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HIGH TEMPERATURE FILE PROGRAM

(Co A Boyd)
Reaction Between Stesm and BeO (M« Go Berkman)

Experimonts are belng continued in the investigation of the reaction
between stesm and beryllia at reduced water vapor pressure. The following
. experiments wore oarried out at 1400°C. The valuss are onloulsted for
2& = hour runs. .
"Run | Temp. of | BRte of Steam | Water vapor | Weight of |
Be0O Pellet | Condensation Pressure B0 lost

) (ml frin) GmEg)

21 1400 0.04 16 0.26
72 1400 1.4 90 0.58
3¢ 1400 3.1 90 0.70
74* 1400 3.3 200 079

S T S
* Recorded values are extrapolated from Z-hour runs.

Orarhits Impregnation (M« A. Eanter, R. W. Fhillips, A+ L. King)

' Studies on the effest of pretreatment of the graphite ssmples were made.
In all previous work the ssmples were boiled in water for 30 minutes to re-
wove loose graphits particles and then fired in a helium atmosphere prior to
impregnation. However, in these experiments the semples were boiled in oon~
contrated nitric aocid and fired in heliwm at 800°C. An inorease .in the
volume of water absorbed (measured as in ANL-OCS-97) was noted, larger than
would correspond to the graphite lost, presumbly by oxidation. The following
table shows the inorease in penstrstion by water with this treatment. The
data ary for threo fuel rod sections of AR graphiM®ariciing e
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Aprarert Denaity *

Ir.tiel 1.96 1.97 1.97
After one nitric aold treatment 2012 2+14 2.12
Alter two pitrio w3ld treutnmente 2.15 2.13 2.16

Afser three mitric aold treatments | 2.16 | 2.1a | 2.17
T —————— ;
? Density as camputed fron tha weight of
and the weight immerssd in water.

the sample in ajir

Yhen this work was repeated haif the sanples were boiled ir distilled
water as a contyel. Fere the controls also showed inoreasing water abvsorb-
tion but not quite 28 much eas nitric acid treated samples. Upon imrregnation
with aqusous solutions of uranyl nitrate (46 gms UNE/100 oc o solution),
these ireate! samplos chowed gaing ir woight after firing avers;ing 4.00% as
compared to 3.25% for samples treated as in previous ouperinments.

Samplos treat>d in this wuy show no measurable improvement in reproducie-
bility of results (s0o ANL-OCS-97) or ia distribution of Uz0g in the final
. rod. Calculaition shows that the volume of the impregnating solution corres-
ponding to wXight > Uy0g in the final fuel tube was from 45 - €0% of the
volurw of waler tho same sample abasorbed prior to improgmtion,

Dinension changes of +0.25 percent were noted as 2 result of the first
nitric #oid treatmant with no change on subssquent treatmeats. Then impreg-~
mtion resulsd in a furthsr insrease of 0.25 percent in linear dinenslons.
Boiling in wuter a1d subsequent firing gave no dimensioral chunge.

LA BN 2% 3% BN )

An evacuation teohnique for inpregoating with aqueocus solutions of
uranyl nltrate was tried. RBarlier work (ANL-OCS=63) with ethureal sclutions
had shown no marked improvemont of vaouum impregnation over the refluxing
tachnique.

The grashite 3ouples wore placed in a vessol which was then gvacuated.
The agusous solution of uranyl niurute was then admitted slowly. Dnta is
Presented below for swaples imprognated by the vacuum tachnique and by re-
fluxing. Pratreatent and firing of tho semplewsru idertical in both oRSes.

{ Poroent Weight Gain

{ Bvaow.ted les Refluxed Samples
! .13 2.50

- 2.17 2,61

. N 3.10 e 2.7T¢
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Yeasurzaent of tae absorpticr by ATR graphite el tube suslions of
bolliny water and Soiling uranyl nitrats showed that, after Ciftesn wiimutss,
the abdsorpticn rate had fallen essentinliy to zero. Thos refluxing tie of
thirty nmioutos now used in imoregmetion should not introduse errorce.

