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POWER PILE DIVISION

QUARTERLY REPORT

June,  July,. August, 1948

I.. SMMARY

A« Design Study of Navy Pile Application

During this quarter the Navy Pile design study was continued as the
major activity of the division.. This subject is covered in detail in the fin=
al roport on the feasibility program (ORNL-133), and will not be dupliceted in
this report.. ‘ , '

Some additional work was done on Dynamic and Static corrosion testing
affter ORNVL-133 was issued and is included in this report.

Bs Materials Devclopment and Experimental York

The materials development and expcrimental work of the division con=
tinued on a more general basis than that dealing exclusively with the design
stu%y ofdthe Navy Pile applieation,.” Davelopment and experimental work was
continued on:

Thermal Conductivity of Uranium Bearing Materials under Irradi-
ations at High Temperatures.. .

Development of New Pile Sample Container

Thermal Conductivity-Measuremehts at Room Temperature
Thermal Expansion Apparatus

High Temperature Modules Tests

Study of Sample Irradiation Techniques,

Graphite Impregnation

Simultaneous Pile Irrediation and High Temperature Creep
Experiment ‘

Instrunentation for Creep Tests

Recovery of Uranium fram Graphite Fuel Units
Graphite Permeability Effect of High Temperaturecs
Metallurgy, Zirconium,.Beryllium Alloys

This document contains restricted data within the meaning of the
Atomic Energy Act of 1946 and/or information affecting the National
defense of %he United States within the meaning of the Espionage
Act, 50 UeSeCe 31 and 32 as amendede Its transmission or the revee

lation of its contents in any meanner to an unauthorized person is
prohibited and may result in secvere criminal penaltye.



Ce Miscellaneous

Ceramics, Beryllium

The trensfer of Power Pile Division Personnel from Oak Ridge National
laboratory to Argonne National Laboratory is approximately half completede

A listing of all equipment to be transferred to Chicago, including a
complete description of each item, as well aszidentifying property numbers,
was prepared for transfer of the division to A.NeL. Lists were also prepared
for drawings and documents.

II. CORROSION TESTS (Es Be Ashcraft, Section Chief)

A. Dynamic Corrosion Tests (4. Amorosi, J; Perry, E: L. Kelso)

‘The only run not previocusly rcported is in progress nows Zirconium,
Beryllium, and Columbium are exposed to purc degassed water at temperaturec
250-2600 C, and pressure of 1250 psi., Run time is approximately 50 hours and
it is hoped the run will last several hundred hours before an equipment faile~
ure forces a shut=down. T

B. Static Corrosion Tests (A. Amorosi, J. Perry, E. L+ Kelso)

Run results not previously reported are shown on Figes l. Emphasis was
placed on super=-critical temperature tests. Stainless steel showed remarkeble
resistance in all cases and type 347 (Columbium stabolized 18:8) showed no
weight change, at all.. Beryllium (-1 extrusion ratio) decomposed completely.
Zirconium gaiped from 4-15 grams per 34uare meter surface areca and samples be=
came mottled with white oxide. Beryllium Stainless Steecl couple decomposed
Beryllium at 580° F..

III. MATERIALS DEVELORMENT AND EXPFRIMENTAL VORK

A., Thermal Conductivity Af Uranium Bearing Materials Under Irradiation
At High Temperaturcse] (L. P. Hunfer, K. Gs Berggren, H, s Robert=
S0n, Je Kincaid). '

The purpose of these measurements is to determine the simultaneous
effect of irradietion damage and anncaling. Previous work is reported in re=
ports Mon N-442, ORNL-22, and ORNL-66,.

The irradiation of impregnated graphite No, 1 wes terminated after
a total dose of 61 KWH per c.cs since the conductivity had not changed sensi-
bly in the last 10 KWH of dosages.- The value reached by the conductivity of
this sample at the ond of its run is about equal to the value of the thermal
conductivity of a carbon body which had heen molded from the usual coke-
pitch mixture and baked at thefopcrating temperature of this semple (800° C)
without graphitizing., Impregnated graphite No.-3 failed after 31 KWH per c.
c» . Lotnidr dos Of . apuiriioms,, |

In Fige..2 is shown a comparison between the results obtained on ime
pregnated graphite samples No.|1l and 4. These samples werc run at very near=
ly the same temperature and rate of damages. The discrepancy between the
curves is not explained. The rosults obtained with sesmple No. 4 seem to be in
better agreement with other samples, such as sample No.:'3, so that the step in
the curve of sample No. 1 that occurs betwsen doses 4 and 7 KWH per csC. is
probably spuriouss . ‘ '

In Figs 3 is shown a comparison between the results obtained on im-
pregnated graphite No. 3 and molded graphite No. 4. These samples were
operated at 630° C and 650° C respectively throughout their tns.® The much
lower damage shown by the molded sample is probably due to the fact that the
U0p particle size is much larger in it than in the impregnated sample. This
should effect the total damago:two wayse In the first place the number of
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fission recoils reaching the graphite structure is much smaller since many are
absorbed in the U0z particles themselves. This should be reflected in the
lower initial slope of the resistivity vs. dosage curve. In the second place
the larger size of the U0 particles in the molded sample allows a larger vol=
ume of graphite structure which is more then the range (5p ) of fission recoil
fragment from the nearest UO2 particlec. This should be reflected in the lower
final value of thermal resistivity.

In Fige 4 is shown a comparison between the results obtained on imw-
pregnated BeO #3 and hot pressed BeO #31. Here it is the impregnated sample
which shows the lower demage. This can possibly be explained by reference to
the radiographs of Fige 5. The!llower radiograpK is a ten diameger magnifi=-
cation of the structure of the hot pressed BeO - U0z mixture, the upper radio=
graph is a ten diameter magnification of the structure of the U0y impregnated
BeO specimens A comparison of these two structures shows that the individual
U0, impregnated BeO specimen. A comparison of these two structures shows that
thé individual UO, aggregates ere larger in the molded specimen but that there
are more extensiveé regions in the impregnated specimen which appear to con-
tain no U0z at all. This latter facg is probably due to the meghod of fabri-
cation of the low density impregnated BeO specimen. (Sce ORNL-22,-page 72 end
Figs 53). Since a great majori%y of the fission recoil fragments are¢ probably
stopped in the U0y aggregates of the hot pressed specimen (BeO #31) the ini-
tial slope of the relative thermal resistivity vse dosage is considerably less
than that for the impregnated BeO :#3. However, since there is a greater volume
of the body which is untouched by fission reccoils in the impregnated BeO #3
the final value of the relative|resistivity is considerably less than that of
the hot pressed BeO #31. Anothgr contributing factor may be that the pressed
sgochnen is a monolithic structure, with thc U0p aggregates an integral part of
the body, so that any damage to|them might leave an effect on the thermal con=
ductivity of the whole body; while damage to the UO2 aggregates in the impreg=
nated specimen would presumably not affect the conductivity of the whole body
since they are not an integral part of its structure. This would not account
ggr ? di{fercnce in initial slope but might help explain the difference in the

inal valucs,

Be * Development of New Pile Sample Containers. (R. G. Berggren)

It has been decided that the variation in specimen tempersture attain=-
able by varying the atmosphere in the container is not sufficient. Therofore,
two new modifications of the coﬁtainer are being developed, one for higher
temperatures and the other for lower temperatures. To raise the temperature
further, the sample was inclosed in a tight nickel jacket, (low emissivity).
This did raise the temperature,;although not as far as desired, Calculations
indicated the semple temperature could be increased about 150° C if a thermal
radiation shield of low emissivity were to be placed betwecn the sample and
the container shell.

