium at res , but will give a reliable estimate of order

of magnitude in tha present case. It can also readily be shown that the
Mimmovable layer" of gas atoms at the wall has a thickness of a much
smaller order of magnitude -than the average diffusion distance and should
have little effect on the result for that reason. Consider the first

five feet of 1.5 ft diameter pipe leaving the pile. With a linear velocity
of 270 ft/seo the wall is available to a 5 ft long volume of gas for
0.0185 sec. During this &&ts

Ax = 10-2 om

From this value the percent of the total number of atoms striking the
wall is 0.04/&. Then, assuming that each time a fission product atom
strikes the wall it adheres permanently (maxinun efficiency), only 0.04/6
of the active fission products would stick to the-wall in the first five
feet past the pile. Thus it can be seen that most of the aotivity would .
be swept on to be trapped perhaps on the greater surface available in

the heat exchanger and the circulation pump.

1.6 Diffusion of Fission Products Other Than Xenon From BeO-UOg Fuel Materials
(A. Ridley, J. A. Seller)

The following describes certain experiments made in cooperation with J. Wilson
to determine the radioactive nature of fission produces other than xenon whioh
might diffuse from dense Be0-U02 pellets into the pile ooolant gas at the high

temperature at which the pile is to operate.

In an initial scouting experiment an attempt was mads to deteraine the amount
of fission products which had diffused out of neutron irradiated pellets of
De0-U02 after heating them at 14000C in a stream of helium gas. This was
accomplished ty dissolving weighed portions of the pellets before and after
heating, and seeking the decrease in the individual fission product activities.
The total amount of aotivity which diffused from the pellets was so small that
it could not be detected as the difference between the activities of the solutions
of the heated and unheated portions. Maximum preliminary estimates indicated
that less than 0,1 of the fission product activity (exclusive of rare gases
which were not measured by this method) diffused from the pellets in fourteen
hours of heating at 1400°C; furthermore, only I aotivity could be found ia the
traps on the downstream side of the system.
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1.6»1  Hirperimaptal I-lathod

The isaihod of dissolving the BeO-UOg pellots for fission product asssty
may be of interest. Dissolution was best aoeor“pliahed by Simersing tho
pellets In con®. HF in a Pb dish* adding ono co of oono. HHOg ejid keeping
the tamparaturo near -the boiling point., iior© acid mixture ras added
until solution was complete except for the few milligrams of black
residue (presumed to bo graphite flexes from the surface of the pellet)l
The EF war; then metathosised with 6N HNO3, hea'ned almost to dryness to
remove practically all the HF and finally taken up in strong HNOg. It
was then boiled for a few minutes with a little HC1, cooled, and mede up
to volume. Most of the graphite residue was oxidized off by the EFC3
treatment. Tne above procedure gives a solution in which the fission
products are stably retained without becoming adsorbed on the walls, and
in which chemical exchange with the carriers seems to be satisfactory.
It is probable that mush of the I aotivity is lost by volatilization in
the dissolving. Ita dissolve a s'olid piece of the dense mixed oxide
weighing about oae-hal® gram takes about 90 minutes. If the pellet is
cruslied in a mortar dissolving may bo completed in fifteen minutes.

Subsequent experisjonts concern efforts to isolate, identify and estimate
qualitatively the amounts of fission products volatilized from the heated
pellets by collecting the evolved aotivity in cool portions of the line.
The apparatus for heating the pellets in flowing helium has been described
by Wilson .(s«© section 1.5 of this report).

A fission product trap consisting of boated copper turnings was placed
near the hot furnace tube and on the downstream side. The aotivity was
found to have collected entirely on the first few inches of copper turn-
ings. The fission products were leached from the turnings, washed, and
analyses carried out. Some difficulty was occasioned by the interference
of copper with the analysis sinoe it was almost impossible to remove all
the activity from the copper turnings without completely dissolving the
copper. It was also difficult to check the amount of fission product
aotivity which deposited on the glass tubing between the pellet and the
copper iurniogs. To see if fission products ware deposited on the glass
tubing between the heated pellet and the copper turnings, in some of the
experiments a cylinder made of a doubled sheet of rolled Pt foil about
24 cm long wan inserted near the J0eO-UO2 pellet. The arrangement of the
sample. Ft cylinder ami copper turning trap is shown in Figure 5. After
heating the pellet, the inner layer of the Pt foil was detached from the
outer layer. Strips about one cm square were made by rolling the
platinum cylinder out flat and cutting crosswise (perpendicular to the
axis of the cylinder) into strips 1 om wide, then cutting each strip
into 1 ora squares. The squares were weighed (to normalize the area) and
were mounted on cardboard for following their decay on a thin window OM
tube. Aluminum absorption curves were also taken.

1.6.2  Experimental Results I

The aotivity deposited on the copper turnings was very slight, hardly
enough to appreciably increase tha background when the turnings were held
close to a OM tube. Ilhe “upstream" half of the copper was dissolved in
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HNO3, groaa beta sample? wore prepared bjr evaporating aliquots, and
and 7b analyses were performed on other aliquots. The Te 3ample gave
only a few counts, corresponding to less than 0.03” of Te activity in
the sample. Neither the gross beta ample nor the I sample showed any
activity at all, although, of course, the gross beta sample was only a
small (I/100) aliquot of the copper solution. Whatever traces of I activity
might have been present on tho copper were presumably lost by volatilise”
tion as the copper was ditsolved. benechings on the ’"downstream" half of
the turnings with various dilute acids showod no evidence of fission
product activity.

More highly activated pellets were tried next. All precautions for I and
Bs exchange with their chemical carriers were taken. Jhe major portion
of the activity was found to deposit on the first few centimeters of
tightly packed copper turnings; the rest of the copper had only trace
amounts of I aotivity. Ihe turnings were washed and leached to remove the
activity ancT analyses were made for some of tiie fission products. All
eialyaes were negative except those for I and Tb whose total accounted
fir the entire aotivity found as determined by a gross beta sample from
the leaohing solution. An analysis of the I decay curve showed some

.4h component which grows from 77h Te. Since the copper leaohing wac
Marforaod more than 24 hrs after the pellet heating took plaoe, the 204h

1 could not have been present in the copper solution in a detectable amount
unless it had beext formed by the decay of the 77h Te in the solution.
Some Te presumably is evolved from the pellet. The rest of the I.aotivity
is mainly 8d I plus a small fraction of 22h I.

The deposition of aotivity on the Pt cylinder was non-uniform. When the
Pt cylirder was opened and laid flat, the majority of the aotivity lay
along a central strip (Figure 5). From this central strip 24 samples
were prepared anti followed on CK tubes. The relative activities of

these central sections show some 77h Ib near the upstrean edge whioh
increased progressively lengthwise along the strip until it reached a
maximum at around the middle (Figure 5). The downstream half of ihe strip
showed only 8d I; the maximum aotivity was reached near the end of the
strip. Tie copper turnings immediately downstream from the Ft foil showed
a very snail amount of I activity on the first few millimeterse

Aluminum absorption and decay curves proved to be identical with standard
77h B? and 8d I curves. Although no chemical analyses were made ihe
identificatiorfmay be considered certain. Figure 5 shows the rolled out
Pt cylinder, ihe 24 samples from the center strip and the graph showing
the distribution of fission product activity along the length of this
strip.

Within the sensitivity limitations of these experiments it may bO seen

that no fission product other than I and Te aotivity (and of course the
rare gases) diffused out of the higTi density BeO-UOg pellets when -they

were heated at 1400°C for -three hours, and that the diffusion of these
activities is very slow. The distribution of -the activities on the Pt

foil is in the anticipated order, the less volatile Te depositing almost
completely on the initial portion of the Pt foil cylinder whioh is at a
temperature perhaps only a few hundred degrees cooler than the sample
itself. The outer end of the Pt foil is at about 200°C to 300°C (estimated)
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and the ma”or portion of the I activity was deposited here. Roughly of
the order of 0*1% of the totaT I and 3b activities present in the dense
pellet were volatilized off in "Shis experiment.

1.7 Impregnation of Graphite with Uranium Compounds for Use as Fuel Rod
Materials (C. A. Boyd, P. F. Pismore, D. II. Schulte;, M. T» Walling)

Graphite is being considered as an alternate material for the fabrication of fuel
tubes to be used in the Daniels High temperature Pile. A question then arises

as to the method by whioh the enriched uranium should be incorporated into the
.graphite.

Ono possible method of accomplishing tills would be to make up a mixture of
carbon flour and 1"Og powder and then graphitize the composite by beating to a
high temperature. Die following preliminary experiment was carried out.
Powdered graphite was added to a solution of uranyl nitrate hexahydrate and the
mixture evaporated tc a thick paste. Diis was packed into a beryllia tube and
baked overnight at 40Q°C whereby the rumaining water was removed and the nitrate
decomposed. Die temperature of the oven was then raised to 1450°C and held
there for a few hours. When the sample was removed from the fumaoe it was
found to be in the form, of a fine powder. Diis method of attack was abandoned
at this stage at toe Argonne National laboratory since it was obvious that to
produce coherent material it would be necessary to mix the powders in pitch and
actually regraphitize in very high temperature furnaces'which were not available.
Therefore, the Argonne National Laboratory has interested the Norton Co.,
Battelle Memorial Institute, and the National Carbon Co. in this phase of the
work.

Another suggested method of incorporating uranium into graphite requires that
the graphite be fabricated in the desired shape and then soaked in a solution of
a uranium salt. This v/ould allow the solution to penetrate the pores of the
graphite, where the salt would be deposited upon drying, tee salt used would

be selected to be unstable at a reasonably low temperature decomposing into an
oxide ifoioh would be more stable.

Accordingly a project was initiated at ANL to investigate the feasibility of
impregnating graphite with uraniun compound.

Die work to be described in the present report includes the results of pre»
liminary experiments studying the general nature of the process and the effect
of sane of the more obvious wvariables upon the extent of the impregnation.

1.7.1 Impregnation with Molten Ura-yl Nitrate Hexahydrate

Uranyl nitrate hexahydrate, when heated to 60°C, dissolves in its water
of hydration. Consequently, tests were.made using suoh a solution for the

impregnation. After treatment with the solution the samples were fired
at 800°C to convert the UOg(NO3)2 &« ®to UsQg. The process could be

repeatec to increase the percentage of U"Og in the graphite.

Although large percent weight increases were observed for the samples
(as great as 19j>), the amount deposited was extremely nonreproduoibla.
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Shis was thought to bo due ia part to the feot that durisag the firing
step noticeable quantities of uranium salt aalted and migrated to the

surfaceo

A study was mad® of the distribution of uranium in a graphite rod cf
density 1»5G g/oo wtiioh had been iaiprognatod by this method. Tho rodif
whioh col taflned 29 g of 0303 per 100 00 of graphite saloulated on the
basis of the weight increase* ma turned off to various depths on a
lathe eat the shavings collected and analyzed* for uranium content. Ihe
results are shorm?, in the following table.

mInsioNa

It is obvious that the uranium content in the center must be a great deal
less than the average. This was confirmed through examination of the
impregnatsd samples by X«ray which showed low concentration zones at th®

center of the shape.

1.7,2 Impregnation with an tth«tr Solution of Uratnyl Nitrate

Other studios wero cmdc using uranyl nitrate dissolved in diethyl other as
the impregnating solution. This solvent was selected for the following

reasons s

(1) It was thought that the lowered surface tension end
viscosity might improve .the penetration of the solution into

the graphite.

(2) The uraryl nitrate in ether solution contains only a
very small amount of water. It was felt that this might
prevent the malting and migration of uranium salt to the

surface during firing.

In general®* the samples used were cylinders approximately 1 cm in diameter
and 2 cm long. Biese were boiled in distilled water to remove any powdered
graphite sticking to them. !Hiey were then boated to 800°Q in an atmosphere
of tank helium to remove the water and make the samples more absorbent.
After cooling®* the samples were weighed and then refluxed in an other

solution containing 39 g of UOgCHOsig P01* 100 00 of solution for one-half

hour. These wero then fired in a tube furnace at 800°C in an atmosphere



of helium for one-half hour to convert the uranyl nitrate to oxides of
uranium. After coolings tho aatnplos ware roweighed. It was found that
the samplos increased approximately Sfo in weight although there wan a
reasonably large scatter of the wvalues about the average.

fests were also made to ascertain if the spread in the percent weight
increase, observed in oaaiplea treated ia the sane manner, oould be reduood
by using louer solution ocnoontrations and by x*ecyoling the graphite
sample through the inipr; gnat.'.or process. Four runs of three samples each
were msde using different ether-uranyl nitrate oonoentrations. FEach set
of samples ros reoyoled four times through the process, the freight per-
cent increase being determined after efeoh oyole. EFEie results of these
tests are svaunarined in Figure 6.

It will be noticed in this graph that the samples which deviate from tha
average for the first impregnation also deviate in the same direction
for succeeding ones. This indicates that the observed scatter is mainly
due to variations in the graphite itself and not due to variations in
the impregnation process.

During the above tests it was found that the ether solutions gradually
formed a colloidal black precipitate after prolonged refluxing. Investi-
gation of this instabilite showed that the decomposition could be inhibited
by increasing tho free acid content but oould not be prevented entirely.
This decomposition was greatly accelerated at the boiling point.

X-ray exatnin&tion of samples prepared by impregnation from ether solution
showed that although the uranium was deposited more or less uniformly
tliroughout tie sample, there wore "empty'* zones distributed at random
throughout tie structure where the uranium content was lower.

1.7.5 Impragnatibn with Hexane, Acetone, and Water Solutions of Uranyl
Nitrate

Tests were made using hexane and acetone as solvents for the impregnating
solution. Approximately the same results were obtained with -these solvents
as hod been obtained earlier with ether. Ihese solutions also exhibited
instability at elevated temperatures.

Bio effect of time of refluxing the graphite in the impregnating solution
upon the amount of uranium taken up was also studied. An scotonc solution
containing 50 g of UOo(NO3)£ per 100 00 solution was used. Although the
variation among individual samples is reasonably large it appears that
there is no appreciable increase in the amount of uranium taken up after
30 minutes of impregnation. The results are shown in the following table.
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The use of water as a solvent was tried early in the program. However,
at that time the amount of uranium needed in the fuel tube was thought to
be of sudh a magnitude that a very concentrated solution was required,
and considerable nigretion of the deposited uranyl nitrate hexahydrate
occurred during firing. With the lowering of the required amount of
uranium, this difficulty may be minimized and tests will be made to sece
if water oan be-used as an impregnating solvent under the new requirementsy
It should be pointed out that water solutions of uranyl nitrate are far
more stable than solutions made with organic solvents. Also* if slightly
acid aqueous.solutions are used,the uranyl nitrate deposits as the

tri- or di-hydrato whioh may out down the tendency to migrate during

drying.