The Diffusior of Fission Producte {(J. S. Wilson)

Three runs on diffusicn of § da. isnon from i1 oo graphitw 58 Lave
been mads st 1000°C. The oubes, ‘mrregmated with aboul §% U0z Bfdanriohed),
were furpished by C. i« Boyd. Two cf the oubes ware of deonsiiy 156 /oo
and the third was 1.68 z/co. The two tuns on low donsity grapnite showed
2.7% and 2.5.7 Xeron 3iffused in & hours, averaging 2.57%. Thwo high dersisy
semple lcat 1.9% ir the ssme lougth of tize. The oorresponding diffusion
constents wers calculuted to be § x 1078 ez 8 x 1078 cad/min. ior lov and
high density, respvctively. This would indioate roughly 2 or I tines as
ouwh sctiviiy in ths spolant strean: whon grejnite reds are used a. vhen
beryllle is used.

The Effect of Reutron Irradiaticn on the Theiwal Resistivity of Bei-Tus Samples
(-Jo L» WWH)
The change in thormal resictivity ol the BeQ=U0; prisms sibjeota’ to 131
days irradiatior ut HEW has beer. dotermined using & new "hsat wave" apparatus.
. This epparetus 1o sasontially similar o the one used in previcus detormina-
tions. However, instead of placing & wax drop om tcp of the prism ardd obgerey-
ing tho lergih of Wimes required to melt the drop, the apparatus has teen sc
designed that the manent the prian drops into the meroury pocl a thermocourle
makes oontaot with the top of the prism, and the length. of tizo required to
reach & piven tenperature is obgerved and occmpared with the tine required for
the top of an unmirradiated semple to reach the ssac tmiporaturs. T tenpora=
ture rise is plotted agaimst tine for both axposed and stand:rd prims and
values for ocmparison are taken only from linedr portions of the owves. By
€ividing the valus for the exposed sample by the velus for the unesposed etand-
ard the retic of the thermal resistivity of irredisted and unirredistod BeO-U02
is odtasiped.

A sufficient time (s. 3 hours) is allowed betsman runs foir the prisme
to return to roum temperatare. Usling a Capacitrol with an extorwel resistunce
in parallel with the apparatus, & small current is always passing into the
heating ooil, thus redwsing tamperature fiuctuations of the meroury heatirg
bath to 100° ¥ 2°%. 1t 1s, homsver, possible to introduse an uvrror of perhape
§%4 in timing sinoce no automatic mecharism is employed.

Date iz presented in Tables 1 and 2 for prisma of the third (131 day)
irradiation. It is believed that better jrecision is atiairails by this
thermocouple mothod than by the wax drop method. These cate indice‘as a
8lightly greater inorease in tharmal resistivity for prisms corbtaining 2% uop
as oomparsd with prisms comtaining 10X UOz. Thore alsc seems o bo a some-

‘ what greator inorcese for “high" density prisms ss caapared with "lon" density
prisus. The greatsst incresse in thermal resistlvity was found for the 2K UOp
high density samples, the ratio of the thermal reeistivitice of the .xposed
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TABIE 1
Effect of 13 Days Irradiaticn at HEN on Thermel Resletivity of
® rRocousle Meth
Thermocouple Method)
Semple Fumber Time Re- |Resistivity| Time Re~ |Resistivity | Remarks
and quired o mtilo quired to Ratio
Material Reach 40° R Arred. | Reach 46°C R iyrad.
(s00)* . (se0)” .
Low Demsitys 10% UO2
c-8 9.9 16.0
Tnirradiated Standard 11.2 17.6
9.6 3.7
m. 10.2 ”So 15.4
C=3
Irradiated 68.6 88.2
57.2 84.6
28;7_ 5.64 _8_8_-_!_ 5.66
m. 87.5 ‘Vgo 87.2
C-4 56.6 87.7
57.0 6.62 87.6 572 | avg. matio
.' Avg. 57.8 Avg. 88.2 = $5.86
Low Density; 2% U0p
c-23 8.1 1.7
Unirradiated Standard 8.5 11.0
7.0
C-24
Unlrreadisted Standard 8.8 12.7
8.1 113
8.1 12.1
Avg. 7.9 - Avge 11.8
C=19 46.2 72.0
Irradiated 47.0 T4.2
47.1 5.93 7240 6.15
m. 46.8 "‘o T2.7
) C=20 46.8 4.6
Irradiated 43.8 87.5
43.8 5.68 67.8 5.92 Avg. Batio
.r Avg. 44.8 Avg. 89.9 = 5.9
-————— — — e —— -
* Temperature of meroury heating bath = 100 LT

