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TABLE I

CALCULATED STEADY-STATE FissioN PRoDUCT
ConcextraTioNs IN EBR-II FreLse

.. Belected com-
Calculated composition position?

(welght 7) of initial
Element For dragout (weight %) gRR.JT
5 10 fue‘l charge
(weight %)
Zirconium# .3 0.3 0.1
Niobium¢ 0.01 0.01 0.01
Molybdenum 3.4 1.6 2.4G
Technetium 1.0 0.5 0.0
Ruthenium 2.6 1.3 1.96
Rhodium 0.5 0.2 0.27
Palladium 0.3 0.1 0.19
Fissium 8.1 4.0 5.0

« Basis: 2% of total atoms fissioned and fast fission yields
as given in Ref. (I8).

b Based on 509 U%* content, 135-day irradiation, 15-
day cooling, and 7% uranium make-up per eycle.

¢ A 509, removal in melt refining has been assumed for
these elements.
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TABLE I

ExPERIMENTAL Fraxaces DEesieN anp PERFORMANCE CHARACTERISTICS

Tube furnaces

Melting and casting furnaces

Furnace
Porcelzin tube | Sessile drop Vycor tube Stokes NXRC HVC
Shown in Fig. 1 2 3 4 5 ]
No.
Normal melt 00to300gm (2gm U 300 gm U 03tol8kgU |2to5kegU akgU
weight
Chamber size Height 35 in. | Length 42 in. | Height 27 in. | Height 27 in. | Length 28 in. Length 30 in.
Diam 2§ in. Diam 3 in. Diam 444 in. Diam 20 in. Diam 30 in. Diam 30 in.
3.3 liters 5 liters 8 liters 54 cu ft 9.8 cu ft .10.6 cu ft
Chamber ma- | Porcelain Pxrex Vycor 847 88 304 88 301 85
terial of con-
struction
Special auxiliary| Atmosphere Helium purifi- | Helium purifi- | Atmosphere Atmosphere Glove box for
equipment sampling, cation, pho- cation sampling, sampling, handling high
helium puri-} tographic melt sam- repetitive melt alpha mate-
fication, 4-in. view ports pling, 6-in. sempling, auto-|  rials, melt
" steel biologi- o gteel biclogi- | mutic tempera-’ sampling
cal shielding ¢al shielding ture program-
ing
Heating method| Silicon carbide | 15 kw induc- | 15 kw indue- [ 15 kw induc- | 20 kw induction®| I5 kw induc-
resistance tion® 10 ke tion® 10 ke tion®+* 10 ke 4.2 ke tion® ‘10 ke
units or molybde- solid copper
num resist- coil
ance
Power required | 4 kw 4 kv 8 kw 7.5-kw resist- | 12 kw 7.5 kw
for normal anee; 3-kw
operation induetion
Susceptor None Tantalum 30- | Tantalum 10- | Tantalum or | Tantalum 20-50 | Tantalum 20-
50 mil 50 mil molybdenum mil or graphite 50 mil
10-50 mil
Insulation Refractory Tantalum heat | Tantalum heat | Tantelum or | Magnesia or |Magnesia, fiber-
brick shields shields . molybdenum | fiberfrax,® tan- frax or zir-
heat shields talum  heat conia grain
: ghields, zir-
. conia grain
Maximum nor- | 1350 C 1400 C 2000 C 1450 C 1500 C 1400 C
mal operating
temperature
Temperature Optical  py- | Optical  py- | Optical  py- | Optical  py- Optical pyrome- | Pt/Pt-10% Rh
measurement rometer, Pt/ rometer, Pt/ rometer, Pt/ rometer, ter, Pt/Pt-10%; thermocouple
Pt-109 Rh. Pt-10% Rh{ Pt-10% Rb thermo- Rk  thermo-
thermocouple:  thermocouple| thermocouplel couple, Pt/ gouple, Chro-
Pt-10% Rh mel  Alumel
thermocouple
Aimosphere Helium Helium or vac- | Helium or vac- | Helium or vag- | Argonor vacuum [ Argon or vac-
uum uum uum uum
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TABLE I—Continued