1.7.4 Miscellaneous Hosts

Some tests were made to investigate the effect of immersing the graphite
in mthe impregnating solution under vacuum and then allowing a return to
atmospheric pressure. lhis was done by evacuating a chamber containing

the graphite for one hour after whioh an ether solution of uranyl nitrate
was suddenly f?vushed over the sample. Ihe pressure was then returned to
atmospheric. No greater amounts of impregnation were obtained in these
teats than had been obtained earlier by refluxing in an equivalent solution
for 30 minutes.

Preliminary tests were also made to determine the effect of long time heat-
ing upon the impregnated graphite. In the first test a sample containing
9.2% UjOQ was heated in a stream of purified helium for a total of 30
hours at 1040°C. At the end of this time the sample had lost [,/% of its
weight while a control sample of plain graphite lost only 0.4# of its
weight. Gas analyses run on the entrant and exit gases gave the following
results|
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Another similar tost nm at 1390°C for sixty hours gave the following
results*

It is seen that in both of mtiiese tests there is a considerable increase in
the CO content in the exit gas with little change in the free oxygen con-
tent. This suggests that the graphite may be reducing the 0J0Q to a
lower oxide or possibly carbide.

Preliminary teste undertaken to determine th© feasibility of recovering
uranium from impregnated graphite indicate that about 90jij of the uranium
oan be leached out of the graphite by digestion in dilute nitric acid

at 90°C. Further experiments are planned.

Samples of beryllia (a possible fuel tube material) of density 2.06 g/oo
were treated with uranyl nitrate by refluxing in an ether solution,
followed by “heating to convert to the oxide. These samples absorbed
403% U308 as shown by weight increases. A brown oxide layer appeared on
the surface.

1.7.5 Conelusiona

(1) It is possible to impregnate graphite with uranium
oxides by refluxing in a solution of uranyl nitrate and then
firing to convert the compound to the oxide.

(2) The deposited uranyl nitrate hexahydrate shows a tendency
to migrate to the surface upon firing, especially if the oon-
oentration is high.

(3) Organlo solvents give reasonably uniform impregnations as
ocmpared with use of molten hexahydrate. However, the solutions
are unstable and cannot be used for more than fifty hours
reflux time.



(4) Upon heating impregnated graphite to elevated tempera-
tures (above 1000°C) an apparent reduction of the UJ0OQ
occursa

(5) Tests should be continued to investigate the feasi-
bility of impregnating large scale fuel tubes)

1.8 Vapor Pressure 6f Beryllium Oxide (N. D. Emray, R. L* Seifert)

Hie vapor pressure of beryllium oxidu has been moasursd in the teipperature range
1950°C to 2150°C by a modified Knudson effusion method using radioactive Be?

as a tracer. 3h this temperature range the vapor pressure is .given by the
equation:

AS10 prm * 18.32 - - 2 10gl0 7

Ihe boiling point is estimated to be about 4300°C with a molar entropy of vapori-
sation at the boiling point of about 26 oalories/degree. A report has been
written (CF-3626, by N. D. Erway and R. L. Seifert, 9/24/46) detailing the
method and giving the experimental results obtained from these measurements.

1.9 Spectral Rnlasivlty and Total Ekalsslvity of Beryllium Oxide (R. L. Seifert)

A report has been written (CF-3649, by R. L. Seifert, 10/25/46) detailing the
method and the experimental results, obtained on the measurement of the spectral
emi.ssivity and the total emissivity of hot-pressed beryllia in the temperature
range 1200°K to 2150°K. Essentially two types of hot-pressed BeO were used in
these experiments, a swnple of the black material as it comes directly from the
graphite molds used in the hot-pressing operation, and a sample of similar
material whioh had been whitened by subsequent annealing in air.

The spectral emissivitles wero measured by comparison with a reference surface
of platinum plated directly onto part of the beryllia surface* The spectral
emissivity (CQ.GSS™ waa £°ind 'fco var7 f«om 0.542 at 1200°K to 0.687 at 1900°K
to 0.235 at 1900®K for the whitened samples of beiyllia. The complete curves are
presented in the above mentioned report.

The total emissivity of these samples was measured with a total radiation
pyrometer, with suitable modifications of the cuctomary apparatus being mode to
permit the attainment of high temperatures. Tha total emissivity (€ total™
the "black" material varied from 0.665 at 1200°K to 0.931 at 2000°K whereas

the total emissivity of the annealed ''whlten material varied from 0.336 at
1200°K to 0.475 at 2150°K. Tie complete curves are presented in the above

mentioned report.
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1.10 Power Pile Mook-up Unit (R. Dawson, D. H. Miller, »V. Salmon,
M» T. ~“Vailing, Jr., 'HTVfoolf)

Bie power pile mook-up unit has been rebuilt in preparation for a series of runs
in whioh the simulated operation of a helium oooled pile will be studied over
several temperature ranges and power levels.

Pile materials placed in the unit for three runs include sixty hot-pressed BeO
hexagonal bricks, including both 3" and 4”” bricks, annealed and unannealad
bricks, and a like number of hot-pressed mixed-oxide ’fuel'* tubes including
both 10?% UOg and 2% UOg tubes. These shapes were weighed, micrematered and
inspected for cracks by the "Zyglo" technique before installation in the unit.
The uranium contents of several representative ''fuel” tubes and the densities
of a number of bricks and tubes were also determined before installation.

A helium purifier oonsisting of an electrically-heated fumaoe packed with
copper wool has been set up in a by-pass position on the outlet side of the
blower. A "Ds-Qxo0" indicator, a continuous-recording indicating osygen meter
manufactured by Baker & Co., has also been installed to measure the oxygen
content of the helium in the mock-up ooolant system. The nock-up has new been
equipped with a flight recorder (a 96 point Brown strip-chart potentiometer
obtained from Wright Field, Dayton, Ohio) whioh will be used to record con-
tinuously the -<mf’s of die twenty-five mock-up therawcouples.*

Under-over current relays and accessory equipment have been Inserted in the
electrical circuit. These relays, which automatically shut down the mook-up
fumaoe and blower in the event of any gross changes in the heating current,
were installed as protection for the pile materials housed in the mock-up furnace.
Experience has shown that these materials tre quite susceptible to thermal shook.

Preliminary runs made for the purpose of testing the new equiprent indicate
fairly satisfactory operation. Oxygen contents of less than 0.00/% (the lower
limit of the "De-Cxo" meter) have been obtained under steady-state conditions
in whioh leas than 5” of the circulating helium was diverted through the
purifier unit.

The results of these preliminary runs will be reported at a later date, along
with the series of runs whioh will begin shortly.

1.11 Pile Design and Mechanisms (H. B. Fairchild)

1.11.1 Loading and Unloading Moohanism

Because of tho prospect of bringing the temperature of the pile down to
750°C - 800°C with the resultant possibility of "canning” the fuel rods,
loading and unloading problems are again being Investigated. A mechanism
for top of pile operation has been designed (ANL-OCS-18, from E. B.
Fairchild to 0. C. Simpson, 7/26/46) which oan be manually operated with
a wire cut-off device enabling the fuel rods to drop out the bottom of
the pile into a hopper via a liquid seal. Various elements and compounds
which may have possibilities for fulfilling the requirements of a liquid
seal are being investigated, and a memo compiling tho available data has
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bean writlwn (AIIL-OCS-66. from H. Bo Fairchild to 0. C« Simpson, 10/2/46).
This report also contains the description of an alternate proposal for
fuel slug removal entailing the use of a double gate gas lock instead of
a liquid seal.

1.11.2 Dett-rmination of Pressure Drops

A memo has been issued (ANL-0dS-30, from H. B, Fairchild to 0. C. Simpson,
7/22/46) on the thooretioal treatments available for the calculation of
the approximate pressure drops through a spherical pebble pile. The
diversity of the solutions of the equations in the litersturo indicated
the advisability of determining such pressure drops by actual experimenta-
tion (ANL-OC.J-20 Supplement, from H. B. Fairchild to 0. C. Simpson,
9/26/46). Four runs were made on In dia. spheres with complete repacking
for each run. However, very little wvariation of fractional free space
(or © void) was achieved in each case. Pressure drops through 1" dia.
spheres (smojth surface) arranged in a 7" diameter column 1 foot high were
observed throughout a range of flow rates whose maximum value was deter-
mined by the operating limit of -the apparatus (oa. 0.012 lbs/sec flow of
3B). A typical equation for the pressure drop under- suoh conditions is

~p * 1274 W2"058

where
~.p » inches H20/foot

3 helium flow rate 1a lbs/sec

Tha observed values wen? ca. bQ’S of the thooretioal values obtained from
equations fodnd in the literature with tha exooption of one equation
derived by S. B* Burke and Yf B. Plummer (Industrial and Engineering
Chemistry, £0 (1928) 1199), where the agreement was very close.

Sinoe the proposed design of ihe high temperature pile considers the flow
of gas through channels containing fuel slugs, the gas flow characteristics
through, such a channel has been determined using various fuel rod designs.
A memo has bt«en issued (AHL-OCS-29, 7/19/46) describing the apparatus
used, the data obtained, and some conclusions of suoh observations. Of
eight designs tested, four showed more promise than the others from tho
standpoint of the least variation in gas flow with orientation of the fuel
rod in the charnel, 0;in of these designs, "F-22w (a hollow cylinder
without ribs; 1.500w ODj 0.625" ID, 600" long), has a further advantage
over the othor throe ia that it offers good area of contact to a gas

film thus allowing for efficient heat dissipation. Although this design
may offer only two point contact depending on the orientation, there is
satisfactory coolant gas flow past the points of dcntaoto

The proseere drops occasioned, by alundum tubes 2 feet long were determined
for comperiscn with the above designs, and the results appear in memo
AHL-OCS-31 (from H. 3. Fairchild to O. C. Simpson, 9/7/46). Alundum
"bamboo" rodit (0.627u 0D, 0.301" ID) showed a greater pressure drop than
previous designs. Alundum "cane" rods (0.420" 0D, 0.335" IB), however,
gave pressure drops comparable to previous designs.
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1<>12 BeO Pile CnlculatioKS (R. G. Sachs)

1.12»1 Conputations oa Transient Bahairior of The BeO Pila

A memo has been written to Farrington Daniels (frcex R. G. Sachst ARL-RGS-6,
8/28/46) on "Die Transient Behavior of the BeO Pile”. The reactivity of
the BeO pile "Then it is at room temperature (not in operation) is expected
to be at least [5% greater than at the operating level. Since it is not
safe to make a sudden change in the reactivity of more than 0.1$, it will
be necessary to start the pile slowly. The start-up schedule of the
reactor and questions concerning its stability while in operation are
discussed in this memo for the purpose of obtaining a preliminary idea
concerning the design of a control system for the pile. This memo is not
intended to be the basis for final decisions concerning the design of the
pile, but rather as an indication of the considerations which will be
involved in making such decisions.

The eerytents that have been used in this treatment correspond to a pile
containi ng 0.0275 g of UQjj/g of BeO, with the uranium present as 30$ U235p
but the qualitative results would probably not be changed in a serious
way 1f the concentration were lewered. It is found that -the pile may
oscillate with increasing amplitude at all power levels. This is not
important at low power levels because the start-up procedure can be such
that oscillations do not occur until the operating level is attained. At
the operating level, the worst features of the instability could be
eliminated by introducing a temperature control on the coolant system.
Triore would still be a tendency toward instability as a consequence of
radiative heat transfer from the fuel rods to the moderator, but it is
indicated that this inotability will have a great enough relaxation time
for it bo be handled by means of control rods.

1.12.2 Chtinges in Calculations on BeO Pile Size and Experimental Require-
ments

It has recently been proposed that the density of loading of the BeO pile
be reduced to 0.004 g of UO2/E of BeO. In addition to this change, recent
experiments by D. J. Hughes (CP-3562) indicate that the transport cross-
section is nearly 6.2 barns rather than the value of 10 barns previously
reported in MUC-KVT-60 (from K. Way to R. G. Sachs, 4/12/46). New estimates
have therefore been made of critical size (weight) and of the materials
needed for the exponential, age and diffusion length experiments. A memo
has been issued (AHL-RGS-2, from R. G. Sachs to F. Daniels, 8/7/46) con-
cerning the changes thus made necessary in previous calculations given in
MUC-HGS-AVM-5 (A. V. Martin to R. G. Sachs, 5/15/46) and MUC-RGS-2

(R. G. Sachs to J. E. Willard, 4/2/46).

(1) Critical Size of Pile A rough estimate of the change

in reactivity of the hot pile on the basis of the low density

of loading now being considered and the correction in the

transport cross section indicates that the critical size (weight)

of the pile will be 1.7 times greater than reported in MUC-HGS-AVM-5.
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(2) fliysloe iilxperigiants Associatod with Design of BaQ Pile

(a) IJSxponantlal Pile Estimates of matei-ial needed
on the basis of the new loading density and the corrected
transport cross‘“section indicate a requirement of 2SQ0
Ibs of BeO bricks and 9*5 lbs of UOg containing ca. 1.3
kg of for the exponential experiment.

(b) Ago Kxp)riroont No change will be necessary in
idie amount of material estimated in MtJC~RGS-2 for the
age experiments; namely, oa. 1.5 Ions of BeO about
equally divided between hexagonal bricks and plugs.

(°) Diffusion LengtV, Experiment It seoiau almost
certain tEat the age experiment "will be subject to
interpretation only if the diffusion length in the sums
sample of pure BeO is measured. The amount required
for the diffusion length measurement is increased by

a factor of 2.0.

Hie material required for the three experiments is summarised in
the following table:

1.12.3 Effect of Impurities on Pile Size and Conversion (R. G. Saohs)

An estimate has been made (AHL-ROS-3, from R. G. Saohs to 0. C. Simpson,
8/9/46) of the effect of introducing 10°“® parts of boron by weight into
the pile moderator for a pile containing 0.004 g of UOg/g of BeO. If it
is assumed- that the accepted absorption cross-section of BeO, namely,

0.01 barns, is due only to the beryllium, this amount of boron would
increase the absorption of neutrons in the moderator ty 18”. This increase
in the absorption would lead to a decrease in k of 3" and a decrease in
diffusion length of 1,6/« Ihe corresponding change in the reactivity
would be a reduction by about 5%» Thus the pile volume would be increased
by oa. 7%0 It in also to be expected that the conversion gain would be
reduced by an amount of the order of 3/.
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1.1S Procureaiont of BeO (C« A. Boyd, Co A. Hutdhison, Jr®, 0. C. Simpsoal
J. K. Willard)

Negotiations have begun for procurement of BeO for the various experiments listed
above to be carried out by Monsanto at Clinton Laboratories. Since all the
original experimental.vrork and contacts with the companies had been made at this
site, 1t was requested that the Argonne National Laboratory continue to deal
with the companies as go-betweens during the transition period. As a result of
the above mentioned calculations on the effect of boron on the absorption- of
neutrons in the moderator, a specification of 0.5 ppm of boron (or equivalent

in absorption cross-section) has been set on the BdO powder, and <1 ppm of
sboron (or equivalent) in the completed brick.