Teparature of samples at start = 25-28°C.
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Effeot of 131 Days Irradiation at HEW on Thermal Resistivity of

TABIE II

BeO~-U02 Prisms
(Thermooouple Method)
Semple Number Time Re~ |Resistivity | Time Re- |Resistivity
and quired 4330 Ratio quired ‘:gc Ratio
M¥aterial Reach R irrad. ] Reach R irred.
(s00)* | Runirred. | (se0)* | R umirred.
High Density; 10% UO,
C-16 8.2 11.3
Unirradiated Standard 8.2 12.2 &
K3 11.1 [
Avge 8.1 Avge 11.5
0.13 50.1 7&.6
Irradiated 49.0 69.9
50.68 8.18 71.9 6.18
k’go 49.9 Avg. 70.9
C=14 52.7 67.8
. Irradiated 48.0 73.0
8l.68 6.18 6.12 Avg. Ratio
Avg. 50.1 Avg. T0.4 = 8.18
High Densitys 27 UOp
C=31 7.8 10.3
Unirredisted Standard 7.8 10.9
8.8 93
b atw——
m. TeS m. 10.2
C-29 60.5 73.8
47.4 8.56 4.0 6.80
"g. 489.2 m. 80.4
C=80 49.3 89.8
Irradiated 47.2 68.3
‘5.8 o.n “.6 6.89 ”G. kﬁo
”‘o ‘708 m. 687.2 = Coﬂ
' . : Temporature of mercury heating bath = 100° & 20C.
‘ Temperature of sample at start m 28.26°C.
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and wnexposed samples being 6.57. Thus the irradiated samples have & thermal
oonduotivity which is cnly 15X of the arigimal.

Heat of Solution of Beryllia (8. R. Osarder)

A possible method of determining the stored snergy of irrsdiated beryllia
lies in a comparison of its heat of solution with that of unirradiated beryllia.
In order to establish the magnitude of the temperature change which scoampanies
the dissolution of beryllia, these orude soouting experirents have been oarried
out wherein powmiered deryllia (Brush high~fired 200 mesh) was dissolved in HF
ot 21°C and 62°C, and in HgPp07 at 260°C. In all oages & rise in temperature
was noted. The pertinent data are summriced in Table I. As mnticned the
exporimental method was orude ~ in those experiments above room temperature a
sand bath was used with variations in bath temperature deing followed as well
s variations in soluticn temperature. The romm temperature experiment was
mn;d out using glass wool as an insulating materisl around the reasction
VOBEO.l.

TABIE I. Dissolution of 200 mesh Brush High Pired Beryllia
(0«5 g BeO powder in 10+15 ml solvent)

[~ Solvent | Naximum | Minubes to | Amownt BeO | Hemarks |
& Tempe. Temp. Reach Maxi- | Dissolved
Rise (°C ™I in 30 min.
IF (21°C) 7.8 11.5 < 1/2 manua)
: agitation
mP (62°%){ 10 0.5 > 8/ Banna}
agitation
21 2.0 > S/4

ANALYTICAL CHEMISTRY
(?o 8. m)

Spectrogrephic laboratory (F. Tankins, J. K. Brody, I. 8. Bubes, J. Faris,
M. Walsh, J. Goleb)
A+ Service Amlysis: The following anslyses have been ompleted since

Janvary 1, 1547,
1. Thirty~three samples of Bel) were amalysed quantitatively for B and
other impurities.

2. Two samples of De04 were amalyzed quantitatively for B snd other
impurities.

3. The Be in 14 ssnples was quantitatively determined for health physios.
4+ Thirteen qualitative analyses were carried out on & veriety of materials.

l]EL'[ASSIFlEI] .