Tube furnaces

Melting and easting furnaces

Furnace
Porcelain tube | Sessile drop Vycor tube Stokes NRC HVC
Vacuum pumps:
diffusion 9.4 liters/sec | 290 liters/sec | 650 liters/sec | 6 in.-1620 ¢fm | None XNone
booster None None None 4 in.-610 ¢fm [ 4 in.-430 e¢fm | 6 in.-1100 cfm
mechanical 1 liter/sec 250 liters/min | 250 liters/min | 60 cfm 147 ¢fm 47 ofm
15 cfm 3.6 cfm
Ultimate wvae- [ 5 X 107* mm | 10~% mm with | 10~® mm cold, {3 X 10~ mm [ 55 X 104 mm | 2 X 10~ mm
uum eold, 1072 melt at 1400 83X 10 %with] ecold, 1 X eold, 1.1 X 10~ eold or with
mm with C (at fur- melt at 1400 10*mmwith| with melt at melt at 1200
melt at 1300 nace orifice} C (at Jac- melt at 1300 1200 C (at vae- C {at booster
C (at vac- uum mani- C {(at fur- wum manifold pump}
uum mani- fold} nace orifice)
fold)
Leak rate (at | 0.007  cc/hr | Not deter- | 0.16 cc/hreold, | 2.15 cc/hr 2.55 ce/hr 6.3 ce/hr
absolute pres- cold and mined 0.5 cc/hr at
sure of 100 u 0.73 cc/hr at 1200 C
or less)d 1200 C
Vacuum meas. | Jonization or [ Ionization or | Ionization or | Ionization or’| NRC Modet 520 | Ionization or
urement thermocouple] thermocouple; thermoecouple| thermocouple] alphatron, thermocouple
gauge gage gage gage thermocouple gage
gage
Pouring method | Bottom pour | None None Tiit or bottom | Tilt or bottom | Tilt pour
pour pour
Mold Ceramic  or | None None Copper,graph- | Graphite, ecop- | copper
graphite ite per, steel

¢ Motor-generators of the stated frequencies were used.
* Water-cooled induction ceils normally used except when handling large amounts of plutonium. .
¢ Fiberfrax is the trade name for an alumina-silica fibrous material manufactured by the Carborundum Company.
4 Leak rate was normally measured by observing the rate of increase of pressure with time.
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4.3 Preparation of EXperimental Alloys
W B

FU &7Zr, Wb, Mo, Ru, Pd(uranium-fissium) & DEEESEN, 1 » 52 v a3 VIEE - A S
ko THES N, PubCeDEGEOIHARINA M—RA v Ty PeBVWT, &&7HE
ORFREIRAEK S o COWRTEREINAFHEE, EBBR-20 3 THHLHEFT 512
Hicfibho253, |

LERERERTRETFREHOEAL WMy Lifoha et &, BAR vk, £{ 04
LHEROEB= LY » 7 XF~DEABETHB3 L VI3, 20X 3 BESOHKIIESH
BEHEWTRIIPBELE-TEE 2, ThoDELOMER, BHTHLREEDRD
CREETHE >0 CHOORERSRIT DI, —HOERFAOEELMEOI, Th
SOE8R, B ahBHIRWEEIh2TH 2 5> BETHERFEOCRMTHROFPE
SBATVD, '

ANVPYT 74 =y SREOBRBEERHEE, U-fissimO&LTH»T, 208
SVWCTRFMEHESNTETVE Vo ChOORLEBBRT 2 HER, HEWES v 5
7va YIMATESRBEMTZETH S,

COBEHIE, AETROEFERILY 601K (1) , #hold, ERPo LicFE A
by, 2l TR, FEAIP O EOREOEESBRTHD, ForxfiArztb
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BVWUEBVWTENSREBEPITIBIETCH B0 I, bR UOTEE VLD, +ESX
i, UEEBEEF2RnR0BR, QEBETHI3EALD sRETH-#(2),

E&EMEIXRR, VLD FVEAZE TR, 20y, SLEREF G, EiE
THEOERUNOBEREECEKFLTVS, CHOoDITEOBMRR, BH 7 v X 28R
TERREBRIYEOCFELEL X VIEFoh 2, 20 LS BHEOEKR, BitoM, NEH%S
FSEUERT 2H LB TE 5,

Ny F OU-FissiunBEVFTFICECH L 72Stokes NRCEHVCOIE 3) 2 FWTELE & i,
EBR-2[[iJ OB S &2 E2 0L I FRXEF A LKET 575,30 ) — X D10kg
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RELSRBRIREI ZEFRENI,

ANPUT 2420 T RB 5CeDEFTZHMRT HEMNT, Ce(-0.6R)EDGEEH
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b, Ce2ELASOEMERR, _BEROBENLETS . B¥IORF » 7k, Hikad
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TABLE I
SomeE PryYsicAL PROPERTIES OF ALLOYING ELEMENTS
Element MP (C) Density (25 C}
Uranium 1133 18.9
Molybdenum 2625 10.2
Ruthenium 2450 12.2
Zirconium 1830 G.4
Palladium 1555 12.0
Rhodium 1953 12.5
Niobium 2415 8.6

TABLE II
HoxM0GENEITY OF EXPERIMENTAL ALLOYS

Per cent of nominal composition

Sample location

Zrs Mo= Rue Pd-

Top . . .

Range 74-102 £3.8-103.2 . 97.4-105.5 76.4-104.2

Average 85.5 97.6 101.3 94.6

Average deviation ) +6.9 +5.5 +2.6 +6.9
Middle

Range 56-88 92.4-107.2 95.9-106.0 71.5-103.7

Average 74.6 99.0 101.4 93.8

Average deviation £7.1 *4.6 =+2.7 +7.7
Bottom .