1.13.1 Procurement of Powder

The Clifton Products Company, Fainesville, Ohio, has consistently produced
powder of the purity specified, though the physios! properties of their
product seem to cause some difficulties in molding,. The Brush Beryllium
Company, Cleveland, Ohio, on the other hands has been able to produce
material which is very satisfactory for molding, but muoh. of this has

had a high boron content. Monsanto Chemical Co. has placed an order with
Brush for 5000 lbs of their GC grade BeO, and will place a similar order
with Clifton when it appears likely that one of the molding concerns will
be able to use -their material.

1.13.2 Procurement of Bricks.

An order has been placed with the Norton Company, for fabricating hexa-
gonal bricks by hot-pressing in graphite molds at their Chippewa plant,
Niagara Falls, Ontario, Canada, and annecaling them at their Worcester,
Massachusetts plant. Work will begin as soon as a sufficient quantity
of acceptable powder can be obtained.

Contact has also been made with the AC Spark Plug Division of General
Motors, Flint, Michigan, who have been experimenting with the production
of hexagonal bricks (equipped with dowel pins) made by ceramic firing.
Work has been started to decide upon a suitable grade of powder and to
calculate shrinkage characteristics of this ponder. Steel dies for
bricks and dowel pins ai-e being made by the shop at AKL and it is expected
that they will be ready by the time the powder can be supplied. Because
the shrinkage is different for each batch of powder the whole 5000 lbs
must be procured before fabrication can begin.

1.13.3 Criteria for Acceptance of Material

(a) Acceptance of Powder Powder is to be sent to the
speotrographic laboratory at ANL and will be accepted or
rejected by Monsanto according to the resulting analyses.
3he ANL results have checked with the National Bureau of
Standards and others in a national standardisation program,
and attempts are now being made, by preparing new standards.
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comparing plates, etc., to bring agreement between the

Horton Company analyses and ANL analyses. Since the Qnish
Beryllium Company has no facilities for analysis, and has

no means of discovering why their powder varies eo much in
boron content, they are collecting samples from various points
in their process using various methods of sampling and sending
them to ANL for analysis.

(b) Acceptance of Bricks The specification of <1 ppm of
boron or boron equivalent has been placed on the fabricated
briolas. Acceptance of the bricks will be determined by the
functional test to be run using the CP-3 pile, since speotro-
graphic analyses of entire bricks is not practical and since
early functional teats gave a value in agreement with the
speotrographic analyses.

4CIO '52



2 GRAPHITE PROBLEMS

2.1 Investigation of the Properties of Irradiated Graphlto (Section written]
" by n. A. Kierstead v/ith the assistance of Vf. Primak and R. B. Lees, all
three of v/hon joined the group in Septeaber)

Investigation of the properties of irradiated graphite is being carried out
principally along three lines: measurement of the stored energy and its
healing rate, determination of the activation energy spectrum for healing of
resistance changes, end investigation of the effect of irradiation and of
subsequent heating on the ag lattice constant of graphite.

Stored energy is being measured by four different techniques. The most direct,
and at present the most accurate, method is comparison of the heats of combus-
tion of irradiated and unirradiated samples. This work is being done for the
Argonne Laboratory by Frosen and Rossini at the Rational Bureau of Standards.
Apparatus is now being constructed to measure the heat of dispersal of graphite
in liquid potassium. This technique promises to be quicker.and possibly more
accurate than the heat of combustion. The Sykes method measures the rate of
release of stored energy as the sample is heated at on approximately linear
rate. The “dunking" technique is a calorimetric method of measuring the iso-
thermal rate of release of stored energy. o . o jrlj y °j}*
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m2.1.2 -ISworarr-ifieHtf 61* Stored !:.iergy from the Heat of Dispersal in
y--fi,rah’(s. Uorcfon~~1 .~ A'. Quarteman]

The observetion mecle by L. Kelman (lletallurgicBl Division, i.rgonne
national Laboratory) that graphite and [Ja-K alloy react suggested the
possibility of determining the stored energy' by conoaring the heat of
reaction for irrcu samples with that for unirradiated material.
Alicali metal-graphite compounds were found to Inrve boen inTOstlgated .
previously [fredenhagen and Cadenbach, Z. Anorg. Chem. Iy3- 249 (-'4926) |.
Since sodium reported to bo unreactfve, r-r yms "fTricldeH" to use
potassium alone. Considerable difficulty was encountered in devising

a satisfactory calorimeter, and in developing a technique for, manipulat-
ing the apparatus sc that the potassium was not oxidised excessively.
Some of the iechniqve.i and procedures thus far developed may be of
interest®

Preparation cf the Potassium Air was displaced from tho filter
epparuttua’~r™i gufe" fT)~by "nitrogen purified by passing it over hot copper.
A cylinder of potassium, cut from a large chunk of metal with the aid
of a oorkberer, wat* then inlroduced into tho chamber (A). The apparatus
waa o’'mcuatcc and uhe potassium melted by induction heating. TTitrogen wae
now admitted, forcing the potassium through the filter into tho lower bulb
(B). After he po';cssiura solidified, the lower bulb was sealed off at the
constriction.

o
Introduction of Potassium ard Graphite into the Calorimeter A piece of
"rubbor  ibirL[;~f'Il'eS with rij-T'-ogen wa h placed over the tupTcf the potassium
ampule, ar.d the tip broken inside cf the tubing, bith the rubber tubing
still attached, the ampule was tied to the wires (B) of the calorimeter cap,
the tin pointed downward (Figure 9) While nitrogen was flowing through
.the apparatus, the rubber tube -vat removed from the tip of the potassium
ampule, and the cap holding it was quickly lowered into position. The
calorimeter v as then partially evacuated and the potassium-,melted by Induc-
tion heating, flowed into the silica cup (c). The calorimeter was again,
filled with nitrogen. While the nitrogen was flowing, tho cap was lifted,
and the graphite sample (D), weighted with & piece of glass rod inserted
into it, Twd attached to the fuse wire (E). The cap was replaced-and the
calorimeter evacuated. An oil bath maintained at 80 4 0.02° was i<w brought
up into position. V/hon the calorimeter reached the temperature of the bath,
110 V was tierentnrily connected across the fuse wire causing tho sample to
drop into the molten potassium. Simultaneously a clock was started, and
ths JSHF of the copper nonetentan thermocouple (?) wag read periodically with
a Type K potenttometer.

Calculation;-, of Hie heat of dispersal were carried out in. the usual manner
for calorimetric experiments. A trial run has been made with this
apparatus in order to develop the technique for manipulating it, but no
valuori of stored energy have been obtained to date.









2slc.S  Uoaeurument or Gtoreri Energy by the Sykes Method (D. II. Gatley,
R. '3. Leea~~R. 0. Milham '

The Syl»s method depends upon the fact that stored energy is released as
thermal energy when an irradiated sample is heated. In order to measure
this thermal energy,, the sample is placed in a cavity in a copper block
in such a manner tiiat it is partially insulated from the block by the gas
specs around it. For comparison purposes an unirradiated graphite sample
is placed in a aiaular cavity. The block is then heated at a uniform
rate by a fjrmce around it. Tho rate of heating of the sample will be
given by

CE"™* k(B * IH] * 6))

whore CH is the "apparent" heat capacity of the sample, % is its tem-
perature, Tp is ihe block temperature, and K is the heat transfer con-
stant of the Insulating gas space. SimilarTy, for the unirradiatod
sample

cC = K(TB - TC) )

where the same B is used since the two samples are identically arranged
in the block. Combining equations (1) and (2)

§R Tp - Tw dTc
[
C
Now if the furnace is cooled and then reheated, the irradiated sample

will have given up its stored energy in the first run, so it will now
exhibit its true heat capacity, CH*. For this second run then

1 28 iCtu* -26°). 4)
Go 737 - K(TB* - TO") - (5)
(6)

Tho relation between the true and "apparent" heat capacities of "tho
irradiated sample may be obtained by observing that in the first run &
true heat balance would be given by

0B’ £21 » -aM) - gl . (7)

where S is th« total amount of stored energy in the sample at time t.
This must be true since the sample is heated by stored energy release
as well as by the furnace. Substituting equation (1) in equation (7)
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and (10)

Tho ratios of.heat capacities require'! in this equation nay be obtained

from.equations (3) and (6)* If the rate of stored energy release is snail

compared to the heating rate of the furnace, (gl"gc and gllT_ig‘ Trill not vary
J_

%o
signifloantly from unity, under which conditions then

(H)

and FIf,g: - Tyj* a2

Ibe toaperacvire differences required are conveniently measured by differ-
ential thermocouples..

Apparatus The blook is naohined from solid copper as shown in Figure
TOT In the top are bored two large cavities for samples, each with a
small hole at the bottom on the center line to hold the alundua tube
support, anl an enlarged upper portion to accomodate the copper plugs
(Figure 11). These copper plugs are ooated with Aquadag before inserting;
otherwise they are difficult to remove after the furnace has been heated.
Also, three long holes are drilled in the blook parallel to the center
line to hold thermocouple tubes, and two tapped holes are provided to
hold the upper insulating framework. This framework consists of five
circular copper discs mounted at one inch intervals above the blook as
insulating baffles. The thermocouple wires pass tlirough holes drilled
in these disks.

In the side of the blook are drilled six holes to hold small quarts or
copper pegs to center the blook in the furnace. The lengths of the pegs

ere adjusted to just fit into the furnace, as the diameter of the blook
increases slowly with use.

The vertical furnace (Figure 12) consists of an iron pipe closed at -the
bottom, and sealed at the top with a thick brass plate. The plate
is bolted on with eight bolts,, and is sealed with a neoprene gasket.
It contains one central tube, 3/8n QD, for the evacuation and gas-
filling linj, and two snail plastic insets drilled for two thermocouple
wires on on3 side and four on the other. The wire leads and plastic
insets are severed with Apiezon wax during a run to make the furnace
completely air-tight. The iron pipe is held vertically In an alundaa
tube, wound outside with heating ooils and insulated with three inches
of fire-brick. The copper block rests upon throe alundun pegs held
vertically on the bottom of the iron pipe by three horizontal copper
plates spaced with quartz tubes, providing bottom insulation similar
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to the disc;; at mxo top of tiia bloo¢-. ‘fno top four inohos of the pipe
project fror; the fm uaoe and are cooled exteiTialljr with riae tunxe of
4 Cu tubing tlxrough whioh oold water is ciroulatedo

The tenperature of the block is measured with a 23 guage iron-constantan
thermocouple> The hot jimetion is soldered into a copper tube 2 3/4"
long by Z~7” ID, which is closed at one ando This tube fits into a
hole in the top of the block, sc that tho junction is about 3/16n from
the bottom of the hole. Tho leads, insulated with cotton, are led from
tlds tube through .separate holes in an alundum tube which passes through
tho plastic insets on the top plate to an external oold junction.

{
The temperatures of the samples are measured by differential thermocouples,
ono junction being anchored in tho blook in the same manner as the hot
junction fo’* the measurement of the block tenperature. The constantan
load, however, goes to tho sample where it joins the second iron lead
(Figure 10)° A similar arrangement is made for tho second sample. The
sample junction terminates in a small copper well, S/B*# long, 7/64" OD,
3/64" 1D, which just fits into the holo in the sample® This junction,
soldered into the Cu .veil, is thus 5/8" below the top of the sample.
From, the copper well the iron and the constantan leads run through a
short length of two hole alundum tubing which passes through a hole in
the Cu plug the constantan lead then going to the block junction where
it joins tho other iron lead« Tho four iron leads from the two differen-
tial coupler are finally led through a 4-holo alundum red (as was de-
scribed earlier) to the outside of the furnace® The constantan load from
the block tfimperature couple runs to a oonstanton-iron junction in the
ice bath am', the iron lead from this same junction to an iron-copper
junction in the ico bath. The other five leads from the apparatus are
all iron anil are joined to copper leads in an ice bath, in order to avoid
spurious thormo-sleotrio effects.

The three p.uirs of copper leads are connected each to a reversing double-
pole, double-throw knife switch. The blook temperature is then measured
by a type K Leeds and llorthrup potentiometer. From the switches the two
differential leads run in parallel to a bank of resistances where 100,
200, 500, 750, 1000, or 1500 ohm resistances may be put in series with
the circuit, and then to a Leeds and Northrup galvanometer having a 50 ohm
damping resistance. (The galvanometer was mounted on a brick pier.) A
separate Rubicon potentiometer is provided to calibrate the scale of the
deflection galvanometer for tho varioue resistances by application of a
Iener.m IMF across the reversing switches in place of the thermocouple
EM??s. For the 500 oftr resistance in series, the galvanometer sensiti-
vity is 73 cm per ml. Hivolt.

Tho power to the furaaoe is provided by a 220 v line, reduced in a Variao
transformer to the desired voltage level so tlxat various rates of heating
are available. In order to make the heating rate more linear, the car-
rent is passed tlirough a motor-driven rheostat whose resistance is
reduced frm 7.5 ohms to zero in a period of 40 minutes.

Procedure When the samples and the blook have been mounted in the
furnace, tho furaaoe is evacuated to about 0.1 mm of ng by means of a
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Cenoo Ilyvac pump, and filled with hydrogen at a few om above atmospherio
pressure®* Then the power is turned on and the notor-driven iheostat is
started®* The differential thermocouples are read every minute, and the
blook thermocouple every five minutes®* TVhen the blook reaches 7C0°C,
tho power is turned off and measurenents are continued for a few minutes
until the temperature begins to fall* The furnace is allowed to cool
over night without disturbing tho samples.

The next morning the furnace is evacuated and refilled with hydrogen,
and a secont run is mc.de in the sane manner as the first.

Results The results of a measurement on the T-bar (AKL’s designation

for tHe third of & series of Hanford sti'ingar bars taken from side holes)

are given in Figure 13, in which the ratio CH, calculated from equation (11),
Tlc

is plotted e.gainst Tn* The unirradiated sample was /JCCT-Eondall graphite.

Three eucoecsive rums on the same sample are shown. It should be noted

that the second and third runs are nearly identical, proving that no

stored enerr y was released during the second run. A fourth run, not

shown, also duplicated the previous two.