Be Research:

1. Due to a respite fraz the Be metal samples, it has been possible to
devots same time to the problem of densitometrio procedures for the
analyses of BeO. Working ourves whioh are far superior to preceeding
ones have been obtained. The improvement has resulted from the use
of & band line near the B lines as on internal standerd. A small
oorrection was also applied to campensate for the intemsity of a
oyanogen band which is ooinoident with the strong B line at 2497.7.
The lower limit for B will be .2 prme New standard solutions were
made and will be usod to impregmate pure Pe0 to provide standards.
In order to oliminate entirely any possibility of B contamination in
the standards, these were mado up in quartz laboratory ware uging
acids distilled in quarts.

2. For the copper spark restandardization 89 standard plates have been
muade. Some 63 elements have been restardardized over a wavelength
range of 2000 - 6000 A®.

Se In the densitometrio copper spark mothod for the accurate determina-
tion of emall mmounts of Bs, the question arose as to the effect of
aoid concentration on the ratio of Bo/ko line intensities. Previous
qopper spark investigators state that line ratios remain constant if

. the aoid comentration is around 1X HCl. An experiment was conducted
to investizate this further and it wes found that the ratio of Be/Mo
lines in & 0.05X HC1l solution dropped sharply from that in a neutral
solution to 3/4 the valus in the nsutral solution. The ratio continued
dropping to a low of 1/3 the value at 0.5% HCl, and thenm rose to
slightly more than the valus at 1.5%4, and remained fairly oonstant
from 1.5 through S% HCl. Standards having oonstant smounts of Be and
No, but containing varying acid ooncentrations, were used. Thus the
variation of line intensity ratios with acid conoentration makes acou=-
rete deteotion of Be possible only with a closely oontrolled acid value.

Curves drawn from data on neutrel solutions of Be, using Mo as the
internal standard, showed preoisiom of better than 10X. However, simce
Mo slowly precipitates in & hydrochloris aoid solution, a different
internal standerd must bs ohosen for determinations in aoid solutions. *
¥ot Chemlocal Analysis (R. WWe Bane, B. Tolt, R. Hospelhorn, K. Jensen, R. Telford)

As Services:

1. 7Two ziroonium silioate samples were amlysed for siroonium and silioon.
2. (ne solution of a thorium boron oampound was analysed for thoriwm and
boron.
3+ Two waste solutions wore snalysed for their uranium oontent.
4. Two liaK alloys were amlysed for their sodium and potassium oontent.
- S Two deryllium uranium alloys were analysed for uwranium.
o 6. Thres water saples wore avalyzed for ohloride and chlorine.

- [ELGSHE
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Research:

1.

2.

3.

The determination of mioro amounts of fluorine in beryllium is still
unsucoessful. FPive runs were made distilling 600 ml insiead of the
usual 200 ml in the hope that & longer distillaticn would yield bdetter
fluorine recoveriss. BHowever, the resul ts were still inoonsistent
and recoveries poor. Work on this problem has been disoontinued for
the present.

Three mmns were made with the beryllium chloride volatilisation appa-
ratus for the determimation of beryllium oxids in beryllium metal.
Inoonsistent valuss were oltalned and all results were high compared
with thoso obialned on the same material by the Brush Berylliwm Cor-
poration.

An alleglass still has been fabrioated for the amlysis of mioro
snounts of chloride. The ohloride standard solution was standardized
gravimetrio analysis. When beryllium metal is dissolved in the
small distilling flask by adding conoentrated H280g4, fres sulfur and
hydrogen sulfide are found in the condenser and receiving flask. The

presence of the hydrogen sulfide oamnot be tolerated. If a small
smount of water is present with the berylliwm metal in the distilling
flask vhen the niso is added, violent frothing ococurs which often
results in owtng through the condenser. Beryllium was success-
fully dissolved by adding (1:9) H,S0; to the metal in the oooled dis-
tilling flask and then slowly adding (9:1) HpS0..

Nophclometrio reedings wers at first very inconsistent and ohanged
rapidly with time. It was suspeoted that this was due to changes in
the physical properties of the suspensiom of silver ohloride. But
experiments involving the use of a fresh standard with each chloride
solution, and the ocontrol of the time from thse formation of the sus-
pension to the reading of the sample, did not improve the results.
Then it was notioced that mioro dBubbles of oardbon dioxide collect on
the bottom surfuce of the plunger of the nephelometer. These bubbles,
which osmse themratis results, must be removed befors a reading is
taken. Experiments indicate that the silver ohloride suspensions are
suffioliently stable for accurate readings within a half hour after
renoval from the water bath. XMore accurate results are obtained when

& standard ourve is prepared for each geriese of ohlorides to de deter-
mined.