Range 5990 82.5-105.3 96.4-110.0 75.7-104.9

Average 76.1 97.0 102.8 94.9

Average deviation =+10.6 +6.6 3.6 +7.2
Protrusion

Range 61-101 95-103.2 97.4-104.6 71.5-104.2

Average 80.8 08.7 101 93.4

Average deviation +10.5 +2.4 +1.4 £7.6

¢ Nominal composition {w/o): Zr—0.10, Mo—2.46, Ru—1.96, Pd—0.19, Rh—0.28, Nb—0.0L

TABLE III
REecoverY oF ALLOYING ELEMENTS IN CasT Fission INGoTs®
Nominal compo- Per cent of nominal composition
Element ors -
sition (w/o) Chemieal Emission spectrography  X-ray fluorescence

Molybdenum 2.46 66.1 4 2.5 95.9 £ 4.2 97.2 £ 2.4
Ruthenium 1.96 99.0 = 2.5 - 103.7 = 1.9 98.1 &= 1.8
Rhodium 0.28 —_ 97.0 = 3.9 —
Palladium 0.19 99.0 £ 3.2 97.4 = 3.8 —
Zireonium 0.10 86.2 4= 11.9 — 83.7 + 9.5
Niobium 0.01 — — -

= Held 1 to 4 hr at 1400 C in pressed zirconia erucibles and top poured.



PNC TN8510 90-005

REFERENCES

1. L. Burris, H. M. Feder, 5. Lawroski, W. A. Rodger, and R. C. Vegel, see
page 493 in this issue..PaDer No. I. |

2. R. E. Macherey, €. H. Bean, N. J. Carson, Jr., and J. R. Lindgren, ANL-
5629, Manufacture of Fuel Piates for the Experimental Boiling Water Reactor.

3. G. J. Bernstein., G. A. Bennett, N. R. Chellew, and V. G. Trice, Jr., see
page 496 in this issue, Paper No.II.

4. J. H. Schraidt, W. A. Rodger, M. Levenson, S. Lawroski, D. €. .Hampson, I.
E. A. Graae, L. F. Coleman, L. Burris, G. J. Bernstein, and G. A. Bennett,
TID-7534, Symposium on Reprocessing of Irradiated Fuels, T84-804,
Techniéal Information Service, Uék Ridge, Tenn. (1957).

5. M. Hansen, “Constitution of Binary Alloys” (McGraw-Hill, New York 1958).



PNC TN8510 90-005

44 Interaction of U and Its Alloys

with Refractory Oxides
-

5 @O A BOB Y EicE L REFIORESEERE TR . BRBETORK
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Uranium Drop
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Fi1g. 1. Sessile drop of urania on thoria
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F16. 3. Zirconia plaque after resction with uranium {cross section)
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. 'REACTIONS AT FRONTS
U t2 O = UOpt 4E
" Mtin uog) + YyeMUin U2+ U0, (MINOR)
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A0 FRgNTg ! LIQUID URANIUM
ORIGINAL INTERFACE ] U, MOz 1
(STATIONARY) AV M+ MOy
I M0, (>X <2 o

Mg Al/Sq Cm CONTACTED

pg Th OR Be/Sq Cm GONTAGTED

ELECTRONIC COUNTER FLow MOz

— MO; DISSOLVES N UO,TO FORM
SOLID SOLUTION {MINOR)

| MOy +2x¢" —rx0" + MLO SATURATED)

MOg+ (4 -2y}e —= MOy +(2-¥)0"

Fra. 4. Proposed mechanism for nonstoichiometric reactions (schematic) - :
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Fie. 5. Contamination of melten uranivm by aluminum
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Frq. 6. Contamination of molten uranium by thorium or beryllium
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1200 C MELTS 1300 C MELTS

Mg Al/Sq Cm CONTACTED/ HOUR
(%)
1
A
\\\Q.
X A
N\
NRARN

0 3 i R ey

| —— ALLOYS - — e LLOYS
F1d. 7. Typical contamination of molten uranium alloys by aluminum. Crucible: Morgan Triangle RR recrystallized

alumina; charges: maximum impurity—39 ppm carbon, 5 ppm nitrogen, 11 ppm oxygen; conditions: helium atmosphere.

1000 — BERYLLIA THORIA

po 8e OR Th/Sq Cm CONTACTED

—ALLOYS —

Fic. 8. Typical contamination of molten uranium alloys by thorium or beryllium (1300°C—2 hr). Crucibles: slip cast
charge: maximum impurity—39 ppm carbon, 5 ppm nitrogen, 11 ppm oxygen; conditions: helium atmosphere.
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TABLE I

REacTiON OF URaNTUM AND REFRACTORY OXIDES AT TEMPERATURES BELOW 1400°C
Oxide Interface Reaction products formed Remarks
AlO,  Undercut UQ; 4 Al in uranium solution Stoichiometric reaction
MgO Undercut TUQ: + volatilized Mg Stoichiometric reaction