The fact that the first and second curves do not close at the high-
temperature end indicates that stored energy was still being released
at the end of the first run. Ideally, the first and second runs should
close at the beginning, since no stored energy should be released until
130°C, the temperature of irradiation. The reason that they do not
close is that the true heat capacity and the thermal conductivity of
the sample change due to healing during tho run. They are therefore
net the same in the second run as they were in the first. To correct
for this, the curve for the second run must be shifted upward in the
low-temperature region until the curves meet. At the high-temperature
end no shifting should be done since the sample has healed by this time
and the two runs are comparable. Therefore, a correction which is
assumed to be linear with temperature should be applied. These calcula-
tions have not been rac.de as yet, but when they are finished a dS curve
{If
.riii be plotted using equation j ana tne curve will be integrated
graphically to determine the total stored energy healed out at 7000C.
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2,lo4 laothernal Rg.ts of Release of Stprod Energy (So Co Avery, Co K»
IfeTson)

It is known frt«i the Svkas and other experiinents [wheeler and O’Connor,
112101 (CS-I®7), H/9, 45J that the rate of release of stored energy in
irradiated graphite is governed by a broad spectrum of activation ener-
gies® Since mathematioal analysis of such a system is very difficult.
It would be useful to heal samples in such a manner that only a narrow
band of activation energies is affected. This can be done by heating
the sample isothermally for short periods of time at successively higher
temporeturofc', and determining the energy released by standard calori-
metric methodso Thus advantage is taken of the fact that at constant
temperature a small difference in activation energy makes a tremendous
difference in the rate of reaction, so that disturbances having a parti-
cular activation energy can be characterized by the temperature at which
they heal rapidly.

Apparatus Th® dunking apparatus consists of ft vacuum calorimeter "S"
/Figure 5.4) containing a bath of Rose metal (E) into which a sample of
graphite oan be quickly dropped or “dunked--o The nickel oup containing
the Rose metal is spaced from the calorimeter mils by the quartz peg
(J?) and the mica washers (O). A themooouplo (J) enters through a tabu-
lation to permit the temperature of th© Rose metal to be determined.

The sample (T) with a themooouplo within it is mounted at the end of
an alundum insulator (13)« A brass bushing (L), which also serves as a
stop and as a radiation shield, connects the alundum with a brass tube
(G). The sample thermocouple (D) descends through this brass tube. The
iron rod (A’) is attached to the upper end of the brass tube. When the
solenoid (A) is activated, it oan be used to raise the whole sample-
holding assembly until the guide (C) is above the iron rod and stop (B).
The stop oan be moved under the guide with a magnet, thus supporting the
sample in the region of the water cooled Joint (K). Other details of
the apparatus are shown in Figure 14.

The calorimeter sits in an oil bath contained in a 2 gallon pyrex battery
Jar surrounded by firebrick insulation. The whole is set in a galvanized
iron con. Current through an eleotrioal winding on the outside of the
battery Jar is adjusted by means of a variac so that it can itself main-
tain the temperature of the oil bath about 5°C below the desired tempera-
ture. An auxiliary heater within the oil bath is used to regulate the
bath to within t 0.03°C of the desired temperature. The regulator con-
sists of a photocell relay arrangement actuated by the light reflected
front a Type R galvanometer connected to a portable Rubicon potentiometer
which balances the EtiF of a thermocouple immersed in the oil bath. This
regulator permits the temperature of the oil bath to be changed easily
and reproducibly. Three measuring ethermocouples, that for the oil bath,
that for th© Rose metal, and that for the sample, oan alternatively be
connected to a Leeds A Borthrup Type K-2 potentiometer by means of a
battery of knife switches.

The procedure in carrying out an experiment is as follows* The sample

is raised to the level of the water-cooled Joint (K) where it is main-
tained well below the temperature at which stored energy is released.

The oil bath is regulated to the desired temperature. Heliun is admitted
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to the calorimeter to permit the calorimeter and its parts to cone to the
temperature of the oil batho The calorimeter is evacuated to less then
5 x 10-5 uBU, at which point the Rose metal is found to remain at a tem-
perature slightly below that of the oil batho The stop (B) is withdrawn,
and the sample lowered into the Rose metal by lowering the solenoid (A)«
When the sample touches the Rose metal, an electrical timer is started
by a relay which is connected between the thermocouple in the Rose metal
and the thermocouple in the sampleo The temperatures of the Rose metal
and the sample are recorded periodically at 30 second intervals fqr the
first five minutes, and then at longer intervals for 30 to 60 minuteso
The temperature of the Rose metal drops so rapidly that the first reading
is usually somewhat past the minimum* If no stored energy is released,
the temperature slowly returns to the oil bath temperature* The release
of stored energy hastens the return. Occasionallyf when a great deal of
stored energy is released, the temperature rises above that of the oil
bath, and then slowly returns toward it*

Calculations When the sample is dropped into the metal bath, the bath
ami sample rapidly reach a mean temperature, defined by the equation
TOCiw  TgCs = Ti(CM * CS) = CTi (D

where TO is the oil bath temperature, CIJ is the heat capacity of the

metal bath, Tg and Cg are the initial temperature and the heat capacity

of the sample, and C r CiJ £ Cg. If the sample has no stored energy, the
temperature will then rise at a rate which is given sufficiently accurately
for those purposes by Newton’s law:

cfr*K(TO-T1),

or In(TO - T) * In (TO - Ti) - 11 , 3)

where K is a constant of the apparatus.

A preliminary experiment is performed using a oopper sample of known heat
capacity. 3y plotting the temperatures against time on semi-log paper,

and K are determined from the best straight line through the data.
Then T" ie used in equation (1) to determine Cy.

When an irradiated sample of stored energy content .S. is dunked, the metal
bath is heated by the release of stored energy as well as by radiation
from the oil bath. The rate of rise of temperature is than

c -km -1 %, 4)

tf

and AS = C(Tf - Ti) - KTOtf * T dt . (5)

where Tf and tf are th® temperature and time when the sample is removed
from the bath and A S is the decrease in stored energy or the stored
energy released.

SS
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Tj ia (lotamined as in the copper chmk by extrapolating the tonperaturos
back to zero time on semi-log paper* C is o&loulated from equation (1)
using this value of Tj,, the known Cg 6F the sample, and the value of Cm
determined in the copper dunk* Now the rate of stored energy release
can be calculated according to equation (4) and the total stored energy
released by equation (5), using a graphical integration of T*

Results The apparatus has been constructed and a few preliminary runs
have "been made, but no data have been obtained as yet.
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20l«5  Thancal HQallnr; of Meutron”Induoed Changes in Eleotrioal Resis-

ETvYty (c» SmlOT)

An. appe.ratua haa been oonatruoted for determining the activation energy
spoctrm for themal healing of dislocations in neutron-irradiated gra-
phiteo This is fo be done by measuring the changes in electrical resis-
tivity of an irradiated sample as it is heated at a uniform, rate up to
1000°Ge  The data will be analyzed according to the method used by

Vo Vane. Qr*oce Phys. Soco 55, 222 (1943)*1 in studying resistance changes
in evaporated metal filiaso

A trial run has been made on two samples of urirradiated AGOT-Kendall
graphite. The results of this run are plotter! in Figure 15. The solid
line is drawn freta data reported by the National Carbon Company, tod the
plotted points represent experimentally debanrined resistances of the two
samples. All resistances are plotted as fractions of the resistance of
the sample at 48°C.

The maximum deviation from the National Carbon data is around 7%p but
over most of the temperature range it is much less. It should also be
noted, that the agreement between our two samples ia even better, and
relative accuracy is all that is required in this method.

Some improvements will be made in the apparatus, as suggested by the

trial run, and a oamplete description wil] be reported when the apparatus
is in its final form.
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202  Distrlimticri of 37 in Giraphiba (ftp H. Hamlll)

The observatiers of J. R» Arnold in this laboratory deraonstrate a selective
oxidation of C”- in irradiated graphite by both high taaperature oombustion
in oxygen and rocni-camperatura oxidation in ohrcraio-svilfurio escid* In both
oases the abundance deoreases rapidly with continued oxidation and ap-
proaches a limiting value. This suggests the possibility of using in
irradiated graphite as a ty-aoer for dislocated atcru.

A nusiber of oxidation experiments have been carried out in the following man-
ners The graphite sample is thoroughly evacuated, and then small amounts of
oxidizing agent are adoei. After each addition, the COg formed is collected
and counted, using a conventional end-window counter.. Results are expressed

ae the ratio of the percent of the total count to the percent burned in an
individual sample, which ia a measure of the C-*- enrichment in the gas fraction.

In Figures 17, 18, 39, and 20 this ratio ia plotted as a function of the total
percent of the sarbon burned up to the time the sample was taken. The data
refer to rune on samples of annealed and uraaneeled I'-bar graphite.

If wo make the reasonable assumption that oxidation starts at the surface of
the crystallites ?vnd progresses inward, these curves give uo a picture of the
cA4 distribution, and therefore the distribution' of dislocated atoms, in the
crystal. Figure 20 3s particularly interesting since, with air at 770°C, it
was possible to bum the whole-sample. The last point at 96$ burned indicates
an enriohmenu ratio of 0.06 in the center of the crystal. Therefore, at most
5% of the displaced atesas have healed back to holes. This ia a maximum figure
since 1t is Imcwn that setae inters titleIs retrain unhealed at 770°C, and these
would add to the court

Since other experiments in this laboratory indicate that most of the dislocated
atcens are healed at 770°C end since it haa just been shown that they do not
heal to holes, they must heal to edges. One might then expect that the crystal-
lite would be enclosed in a sheath cf healed dislocated atans* Also, since the
C"~ concentration in these e.taas is constant, one would expect a region of con-
stant enrichment ratio in the initial portion of the curve. This appears to be
the case in Figure 20.* From the value of this enr:.ehment i-atio, about 4.5,
ono oan calculate an. upper limit of between 20 and 25$ for the fraction of dis-
placed atoms. The length of the linear region sets a lever limit of about 38$.
Of course this observation, will have to b® checked more carefully before we oan
have any confidence in these numbers. This will be done in the near future.

* The initial very high count ia attributed to deposited on the surface of
the graphite from the (n,p) reaction with nitrogen in the atmosphere.
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205 Heat of Sublimation and Vapor Proosure of Graphite (E» J» Thorn;

S'STTQr?.! r.'ti'saptE h?.vo nade zo establish t™e haah of sublination of p”™aphite
(i»o<., the heat of sublimtion to the momtanic form), but in spite of the at-
tempts, the exact value remains doubtful* A summary of the investigations carried
out before 1933 is piven by Bichowsky and. Rossini CDwho conclude that tlie value
is between 110 170 ysal, the latter value being the more probable. These
limits are based upon the uncertain dissociation energy of carbon monoxide; the
extremes based upon vapor pressure measurements as given by Bichowsky and Rossini
wre 140 and 210 kc.al® Since the period covered by these authors, Kelleyhas
calculated a value of 198 keal at 25°C for the monatomic form using data obtained
from, the less in weight of filaments by Wertenstein and Jedrzejewski® Aside

from this recalculation the method, which lias been used most frequently during

the past ten years is that based on a cycle involving the dissociation energies
of carbon monoxide and oxygen and the heat of formation of carbon monoxide.
Unfortunately, however, tlie dissociation energy of carbon monoxide has not been
established conclusively. The values reported vary frera 6.9 to 11«6 ev, oorres-
ponding respectively to values of 73 and 181 koal for the heat of sublimation,

or to 170 and 278 koal if the hypothetical 5S state of carbon is assumed. In
tlie more recent publications Valatin”0 has supported the valuesof 6.9 ev and

170 koal (the hypothetical 5S state assumed); Long and Torrish(@have supported
Hertzberg's value © of 9.1 ev and 125 teal; and Gaydon nd Itennsy ©have sup-
ported the values of 11.1 ev and 170 koal. In view of thene diverse values it
has been impossible to state conclusively a value for the heat of sublimation

to the none.tonic form on the basis of the dissociation energy of carbon nonoxide.

Other attempts have been made to calculate the desired property of graphite from
the addition of bond energies, but these values also vary widely from 125 to 190
keal. Most recently Syrkin  }iaa obtainec. 125 teal; Cherton has calculated a
value of 190 koal (the S3 state assumed); and Kynoh and Penney ©have found a

value of 170 teal by this method. Another possible method, which has received

very little attention, is one based upon, the dissociation energies of Cll, nitro-
gen, and cyanogen., and the heat of formation of cyanogen. This method, however,
presents one additional uncertainty; namely, the value for the heat of dissocia-

tion of cyanogen into CEU Although values calculated by this scheme vary from
121 to 200 teal, White O$ favors the value of 169 teal.

Since the spectroscopic method has received the most attention during the past
decade and since the values obtained by this methed do not agree very well with
those found earlier by the vapor pressure measurements, it seemed desirable to
redetermine the heat of sublimation by the latter method with the aid of recently
developed techniques and equipment. This method of approach seemed particularly

©Bichowsky, P. R., and Rossini, F. D., The Tharmoohemistry of Chemical Sub-
stances, Keinhold Publishing Corp., Hew York, (1936}.
Kelley, E® K., U. 5. Bur. Mines Bull. 383 (1935).

Valatin, J. G., J. Cham. Fnys. 14,568 (1946).

tong, -L. H., and Korrish, R. G."T9., bature 157, 486 (1946).
lertzberg, G., nature 137, 620 (1936).
Gaydon, A. Go, and Penney, W. G®, Proo. Roy. Soc. A 183, 374 (1945).

Syrkin, Ya K., J. Chem. Phys. (U.S.S.R.) 17, 347 (T~SJ.
Cherton, R. Bull. soc. roy. soi. Liege 11"77203 (1942).
Kynoh, G. J., and Penney, W. G., Proo. Soy. Soc. A 179, 214 (1941).

White, J. U., J. Chem. Phys. 8, 459 (1940).
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desirable beoauso ajjiOQ the early publications on the vapor pressure method,
the equilibrium constant for the dissociation of the diatccdo oarbon into the
manatcdio form has been recalculated® In addition to this reason for tlie rede-
termination, it was desirable to obtain also a vapor pressure equation for the
Norc* temperature region.

Essentially the method used to obtain the data reported in this paper is as
followst A known fraction of the carbon evaporating from the upper surface of
a cylindrical erueible of graphite, heated inductively, was collected on a
circular quarts target placed above and parallel to the surface. The rate of
deposition of the carbon was determined by the rate of change of the trans-
missivity of the target. To determine the vapor pressure it was necessary to
weigh the graphite deposited in a known time.