Samples placed in cont%iners with this modification (Fig. 6) have
shown the expected temperature incrcase of 150° C. Fig. 6 shows:

(1) Test sample, which is hcated by the fission cnergy of
the uranium it contains,

(2) 0.005" nickel jacket

(3) 0.010" nickel thermal radiation shicld; (the new feature
of this modification)

(4) Lavite rings for %pacing tho thermal radiation shield

B
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(5) Six Lavite cones for locating the sample in the center
of "the container

(6) Pins to eliminate end pley of the radiation shield and
Lovite rings

(7) Pins to prevent longitudinal travel of the sample
(8) Thermocouples

(9) Outer shell of container

(10) Plug brazed into container, sealing its

In order to rcach a lower operating temperature without changing the
Uranium loading of the samples, it was decided that there must be good there
mal contact betwecn the sample and outer shells To achieve this, while the
expansion cocfficients of the semple and the outer shell differed, the sample
and shell are tapered and the sample pushed into the tapered shell, establishe=
ing thermal contact between the sample and shell,

The proposed apparatus is shown in Fige 7« Numbered parts in the
figure corrcsponds to ‘ :

(1) "Tapored sample cylinder, which is self heated
(2) Thermocouples

(3) Tapered shell of container

(4) Spring pushing sample into tapered shell

(5) Lavite plates to locate spring and prevent injury of the
sample by the spring

(6) Plug
(7) Proposed weld for sealing the container

Spring materials tested thus far have been unsatisfactory in that they
annealed at temperatures lower than that reached vhen the plug is brazed into
the shell by methods used on previous containers, In order to eliminatie” the
need for a spring thet will withstand this temperature without annealing, o
method is being investigated by which the heat of welding can be localized to
the immediate region of the weld.

As shown in Fig. 8, this welding apparatus consists of a specimen holdex
rotating at 6 r.pemn. and a pointed carbon rod in electrical contact with the
specimen, all in a hydrogen atmospheres An electrical current is passecd
through the carbon rod to the specimeny the tip of the rod being heated to =
high temperature because of its relatively high resistances The temperature
reached by the tip of the rod is high enough to melt the portion of the two
0+010" copper flanges in contact with the rod and welding the flonges to=-
gothere. As the specimen rotates under the hot carbon rod, a continuous weld
is produced. Trial rumns have been successful in producing welds of good




physical appearance in which the heat was localized by v1rture of the hlgh
thermal resistance of the thin flanges and the large heat capacity of the
copper plug and containere. But, when vacuum tested, appreciable leaks were
founds Further work is in progress to produce a vacuum tight wold of good
physical strengths If successful, the need for a high temperature spring
will be eliminated.

a PR
Ce Thermal Conductivity Measurements at Room Temperature. (Re Ge
‘Berggren)

Triel runs were made with the improved apparatus, as described in the -
last quarterly report, (ORNL-66), but results were not reproduciblee Measure-
ments made on a copper calibration sample showed much too great a spread to be
considered satisfactorys Causes of this unsatisfactory behavior are now being
investigateds '

The apparatus for measurement of thermal conductivity by the tran-
sient method is on hand and samples are now being fabricated for use in ite

D. Thermal Expension Measurementse. (H. -Eo Robertsoﬁ)

The thermal expansion apparatus which was used to give the results
previously reported on BeO has been adapted for use with an inert atmosphere
for the measurement of specimens which would oxidize readily in air et -
clevated temperatures. The atmospheric envelope has been built and tested
satisfactorily. The problem of measuring the sample temperature accurately
has given some difficulty, since the atmosphero has, up to tho present time,
caused some irreguler cooling of the samplee. This problem is being worked
out at present. 4

Es High Temporature Modulus Testse (J. GiIeS‘Morgan)'

! o

Using the apparatus described in the preV1ous quarterly report,
(ORNL~86), preliminery runs have been made in order to determine the change
of resonance frequency with temperature for the individual components of the
three component oscillating systems Thé procedure followed was:

(1) Measuring the resonance frequency of a piezo-electric quartz
crystal and its variation with temperature. This quartz crystal is used to
drive the three component systemes By use of thermal radiation shields and
careful insulation the quartz tempecrature is kept ot & minimum. The resonence
froquency shows & slight decrease with increase in temperature.

(2) Using DeKhotinsky -cement, & 3/&6" diameter fused silica rod
twelve inches in length was suspended from the quartz crystal. Resonmnce
frequency measurcements were then moads on this two component system as a fun~-
ction of the furnece temperature. From this date end knowing the mass .of the
rod and crystal, the frequency of the rod alome may be calculated.

Equation (1) mf tan nfo ‘nfo } - - mg fo tan /nfo “\= o}
’ \fl / f2 /1

7

where my - mass of the quartsz crystal

mass of the fused silica rod ‘
resonance frequency of the ¢omposite oscillator
resononce frequengy of the quartz crystal alone

fz - resonance frequency of the fused silica rod

e R
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Solving for fs involves trial and error calculations. It was found

that the resoncnce frequency of fused silica increases with temperaturee It

is necessary to lknow the number of half-wave lengths present in the silica

rod and it is also desirable to have values of resonance froquency at different
temperatures employing several diffcrent numbers of half-wavess. The number

of half-wnves was found by determining two adjacent resonance frequencies and
solving for ny in the following equations:

Equation (2) £, = _a) v
2L,
1

£ o,2 (n1+ 1)
02 F SV

fo1 .- the resonance frequency of n half-weves.

foz .= the noxt adjacent rosonance frequency of (ng - 1)
half-waves

L, = the length of the silica rod (metors)

V - the velocity of propagation of the clastic wave
(moters/sec.)

(3) The next step is to cemont the sample onto the end of the fused
silica rod and determine the resonance frequency of the three component oscil=-
lator. Fram this deta snd using an equation sililar to equation 1, the
resonance frequency of the sample may be calculateds As yet no reproducible
data on the sample itself has been obtaineds This has been partly due to
experimental difficultiecs in obtaining a satisfactory oscillating systems It
was necessary to obtain & cement which would trensmit vibrations at 1000° C
and not introduce sufficient viscous friction to supress the desired resonance.