. . . . i »  blackening;
ThO: Reaction layer above 0. + metal in uranium solution 4 Progressive refracifor,\ | ac Non-
BeO original interface ‘oxide deficient substrat bleached by heating in air. -\ob
%10, £l T Joxide €s stoichiometric reaction; oxide ion

migration mechanism.
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4.9 Yield of Fissionable Material

upon Pouring
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TABLE I TABLE 1V
Errect oF CHARGE SIZE AND GEOMETRY ON YIELDS EFrFeEcT oF Pour TEMPERATURE ON YIRLD®
_ Contact Pour temperature (°C) Average yield® (%)

Crucible Charge area, Averaged
diameter  size charge seld é,) 1200 95.2

Gn) . {kg) weight 3 ° 1300 96.1

(sq em/E) 1400 96.45
5.125 10 0.0309 02.55  Conditions: crucible—dry-pressed zireonia, melt tem-
3.5 9 0.0561 02.70 perature—1400 C, melt time--3.5 hr, charge—10 kg of

* Conditions: charge material—uranium fissium with
~0.6 w/o cerium added, crucible—dry-pressed zirconia,
meli temperature—1400 C, melt time—3 hr.

t Based on 2 to 4 runs.

TABLE II
Errect oF CruciBLE MATERIAL oN YIELD®
b
Crucible material Melt time :i:‘la;s(g;b )
Magnesia (slip-cast) 3 94.9
Magnesia (pressed) 3 - 86.9
5 094.2
Zireonia (pressed) 3 06.4
5 - 95.1

s Conditions: charge material—1.6 to 2.5 kg uranium-

fissium with ~0.6 w/o cerium added, melt temperature—

1300 C.
b Based on 1 to 5 runs,

TABLE III
Errect oF MELT TIME AND TEMPERATURE ON INgoT YIELD®

uranium-fissium,
b Based on 1 t0 2 runs.

TABLE V
ErFFeEcT oF NITROGEN oN YIELD®?

Average yields

A
tmosphere )
$9.99+ %, argon® 85.4
. 95% argon-5% nitrogen 90.0

¢ Conditions: crucible—dry-pressed zirconia, melt tem-
peratute—1400 G, melt time—3 hr, charge—2 kg of uranium-
fissium with 0.6 w/o cerium added. . .

* Maximum impurities: 5 ppm oxygen, 5 ppm hydrogen,
50 ppm nitrogen.

¢ Based on 1 to 4 runs.

TABLE VI
Errect oF CarpoN o8 YIELD?

Average yield (%)

Carbon Content Carbon Content
Melt Melt Average (<100 ppm) {~350 ppm)
Charge material temperature time yield?
(C) (hr) (%) 94.6° 92.6¢
Uranium-fssium 1400 1 97.3 @ Conditions: erucible—dry-pressed zirconia, melt tem-
2 07.1 perature—1400 C, melt time—3 hr, charge—b5 kg of uranium-
3 96.9 . fissium with ~0.6 w/o cerium added, charge geometry—
4 96.6 (wetted surfsce to charge weight ratio) = 0.0M42 (sq
Uranium-fissium with 1300 3 96.4 cm/gm).
~0.6 wjo eadded 5 95.1 ¢ Two runs.
eerinm ¢ 19 runs.
Uranium-fissium with 1400 1 93.5
~0.6 w/o added 2 93.1 - rr
cerium : 3 @7 TABLE VI1
5 92.0 ErrecT OoN YiELD OF OXIDE FIrime

o Conditions: ecrucible—dry-pressed zirconiaz, atmos-
phere—high purity argon, charge weight—2 to 10 kg,
wetted surface to charge weight, ratio—0.031 to 0.055
(sq cm/gram).

t Based on 4 to 6 runs.

Average vield (%)®

Pins with
Bare Pins Oxide
Films
92.7 83.2

s Conditions: crucible—dry-pressed zirconia, melt tem-
perature—1400 C, melt time—3 hr, charge—2-3 kg uranium-
fissium with ~0.6 w/o cerium added.

b Based on 3 and 4 runs.
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46 The Behavior of Plutonium in the

Melt—Refining Process
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ZRL, oo &2k, 3.40%RT . BTO V-9 —ULRLVOEBEZERTH L, 9%
OEFL VBV T, Fo20ELHERIZL5010.40TH5,

Fp—UH1wt. WOPUEF VRPN R Y —VOERICEWTL 0 R A VE/RRBEE
Xhtce CHRBVETED, 105 v EBELT, HREDOBOPEZ 4 VHIRERS
RB3CEETT. chid, BA0R2oFMoB v IRy, HHBDOPUB YR F A
FicBAZNILREVBIETHS . COERIRHAVShLPu, 2BYDOBDANE
EELTEY, ChBRPBc 2 vPREREN, 27 VOB(LREIL, 59.2TH 5,