£.3.1 Theory

If the temperature of & hot body is -naasurod by means of an optical pyro-
meter with a transparent material of thickness £ interposed between the
body and the pyrometer, the relation betwaon the apparent temperature

y the true temperature T, and the thickness is found from Wien's radia-
tion law and tlie absorption law to be

b th e & p )

in which k is tlie absorption coefficient, X is the wavelength of light
passing iiErough the pyrometer filter, and 03 is the Wien's law constant.
If the tiioknees of the deposit is increasing during the time of the
measurements due to atoms and molecules condensing on the target, then
the thickness is given by tlie expression

AN — qiMl » 3372 /2N
T HoDA
pin wiii.oh erri are respectively the number of atoms condensing and

the aiicmie weight of tlie spocies of the first kind, g2 and li2 are the
oorroeponding quantities for the speoies of the second kind JC2 molecules
in thlc particular case), 110 is Avogadro’s number, D is the density of
the colid phase, and A is the area of the deposit. Tf one assumes that
every atom and molecule striking the target condenses, then one can write
fTcra. the kinetic theory tho equations

- 1 *
ax - |1_3i » ‘i'k’ ’& ] {

A2 ITK3,RT 12 n 172RT

s anl (4;

In these equations K is a constant for a given experimental arrangementj
R is Ihe racial gas constants and and pg are the partied, pressures of

the two speoies. If the values of and g2 given by equations (3) and
(4) am substituted in equation (2) using U2 * 2Mq and the value of x so
obtained is substituted then into equation (1), one obtains



This aquation ie linear in 1/Ta vs » with a slope

asC (PE=x=JL™ ) . (6)

taking loga'ithxna eund differentiating with respect to 1/T, one obtains
"frcm equation (6),

dInd<T ,dIn pi <2 &)

7)
Q) d (y)
If c< is the degree of dissociation of the diatonic form,
. Ms -iz)« 1
d lInaffsdIn L —-- TTANT PJ @8
dOi) d (v)
where p is the total pressure of both species. If is constant over a

given temperature range (see Table XXXIi), then in view of the approxi-
mate Clausius-Clapeyran equation one obtains

d (v) d Gjr) K

The quantity AHg can b© defined as the experimental heat of sublimation
per “TaolQn" sinoe it is the value one would obtain from any experiment
giving the vapor pressure as a function of temperature. Without a know-
ledge of the molecular and atomic speoies existing in ths vapor and their
relative concentrations, however, one cannot define a Kmole". If one
assumes that the reaction taking place during the process of the subli-
mation is

2Cg = 20CC M1 - «) C2,
then one can write for the heat absorbed
L sS2®CAHJs 17 c< A
in which Ail" is the heat of sublimation to one mole of the monatomic
form and AHg is tlie heat of sublimation to one mole of the diatomic
form. For the volirae change associated with this reaction one writes
Vr (1 «a<* Kl/p «
Using these values for L and V in the Clausius-Clapeyron equation and

the relation between the heats’ of sublimation end the heat of dissocia-
tion of the diatomic form, AHDj, one obtains from equation (9) the result

AFs = 2AH1 - (1 - )AHp (10) .
agf

To calculate the vapor pressure from, the known weight of a deposit, one
must know first the fraction of the total number of atoms and molecules

4000 7t



evaporating; frcta the upper surface which are oolleotedo In other irords,
one must know tiie geuisli'y fttotor G in. the equation

an
GVIT- t

in which /£ io an average r.cluoular weight, and W is the weight of the
deposit foraed in time t. This factor G can be calculated from the oo-
sine distribution law which gives the relation

6JS s 008 O! cos €2 d<rds
rrffww X?

in which dN is the number of atoms and molecules arriving at an area d«r
from an area ds* the planes of dor* and ds having angles 0} and 2
between their respective normals and a line of length joining themo In
tho present case tho two areas are parallel and the circular area of the
target is coaxial with that of the upper surface of the graphite, so that
one writes tha following conditions?

61=—02=0
cose z d/O
j&  § - Er/?o0os (= «C
In these eqjatious ,o and are the polar coordinates in the plane of

the target, and r and' o< those in the plane of the graphite surface and
d is the perpendicular distance between these planes. When these condi-
"B-ons are substituted in the cosine law relation, one obtains for ihe
geometry factor the expression

MTT MTT
*11 1
. @ E—/::—6S—5:lr—r?— d« d/ }] dr dygy,
in which a ¢ Nr?2 f N2 N ] =0<-yjj Ri = radius of the gra-

phite cylinder? and Rg = radius of the target. If the denominator of the
integrand ia expanded to obtain

~ 1 . 2bcosy 5b" cos2IT 4b3 oos3y
(a - 0" 0cSS'Tr a3 a5

then the four integrations can be performed readily for the first and
third terms, throe can be performed for the second, and two for tho fourth.
The second and fourth terms can then be evaluated to a sufficient degree

of accuracy by graphical integration and by Simpson’s rule. The final
result with Hi s 0a<S:901t,, Rg = 0.4103”°, and d s 1.442n is

0 Z (0.07670  0c0080 * 0.0072 f 0.0014) inch2
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Usinc this ralue for G and -calcinE tha average molecular weight for 2 «<

moles of £ and (1 - oci) moles of C2* one obtains from equation-(9) the

final expression by which the vapor pressure is calculated in the present
A

Q&8Qo

1

p (mm) = 13-539 S~ —7

a2

2«302 Appo.ratus

The essential parts of the apparatus are shown in Figure 21<» The enclosure
for tho graphite consisted of a water-codei quartz Jacket ] having a water-
cooled shelf upon which the combined quartz collimator and target holder

M rested. The upper extension of the jacket YBS joined at C through a
graded seal to a pyrex tube the upper end of which tominated with am opti-
cal pyrex winder ?* This section of pyrex tubing enabled one to open the
system by cracking off the tube with the aid of a hot wire and to remove
the oclliioaiior (inside diameter s 0.8206 inohos) and the target L from the
aystan via tho top without removing the jacket from the assembly. At the
lower end of the jacket a 34/45 standard taper joint ij vtaa sealed with
Apiezon cement bo a pyrex evacuation tube. On the bottom of this tube
there was sealed an optical pyrex window P wh .oh was protected frem the
oarbon vapors by a circular piece of sheet nickel. This piece of nickel
could be lifted from iJic windo/r anxl placed against tho side of the tube

by a magnet when one desired to sight through the window. A reentrant
tube ojrtended upwards inside the evacuation tube and through the ground
joint to serve as a support for tho graphite. The upper half of this tube
was a quartz tube joined at 0 by a graded seal. To the upper end of tha
quartz tube there was soaled*""a quartz disc having a hole at its center.

The support'for the graphite cylinder oonsistrjd of a circular disc of hot-
pressec bsryllia (diameter - 26.1 ram, thio'ene x 6 m) witli a circular
hole (diemeter z S.7 ran) at its center. Grooves (I mm deep) at 60° inter-
vals extending across three separate diameters of the disc served to

the disc an approximately kinematic table. A counter bore (diameter =
19.4ran, depth Z 2 mm) in the bottom of the disc held it in place when

it was set on the quartz disc at the upper end of the reentrant tube.

Tho targets L upon which the graphite vras colleotod were optical quartz
discs (diameter = 26 mm, thickness r Z m). These were thoroughly cleaned
before use with boiling nitric acid and after proper rinsing in water and
acetone finally washed with a condensing vapor from boiling xylene. Those
used to determine tho rate of deposition received no further treatment,
but those used for tho vapor pressure determination were heated for one-
half hour in an open beaker over a Meeker burner. For the latter measure-
ments two targets were placed in the collimator, one on top of the other,
so that the top one could be! used as a tare to determine the weight of the
‘graphite deposited by difference.

The graphite cylinder (diameter r 0.9812 inch, height' * 0.5842 inch)

was turned out on a lathe from a piece of Kendall graphite. A hole
(diameter “ 2 mm, depth z 10 mm) drilled along the cylinder axis in tho
bottom surface served as a black body so that the temperature of the gra-
phite could be measured by means of on optical pyrometer. Three tungsten
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legs (Ulaaatar - 0*C5 ihahp lengtti - 5/8 inch) fcroad into holos 1/4 inch
deep drilled on the cireunTerence? of a cii'cla of radius 21/64 inoh and at
an angular aoparatior of 120° supported the cylinder above the beryllia
table; the bottom ends of the legs were pointed so that they rested in
the grooves of the tableo Before the graphite v/as used for any experi-

mental nes.H'1iirmeitE 1t was baked out in a vacuum for seven hours at 2185°Co

The.distance between the upper surface of the graphite and the target
(1®442 inohas) was m?»asured with a tungsten rod having a sliding cylindri-
cal collar. The rod vras lowered into tho jacket fran the top after tha
collimator had been placed on the shelf, the cylinder placed on tho beryl-
lia table, and the ground joint sealed; the cellar rested on the recessed
part of the collimator and the rod was slid on through the'collar until
its end touched the upper surface of the graphite. The distance *was
measured along the rod with a micrometer Oiiiper.

Tho evacuating system consisted of a two-stage mercury diffusion pump
supported ty a Cenoo Ifogavao pumpl and the conventional liquid nitrogen
traps, .to ionization gauge (Distillation Products Type VG-1A) located
behteon tlie first trap ©Ond ole quartz condenser ] furnished a meens of
determining the baok”rourd pressure in the system. For all the runs
reported in this paper this pressui-e was never greater tlaon 10~G nm at
the start of a run.

A Leeds and Horthrup disappearing filament typo optical pyrometer (No
8622) vdricl had ceen recalibrated in this laboratory, flfcs used to measure
the tesnperft-turo of tha graphite; a similar pyrometer, mounted at the top
of tho condenser;, ms 'aged to Treasure the rate of deposition of the gra-
phite on the target. The other pieces of equipment used were reflecting
prisms, an Ainsworth Type T.!| semi-nicrobalanoe (sensitivity36 ug per
division), an induction heating unit (Induction Heating Corporation Model
52C), and a copper coil K surrounding the quarts jacket. The induction
heating unit was supplied" with & constant voltage from a Sola 10 KVA
transformer thus, stabilizing the output of tha unit and maintaining the
graphite at & reasonably constant, temperature tluroughout a given run.

2.2.3 Results

A plot of the reciprocal apparent absolute temperatures, measured through
the deposits, as a function of time gives linear otirves in accordance
with equation (5) except in th® initial region. The length of this
region depends upon the temperature of tlie run, increasing with decreas-
ing temperature. In order to eliminate the error introduced by this non-
linear region the highest temperatvya curve (Run 13) which shows no no-
ticeable deviation for tines greater than 4 minutes and less than 50
minutes was accepted as a standard. Tho slopes of the other curves were
calculated then for corresponding regions, these being datemined by the
relation.

*HS ]

r 35 0~ 7F
P

in which 7z (4 minutes) is th;? tin© required to build up a deposit of a
certain th: okness at Ti (2409°F) and Tg ie the time required to build
up another deposit of the same thickness at Tg* This metliod of limiting

4uC0
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the regions of tho 1/Ta vs t ourves enables one to calculate all of the
slopes in the sane thickness region.- Since the minimum, times calculated
by equation (13) for Runs 3 and 7 are less than the maximun times of
these runs, they have not bean included in the final calculations. The
numerical values of the slopes were calculated by the use of the least
squares method.

A graph giving the logarithms of the product of the slope and the square
root of the absolute temperature»y log™Q aY!T, as a function of the recip-
rocal absolute -temperature [see equation (8)J is given in Figure 22. In
general, as expressed by equation (8), one would not expect this curve

to be linear. However, sinoe the data do give a linear plot within the
experimental error, one is justified in assuming that the degree of dis-
sociation of C2 does not change over the temperature range covered. Henoe
one can employ equation (9) to obtain the experimental heat of sublimation.
The least squares slope of log"Q aYF vs t" curve is 4.35 (i0.08) x 104
this corresponds to a value of 199 - 4 koal for AHg. On the basis of the
weights of the deposits (see points represented by conoentrio circles in
Figure 22), one obtains for AEg a value of 183 koal. Sinoe this wvalue is
based upon only four experimental points, it has a large probable error.

Before this value of 199 keal oan be used in equation (10) to calculate
the heat of sublimation of the monatomic form, AHi, axyl also before the
vapor pressure oan be calculated from the weights of the deposits with
equation (12), an expression must be found for the equilibrium constant
for the reaction, Cg - 20. Several expressions, calculated from statis-
tical meohanioal relations and speotrosoopio data, are available in the
literature, the primary difference among the various relations being the .
value' used for the dissociation energy of C2» For reasons to be given

later the writer at present accepts the values for the constant at various
temperatures given by Zeiso (L)) which give by the least squares method,

logl0 K a - 3-—76-——1— * 6.73S . 1 (14)
T

Seise’s values agree reasonably well with those given in one case by
Vaughan and Elstlakowsky QJ¥,

Even having an expression for K, however, one cannot calculate a value
of 2§. to use in equation (10) unless the vapor pressure is known, sinoe
oC 1Is calculated from the expression

(16)

To obtain an expression for the vapor pressure one oan assume for the
first approximation that tho vapor contains only the diatomic form. (A
preliminary estimation of c¢C gives about 0.1.) From the weight of the
deposit an approximate vapor pressure then can be found by substitution
in equation (12) with ¢c< s o. From this value of p an approximate value

@ Zelse. 1. ZoP Elektroohem. 43, 38 (1940).
Vaughan, V¥ E», and Kiatiakowsky, G« B«, Phys. Rev. 40, 457 (1932).

8i



(11AM) 07



-Li?

or o< oan ba found with aquations (1-i) and (15)0 Suooossive approxijra-
tions givo sufficiently accurate values for and p after three trials.
The results are tabulated in Table XXXlIlo Using these values of p and
the least squares method, one obtains for the vapor pressure the expres-
sion

logic P (pm) = - t 13.044, (16)

for the tsoiperature interval 1900°C to Z200°Ce In view of the calculated
values for OC listed in Table XXXII, one obtains further evidence for the

TABIS XXXII

Vapor Pressure of Graphite and Degree of Dissociation of Vapor

at Various Temperatures

justification for the assumption of the constancy of the degree of dis-
sociation in this interval.

Using the value of the vapor pressure calculated from equation (16) at
2384°K (the midpoint of the temperature interval covered), one obtains

a degree of dissociation of 0.15 at this temperature. This value together
with the value for the heat of dissociation of C2 of 172.8 koal per mol
obtained from equation (14) gives for the heat of sublination of th©
monatomic form, AZ/i, 187.8 koal per mol at 2384°K. If this is corrected
to 298°K by the Alp equation given by Kelley the result is 189.7 koal
per mol.
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203»4: Refloot.ivities of Gi‘aphlte

During the course of this work tlie reflectivities of a number of the gra-
phite deposits were measured at 00665~0 This was accomplished by measur-
ing the intensity of light., both direot and refloated, fran a fluorescent

lamp with the aid of an optical pyrometer. The results are given in
Table Xmil.

TABLE XXXXI1I

Reflectivity and Transmissivity of Graphite Dopcsits on Quartz

The transmissivities given in this table wore obtained by measuring the
apparent temperature of the graphite cylinder through the deposit at the

end of each run. The relative thioknesses were calculated by the use of
equation (13).



3. RADIPCHKMISTRY

5»1  Half life Studies (J» A« Seiler)

As part ef a general program to obtsiin more accurate decay constants for the”
fission products, samples of 40h 1lal-0, 12.8d Bal40, 66h Mo" and 13.7d Rrl43
formed in the fission of U and Pu have been isolated and their decay has been
followed on an ionization chamber with an FP-54 amplifier, and on a standard
mica window GM tube. Portions of the decay curves plotted on greatly expanded
scales are given in Figures 23 - 20. The best values for the half lives of
the isotopes, as determined most reliably on the FP-54 apparatus, are tabulated
in Table XXX1Y together with their estimated deviations as determined graphi-
cally.