After investigeting several methods a technique was developed using
a 50=50 mixture of Alundum and Sauereisen Cement in Sodium Silicates The
sample oand the rod arc clemped on & V=block and a thin layer of the cement
applied to the surfaces to be joineds By use of o spring to keep the ends of
the two rods pressed togother, the cement is allowed to dry at room temgerature
for 24 hours. The cemented joint is then slowly brought up through 125 C
over a period of two hours,

Difficulty has also been encountcred in the failure of the quartz to
pyrex scal on the tube which enclosed the systems An ell quartz tube is now
being fabricated to climinate this problem.

Fo. Smmplc Irradiation Tcchniquese (J« Giles Morgan)

In parcllel with the high temperature modulus tests, benoch runs are
being made on the most effective method of irradiating the modulus samples in
the pile. The following conditions must be met:

(1) Irradiation at an elevated temperature,

(2) Good heat transfer from the temperature source to the sample.

(3) 4 small tamperature gradient along the longth of the sample

(4) & method of introducing and withdrawing the samplcs from the
face of the pile. ,

(5) Determining the tempersture obtainable during irradiotion,

o g



m T It is planned to irradiate these samples around a Uranium sluge Sub=

stituting a glo=bar dissipating tho same emount of encrgy as that of the slug
when in the flux of the pile, & bench model as shown in Fige. 9 was constructcde
Using a taper between the Aluminum semple holder and the stainless steel glo=-
bar case there was found to be 10° C temperature drop from the heat source

to the sample, vhen 250 watts were dissipatede The temperature gradient along
the length of the sample varied 8° C. The most difficult problem appears to
be devising a method of introducing and withdrawing the sample holders In
order to insure good thermmal contact, the surface of the holdor must press
fimly egainst the surface of the slug cane However, it was found that the
small taper necessary because of space limitations causo the two surfaces to
bind and in order to separate the surfaces, they must be driven apart. A
sample block has been designéd, and is being fabricated, in which thé’ blosk -
is split down ome side so that it may.be rioro easily removed.

Ge Graphite Impregnation. (J. C. Carpenter, H. E, Robertson and
I. T, Humphreys) ' :

aes During this quarter it has been found that successful pitch ime-
pregnation of the graphite is more reliably achieved with a slight modificatimn
of the procedure than that reported before, (ORNL-66)e. The best procedure
evolved to date is a8 follows: The sample and pitch are evacuated in the ime-
pregnation chamber for 15 minutes after which the temperature is reaised to
200 € at which point the heat is turned off and the chamber is pressurized to
250 psi of nitrogen forcing the pitch into the sulmerged sample. When the
temporature-has dropped to 150° C the pressure is relicved and the semple is
removed from the impregnation chambere. The baking and graphitizing procedures
are the same as before. (ORNL-66) ‘

be Research was continued on the intermediate percentage impreg-
nations with the emphasis on the determination of a real independent variable
of the drying procedure such as the rate of evaporation of water at each point
of the drying schedule. For this investigation a special recording potentio-
meter of 1 Mv range was set up to monitor the temperature difference between
an impregnation specimen and its furnece surroundings during the drying pro=-
cedures Two runs were made on a given specimen at a given temperature; a
"dry" run and a "wet" run. The "dry" run consisted of placing a cold dry
specimen in the hot furnace vhich was set at 2 given temperature and monitoring
the temperature of the specimen with time as well as the furnace temperaturece
The "wet" run wes the same except that the specimen was impregnated with
woter before the heatinge From the difference in these two heating curves one
may calculate the rate of evaporation of the water ms a function of timee

A "dry" rum and a "weét" run were made on & sample at a furnace
temperature of 300° .Ca These runs are showa in Fige 10 where Curve "A" is the
temperature of the "dry" semple versus time, Curve "B" is the furnece temper-
ature (during the "dry" run) versus time, Curve "C" is the temperature of the
"wot" semple versus time, eand Curve "D" is the tempersture of the furnsace
(during the "wet" run) versus times Curves "4" and "B" were recorded simul-
taneously by using a.motor driven selector switch to switch from one ther=
mocouple to the other every ten seconds. Curves "C" end "D" were recorded
in the same manner.,

The rate of temperature rise in the dry semple, for a given

difference in temperature between the sample and the furnace, was obtainmed
from the slope of curve "A". From this rate of temperature rise, heat transfer

. _-:-9—
SNy



rates at each temperature difference, were calculated from the following

equation:
W= (L) Cpdte) |
where Qg = Rate o? heat trensfer to the dry sample (cal/min)
T < Temperature of saﬁple (°c)
= Time (min.)

{ ot
1

’/\

wiers

o

~—
'

Z Rate of temperature rise in the "dry" run (°C/min)

Cpe = Specific heat of the graphite sample (cal/°C gm)

M, = Mass of graphite in semple (gns)

The rate of heat transfer to the "wet" sample at a given
difference in temperature between sample and furnace is assumed to be the same
as the heat transfer rate to the "dry" sample at the ssme temperature differ=
ence because heat transfer conditions ars nearly the same in both instancess
The rate of heat transfer to the "wet" sample is considered the sum of three
separate rates of heat trensfer. These rates of heat transfer are the rate
of heat transfer required to produce the observed rate of temperature rise
of the graphite, the rate of heat transfer required to produce the observed
rate of temperature rise of the water present in the semple, and the rate of
heat transfer required to produce the rate of evaporetion of water from the
sample. )

2 Qy T Qt @+ O

Rate of heat transfer to the "wet" sample (cal/min)

O
jo N
1

where Qw

O
ot
1]

Rete of heat transfer for producing the observed
rate of temperature rise of the graphite (cal/hin)

Qp = Rate of heat transfer for producing the observed
rate of temperature rise of water present in the
sample (cal/min)

= Rate of heat transfer for prcducing the rate of
evaporation of water from the sample (cal/min)

The rate of heat transfer for producing the observed rate of tem=-
perature rise of graphite and the rate of heat transfer for producing the
cbserved rate of temperature rise of the water present can be calculated
using the rate of temperature rise of the "wet" sample (slope of curve "C")
in the following equation:

2 ’9—1) c EERTEI

where = Rate of temperature rise of “"wet" ssmple (°C/min)

9t/w

Cpyy = Specific heat of water (cal/°C gm)

M, = Mass of water present in sample at this time (gms)



The rate of heat transfer producing the rate of evaporation of water
from the sample is then the difference betweon the total rate of heat transfer
to the sample and the rates of heat transfer for producing the observed rates
of temperature rise of the graphite and water present. This is shown by the
following equation:

Qr 2 Q, - (@ + Q)

The rate of evaporation of water from the sample at any given time
can then be calculated from the rate of heat transfer producing the rate of
evaporation of water at that time by the following equation:

MQQV

where M, = Rate of evaporation of water (gms/min)

= Latent heat of vaporizing of water (cal/gm)
‘ g

Combining the above expressions we have the following:.

Qe = @, Ry TR,

™~

)T) (Cr)\\/ .‘\’4\'1\ :

y 1 N Vs

hS_ %‘ o

-

where (i:ﬂ aud ("I\ are for, the same dlfferences of sample a&nd furnace

temperatures in both wet" end "dry" runs.