U-20¥T. %Pu-10WT. %fissiumBSEEHWI/NRAr —VORR TR, R4 VOPuELRE
i, 1.1940.08CH 5, R A VOELHERIZ, AN - L &B EBRICMBICERY
(FRrZ)A2SUA I VOLEMRCLVEBESH S, 50-30%DPuBSHAE N~ BT
BATIZLESEYREECESL &, BIMRIGERY T OPuDOE(LFREIIL. 4£2.00
BB 2e chDOEIER, PLr—F—Pib ~ATHLNEEEHEMLTV S, /¢4 79 k
2 —VOERERER2ICRT o I-200T. %Pu-10¥T. % fissiunSEDONWkeDF + — ¥
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SBDEAKLTVWAE LY, BEOKRIESVT, Hiffah s, KEEORRICBL
T, PETRHEH, BETH 2RULBTOPORENEHENS . CORBTRIEE
OB, BE2—F 4+ v IOFBRIODAB V. REI—F 1+ Y, BRHTHLT
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228+ 21gDPUB 2 AN EETEEDI o A —/N—4—NDPue 2% 1 BIFo DI
i, AAAVHOPuONBBERENB TR SE W ANV PV T2 A=Y TDRA LD
S0UEPUDEINR 7w R icBIL T, BARMEENETHTE S

Moz & 28 vOPuB bBRED, 449y bAT —VOEBB-lEBVWTREE NI, R
ANEGBILIWBRREBODIIFHOY v 7Y Y IBFHETH S o AV NVPDOFRELATNG
BoEBOSELROHED, MOBECESWTIThtoPdid, 2P 7742
FiepFR3ELEBOVEOTHY, RANVPTERELTOAEET 50 XA VPO L
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WHEARLTWS, Pu-Fe-TissiumB & (91.47:2.56;5. 9Twt. ) ZH WA S 0ERic B W
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TABLE I
Pruronrus BEHavIOR 1IN THE MELT REFINING PROCESS—SUMMARY OF SMALL-ScALE EXrERIMENTS
A ebment. facthr
. Conditions earichment lactar;
Cha Cha Plutonium cone shle Na. of .
“ w2 e wemp O runy ["“ to Vi Sl
{min)  (*C) Pu ta U in charge
Jeradinted natural uranium 78-219 7 ppm 240 1200 MgO, ThO, 4 1.46 == 0.40=
Irradiated natural uranium 62208 420r67ppm 240 1200 ThO,, Al:D;, Be0 9 1,52 X (.62
gepurate additions of uranium and U, 5155 1wt % 300 1250 MgO 1 2.9¢
plutonium Py, 5.1 .
Prepmed allow "Tranium-20 weight 353.2 19.9 wt % 120 1300 ZrO. 1 1.19¢

a7, plutonium—10 weight % fissium

e

s Enrichment factor was determined from samples obtained by careful neid etehing of the surfnce of the iugot. This
procedure provided the best experimentally determined estimate of the dross enrichment fuetor. Ingots with adherent
dross layer were obtained by first freezing the melt in the melt-refining crucible and then carefully removing the erucible
by mechanical means. ’

* Purified metal was removed from the crucible by top pouring. A skull enrichment factor was determined by nnalysrs
of the totu] residue retained in the melt-refining erucible.

TABLE II

Prutoniuy BEHAVIOR IN THE MELT-REFINING PROCESS—A SuMMaRY 0r PiLoT-Scare Exreriments

Alloy employed: uranium-20 weight % plutonium-10 weight 9% fissium®

Conditions

Cast Plutonium conc Urainum conc [Per cent recovery
Bt N0 | e | T Samy | ot we Charge [Prod
(::; (:Iap Crucible? (&m) Chal.'ge {wt %) . Product (wt 70) (v :r ;;; (wt ;:)t U | Pa
A-1 180 | 1300 7rQy 2179.8 1980.0 | 18.97 & 0.24 | 18,556 =+ 0.31 | 72.1 | 71.9 | 90.1 { 88.4
A2 300 | 1300 ZrQ, 1980.4 1744.5 | 18.55 == 0.31 | 18,47 == 0,18 { 71.9 | 71.6 | 87.7 | 87.7
A3 180 | 1400 Zr0,* 1745.7 1546.0 | 18.47 = 0.18 | 18.03 == 0.18 | 71.6 | 71.2 | 88.1 | 86.5
- graphite-coated
B 180 ] 1400 Zr0O, -2324.5 2089.5 | 19.53 3 0.41 | 19.05 & 0.24 | 71.0 | 70.7 | 89.5 | 87.7
B2 300 | 1400 Zr0O,* | 2094.9 1902.6 | 19.05  0.24 | 18.73 &£ 0.27 1 70.7 { 71.3 | 91.6 | 88.3
graphite-coated

« Nominsl composition of alloy (wt 9%): 70.38 U, 20.00 Pu, 3.15 Mo, 3.48 Ru, 0.60 1th, 1.39 ’d, 0.40 Zr, 0.50 Ce.
¥ The crucible wetted si1ea in all experimenta was about 0.05 cm3/g of melt.
* Approximately one gram of earbon/1000 g of charge added to purified metal by graphite-conting.