A study of the optimun conditions for dlstillation indicate that the
sulfuric acid should be fumed strongly in the still for at least five
ninutes to remove the last traces of chloride. Controls prepared by
adding known amounts of chloride to beryllium solutions gave results
in the order of 10% high. The beryllium solution was prepared by
dissolving berylliun metal with sulfurio aoid and fuming. fHowever,
porhaps a small amount of ohloride remained in the solution, or the
still may have been omtsmminated. Beryllium oxidse believed to be free
of chloride will be used to check the recovery of ohloride from beryl-
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SPECIAL PROBLEMS
oo e

(0. Co Simpson)

Remote Control and Hot 1a8b Develo (Fo L. Belletire, R. ¥illor, BR. V. HOM’.
R. Blangren, O %ews , M. Rebenak)
B~2 Hot Iab. m initiel oonatmotion order has been nearly oampletod
which™ InoTudeds

1. Complete ”m JObo .

2+ Fluorescent lighting in hood and roaa.

3. Raising of overhead utilities to gatc them out of the roed of
ocranes, eto.

4. Installation of hoist and rail.

S. Installation of two lead doors in oave and the addition of 6"
of lead to the top of the existling wall.

S« Roepair of all elsctrical and ventilation aquipment.

Additional orders were written to do the following:

7+ Build a partition to separate Bl from B-2.
8. lay linoleum on floor.
9. Install stainless steel benoh top and sink.
10. 1Install trap tank between drains and sewer main.
1l. Inatall double reflection mirrors.
12. Inatall shields which ocan be adjusted to reduce hood opening
size.

All but items 8, 9, 10, 11, and 12 are nearly completed.

As soon as the painters have finished, installation of the tracks will be
started. The orane, eto., are deing built and should be ready shortly after
the txaoks have been installed.

‘Bquipment is being plamned and built to handle the one gram aample of
Henford irradiated rediume.

Rough sketohes have been made and some material hes been ordered for the
conversion of an analytical balance to remote oontrol.

Van do Orsaff Gemerator (Fs L. Belletiro, H. C. Andrews, M. Rebenak)

A great amount of time is being spent on the geberstor in hopes that a
formerly effiolent pleve of apparatus oan be again put into operation and
that &« 100X output may be atiained. To reach this goal, the generator has
been thoroughly cleaned. All rust at conmnection points has deen removed, belts
and gasksts have been repleced, wiring that showed signs of deterioration has

boen replaced or repaired, and other muoon&mou oleaning and repairing has
been dono.

It is hoped that the generator will be in operation by the end of the
week ending Jenuvary 24.

UECLASSIFIED
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Ionigation Potential of Piutoniwm (E. G. Rauh)

Further measuremants on the indireotly heated cathode indicate thut while
the necessary temperaturs oould probably be reached, the 1ife of tho tunssten
filsment will becoms too shor* for practical use. Tho heating currents are
high which nsans e loss of & unipotential emitting cource, the applicaidion of
emplrical correction factors, or a redesign involving insulating the f£ilament
which is mechanically impractioal. An intemittently hoated filawent will be
tried, whore mosagsurements o= ion ourrents will be made on that tart of the
oycle 11 which tho heating current iz off. By this arrangement a unipotential
source (to .001 volt) and an unvarying filement are ezpecisd.

Heat of Sublimotion end Vapor Presmire of Graphite (R. J« Thora)

The perforated gruphite oylinder referred to in the laat ehstract has haen
bekod out for 9 howrs &t 2204°C. Sinoe Mr. Iodur has siarted to repeir the
quarte cordenser & now geriss of rung using this oylinder should bs started soon.

. The elzotrical resistivity of graphite has been caloulatsd Srom the rellec-
tivity of tho deposit previously reported. This caloulation Lae heen sarried
out with the oguatien

— * ° '
© Rl e o ramr1® (W

in which R is the reflectivity measured with light of frequency v, ari & ={v ,a)'%
whers 2 is the elcotrical resistivity. For R = 0.255, and v = 0.665.- one
cbtains for the resistivity nf the doposit a value of 1178 microhm-om. canpared
with an experimental valus of B0O mSorchn-cm. This agreemert is about what cne
would expect sinco oquation (i) is not generally applicable for high values of

the frequensy v.