3.1.1 Half Life of Bal40

The Ba samples were isolated from Pu fission products and from U fission
products \ising the standard method of isolation. The Ba was repeatedly
precipitated as the chloride find as the nitrate from concentrated HCI

and MOs solutions in the presence of ca. 15 mg of Ba carrier, and employ-
ing Sr as a hold-back carrier. The Ba was' finally mounted as BaCrC>4 on
aluair.ua cards and was covered with scotch tape, the mounted sample weigh-
ing about 15 mg ever a 2-ain” area. A few tiny crystals of the BaCr04
were similarly mounted on aluminum cards to follow the activity with a

(34 tube. The decay curve of the Ba frem Pu fission was followed for seven
half lives on the F.P-54 chamber, at which time 1t became too weak to
follow further. A half life* of 508 * Th was obtained graphically with
the data being plotted on an expanded scale (Figure 23a). The ionization
chamber was sealed frem the atmosphere so as to maintain constant gas
density and henoe constant efficiency. In addition, RaE standards

(Ta = 22y) were read at each sample reading. The ratios of the unknown
activity to the RaE standard are the values which are plotted for the
graphical determination of the half life of all tha isotopes in these
experiments.

After the FP-54 measurements were completed, the sample vras followed in
a continuous fashion on the GM tube for six more half lives. Although
the scatter of the points vras now much greater, the sample showed no

evidence of tailing off to a longer lived residue. The half life as
obtained with the GM tube was 312 £ 6h (Figure 23b)» The counting rate

of the sample for the 01! tube begem at about 10,000 c/fc, and no correc-
tion for the resolution losses in the GM tube was made. This correction
would be in the proper direction and is estimated to be of the proper
order of magnitude to bring the half life as determined on the GM tube
into close agreement with that obtained on the FP-54 chamber.

Very similar results were obtained with the Ba isolated from U fission,
the F?-54 sample giving a half life of 307 £ Ih over eleven half lives
(Figure 24a) and the GM tube sample a half-life of 312 z 6h over three
half lives (Figure 24b). Here again application of the correction for
resolution losses in the GM tube would bring its value into close agree-
ment with the FP-54 value. A value of 308h was obtained by D« W. Engel-
kamair cn the FP-54. The best value is therefore taken to be 308h or
1208d,
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S>1.£ Half LiCo of Laj-0

The sisnplos were prepared from 12.Qd isolated from U and Pu
fission, by precipitating five times in the presence of 15 ng of
La carrier. The La was finally mounted as the oxalate and its activity
was followed on the FP-54 and the Gii tube “Figures 25, 26a, 26b). The
half life of Lal*O isolated from Pu fission was found to be 40.4 O.lh
(followed over eight half lives) and the half life from U fission was
found to be 40.5 + O.lh (followed ovor eight half lives). Each of these
samples was followed for eight more half lives on the GM tube with no
evidence of tabling off. The La from U fission followed on the GM tube

(beginning at about 7,000 o/m) gave a half life of 41 .£ Th. The best
value of the half life of La"— is tukon to bo 10,4h.

5.1.3 Half Life of Mo"

66h Mo" vras isolated frem U fission products by the standard oheoaioal
procedures employing eight cycles of "-benzoin-oxime precipitationa and
La(0T])3 precipitations. Tlie Mo was finally precipitated as FbMoO”" and
several 20 mg aliquots of this precipitate were mounted on aluminum cardsj

in addition, a small aliquot was mounted separately for GM survey. The
samples counted on the FP“54 chamber gave a half life of 66.0 1 O.lh

(Figure 27a) followed over eight half lives with eight succeeding half
lives taken on a GM tube giving no evidence of tailing off. The sample
was followed vri.th 15.4 mg Al/cm” added absorber to out out the soft radia-
tions due to the 6h element 43 daughter. A sample followed in parallel
on the GM tube gave a half life of 68 t Ih (Figure 27b) over 10 half
lives. The initial activity of this sample was oa. 18,000 c¢/m, giving

a rather large resolution loss in the (Si tube. The FP-54 value, 66.0h

is taken as the best value of the half life of Mo".

8,1.4 Half Life of FT143

The Pr sample frem Pu fission was prepared from the 33h Ge”43 parent,
which was isolated by the use of six cycles of iodate precipitations
using La as a holdback carrier. The cerium iodate was allowed to stand
for thirty days following which Pr was isolated by five cycles of oxalate
precipitations followed by Ce(1Ojclean ups to remove the Ce parent.
A 20 mg aliquot of the oxalate was mounted on an aluminum card and
covered with scotch tape for following cn the FP-54 chamber. A small
aliquot was similarly mounted for GM tube survey. The half life
observed on tlie FP-54 sample was 13.7 1 0.05d (Figure 28a) followed
through four half lives. The sample was then followed on the GK tube
for nine half lives giving no evidence of tailing off. The GM tube
sample gave a half life of 13.8 1 0.2d (Figure 28b) followed through
just two half lives. The initial count on tho GM tube sample -was

1,800 o/m so that the resolution loss probably did not exceed ™ and
this is substantiated by the agreement of the half lives from the GM
tube and from the FP-54.

3.1.5 Interpretation of Results

From the experiments on the La and Ba isotopes there is no indication of
any variation in the half lives of the isotopes originating in U or in
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Pu fission which exceeds experimental error. Although there is no reason
to anticipate any such differences, at the time these studies were started

it appeared that there were significant differences in the aluminum absorp-
tion curves of 12.8d Bal40 from U and from Pu fission (see section 3.2 of

this report). The agreement in the half lives is in correspondence with

the observed agreement in the absorption ourves. Further studies on half
lives of isotopes of interest to the project continue.

TABLE XXXIV

Best Values for the Half Lives of Lal4”,

Bal4(>, Uo" and. Pr143
Isotot Half Life
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Figure 23b
Decay Curve from Plutonium Fission
Taken on CL! Counter
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Figure ?2,7\|
Mo" Decay Curve from Uranium. Fission

Taken on GM Counter









302  An Inconsistonoy in the Aluninua Absorption Cunres of 12«8d Ba---0
~1j. A. Seiler)

The f.bsolute fission yield of 12«8d has served as a standard for
the determimtion of the fission yields of other fission products in the
fission of both 8735 antj p>u239. Errors in the calculation of the beta
disintegration rate of the Da samples from their obsorved counting rates
enter- into the calculated values for all the relative fission yields.

A major correction in the calculation of the disintegration rate is con-
cerned with the absorption of betas within the sample itself, in the cello-
phane lised to cover the sample, in the mica vrindow of the Geiger-Muller
tube and in the intervening air path. In the standard radiochemical pro-
oedure the Ba is mounted as BaCrO" over a 2 cm” area, the precipitate
weighing from 15 to 30 milligrams. The sample is covered with cellophane
about 3.5 ing/omS thick and is mounted an a cardboard counting card, and
counted on the top shelf. The air path from sample to tube amounts tc

0.5 pjg/lom2 absorber and the mica window thickness is generally about

3*5 rag/om”. The observed counting rate must therefore be corrected for
the absorption taking place in a total of about 14 mg/om2 of materials,
allowing about one half of the sample weight/cm” as added absorber. The
correction is made by extrapolating baok along an Al absorption curve to
zero absorber. The initial observed slope of this Al absorption curve
(if the curve is purely exponential in this region), or the precise shape
of a non®exponential curve is thus the determining- factor in the extrapo-
lation.'" In the present case of interest, for example, aluminum absorption
curves on 12.8d from U235 or Pu23” fission, have shewn apparent
initial half thicknesses varying from 26*5 rag/om2 to 35 mg/on2" leading
to a possible error in the extrapolation of oa. 8”.

The original standard Al absorption curve on Bal40 from U236 fission was
taken by D. tV. Engelkemeier, The value chosen for a standard half-thick-
ness correction was 26.5 mg/cnr but this was obtained with a weightless
sample of Ba*40 [Figure 29, curve*T*)!3 although the (weightless) sample-
curve wa€ used on the project ae the standard, other D. W. Engelkeraaicr
curves for samples with approximately 20 mg Ba carrier showed a 28 mg/om?2
half-thickness [Figure 29, curve (bj*

In 1945, when ihe absolute fission yields on Pu were being determined, Al
absorption curves of Bal40 fr&a Pu fission were taken on samples which

had about 20 mg of Ba carrier. The curves were very nearly exponential
all the way back to zero added absorber. An initial half-thickness of
34 - 35 mg/om2 was obtained (Figure 30), and this value was used in all
Pu fission yield work.

In an effort tc straighten out these discrepancies some very oareful work
was carried out and although not entirely completed some features were
clarified. First, the data on Bal4™ from Pu fission yield was replotted
on a greatly expanded soale, and a.very slight break in the curve was
found at about 18 mg/om2 absorber jFigure 29, curve (o)[[. Although only

a few points wore available in the "region of 0 - 18 mg/cm2 the half-thiek-
noss in this region was close to 28 mg/cm2, but the exact turning point

of the curve was still in doubt.
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A soi'ies of oxpcriaentG 'rfare then performed to see if any of the following
oonditionn influenoad the initial half-thioknoss of Eal"Oj

'(1) Presence of backing material beneath the mica mounted sample.

(2) Cover free as oonparad ivith thin nylon or cellophane covering
on the sample.

(JV CarrS.er free samples as compared with samples with approxi-
mately 20 mg of Ba carrier.

(1) Growth of the 40h La during normal counting times (maximum
3 hours).

The curves obtained under any of the above set of conditions show no great
deviation from the curves taken under the normal conditions of approximately
20 mg Ba carrier mounted on cardboard and covered with cellophane and
counted one to two hours after the last La separation (Figure 29, curve (d)l.
Again a half-thickness of 28 mg/cm2 was obtained.

To insure accuracy in these experiments, precautions were taken to minimise
the statistical counting errors, to ascertain reliable counting operations,
and to use pure ~11 samples had 7,QCC to 10,000 counts per minute
and were counted for three to four minutes for each point; this reduced
probable statistical error to less than /%< Standards were carefully
counted before, during, and after the time that the curves were taken, and
the entire curve was then retaken a second time. The agreement was always
quite good* At least 10 points were taken between O-70 mg/cm2, most of
them in the interval from zero to 20 mg/om?2.

Although is easily obtained radioohemioally pure the half-life of
the Bal'™ samples was followed as a check on the purity. Llaasuromenta gave
307 - 2 hours for the half life which was evidence that the Ba™0 vjas very
pure..

The curvea cf Figure 29 [(b), (o) and (d[| all taken with samples containing

approximately 20 ng of Ba carrier, showea that the best value of'the
ini'cial half thioluiess of was 28 mg/om?2.

However, the initial slope of 26.5 mg/om2 which D. TV. Engelkemeier obtained
with the weightless sample of (figure 29, curve (s)j was supported

bﬁ, evidence in an old experiment with the low absorption counter which
showed a very pronounced upswing of the curve in the region O-15 mg/om2.

This work will be repeated in an attempt to clarify this discrepancy further.
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Figure 29

Al Absorption Curves for 1208d Ba fron Plutonium and Uranium Fission



Figure 30

Al Absorption Curve for 12«8d Ba frcm Plutoniura Fission
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305 Geip;gr-Uull9r luoun

3»3<»1l  Tuba Doveloprr:ant (M« S° Fra*dmaa)

Most of the me&suratnents of bats, and gamma ray activity made in tho Chemis-
try Division have employed a thin mioa window Geigor-Mxiller tube. The
design and construction features of thase tubes have largely bean inherited
freer p:*o-Project worl",, and have been fairly well standardised by extensive
use throughout the Chemistry Divisions, both at Chicago and at Clinton
Laboratories (Figure 31).

It has long been recognized that the making of a satisfactory tube, one
with a sufficiently long and flat ‘plateau” characteristic which remained
constant for a reasonably long time, was en art of a very refined type.
Peop3e learned in the art ore ever ready to advice on the particular ritual
to be followed to produce such good tubes? the novice trying to learn to
make than suffers not from lack of a- readj prescript;.on but rather fron am
embarrasszoer.t of riches, and knows not how to choose among then. However,

a detailed comparison of the performance records of thin window Geiger-
Muller tubes cade in different sections or the Project according to slightly
varied procedures shews that the average results obtained are not as good

as might reasonably be expected, and that all the tubes suffer frcm. the

same faults inherent in the design. The average tube life is seldom greater
than a few percent of the theoretical lifetime, and-the lifetime under
laboratory conditions is generally a certain elapsed period of tin©, say
three months, nearly independent of how many counts the tube has received,
rather than being dependent almost solely on the total number of counts,

as is the case with properly prepared silvered glass (20k and Krebs) tubes.

Y/ith an eye to eliminating these faults, or perhaps only substituting other
less annoying shortcomings for them, an attempt is in progress to alter

the design and manufacture of these tubes. However, a great deal of very
valuable information, in the form of absorption curves, inocsapleted decay
curves, relative fission yields, neutron flux standardizations, etc., has
been obtained using the standard thin window tube in a standard mount and
shield. Most of this data cannot be accurately applied to tubes with
different sizes, shapes, geometries, window thicknesses, or sensitivities.
Consequently, consideration was given to maintaining these factors unchanged
in any redesign so as to preserve the applicability of the accumulated data.

In assembling tho standard rdoa window tube, tine sheet mioa is oememted to
the brass flange with DeKhohinsky, Apiezor. wax or a thermoplastic such as
Gelva V-7 cement. All such organic cements suffer a slow deformation under
stress when cold, and much more rapidly as the temperature rises to over
85°F. Consequently, the window, xvhich is gready stressed by the atmos-
pheric pressure it bears, gradually develops radial wrinkles and folds
*which eventually open to the edge of the flange and leak air, or else

the winda? implodes. Cn warn summer days in a room without air condition-
ing, the tubes may be spoiled in a few hours.

The major feature of the attempted redesign is the replacement of the wax

cement by a low melting lead borosilioate glass which bonds the mica to
the metal surface giving a leak-proof joint. The technique of sealing
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mioa to soft glass envoiopee (j. S« Donal, Jr., Sealing Mica to Glass or
Metal to Form a Vacuum Tight Joint, R.S.I. 13, 266 (1942))developed at
RCA Laboratories has been used by C. S. Wu "(Report A-3207, Columbia) and
C- L. Meaker to make GM tubes with the metal cathode cylinders contained
within a soft glass envelope. The geometry of the conventional project
tubes cannot be duplicated with such a tube, however, and the wire lead
seals through the glass and the necessary graded seals are undesirable.
A direct seal of the mica to the metal flange of the tube shell has been
developed, using the low melting glass as a. cement.