Thus ¢ Iy om, - = (G, r D

d ¢ - R
w

In the actual calculations, values for the various quanti ties were
obtained from the following sources:

T

: 5y, from slope of curve "A"

/\‘ﬁ\ nAn
<~ { from slope of curve "C
¥iJ,

Cpc from published tables

pr from published tables

Hy from published tables

M, by weighing the dry sample

My, Only the initial mass of water was known from weighing the

(A
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"wet" semples . The mass of water present at any given time was
calculated as described below:

The. "wet" run was divided into a finite number of time. intervals
(one minute intervals in the 300° C run) and the water evaporated in the first
minute calculsteds This was subtracted from the initial mass of water present,
giving a new My. The new M,, was used in calculating the water evaporated in
the second m1nute end the calculatlon repeated until M, became zero,

In this menner the data Fige 11 was obtained from the potentiometer
record of "dry" and "wet" runs at a furnace temperature of 3000 C. These data
come from the runs shown in the Fige. 10. From the last column on the right
in the "wet" run tabulation one may find the rate of evaporation of water at
any time during the drying procedure. This is the end result of such an
analysis and constitutes the true independent variable of the drying procedure
which was sought.

This procedure of analysis has just been perfected and it yet
remains to extend the procedure to samples impregnated with UNH rather than
water and to correlate final uranium distributions with the rate of evapo-
ration of waters

He Simultancous Pile Irradiation and High Temperature Creep Experiment
(Seagaser and Hunter)

(1) General, Wbrk continues on the design and experimentation
necessary to development an apparatus suitable for the determination of the
creep=rate and limiting creep=stress of materials of construction proposed
for power=-pile application while exposed to simultaneous fast neutron irrad=-
iation and high temperatures, Based on experiments and field tests of the
various components necessary for the successful operation of such a device,
the design shown by Fige 12 is submitted. This device incorporates all of the
essential functions necessary for the determination of the creep of materials,
although the apparatus necessarily differs from the construction of a con-
ventional crcep-rate apparatus as described in the AS8.TM. Tentative Method
of Test for Long=Time (Creep) High Temperature Tension Tests of Metallic
Materials (E22-34T). This diversion from the standard is necessary for the
pile-irraediation tests because of the very rigorous and unusual conditions
under which thé apparatus must function.' '

The requirements for the successful operation of a creep—determination
device for insertion in a fuel-channel hole in the O,R.N.L. Pile are:

(1) The over-ell dimensions of the apparatus must be confined to a
maximun diemeter of 1,200 ine. and a length of not more than
12 in. N

(2) The apparatus must be assembled from components which are them=
selves unaffected by irradiation. {As far as the tests are
concerned).

(3) All measurements of stress, temperature,end elengation must be

made by remotely located instruments.

“«]12=



(4) The creep=-mpparatus must be capable of béing- disconnected by
remote control fer discharge inte the'storage canal.

(5) 411 connections tm the device which are to be withdrawn from
the loading face of the pile must be made of materiael which
will not vecome excessively radioaective or which can be con=-
veniently withdrawn into & lead container.

(6) A meens of attaining the fast-neutron flux as well as simul=
taneous high temperature must be provided.

That the"apparatus meets these requirements as well as the require=
ments ordinarily imposed by a conventional creep-apparatus may.be seen by
analysis of the proposed designs

(2) Stress Measurement. The required stress will be induced in the
creep~specimen by means of gas pressure supplied from & highepressure-cylinder
of Heliume The préssure will be regulated to the necessary value for a given
wall thickness as shown by the curves of Fige 13, This pressure will create
8 force on the piston head which will, therefore, be resisted by an essential=
ly equal load on the specimen. Since the gas is retained by a flexible stain=-
lass=steel bellows, an apparatus has been designed and is. currently being
fabricated for the determination of the mean-effective-area*ef the bellows
and its spring rate. This auxiliary equipment is necessary for the cali-
bration of each of the bellows in order to determine the éffect of the varie
ation in mean-effective~area and spring-rate of the bellows on the induced.
stress in the specimen. Holes are drilled radially in the enlarged shoulder
of the specimen in order to equalize pressure on the inside and outside of the
specimen wall, such that component stresses due to unequalized pressures are
eliminateds. Pressure measurements will be made externally te the Pile by
means of a 1000psi capacity Heise bourdon=tube pressure gaugé. An 8% in.
dismeter gauge with 500 graduationshas been ordered. These gauges have a
guaranteed accuracy of one-half of one per cent at points of reading above 20
per oent of scale. The accuracy for the remainder of the scale is one~ fifth
of one per cent of totale A certificate of accuracy covering at least 20
points on the dial is given with each gauge., The pressure system will be
connected to the Pile Creep=-apparatus by means of a Hansen quick disconnect
coupling or equivalent for remotely discharging the device from the pile as
"shown by Fig..14.

(3) Specimen Wall-Temperature and Fast Neutron Flux Determination, The
temperature of the specimen well and the required fast-neutron flux for bome
bardment demage will be attained by inserting a U=-235 impregnated cylinder’ of
graphite within the specimen bore, By carefully controlling the emount and
distribution of uranium in the heater-element and knowing the value of the
thermal neutron flux in which the apparatus is placed, the' fission rate of the
uranium in the heater element can be calculated, and, hence, the number of
fast neutrons per square centimeter per second determined. Since the element
is within the specimen, practically all of the fast neutrons gonerated (with
the exception of those leaking from the ends) must pass through the specimen
wall, The heater-element is shown in three sections in order that both a
substantially constant wall temperature and flux can be maintained. - A re=
quest has been submitted to the A.E«C. for 100 grams of U«235 which is esti-
mated to be sufficient for 20 specimens, )

«13w s



1 The speclmen wall-temperature w111 be measured by means of three iron-
constantan thermocouples of No. 30 Ga. wire attached to the speclmen wall at
points 1 in. aelong. its length and displaceiradially by 120 degrees. 4 device
consisting essentially of a glober unit and short length of aluminum tubing
has been constructed for the purpose of determining the best methods of attech=
ment of the thermocouple junctions to measure the true wall temperetures The
leads from the thermocouples will be brought out of the high pressure shell as
shown by means of three double eyelet Stupacoff hermatic seals retained against
gas pressure by ring nuts and sealed with lead gaskets and solqer., The autput
from these thermocouples will be measured by a suitable potentiometer placed
‘adjacent to the loading face of the piles The leads from the thermocouples
will be disconnected by placement of deliberately weak links of mnall gauge
wire at the lead-outs from the creep apparatus.

(4) Strain Measurement. Experiments have been conducted on two types of
strain-measurement devices which appear to be suitable for use in the Pile
crcep apparatuss The first of these types is based on the pneumatic-gauge
principle in which a variation in orifice size is made to vary the flow or
pressure of a fluid. In application to creep=strain measurement, ‘the variable

~orifice consists of a small nozzle through which is discharged a ges impinging
against a plate moving porpendicularlly to the orifice dlameter. This device
has proven very sonsitive to linear motion and is expected to be very stable
under pile irradiation. However, the problems involved in connecting the
gauge to tho apparatus and the necessity of thereby. runnlng two gas pressure
leads from the pile make the second type appear to be tho mor e fea51ble.