4 Cerium removal in run A-2 was 80% of an initial concentration of 0.6 wt 5.
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47 The Evolution of Xenom and Krypton
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©r ACTIVITY OETEAMINED WiTH USE OF GM COUNTING ASSEMBLY
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F1a. 3. Release of radioxenon during melt-refining Experiment No. 56.
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F1a. 4. Relense of radiokrypton during melt-refining Experiment No. 59.
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TABLE I
Fiss1oN ProbucT SeeeTrReM oF XNENON AND Kuyrrow
Frox Fast Fission (NEuTrona oF ~]1 MEV) OF
Unaxprunt «.b

Atoms per 100
Atoms of Ura-

nium-235
Element Mass Neo. Half-Life fissioned
Kr 83 Stable 0.382
84 Stable 0.625
85 0.4y 0.322
86 Stable 1.644
2.973
Xe 131 Stuble 3.037
132 Stable (4,444
133 5.3d 0.064
134 Stable 7.810
138 Stable 6.420
21.775
¢ See reference 2.
5135 days irradisted, 15 days cooled.
TABLE II
DisTriBuTioN oF XeExoN anv Krypron puring MELT REFINING
. . - Per cent original Xe or Kr in fraction®
. . . Additive Crueib! Liguation
Lt Nu. Ca:l\;ectnt:u“ Irrn%mted Ty, Weight {5} arc;u:lellecd ﬁm.e Skull  Ingot Crucible Cas
(ppm) 3] r {em?} {min}
] 0.011 30.0 Fisgiume  272.9 29.8 138 2 2 1(11 .
2 0.010 30.¢ Fissiume 2.6 301 180 24 '5 » 51.
4 0.0028 1.83 Uranium 12.3 2.3 1809 28- 0-1 o
46 0.0025 1.85 Urznium 14.3 2.3 180 19 ‘s 1000
£ 0.14 16.3 None — 2.3 390 30 0z M
3 0.14 5.43 None - 0.8 180 78 7.9
5 0.013 28,9 Fissivme  207.4 3.5 2304 6.7 "
W 138.0 276.3 Cerium 3.2 27.0 2500 1.3

“Alter indieated dilution. . e er Tagt

* Perceutages shown refer to the Xe + Ir content of a metn! sumple subjeet to similur irradiation.
* Compasition of lsstum in wio: Mo—2.2, Itu—1.7, Ce—0.6, Zr—0.9, Rh—0.3, Pd—0.2, U—bnlltuwo.
¢ Ligusted under vaeuum. :

* Nt puured; ligures indieate coneentrations in ingot and skutl,

* Mer a Niquation peried of 180 min. 75% of this amount had been evolved.

* ¥re Figs, 3 and 4 for temperatuare eyeles.
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4.8 The Behavior of Rare Earths, Yttrium,

Barium, Strontium, and Cesium

[ER{LAHEE, 1200-1400°COEE, REHFHEKT, ARER-2E6&D AV Y 7 7 4
=y Pk, BXERTE, Y, TV VEEESEIHRY, 1 Ty MM SIS D
720 CoDBELEER, —REEE LTRABHIENRENS , Csid, 4FEHD1200°CD A
WY 7 r4 2y TERE UL SERNERLSNS . ]

4vraFsvar

7=+ (RE), Y, Ba, ST, CsD, A NP YT 74 = S oEH T HIHEE, 7o
OEE» EETH D, T—, ChoOTHKL, EBR-2EMTAS WL AFPON%ICDE S0
EHoR, FhLOTROVLHSH D 0D UHOEWERER, ThsoERNREGS,
%ﬂé®§%m£b%é?5®ﬁ&&xvamxbﬁ%fééb%ﬂﬂmhct%%%
45, 135002 %OBRELISHOKRNE, RoHENBBFO LS OTHOHEMEE
RIWRT o

pivt BERHREE (w/0)
4°RE 0. 63

Nd 0.22

Ce 0. 20

La 0.08

Eu 0.002

y 0. 04

Cs 0. 24

Ba | 0.08

St 0.08
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AFTERANZOERTHE, Ce2lE, CNS5DILHEIT, 1200-1400°CTBHILU L b
bEERBIMEERTS . [ILF— 571, ChooBETOMTROERER, AKE
T, HMAEIAIRECIE-4, Ba<0.4,8r<1. 1,022 TH B EERLTWS, UL, EBR-28%l 0 #
WEYT 742y OB SUHAROBYE Y — 5 ORER, HrOTRORESBNE
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PHRICE N LI,

I

RS % M HERRE, RAU, /@, 15%BHI-1. v/olrd&2 BRI itk
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8d-Ba-140% 7 x v — ¢ BicdicfbNn i, 28y-SrOFHEIC & 561-hrY-90% S fih o B
R, b ERVWAIHHOMEP B, F+— PHHEKEL L BRSO B
hicgBolFBaviie—ng L Tiiani, HBE, RbARIAFERRER
THIROMEI D SfEotle o Y 4 TOHEEIR, 44 » Y2 BETH -, BHLLMKX
MIOREH O Ny BERERBEDONT U TH /oo CHSOHBRERICER-T, 1
1 7a YU ToFEACHRSZ&Ni, ChoDEROBEALTHALA-ALOMERKIRK