Since the softening point of the glass is 450°C, the window should not
develop leaks or wrinkles at room temperature. Further, one should be
able to heat the tube to perhaps 500°C while pumping it out and thus
greatly accelerate outgassing of the cathode surface, which has not been
possible with the older tubes. Tub©O shells w3.th mioa windows sealed on
according to the method described below have been heated to over 200°C

in a small cylindrical heating coil for several hours while being evacuated
without spoiling the window. The greater outgassing of the tube should
certainly contribute to better performance and longer tube life, as is
found to be the case with 130k and Krebs tubes.

The elimination of the organic cement used for sealing the window suggested
the elimination of other organic waxes and greases used in the conventional
tubas for sealing the glass cap to the shell, the v/ire'in its glass capil-
lary, and in the taper joint. This is desirable in that it would permit
degassing at high temperatures, would possibly avoid sources of trouble-
some leaks and, most important, would remove all organic matter exposed

to the organic vapors in the gas filling mixture in the conventional tubes.
This last has always been a cause for worry, because of the possibility
that the alcohol in the gas phase would slowly dissolve into or combine
with the solid organic material, or perhaps the organic material would
slowly wvaporize some undesirable component into the gas mixture, either
possibly shortening the useful life of the tube. The cement at the,glass
cap has been eliminated by using a Kovar metal to glass seal, and at the
central vrire fry sealing a Kovar wire directly to the glass. The taper,
joint has been dispersed with, and the glass is sealed off directly from
the puaping lead with a torch.

Tho preparation of the cathode surface is all important for obtaining
satisfactorily flat and long plateaus in Geiger-Muller tubes. A disad-
vantage of the conventional methods of assembly of thin window tubes is
that the operations of assembly, putting on the window, glass cap and
wire, etc. follow the cleaning and freparation of the surface. In these
procedures it is difficult to avoid touching the prepared cathode surface
with the fingers or with instruments; uhe surface is exposed to the air
for some time, permitting dust and lint to settle on it, which are not
easily seen or removed. With the proposed redesign one may introduce
acids to dissolve surface oxides, or other solutions to sulfide or oxidize
or rinf?Q the surface, or one may heat the tube in oxygen to oxidise the
surface, after the window and cap of the tube are assembled. This is not
feasible with the older design because of the presence of mxeo, etc.
Since the tube can be evacuated immediately after cleaning the metal sur-
faces, the chance of their becoming dirty or changed is smaller.
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At this date (September 30) no complete tubes have been fabricated but
several of the procedures have been worked out and are at least, in a
usable state of development although they are not yet completely satis-
factory. A propooed tube design is indicated in Figure 32. It was
decided, to retain the brass cathode of the conventional tubes. To this

is silver soldered a flange of stainless steel (Carpenter ,"2, type 410)
which is chosen bocause its coefficient of thermal expansion, 10.6 x 10'/7C,
closely matches that of the lead borosilicate glass, 0-8 x 10“~00, used
for soe.ling on the mioa window. Dio glass, when melted onto a clean
machined surface of the eteol, forme s. bond that is so adherent that it
can only be machined off by a steel tool. The silver solder used must not
melt below 725°C, so the ordinary low melting variety available in most
shops is not suitable.

The procedure for sealing on the window closely follows that recommended
by J. S. Donal. A thin paste made of the powdered glass and water is
spread on the flange surface and melted on at about 700°C in a furnace or
by using an induction heater. A mioa circle 3 to 4 mg/cm'l thick, which
just fits inside the projecting ridge at the edge of the flange (B, Fig-
ure 32 and 33), is placed on the glass film, and a small amount of the
glass paste ie put on the upper edge of the mioa next to'the ridge. The
tube is then heated in a furnace to 675cC for 10 to 15 minutes and allowed
to cool slowly over about ons-half hour. A temperature of 600°C as speci-
fied by Donal gives poor results, tho glass being unevenly fused with many
bubbles, and poorly bonded to tho mioa. The mica does not deteriorate at
675°G for 20 to 30 minutes, though at 7C0°C bubbles (probably water of
crystallization from the mica) begin to form between the layers and the
mica is weakened. A very smooth, thin, almost bubble free bond is obtained
in almost all oases, and the mioa never breaks loose from the cement, but
rather tears at the edge of the cement first if overly stressed. The glass
forms a smooth nanisous inside the ridge, which aids in the formation of
a. continuous' glaos seal around the edge cf the mioa, and which serves to
protect, the sealed edge against mechanical damage. Too long heating at
675°C or too long a cooling period (> 1 hour) spoils the mica, the glass
dissolving holes right through the mica sheet. This indicates that the
mica to glass bond is probably more intimate than mere mechanical contact,
and may involve formation of a mica-glass solution phase at the interface.

About one-half of the windows made this way "pop** upon evacuation, though
nearly all are leak-free under low pressure differential. The mica is
evidently out on the sharp inner edge of the glass meniscus formed at the
oomer of the flange. A modification which will be tried is shown in
Figure 33j the groove allows errcessi glass to oollect without reaching the
inner cathode surfaoe, and the rounded inner edge of the metal A supports
the mioa, so that it is in lateral tension where it contacts the sharp
glass edge, and so presumably would net be cut at this point.

A disadvantage of furna.ee heating is the large amount of oxidation and
'corrosion of the cathode surfaoe which -takes place, which necessitates
extensive cleaning with the window in place. A controlled atmosphere
furnace, filled with hydrogen, nitrogen or helium will be tried. Some
indications of success in attempts to seal the window on using induction
heating have been realised. The advantages of this technique are that

the steel flange is heated mwhile the brass cathode remains relatively cold,
and that the center portion of the mica is also kept cool. Another solu-
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tion is to uso a ono pi6bco construction with a etainioss steel cathode
surface, and this will be tried* An advantage here is the elimination of
troublesome silver solder joints.
T™
! " After the window is mounted on the tube, the shell is placed, window down,
in a shallow dish of water (4” deep) and the assembled metal to glass Kovar
seal is brazed in place using phos-copper braiing rod nud a torch. Silver
solder should not be used as it results in intergranular corrosion, embrit-
tleanent and possible cracking of the Kovar metal. Flu* (Handiflux) should
be used sparingly as it tends to spread to the Kovar glass (Corning 705-Al)
and to melt onto it, giving a badly crazed surface. The cathode shell is
turned to 1/64r wall thickness to lower the amount of heat .conducted to
the window, and the yjater layer keeps the window cold enough to prevent it
from being spoiled. Other methods of protecting the window such as cooling
coils or fins placed around the shell absorb t.00 much heat from the surfaoe
being brazed, thus requiring the use of too hot a flame with resulting
cracking of the Kovar-to-glass seal.

Cleaning and preparing the cathode surface may be done at this stage, if
necessary. Solutions may be introduced with a pipette through the opening
in the glass insulator, taking care to avoid straining the window, although
they seem to be remarkably sturdy. A handy device is a long glass tube
connected to a water aspirator, which is used to drain solutions from the
tube.

The last operation of assembly is the sealing in of the anode wire. Kovar
wire (10 mil diameter) is straightened in a Bunsen flame and a 1 mm Kovar
glass bead is carefully centered on the end. A sleeve of 2 mm Kovar glass
tubing is slipped on the wire and sealed to it in the middle inch of its

> length. This sleeve is then sealed to tho neck of the Kovar glass insula-
tor, and as the glass cools the wire is centered in the tube with the
glass bead about 2 mm from the mioa window.

It is common practice in making GM tubes to flash the anode wire, if "the
ends are accessible, by passing a current through it. This outgasses the
wire, bums off sharp points and dirt on the wire,' and refines the crystal
structure at the wire surface. In end window tubes this could'not be done.
A scheme for accomplishing this which will be tried is to use a double
anode (Figure 34), made by doubling baok a single 1C mil Kovar wire on
itself, such that the two halves are parallel and ™~ mm apart. A glass
bead fused over the end and a double glass capillary sleeve fused onto
the two leads where they emerge through the Kovar glass insulator hold

the wires firmly parallel, even when they are flashed at red heat. It
remains to be seen wliat effect such a double wire arrangement will have
on tube performance. In self-quenching Geiger Muller tubes it has been
shown that the discharge is capable of junping over a glass bead of nm
radius in spreading out along the wire. Consequently, it appears that the
discharge will spread along both wires, resulting in a larger pulse than
from a single wire. It is unlikely that any important axial assymetries
in the distribution of the sensitive region will be introduced by this

\ double wire"
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3c¢3»2  Sensitivity .distributions in End Window Tubes® (M. S, Freedman.
R. Pairs)

Some of the intansiva proparties of the standard thin end window Geiger-
Liuller tubed used in tlio Cheniatry Divisions on the projeot are of special
interest. Quantitative knowledge of some of these properties suoh as the
absolute efficiency of the tubes for various kinds of radiations and the
distribution and geometrical extent of the sensitive volume of the tube
would enable one to resolve several discordant measurements of the counting
"geometry'l| and counting yield of the standard counting setups. Many.of
the fundamental quantities of interest to the project, suoh as absolute
fission yields and neutron fluxes, depend on precise knowledge of the
counting geometries and yields of these GM tubes.

An experiment which gives information concerning both the absolute effi-
ciency of the standard end window GM tubes and the distribution of the
sensitive region has been performed. A standard flanged brass tube shell
fitted with the usual glass cap and beaded center wire was used, with the
boad about 2 mm from the plane of the window. The thin mica window was
replaced by a plate of Pyrex, 2 ran thick, oamemted to the flange. On the
ground outside surfaoe of this plate were scribed a series of oonoentrio
rings at ca. 2 nan radial internals.

Before the glass cap and wire were fitted to the tube a small (ca,4 mm
diameter) round thin mica disc was introduced. The disc carried the CK
ray source used in tho experiment. To form the source one drop of a pure
polonium solution was evaporated on the center of the mioa disc, the depo-
sited film covering only the central 2 mm circle on the disc. The source
is free of “~’s and practically free of "T’a.

The tube was evacuated and filled with the conventional counting gas mix-
ture, 9 cm argon and 1 cm ethyl alcohol.. The tube had a plateau length
of ICO volts, sloping oa. 2%/100 volts. Counts were taken with the Po
source at various positions along the window face of the tube, the posi-
tions being measured by sighting through the window with the aid of the
scribed oirolec. The source was shifted around by tilting the tube and ‘*
lightly tapping.

Figure 35 illustrates the results of one experiment. The ordinate gives
counts per minute, plotted against the radial position of the center of
the mica disc. The dotted line gives the count determined in a "50""
C*. counter. The maxima of the curve correspond to a maximum counting
efficiency, for or'a, of 97.5".

The sensitivity drops uniformly to ca. 60j5 of maximum at the sides of
the tube. The shallow dip in the middle appeared in several experiments
with tho same tube, but did not appear in similar experiments on another
tube. Measurements made along different radii in the same tube gave
similar results. In one case in which the anode wire was off center by
oa. 2 EHHJ the sensitivity curve remained symmetrical about the geometri-
cal axis of the cathode.

The sample was also moved to positions along the cathode wall of the tube
by tipping the tube on its side and tapping. The tube performance was

more erratic with the sample 5n this position, but counts oould be taken.
For various positions along the side the counting rate fluctuated around

4000
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FIGURE 35  DISTRIBUTION CF 3HE SENSITIVE REGION IN A GM TUBE
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tho "3.na 2X50 o/a.t which was obtained near the middle of the faoo, except
near the window wliere it fell off« Hhe souroe oould be viewed only with
difficulty so no quantitative data are given®

The above results are certainly surprising, and it is difficult to under-
stand them. The specific ionization of Po cx. *s in the counter gas should
be of the order of 400 ion pairs per mm, and the minimum path length in
the gas is at least one mm, even for ™ ’s ejected tangentially from the
thin stanple toward tho wall when the mioa sample holder touches the wall®
Thus it appears that a large fraction (up to 40"2) of the OOs fail to
count although each produces several hundred ions® Moreover, the radia-
tion is presunably nearly isotropically distributed around the sample, so
that even when the sample is far off center, only a very small fraction
of the CK'a travel directly toward the wall, and most move toward the
middle of the tube or upwards into the region of cylindrical field distri-
bution® Geiger-Muller tubes filled to these pressures should have effi-
ciencies of ca® S9®8% for every beta ray entering the sensitive region,
and this value has been chocked by coincidence counting experiments® For
c™’s the value should be even closer to one, so it appears that the sensi-
tive region is of much smaller extent and is located further from the
window of the tube than had been supposed. Also, the ions produced in
the insensitive region would have to be completely removed by recombina-
tion, which is hardly possible frcm present knowledge. The field distri-
butions in such a cylindrical system, erven near the window, give ion
collection times of the order of 10"" seconds, for which recombination
should be negligible.

The whole situation is so muddy that further experiments alone can hope
to clear things up. One experiment which is planned is to build into
the GM tube a bean c< source which can be moved from the outside through
e. spherical ground joint so as to point a thin pencil of c* *s at a small
region to investigate its sensitivity independently of the volume sensi-
tivity of the neighborhood. A simple source of this kind Ims been made
by plating out Po on the end of a 1 mm diameter silver wire set flush in
a plastic disc, and then mounting a plastio cylinder coaxial to the disc
with a 1 mm collimating axial hole. The 1 mm diameter pencil of »e
will bo swept across the face of the GM tube to exploro the local sensi-
tivity.
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34  Construction of liabiotic tens /2> -Ray 3pectremoter (Mo So Freedman,
--------- [rs™S1eO :

Flans for tho construction of a magnetic lens ™-ray spectrometer v/ere initiated
in July 19461 Preliminary oa?.oulation8 in design considerations were promul-
gated in August and additional information and verification was achieved hy a
visit to the various in?5titutions leaving magnetic lens /3-ray spectrometers in
operationo

3<>40l  Requirements Specifications for the instrument were as follows:

(1) High Transmission A minimum of T was required and if

possiFieTl. t vras desirable to go as high as To”. This featiaec was

stressed because of need of obtaining accurate /3 and 2T-ray energy
analyses vmere the total activity of tiie easrple was very low?

(2) High Resolution It was desirable to achieve resolution of
the order o" half vrid'th in order to obtain accurate data on line
spectra and to separate out components of complex spectra* As
expected, high resolution is incompatible with high transmission
characteristics because, analagous with optical lens design,
aberrations increase with transmission and tend to reduce the
system'e resolution. In order to correct these aberrations, radi-
cal changes in design and requirements must be introduced.

3.4*2  Types of Magnetic Focusing Systems

(1) 180° Focusing Srestem In this system, electrons confined
to the region between pole pieces of a high-field electromagnet
are curved through a semi-circle whose radius depends on the mo-
mentum of the electron. This system can be made to yield higji
resolution but because of intrinsic design factors is limited to
transmission of about 0»/% and hence was eliminated as a possible
design.