It is intereating to observe that for graphite, silver, alumimm, zold,
platimm, nickel, cobalt, and zins «n impirical relation betwoen the resistivity
and roflectivity oan be ¢bteined which desoribes the data detter than eguation
(1) This relation is :

R = 1.07 .~ =0.214 )

The values caloulated by equations (1) and (2) are canpared with the experie
rental valuse in Table 1.

Y 3 * Aoraban end Beoker, The Classioal Theory of Electriolty and Magotie,
W - p.2
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TABLE 1
Material Refleotivity | Resistivity (niorchm-om)
(R) - Exptle . Calculated

(200¢) Bgn.(1) | Ean.(2)
Silver 0.98 1.62 0.81 1.89
Gcld 0.89 2.39 8.68 2.40
Alvnimm 0.87 2.69 9.687 2.65
Zino 0.73 8.31 49.6 8.06
Hiokel 0.67 787 31.2 9.08
Platimm 0.88 | 1l.86 87.4 9.62
Cobalt 0.66 0.70 93.6 - 10.38
Plutonium 0.58" 109, 98, * 3.

* Measured at a glass-metal interface; modified fom of
Eqne (1) usod.

It is also interesting to note that long and Morrish {Prov. Roy. Soo.
(Lond.) A 187, 337 (1946) very recently surveyed the available information
regarding THe heat of sublimatiom of gg:phib and have comoluded that the
monatanio heat of sublimation (to the state) 18 190 T 10 koal. The value
oblained in the present study is (as reported previously) 190 * 4 loal at
250C. The agreement may be purely ooimoidental.

GRAPHITE PROGRAM

' (T J» Neubert)
Stored Enerpy by the Sykes Method (R. B. lees, H. A. Kierstead)

Several new runs have been made on samples {rom the water-cooled test
holes of the B and D piles at HEW. PFrom these runs and the rune on T<bar,
the sctivation-energy spectrum for healing of stored energy, Fo(R), has been
caloulated by the method of V. Vand (Proo. Fhys. Sos., 55, 222 (1043)}. Cor-
rections were made to take account of the non-miform heating rate.

In Mgure 1 the actiwation energy spectra of three sidehole ssmples are

Bcmbardment of Uranivm=-Imprepnated Graphite (M. J. Nagy, H. A. Klerstead) .

Vieight and resistance measuranents have bee made on grarhite eand uranium-
ispregnated graphite semples whioh were irradiated in CP-3 at Argomne. The
ssmples were given a bambardment of 2829 Fwhr. (0.141X units). Table 1 gives
the fractional ohanges in weight and resiatanoce whioh coourred due to impreg-
oation and dus to bombardment, the latter deing referred to the values measured
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Impregmation with 7 percent of urenium appears tov about triple the eff
of bombardment on the resistance. However, the
oorrelated very well with the weight
this diffioulty will be cleared up when analyses are cbtained of the smoumt of
uranium in the samples.

1 Impreg=-
mtion

L _

mtions

AP=16
AP-59

AP-1T
AP-18
AP-19

3.02
S.2¢4
2.92
2.87

2.92

5.04
8.87
S.60
&.76

4.38

5.08

5.8
7.00
743
G.42

0.436
0.437

0.188
0.457
0.268
0.204
0.526

0.383

0.418
0.348
0.583
0.240
0.278
0.411

0.379

0.130
0.234
0.128
0.276

0.191

resistanoe
changes due to impregmatiom.

0.16
1.19
0.30
1.19
«0.04
0.88

1.96
1.98
2.89
1.58
0.19

1.80

3«64
2.7
1.25
1. 74

2.31

5.50

0.05
1.34
1.72
1.5¢

1.3¢

1.86
1.35
1.41
1.06
2.90
0.98

1.59

1.72
3.28
2.78
2.87

2.87

2.21
2.87
3.3
2.42
4.88

318

2.97

4.09
3.87
4.78

4.56