THBoe
Mo 2.3 w/o
Ru 1.8
ir 0.6
Rh 0.2
Pd 0.2
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Nb 0.01
u =515 |
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ST - T, BEYER I, aqua-regia, BB, BRIAZEUERCERLL, &
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SE & F o Ce-144, Bu-155, La-140, Nd-147, Ba-140i3, v 82~ bvt + Y —TRIE L %o
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O - 0.041 TO 0,053
RAT!O OF CRUCIBLE AREA CONTACTED

TO CHARGE WEIGHT (sqem /o) 4-0.039 TO 0.055

0= 0.045 TO 0.047

100 INITIAL CERIUM CONCENTRATION - .85 * 0.2 w/o

80

60 < PRESSED MAGNESIA 1300 C

L A0

20— —~—PRESSED ZIRCOMIA 1300 C

PER CENT CERIUM RETAINED BY MELT

PRESSED ZIRCOGNIA 1400 C———=

U S A DA N R T NN S SN M B |

I

2 a 6 :] 10 t2 14 153
CRUCIBLE AREA

TIME X CHARGE WEIGHT®

¥re. 1. Removal of cerium from fissium by melting in magnesin and zirconin crucibles.

(min) feqemsgl
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TABLE I TABLE II
DierripuTion ofF INACTIVE Ceriux aND Toran Rane DusTrisuTioN OF Rane Eantu anp Yrraios AcriviTizs
EarTH Activicy 1N 1200°C ExperimexTts® {7) IN 1300°C EXIERIMENTS®
. Taitia? .
Fer comt L et et go M oy cx%'t: A
3 . 1
meat Anslyzed I“l(g;!.:’"“ —_— ment * (g) ana] chagge ——
Tngot Skult 'l.:::lr:‘ﬁ- {ppm) Ingot  Skull
C [t} 3 Total rare 3.5 0,03 —
A Firsion product D.2¢ 2 73 T earths
rare earths Yttrium 04 003 —
Inactive cerium 700 3 100 163
D % 2 Cerium 1.4 0.08 &
B Fiesion product 1.5+ 4 85 20 Europium 0.02 006 8
rare earths :
Inactive cerium 600 3 95 R B ® 2.8 Lonthsaum  0.01 ~l 0P

= Conditiona: crucible—pressed magnesia; chufge eom-
position—uranium-fissium containing cerium indicoted in
table plua irradisted uranium; charge weight—1.85-1.09

Neodymium §.01 ~1 0P

= Conditions: crucible—pressed zirconia; charge compo-

kg; vontaet area to charge weight ratio—0.052-0.054 em¥/g; sition—uranium-fissium containing ~40.8 w/o cerium plus

melt time—4 hr; w/o of charge recovered—in ingot, 92, in irradinted uranium; charge weight—0.24-0.31 kg; averipe

skull, ~ 7.5. . . [ w w/o of charge recovered—in ingot, 81, in skull, 9; contact
¢ Eneludon materint neid lanchod [rom eruoiblo. area 1o charge weight ratio—0.008-0.104 cm?/g,

« Caleulated from irradistion sad burn-up dats. *+ Includes activity acid lenched from crucible.

TABLE Il
DistrisuTioN oF Barium axp STRoNTIeM 1IN MELT-REFINING EXrERIMENTS

" Per cet-of starting material

g Initial
IE:':" 1:{:‘" Charge . l?r:s}: ’:i'::: Analyzed h‘;‘:‘f" v
ment ECH] they opm) | Ingor [ Volatil- Other
¥ | (20) | C-fissium with ~0.6 w/o | 1300 | 2.3 | Fission product] ~0.01* | 0.1 | O 89 (gkull + erucible)
Ce plus irrndiated U Ba
Fission produet] ~0,01% { 1 . _ 994 [(skull 4 crucible)
: 8r :
G | (21} | Irrandinted U-1.7 w/fo Zr [ 1200 | 4 | Fiasion product| 115 0.03 <5¢ 4 {skull)
ulloy (burn-up, 0.4%) Sr
H | (22) | U-fissium with~06w/o Ce| 1400 | 3 | Innetive Bu 1070 p<5 1.2 | 113* (skull + crucible)
plius Ba and ¢ -
I (22) | U-fimsivm with ~0.6w/a Ce| 1400 | 3 | Inactive Sr R G2 | 1.1 | 01* (akull + erucible)
plusSrand I4 .
= Conditions: erucible—predsed zirconin except for Experiment G which was tducted in p d magnexin; charge

weight—0.08-0.30 kg; contuct area to charge weight ratio (em3/9)—0.10 except fer Run G which wns 0.15; averuge w/o
of chrrge recovered—in ingot, 90, in skull, 10,

* Caleulated from irradiation and burn-up data.