(2) Solanoidal ions If electrons are projected into a sole-
noidoX field they will describe helical paths where the "pitch” of
the helix is dependant on the momentum cf the electron and hence
possess focusing properties. Suoh a system will exhibit fair
resolution and transmission properties but at the expense of very
high field requirements.

(3) Simple fliin Magnetic nans Because of its intrinsic field
pattern a than ooil has considerably higher refractive power (for
the same power input) than the solenoldal type lens. However, for
equal transmission, resolution is reduced and becomes too objec-
tionable under high transmission requirements®

(4) Compound Thin Lons For high transmission, use must be

made of wo or more lens coils in cascade. Such a system can be
adjusted to yield sat.isfactory resolution provided one is <'willing
to provide for very high fields and hence large power requirements.'
However, in contrast to optical systems where divergent and con-
vergent lens can be compounded to neutralise aberrations, magnetic
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Ians liaving axial symmatry are intrinaxoally oonvergont and henoa
any design must be in the direction of minimizing rather than
neutralizing the aberrations.

304c3 Installations at Other Institutions Having -these various oon-
siderations as a 'basis Tor future design, an inspection trip was made to
*tho various centers liaving magnetic lens beta-ray spectrometers« At
Columbia University an instrument designed by Dr. Witcher was inspected.
The lens ms a long solenoldal coil, and in operation used about 18 lor of
power in order to focus 4.4 Mev botas with a transmission of /% and reso-
lution of 5. A thin lens type instrument vras also inspected at MIT, de-
signed by Drs. Deutsoh and Elliott. This single lens oould focus 3 Mev
betas using about 3 kw power with a transmission of 0O.§jS and resolution of
0£. lastly, a newer design of Dr. Elliott was inspected at Chalk River
Laboratory which ms built for high transmission purposes, but also of
single lens denial. The transmission given ms 1012 with a 1($ resolution
under a coil-energizing power of about 3 kir.

Study of these various instruments verified the original postulate that

in order to achieve high transmission under high resolution conditions

it would be necessary to go to a combination lens system using large input
power. A new lens coil systeea was decided upon and coil design was initi-
aledc In order to accomodate large power inputs with low dissipation it
is advisable to use low resistance-high amperage coils, hence it was
decided to use wire tape as conductor, winding the coil in Archimedean
spirals which add together laterally to form each coil. For reasons of
limited heat transfer the number of suoh spirals to a coil was limited to
six, and cooling end plates containing circulating water were added to
carry away the heat dissipated. The power un.it to energise the field
required careful consideration. Since it was thought advisable for conven-
ience not to exceed 100 amps, and since 2£0 v would be desirable for stand-
ardization purposes, these conditions along with the heat dissipating
ability of the systems decided in favor .of a 220 v 25 kw laotor generator
unit.

Although paver requirements were apparently large, they were dictated by
the specifications required by the performance of the instrument. Hither-
to no instrument has been designed which gives 10jS transmission with 3 to
6fo resolution, but it is believed that those characteristics can bo ap-
proximated.

Calculations end design are continuing toward the completion of this
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4  ANALYTICAL GHEMISIKT

A report from the Analytical Group covering a six month period will appear in
the Quarterly Report of the Chemistry Division, Seotion C-II, for the fourth
quarter of 1946.

4000-117



S SPECIAL PROBIEMS

5.1 Magnotio Moment of Plutonium (Gc H. Wlnalo”r)

It is proposed to investigats the olctronio oonfiguration and, eventually, the
nuclear magnetio moKtont of Pu by a molecular beam method. In spite of some
doubts as to its feasibility, (the chief one being the oomplioation mhioh would
arise in case thermal excitation to levels of higher £ value than the ground
level ooours) a start will be made by the method of Gerlaoh and Stem (Zeita.
f. thya« 8, (1921) 110).

Present plans call for a boam 40 am long and 3 mm high defined by an oven slit

of width 0.024 c¢cm and a oollJaiating slit 0.0075 on vrf.de. These two slits will

be separated by 15 cross; the collimating slit will be at the entrance to an
inhomogeneous magnetic field and on the oven side of the field. 2he field is

to be 15 om long. There will bo an additional distance of 10 cm from the field
to the detector. The inhoraogeneity of +he field will be about 1.6 x 10” gauss/om.
The oven temperature will be 1600°C at vdiioh temperature the vapor pressure of

Pu 1s oa. KT2 :®x Hg.

One of the chief functions of these initial experiments will be to try out a
quarts fiber condensation detector suggested by O. G. Simpson. Die fibers are

to be mounted parallel to each other and to the beam height. After a sufficiently
long exposure the deposit on the separate fibers will be weighed by Y counting.

It has been suggested that actinium represents the beginning of another "rare
earth " series and thus has the electron configuration of lanthanum. This second
series is formed by the addition of 5f electrons. If this is so and if there is
exact correspondence, then Ri corresponds with sarariura which has the ground
state Atoms in this ground state would not be deflected in the inhomo-
geneous field. The g value for all states 7Fo0i23456 18 3/2 a*ld the apparatus
design is suoh that any atoms with states having a projection of 3/f¢ Bohr
nmgnoton on the field direction would be deflected outside the limits of the
undefleeted beam. If the intensity of such atoms is groat enough -they can be
detected directly, although if it is small their presence can only be detected
iy the weakening of the undeflected beam. It has been estimated -that if 10" of
the atoms are in other states than 7?0 the resulting count will be measured with-
out too much trouble with a reliable error of 12jf.

The above discussion is on the basis of Bussell-Saunders coupling, which is
probably not correct. Further consideration of such problems can be done with
the greatest profit after the first beams are measured.

5.2 Effect of Neutron Irradiation on the Diermoocuple Power of -(he Chromal~
Alumel Junction (E* C. Avery)

Four single junctions of chromel-alumal thermocouple wire were made at -the same
time by the same method using adjacent two foot lengths of wire from each spool.
Three of the single junctions were placed in aluminum cans and subjected to
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neutron, irradiation at Hanford while the fourth junction was preserved for a
reference standard.

After 24 days bombardment at Hanford one of these junctions was removed from
the pile and checked against the standard by the following method. The Standard
and test couples were bucked against eaoh other by connecting tho two chramel
wirbs. The two ohromel-alumel junctions were kept in-the same ice bath while
the temperature of the chromel-ohromel junction was varied. Hie thermoelectric
force of the combination varied from 0.004 yyv/oC to 0.26 ~v/~C when the
temperature of tho ohrenel-oiiromel junction was changed from 28°C to 170°0.

i
Diese small changes are of the s«ne order as those to be expected from variations
in the wire or due to handlings and certainly indicate that no serious change
in the calibration takes place due to neutron irradiation at Hanford fluxes for
25 days. It, of course, does not rule out the possibility of changes existing
during bombardment whioh oould conceivably anneal out at room temperature in a
short time after bombardment had ceased.

5aS  Effects of Gamma Radiation oa Insulating Materials (H. C. Andrews,
F. L. Belletiege. 3. Gordon. M. E. Rsbenak) '

Selected samples of insulation material under consideration for use in tho
eleotrioal equipment of tho Zina fast pile wore exposed to V radiation from a
tungsten target plaoed in the Van de Graaff electron beams in order to determine
whether any harmful radiation effects might be anticipated.

2he first sample tested was a sample of ceramic coated wire #1063 Ceroc #21
A.W.G. manufactured by Sprague Electric Company of North Adams, Mass. The experi-
mental set-up is shown in Figure 36. Two short pieces (oa. 2” om long) of the
wire were twisted together and an omf (120 v) applied to the two wires as shown
in the Figure 36 in suoh a manner that the potential was applied across two
thicknesses of insulation. The current was fed to and read on an inverted

tidode amplifier (Zeus) and the conductivity of the sample vras measured after
each bombardment interval. The V source was a tungsten target bombarded with

1 Mev electrons with the sample plaoed at about 0.5 c¢cm from the target. The
resistance of the sample was greater than 3 x 10-” ohms (the limit of sensi-
tivity of the detection instrument) and did not fall below this limit in an
exposure whioh is estimated to have been somewhat greater than 2 x 10® roentgens.*
On further exposure, however, the sample shorted. The apparatus was disassembled
and closely examined. It was found that cracks were present in the insulation
and that in these oraoks salts had been deposited. These salts probably re-
sulted from the high humidity of that day. dhen another picoe of wire, which

had not been bombarded was twisted in the same manner as before, similar oraoks
were produced. The oraoks, therefore, were not due to the effects of the
radiation.

*The magnitude of the exposures to whioh these samples were subjected is
not accurately known. The quoted exposure figures are probably low,
perhaps by a factor of as much ar ten. However, all figures will be
off by approximately the seme factor and consequently the relative mag-
nitudes of the exposures are probably approximately oorreot. Efforts are
now underway to secure more accurate exposure calibrations for the Van de

Graaff generator¥*
4000-tlfc
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Dia ssoond ample tested was #18 Anaaonda \IC» single vitrotex ocverod, silica
bond wire. Tho experimental set-up was exactly ae described for the oeramio
coated wire. [Cie sample received greater than 36 x 10s rcentgens. Readings
mwere taken at twelve approximately equal exposure intervals. At no time did the
resistance of the sample fall below the limit of sensitivity of the measuring
instrument, namely 3 x XOIS ohcos. There was no visible physical change in the

sample*

The third sample tested was a sample of Vortexr silioona resin coated, glass
fiber cloth. The experimental set-up is sham in Figure 3?7a. It is similar to
that described for the wire except that the sample wss prepared in a different
.manner (Figure 37b). Two discs of copper 3.14 om" area and 0*025 cm thick to
which wire leads were soft soldered were eaoh molded into a disc of luoite. Both
luoite discs were sanded down to expose the faces of the copper discs opposite
the soldered sides. These faces were then polished. The sample, 4.9 cm2 in
area and 0.0175 cm thick, wan placed between the tm> copper discs and the two
luoite molds oLstai«xi together tightly. Luoite dissolved in acetone was applied
to the junction of the two pieces and allowei to dry. Approximately ten coats
were applied. The mold was then sot in the sample holder as shown in Figure 37
and exposed to 'die V source os before,

The results are shrm in Figure 38 whore current (with 120 Y applied)

is plotted against bo»nbardmanb in roentgens.* After bhe first bombardment period
(oa. 8 hrs) the conductivity of tho sample Increased slightly to point A. On
standing 14 hrs it lose slightly again to point B. In the next bombardment
interval the conductivity rose to point 0 and after standing 14 hrs more rose
further to point D. After the next bombardment period the conductivity exhibited
an effect CppositT to' the first two. Tho conductivity decreased from point D to
E and rose slightly cn standing to point F. With, further bombardment the sample
sWied for the moat part an increase in conductivity on bombardment followed

by a recovery on standing. One fact that should bo mentioned is that the bom-
bardment £ - J3 was made on a very humid day and trouble was experienced with
moisture condensing. This behavior of increasing conductivity with bombardment
followed by a recovery on standing has been noticed previously in this labor-
atory (CC-1097 (A-1487) J. G. Burr and M. W. Garrison 12/6/43).

Hie fourth sample bostei mu? 0,010” Macallin, Silicone Resin Bonded, Flexible
Mioa plates. The seme apparatus was employed as that used in Sample 3.

Bio results are shown in the accompanying graph. Figure 39, where current

(40 v applied) -5 again plotted against exposure in roentgens.* After the first
bombardment period cf os. 3 x 10$ r there 'sras a alight increase in conductivity
to point A. Upon standing 14 hours, tho conductivity increased further from
point A to point B. The second bombardment of oa. 7 x 10$ r showed the con-
duct!vYty to increase from point B to point 3, and after standing 14 hours to
decrease tc point 0. In the thinF besaburdment of oa. 5 x 10$ r the con-
ductivity increased frcm point £ to point E. After an interval of 40 hours there
was a further'inoraaue from point K to point F. Fron point ? to point G, and
thereafter, the sample showed an increase in conductivity afTer bombardment
followed by a rsoevery on standing.

*
See footnote on previous pagel
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As in samplas 1, 2 and 3, the results show that there was no serious ohanga in
conductivity with bombardraent of ~Yrays up to the order of at least 30 x 10®

roentgens. Also, no physical changes were noticed in any of the samples.
5,4 Hetaote Control Development (H. C. Andrews, J?. L* Belletiere, M. E. Hebenak)

5.4.1 Ipprovaments in Present Hot labs

The usefulness of the Room 12 hot lab has been seriously limited by the
lack of sufficient storage space for hot materials. Consequently plans
have been drawn up for a storage room adjacent to the Room 12 lab and
construction of this auxiliary room is now underway. Plans are also being
made to install a rail and hoist in this storage room to facilitate un-
loading trucks, etc. This room will be equipped with two large lead lined
vaults containing a number of individual storage compartmentse These
vaults ere near being renovated in the shops.

Considerable thought has been devoted to the renovation of the B-2 hot
lab which was devised for solution YD ri: but has been considerably out-
moded by the Room 12 hot lab. Plans are being made to install in this
lab, where possible, the additional features which characterise the Room
12 hot lab. Sew lead doors, additional lead shielding, rear and front
wall tracks and numerous other modifications will hove to be provided.

5.4.2 Improvement of Beatote Control Devioea

With the cooperation of the New Chemistry, Site B and Ryerson shops and
their drafting 'department?;, intensive work has begun on the redesigiing
of some of the present instruments and the adaptation of commercially
available instruments to remote control operation. Plans are being made
to set up a mock rail behind which it is intended to test various pieces
of equipment *diiah have been adapted to remote control operation.

(1) Gave Periscope The design of the present model traveling
periscope is being refined and improved. 3he two main improve-
ments contemplated are: (a) Installation of a window that can

- be rotated through 180<> rather than the present fixed forward
viewer, and (b) provision for variable rangaifloation.

(2) Hydraulic Torgs 3he design of the present model hydraulic
tongs is"T-'cing mcxTiTled considerably. Ihe new tongs will be
equipped with interchangeable jaws of various shapes, ihe tongs
will be connected to the remote* control crane by a ball and
socket joint to provide adjustment to ajy desired position. Since
the present design is quite cumbersome, it ia planned to stream-
line the housing, thereby materially reducing its size.

(3) Mirrors Tno double reflection mirrors have been
fabricated at the Site B machine shop and have been installed
ir. the Room 12 hot lab.



(<L) Haar.ote Control Crtmo Hougji skotehee have been made and
dotailed drawings are boiag started on a aw mnote control
orana* 2he three diisoneional movement of the present crane
carriage will be mbaiiind and an additional unit will be mounted
on the crane shaft to provide liio thrso rotational motions
neoouaary in pouring be;ikers# turning tS‘x>pccotss eto.

(b) Miilirtg Machine A milling machine has been procured from
the A'Flia”*ress Company and will be adapted for remote control
use to facilitate the opening of cans after irradiation and to
perform various other milling and cutting operations.

(6) Analytical Balance An Ainsworth analytical balance has
bean secured and plars~are being made to adapt it to complete
remote control operation.