This second type of measuring device investigated is based on the
differential inductance=gage principle, and is essentially a linear variable
potential transformer. The device of a size suitable for mounting in the
creep apparatus is commercially available and may be purchased from either
the Schaevitz Mfgs Co., or the Baldwin Mfg. Co. under the trade name of
Microformer. A Microformer unit from the Baldwin .Co, has been tested in the
OwReNeL. Pile and the results are presented in the memorandum from C, E.
Stillson to L. P. Huntor, under the subject, The Effect of Radiation on A
Differential Transformere In this test, the Microformer unit was mounted in
such a manner that the Microformer core could be alternated between two fixed
positions approximately 0020 ine apart by remote control. Observations of
output and resistance were made periodically during an irradiation period of
18 days with the Microformer placed within the meximum flux field of the
piles The input to the Microformer was 10 volts, 2000 cps, alternating cure
rents The output was measured with a Hewlett=-Packard Model 400-A vacuum tube
voltmeter. As quoted from the memorandum, "Careful examination of the data
reveals no failure or abnormal operation df the differential transformer
during irradietion." The sensitivity of the Microformer was moasured as 18.8
millivolts per 0.001 inch core displacement, or 0.0000532 inch per millivolt
at 10 volt, 2000 cps. input. - Similar tosts are being planned for the Schae-
vitz type of Microformers - Therefore, considering its linearity of output
voltage with core position, its accuracy of within one per cent under adverse
conditions, the fact that it can operate at fairly high temperatures, the
mechanical ruggedness and simplicity of construction, the simplicity of
mounting and running the electrical connections from the pile and the elimi-
nation of friction between core and transformer, the lincar variasble diffar-

. ential transformer is recommended as a suitable device for measuring creep
strains under irradiations
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(5) - Febrieation Technique. Tests are planned and have been conducted

on.the technique of assembly of the various components of the pile creep de-
-vice in order to insure success in the asscmbly of final apparatuss The

most critical of the problems involved in assembly are those of high~temper-
ature silver=soldering techniques in joining the various stainless=steel
shellse This problem is complicated by the limited space available for fillet=-
welds, and the necessity of 301n1ng the shells with the creep specimen in
places Obviously, if the specimen is of low melting point alloy, such as
'28=~-Aluminum, there is danger of melting the specimen. Therefore, a technique
of joinery based on induction heating is being investigateds It is anticipated
that very closc heat control can be obtained by this method, thereby offering

~ the possibility of confining the heat to the outer shells.without excessive
penctration ol hoat to the specimenes The silver solder is applied by insers-
tion of wires laid in grooves between the shells before assemblys The silver
solder flows by capillary action to all pointsof the joint and.by careful con=
trol of clearances practically the full strength of the parent metal may be..
obtained in the joint. Several test speclmens to perfect this technique aro
being fabricated.

(6) Bonch Model Test Apparatus. The bonch model of the creep-test
apparatus as describod 1n the previous Quarterly Report {ORNL=-66) has been
fabricated and assembleds No major difficulties of fabrication or assembly
were encountered and since the pile model creep apparatus .is similar in prin-

© ciple, no difficulties in this assembly are, therefore, anticipated. Tho.
necessary instrumontation, gas cylinders, power source, etc., are being
assembled and it is expected that a preliminary creep-test on a 23-Aluminum
semple may very shortly be startcd,

I. . Instrumentation for Crcep Test. (Co Stilson)

In the creep tcst described in the proevious section of this report,
one end of the specimen will be fixod, another end frec.to move. The dise
placement of the free end will be measured to determine the specimen elon-

- gation during the test.  Methods suggested as feasible for this appliecation
include the use of the Pncumatic Micrometer and the Linear Differential Trans-
former. Experimonts with each method have indicated that both methods are,
feasibles The final selection of the instrumentation used will be based on
consideration of accuracy, reliability and spacec limitationse.

The important specifications of the instrumentation required for the
creep measurement application follow. :

l, Displacements up to a maxlmum of 0.040 inch are to be
measured.

2. A minimum eccuracy of 1% is desired.
3+ The instrument must have long=time stability.

4. The indicating means must be located a m1n1mum of 25 feect
from the sensory meens » h :

5. The sensory means must be unaffected by strong flsslon

radiation flelds.
«]l5= ,I n 5 i



8+ No access to tho sensory means is possible after radiation
is started.

A further requirement is that the sensory instrument and connecting
meens should be of a minimum size and complexity because of the restricted size
of the spacc available for the crecep test device of which the sensory means is
a part, ’

l. Pneumatic Micrometers It was suggestcd that a gas inert to pile
radiation could be uscd in connection with a fixed nozzle and the free end of
the crecep specimon (actuator) as & pnoumatic micrometere. In the early ex-
perimonts a flow-limiting orifice was uscd between the air supply and the
nozzle, thus tho nozzle pressure is a function of nozzle resistance, likewise,
of crcep specimen clongation.

The first experimental work was done using plein flat-ended nozzles
(torch tips) with the nozzle outlet stream impinging on a flat plate, This
work showed only e maximum indicetion of the order of 04010 or 0.015 inch if
possible in the range of plain nozzle sizes fceasible for the intended instru=
ment application. Sinee a measurament range of 0.040 inch is specified, a
means of improving the range of indication was requireds. In order to increase
the range of operation verious types of variable aree nozzles were conceiveds
The most promising of those was & balletypc nozzle considered from the stend-
point of case of construction with evailablc materials, The first bench model
of a pneumatic micrometer (designated "proliminery model") was constructed end
testeds Figes 15 shows a schematic of the general arrangement and a full size
sectional detail of the nozzle.

Calibrations of the "preliminary model" are shown in Figse 16 and

17. Fig. 16 shows a calibration for two different nozzle outlet arcas, The
addition of thc second hole is an improvement over the single hole. The curve
Fige 17 shows the effect of two different operating pressures, 30 and 60 psi.
These calibrations show that the indication is closely doubled for a corres=-
ponding increase in pressure indicating that the device is useble over a wide
renge of pressures. Adequate indication of displacemont is observed over the
desired 04040 inch opcrating range for cach curve shown,

: Two disadvantages of pneumatic micrometer in this form and for this
epplication arise from the fact that the nozzle pressure changes considerably
in magnitude. At low pressures the ball which is floating between the
actuator and the applied nozzle pressure has less force available to overcome
possible restraints, for oxample during calibration sufficicnt force was not
available at the lowest nozzle pressures to overcome the dial indicater
mechanism spring load, To retain a simple form of pneumatic micrometer for
the pilec application it is desirable to discharge the nozzle into atmospherie
pressures. - Because of the forced air cooling in the fuel channels the nozzZ2e
discharge would be subject to static and dynamic pressure errors. These
errors would be especially large for the less restricted, low nozzle~pressure-
drop condition. ’

An analysis of the basic design factors showed the possibility of
modifying the orifice and nozzle pressure ratios radicelly with considerably
improved results. In the "preliminary modcl" it was necessary to have the
orifice pressure drop and nozzle prossure drop of the same order of magni-
tude at some intermeodiate displacement condition. The improved arrangcment
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that was suggested by the analysis indicated the desirability of maintaining
& low orifice pressure drop and a high nozzle pressure drop. This arrangement
results in a large change in flow as the nozzle resistance is varied by the
change in displacement of the free end of the creep specimens *~ These desirable
pressure charastoristics are easily obtained and a suitaeble indicating means
are’ provided simultancously by the replacement of the orifice used on Pneu=-
‘matic Micromoter Model 1 by a flow meter consisting of a venturi throat and
low range differential pressure measuring dovice. A suitable Flowmeter Model
1, wes constructed using a crude venturi made of two sizes of copper tubing
and ‘a U-tube menomcter as the diffcrential pressure gagee A skotch showing
tho construction of Flowmeter Model 1 is shown in Fige. 18, The combination of
Flowmeter Model 1 end the ball nozzle previously used (in the pneumatic
micrometer "preliminary model") was designated as Pneumatic Micrometer Model
1. Calibretions of this model for three diffcrent pressures are shown in
“Fig. 19, Satisfactory operation is indicated over the 0,040 inch operating
renge required by the specifications stateds The performence of the Pneumatic
. Micrometer Model 1 was sufficiently gratifying that consideration of a refined,
small design pneumatic micromcter was started, Preliminery design studios
have indicated that a pnoumatic micrometcr suitable for this application can
be built having sensory clement of approximately 3/8 inch diemcter by one inch
‘longs  The connecting tube betwoen the sensory clement and the flow meter can
be as small as «065 inch i.de. and as long as 25 fect without severc ‘design
rcquirementss If necessary, it appears practical to reduce these dimensions
since the lower limit has not yet been approacheds

2o Differontial Transformere. Differcntial transformers are availe
able commercially vhich showed promise for application to crceep measurement
in the pile; therefore, testing of an available transformer in en operating
pile was indicateds A differential transformer made by the O« S. Peters Co.,
Washington, Ds Ce was procurred and testeds The arrangement of the test, in
general, involved similar techniques to thosc planned or used for other
experiments inserted into the fuel channels of the ORNL pile. Since the
position of the differentiel transformer during test is approximately 25 feet
.from the pile face and no access to the devices is possible during or after
irradiation, & necessary and sufficient radiation test of the differential
transformer was considered to be the observation of the differential transe
former output voltage for two definitc core positions during an irradiation
period exceeding the probable irradiation period of the creep test experi=-

"ments. Accordingly a device to move the core of the differential transformer
betwoen two fixed locations was designed, built end tested. Resistance
measurements were made periodically during 1rrad1at10n to aid in diagnosis in
case of malfunctioning,

The tecst dev1cc ‘mechanism shown on assembly drawing Fig, 20 consists
basically of a two-cnded ceble wrapped on two assembled grooved sheaves with
an interposed eccentric cylindrical cam and an. enclosing cam~-follower having
a linkage rod carrying the differential transformer core. - The sheave and cam
assembly is restricted to 180° rotation by stops to give a displacemont of
the core cqual to twice the cem. eccontrlcity, or a total displacement of a
nominal 0.020 inch, This mechanism provides a means of positioning the corc
of the differential transformer in either of two fixcd positions at will from
the face of the pile by operating the pull w1ros connected to the cable on
the sheave,

Bench testing consisted of making a precisc measurement of actual
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core motion, determining suitable electrical operating conditions; checking
linearity of output voltage with position of the core, and makin% a pre=pile
simulated teste=run. Measurements indicated that the "best value" of disw
placement was 040219 inche. The reproducibility of the net core displacement
was much better than expected considering machinery tolerances. Tests showed
advantageous electrical operating conditions when an exciting voltage and
frequency of ten volts and 2,000 or 2500 cpse were useds The output voltage
was linear with respect to the core position within the accuracy of measure=
ment.

The pile test consisted of irradiation of the test device contifip
wously, according to the pile operating schedule, for a period of over two
weekse Readings were made periodically of the output voltage for the two
positions of the core and of the coil resistance. The output voltages measured
during the irradiation period are plotted on the graph Fig, 21s" The net out-
put voltages and differences in output voltages for the two core positions
are plotted on the graph Fige 22.,. The net output voltage corresponds to the
net displacement of the core.

For comparison purposes several observations were made prio®. to
loading the test device in the pile =~ one observation after loading but
before the pile was on, and the balance of recadings made during the irra=-
diation periode Several readings were made soon after the pile was brought
up to power, in case failure occurred early; then, readings were made less
frequently as the irradiation time increased. Observations were made over
8 period of 18 days =-=- longer than planned for creep experiments, Careful
examination of the data reveals no failure or abnormal operation of the
differential transformer during irradiation. At the conclusion of the test,
the differential transformer test assembly was discharged from the pile into
the canal. '

It will be observed that Fig. 21 shows a consistent decrease in
output voltages for both positions betweewn pre-pile and in-pile readings,
This consistent difference is attributed to the mechanism settling in a
different sheave-shaft and bearing position since there was freedom from
friction on the control wires 'in the pre-pile test; however, friction was
present in the pile test since the control wires and electrical wires were
drawn through a spiral hole in the channel shiod#l plug. This effect is eli=~
minated in the net output voltage curve since the effect is consistent for
each Bbre position.

The resistance measurements of the differcntial transformer showed
no changes larger than those corresponding to the expected temperature changse
in the resistance of copper wire in the embient temperature of the fuel
channel cooling air of the pile. The conclusions of these tests are that the
differential transformer would be suitable for measurement use in an operat-
ing pile for maximum periods and flux conditions equivalent to condi-tions
during tests. A more complete description of conditions of test and test
results are given in a confidential memorandum subject "The Effect «of
Radiation on a Differential Transformer" dated 8-16-48, addressed to Drs Le
P. Hunter from C. Ee. Stilson. ’
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Ju  Recovery of Uranium from Graphito Fuel Units (L. We' Fromm end H, E.
Wobb ) | |

Work this quarter was devoted mainly to the conversation of the pro=-
cess to the use of alternating current and to the adaption of the process for
mass treatment of samples.

It had previously been shown that relatively high current densities
would be required for the electrolytic process; and since high alternating
currents (from large transformers) are more easily obtained than are high
direct currents (from high capacity rectfiers), it was deemed desirable to
find a way of using alternating currente The literature showed that the
surface oxide of tantalum has the property of greater electrical resistance
in one direction than in the other, and that both tantalum and its oxide are
resistant to nitric acid corrosiones Experiments proved that by using a tan=
talun electrode with the graphite sample es the other electrode, the alter-
nating current is rectified within the bath so thetantalum becomes the cathode
end the graphite the anode. Also, by virtue of the same property of the tan-
talum, if the lead wire to the graphite is made of tantalum, no leakage of
current directly to the bath occurs. It is necessary, howcver, to place a bit
of platinum foil between the tantelum end the graphite to conduct the current
into the graphite. '

It was also found that efficiency could be multiplied by use of two
tantalum cathodes in & full-wave circuit. In this circuit one cathode is
connected to each end of the secondary of a transformer and the graphite _
sample anode is connected to the sccondary center-tap. . The anode is thereby
subjected to the same conditions as when fed with pulsating direct current
supplied by & full-wave rectfier. Two methods for mass treatment of samples
were tried. The first was that of random placement of samples in a tantalum
basket with a piece of platinum foil at the bottoms The experiment was un=
satisfactory , since a current density of 3 to 5 amps./%m(z is required for
efficient operation of the process and since the entire side surfaces of two
samples were exposed to the action. With existing equipment a current density
of 0.5 emps./cm.® was the maximum that could be attained in this apparatuss

In order to confine the required current for the desired current
donsity to 10 to 15 amps., & second method was tried wherein the samples were
stacked end to end and .the action confined to one cnd of the stacks Several
apparatus were designed and constructed to accomplish this. The final im-
proved apparatus consisted of a vertical tank 2 inches in dismetor and about
30 inches long attached to an external convection cooling system; in the top
of the tank are mounted in a circles 50° apart, three parallel 1/4-inch tan~-
talum rods insulated from ecach other clectrically by a "Lave" fittinge Two
of the rods extend half-way down the tank snd act as cathodes in the fullewave
circuit, and the third rod runs to the tank bottom; makes a 180° bend; and
extends back up along the center line of the tank, ending in a pedestél.l/g
inch thick and 0.787 inch (2cm.) in diameter asbout 2 inches below the cathode
ends. Upon this pedestal, the top of which is covered by a disk of platinum
foil, are stacked three or four 2 cm. dismster by 5 cms long graphite semples.
A glass tube equal in length to the height of the sample stack is placed
surrounding the samples, supported by a glass bar hung across the top of the
stacks This glass tube confines the disintegrating action to the top of the
stack, and as action continues the tube moves downmward so that the distance
relationship between action surface,; glass insulating tube, and cathodes re=
main constant. Tests on three stacked samples in this apparatus indiecated
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that at 10 amps. (3.2 amps./bm.z) cogplete disintegration occurred in 47 min-
utes, and at 15 smps. (4.8 amps./cm.”) complete disintegration occurred in

20 minutes. The underlying prineiple of this apparatus is easily adaptable
to large scale application. An investigation as to the best method of treat-
ment of hollow cylindrical samples was begun with a view toward the comparative
testing of semples which have been impregnated end/or coated with pitch and
tar, metal-plated, metal-sprayed, and otherwise treated in the course of the
pore-sealing investigation of J. Re Humphreys, Jr. Very preliminary results
indicate that the best method is the gradual lowering of the sample into the
disintegration bath at a rate approximately equal to the rate of disinte-
gration. An apparatus to perform this operation semi-automatically has been
designed and is now under construction.

To date the graphite powders resulting from disintegretion runs on
uranium-impregnated samples have been refluxed in concentrated nitric acid for
a total of 183 hourse. Assuming that all the original uranium has now been
removed and accounted for, the feollowing results heve been celculeted:

Recovery Percentage

Run No{ Description During Disintet During 183
' gration Run Hour Reflux

EU-1 Disintegration in Boiling Bath- 99.76 0,24
1 hr.

EU-22| Disintegration at room temp.-26 99.82 0.18
min. Then Boiled Slurry 2 1/2 hrs.

EU-2b| Seme as EU-2a. Another piece of 99,81 0.19
same sample.

EU-3 Disintegretion at room temp.-28 minfe 99.32 0.68
Filtered immediately without refluxe
ing. .

Ks Graphite Technology. (J« Re Humphreys and Ce. Co Scott)

Tests are wnderway to determine the effect on permeability of high
temperature ageing on previously prepared bulk impermeable graphite samplese
Ageing times of from 4 to 6 hours at temperstures in the ramnge of 1000-
2000° C are proposed, starting with 1000° C and recycling a2t progressively
higher temperatures until definite permeability of the sample is observedes

The samples to be used on this test were recycled, using the pitch
impregnation and reduction method until they were impermeable, The original
permeability measurement tests for these samples consisted of making the
tubes (1 1/8" OD x ID x 4" L) an integral part of a 6 liter vacuum system and
then measuring & leak rate over a one half hour periods A reduced volume
system will be used in making permeability measurements on the tubes for the
heat ageing tests in order to increase the sensitivity of the measursement.
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Le Met&llurgy. . (H. Be Fairchild)

A broad range report on zirconium beginning with the history of the
metal and covering all known physical and chemical data, nuclear physics
properties, corrosion studies, methods of production, methods of fabrication,
of the ductile metal, and the facts of pertinent interest is being written,

Final arrengements were made in conference between members of our
Division and representatives of the Sylvania Electric Products Co. proceding
with that portion of the contract wi th the AEC which is of direct interest
tor us, This contract requests that Sylvenia follow a program of three mein
objectives for the Navy pile studies. These are (1) the research into the
production of ductile beryllium, (2) investigation of the beryllium-uranium
metellurgy powder metallurgy techniques with the objective of preparing
"sandwich" fuel elements with Be=U "meats" and zirconium cladding, and (3)
the exccution of more or less standard tests on the creep strongth, thermal
expansion, and thermal conductivity of zirconiume

M. Ceremicse .{ W, W. Galbreith)

The ceremic development program was continued at the Electrotechnical
Laboratory, Norris, Tenncssce, in cooperation with the U. S. Bureau of Mines.
During the last quarter three phases of the program to improve the resistance
to thermal rupture of beryllia bodies were studied.

Beryllia bodiecs containing a special shipment of fused BeO grain,
crushed and screened into sclected ranges of screen sizes, showed signifi-
cant volume expension after firing in gas fired kilns and small or no volume
expansion after firing in the recducing atmosphere of a graphite-registor
kilno .

Beryllia bodies were fabricated into test cylinders to evaluate the
resistance to thermal rupture. Variations in grain size distribution and
firing conditions were studied. '

Representative beryllia test cylinders were tested for rosistance to
thermal rupture in .order to cvaluate the effect of grain size distribution
and firing conditionss The test results indicated that a body containing
4765 per cent minus 10 plus 35 mesh, 19 per cent minus 35 plus 100 mesh, and
28,5 per cent minus 100 mesh dense BeO grain, bonded with 5 per cemt low
celcined BeO powder, and fired at 165° C for 8 hours would haveagood resi=-
stance to thermal rupturce

Complete data for the work are found in the May, June, and JuJly,

1948 Electrotechnical Laboratory reports (ETL 11, 12, and 13) titled "R%efrac-
tories for Atomic Power Production"e.
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ATR SATURATED STATIC WATER TESTS

it
RUN |Sample Sample History Tempa )} Time . PH Area change Observations
# OF |hrs. Cn2 gM : :
B-3 Be 6-1 Extrusion ratio | 7560 {43.5 in 5.7} 16 9.0 Numerous small cracks on one side~ One
: , - out 5.9 : major crack through sample localized
corrosion in form of white nodules at
: edges
B-4 [Be 6~1 Extrusion ratio | 750 {43.5 in 5.7} 16 complete
: out 8.9 disinteg-
ration
BM~1 [Be=SS Be 8- cxtrusionratio} 680 41 in 5.9} 16 Be dis=
couple S8 Carpenter 20 out 8.0} intograted |
: S8 062 .
S3-9 [Stainless| Carpenter 20 750 143.5 in 5.7 ~0.125 Sample rcddish brown color
. Stecl out 3.8} 16
Ssell| " GeTo=45 750 (42 |  in 5.8] 20 .005 Semple dark brown
’ i oub 5.0
sse12} " . " 750 |42 in 5.8 | | .
out 5.5] 20 -0.15 Sample reddish brown
Ss-13| " Type 32(Ti 750 |64 in 642116 | =-0.06 " " "
: Stabilized out 4.1 :
ss-15{ " Type 347 (Cb 750 {64 in 6.2} 16 040 " " "
Stabilized) ' out 6.0 '
88=17]" " | Type 316 (Mo - 750 |64 in 6.2] 16431 ~0.4 ' Sample showed numerous white nodules on
- ‘ Stabilized) out 6,0 ' one side, other side tarnished
Gfl Grephite | From Untermecyer 680 |64 in 6¢2] 27,71 =l.62 No change in sample appcarance
o v Pump . out 7.5
Z22 {Zr Foote Mineral 750 |42 in 5.8 10 440 ' White oxide spots visible=-sample
(source) : out 5.8 malleable
Z 23 _Zr - on " 750 42 in 5.8} 10 15.3 " " " n 1
h 2 : ’ out 6.5




9.0

8.0

7.0

6.0f

5.0}

3.0

2.0t

1.04

| 2914 IX

N

T yizés st il T ] i .
‘ Z) 1 3 L 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
- PPD-A-1468



10

[22ssansnsusassnanass anananEens anaan!

:::::
<1

|||||

|||||

||||||
|||||||||||

|||||

.......

e FIG.3
2 28 30 32

uuuuuuu

10

;-
oY

12 14

18

20

22

PPD-A-1470

%3

P

6




9.0

|||||

I B
lllll

8.0

7.0

6.0 £

5.0

4.0

aT

3.0

2.0

1.0

_,
H-H T

tr O1diNN
3 B H

] 13

0

17 i8

19

20

21 22 2
PPD-A-1469







I

B //

'/////////// /,7,, A LT e L L T e
N .\
\

/// /.

L %_\Z\\ A
AN IR

—_——

N
'\
A
N
/ SN
N
\\\\'

oK

///71’//5/////1’4/7 A

N
N

\\\\\w&.\\“\\\\\\a\\\\\\\

SINNIMINRY

z@'@‘ ®

HIGH TEMPERATURE
THERMAL CONDUGTIVITY
PILE APPARATUS

FIG.6




DN \ AT IR

DR NRERAR

[OETES \\\.\~‘;
<
N

.

e | S —

LOW TEMPERATURE
THERMAL GCONDUCTIVITY
PILE APPARATUS

FiG. 7

28




Tension Spring

Insulating Lavite Guide
for Carbon Rod

Pointed Carbon Rod

0.010" Flange on
Plug and Specimen

Copper Specimen

Specimen Guide

) Y |
1 1
AC Power
6 r.p.m. Supply
Motor
Variac

0.010" Thick Flangés, 0.001" Clearance

Copper Plug

T

L&—Copper Specimen

i

N

WELDING APPARATUS
‘USING
HOT CARBON ROD METHOD

FIG.8

PPD-A-14 66




o¢

6'9Ol4d

P PP

AN

/®
v

'\\"\' "\\\'\

AN

W//////%W

AN

TN NN - \\\\ \\\\ XL\ U\-v\v\-r

LI Ty
v/ //W 3

(D 2-s ALUMINUM TUBING,

@ @@ THERMOCOUPLE HOLES DRILLED IN SAMPLE HOLDER BLOCK.

©

2-S ALUMINUM SAMPLE HOLDER BLOCK. SAMPLES TO BE IRRADIATED WILL BE PLACED

IN HOLES DRILLED PARALLEL TO THE LONGITUDINAL AXIS.

@Q ©

STAINLESS STEEL TAPERED HOLLOW CYLINDER TO ENCLOSE THE GLO-BAR. THIS CORRE-
SPONDS TO THE SLUG CAN IN THE FINAL SET-UP

TWO THERMOCOUPLE HOLES DRILLED IN BOTH ENDS OF THE GLO-BAR CASE.

ALUMINUM PUSH ROD TO INSERT AND WITHDRAW THE SAMPLE HOLDER.

SAMPLE IRRADIATION BENCH MODEL
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"DRY" RUN AT 300° C FURNACE: TEMPERATURE

M, 26.6828 gms-e

Time (Tp=T_)* X Q¢ )

(min) f°CS (°c/min) (Ca%ﬁnin)

0. 271.8 - weLin

1/3 24240 7840 400

2/3 21646 70.6 404

1 195.0 6640 390

11/3 15246 5744 370

12/3 15446 838 363

2 1414 4746 334

2 1/3 12940 4246 303

2 2/3 111.0 3844 269

3 - 104.8 34,6 254

3 1/2 9046 33.8 239

4 78,0 28.4 225

5 6004 2544 202

6 48.2 18.4 149

7 3842 13.8 114

8 2946 10.4 87

"WET" RUN AT 300° C FURNACE TEMPERATURE

M, 26,6828 gmss

M, 6.4406 gmss (initial value only)

Time (T _-T )* My Q - Q2 Q Qv -
(min) (gc)s (°c/min) (gms) (ca%ﬁnin) (calﬁnin)(ca%ﬁnin)6ca1ﬁnin) (gms/min)
0 26648 37 6+4406 175 240 415 0 0

i 234.4 27 644406 137 173 410 100 0187
1 223.0 18.2 643466 102 122 408 184 $343
12 21244 13 .4 641756 74 83 406 249 ‘464
2. 207.8 946 5.9436 54 57 402 281 524
2% 20444 740 5.6816 40 40 401 321 .600
3 203 .4 5.0 53816 28 27 401 346 $645
4 198.8 347 5.0586 22 19 400 359 667
5 19444 246 4.,3916 15 12 398 371 «673
6 192 44 1:9 3.7186 11 7 397 379 « 705
7 19040 4.2 3.0136 24 13 396 359 2669
8 . 185 544 2.3446 32 13 390 345 645
9" 18240 546 1.6996 33 10 387 344 2643

10 181.0 4.2 1.0566 25 5 387 357 4662

11 177.6 7 et 043946 45 3 382 334 622
12 17340 23.8 040000

13 15946 3346

14 12542 3140

15 99.8 24 .4

* (Tp=Tg) is the difference between semple and furnace temperaturess

FIG 1]
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