¢ Datermined by analysis of material evaporated to walls of porcelain tube furnnce.

#0013 w/n fodine added ax nravium trijodide; indicated levels of barium and strentium added as pure metal.

* Anaulyses hy spectrochemien] teehnigues; aecopted securacy, fnctor of two.

TABLE IV
Dryrrrnerion o Cestust In REFINIne Exeeniments ot 1200°Ce
Initial . Caltulated average
-':';':_'E‘ Referenen Chame Crocible 'a;::’l: ‘.:.,E:' ;! Per cent initial activity wt fraction
“»1:11] the f Inget Stull Ingot Sxull
u +(ppm)  (ppe)
0.7 £3}  U-fission with 0,07 w/o  Mg0 4 2 6 4 35+ 11 0.04 5
Ce plus irradiated U
1.1 24 Irradiated U UQy, MgO 0.5 2 16 %= 3 51 %+ 1 0.18 13
U0, Th .
3;;50 21’:0'} 5 31 43 % 2 0.035 10
y Al
L ] i
.07 (24)  Irradiated U Tli?;bzr,ﬁfb,} 4 6 016=008 71 .01 M
L] 2
M0 (35) Irradinted U= 1.7 w/o  MgO 4 1 0.001 0.07 <0.01 1}
Zr Alley (burn-up,
0.4%)

« Comlitions: average charge weight (kg)~--1.92 for experiments conducted with fissium, 0.09 for other experiments;
averaye w/o of charge recovered-—in ingot, 95.2, in skull, 4.7.

* Calenlated from irradiation and burn-up datn,

* Vmintions shown are nverage deviations. .

¢ Buund on uverage recovery of eharge matoe=ial,
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49 Sorption and Retention of Sodium
and Cesium Vapor on Stationary

Beds at Elevated Temperature
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Fia. 1. Bell jar furnnce for exploratory experiments
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1
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35"
SORBENT BED SECTIONS
-y o, SEPARATED BY scaegnss.
, = EACH SECTION SEPARABLE
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T SN et GAS DEHYDRATOR
, T
gmméf-:s?ru?sﬁ.t'—"—" bu-FURNACE BODY
. Y _
FROM ARGON
I ./ | P CYLINDERS
| |
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1GHT GLASS BY-PASS
$i6 O LINE %
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OXYGEN PUMP
ROTAMETER 70 VACULM
FROM OXYGEN PUMP
CYLINDER

Fic. 2. Flow system for trapping vaporized alkali meta! on sorhent beds.
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~

Fra. 3. Sodium sorption from argon: hed lomfing at
breakthrough vs bed depth, N\ ~MOLECULAR siEVES

580 € BED

BED LOADING,
[1]

4
BED TEMPERATURE 800¢ o
20 VAPORIZER TEMPERATURE 620C o
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3+ 580 C BED
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‘=)z 800 C 3ED
g 10— °
2 /.nmvn'rao CAREON, 4 BED SECTIONS an BED TEMPERATURE "AS SHOWN
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@ — - \u . J— ARGON FLOW 132ml STP/{min)lsq cm}
MOLECULAR SIEVES, 4 BED SEGTIONS o ) i ) i )
0 1 2 3 4 5 ]
o 1 | ! L L HED DEPTH, i
o . 2 3 2 s . . £l » inches
BED DEPTH, inches F1e. 6. Cesium sorption from argon: bed loading at

) -
F1a. 4. Sodium sorption from argon: bed loading at reakthrough v bed depth.

breakthrough vs bed depth.

.
BED TEMPERATURE 600C
3 VAPORIZER TEMPERATURE 600C VYCOR TUBE COMDENSATION LONE
- ARGON FLOW 132mt STPAmini{sg cm) VAPOR COLLECTOR
K COMDENSATE DISTRIBUTOR
£
'?" ; 2 -"‘-.x
P H MOLECULAR SIEVES
& v MOLECULAR SIEVES, 3 BEDSECTIONS
H x e NICHROME SCREEN BED
g '~ ¢ . SUPPORT
S c REFLUX COLLECTOR
g CASKET CLAMP
u MCTIVATED CARBON, 4 BED SECTIONS 55 THERMOGOUSLE ! M
o 1 1 | WELL i STEEL CRUCIBLE
o [ ] 2 3 L
BED OEPTH, inches J MAGNESIA CRUCIBLE

Fic. 5. Sodium sorption from argon: bed loading at
breakthrough vs bed depth. Fra. 7. Schematic disgram of vapor trap,
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TABLE 1

Tur Mone Vouatine Srrectes InvoLveDp IN Processing
or Drscnarcepy EBR.II Fuer (In OroERr or INcreEasing
Bonaxa Points uvr To 1700 C)

Species

Boiling point

Weight in 10-kg
batch (6)

°¢) ()
Krypton -152 2.7
Xenon =109 24.7
Rromine 6l 0.1
Iodine 182 (1.2)~
Rubidiem 680 2.1
Selenium 695 o 0.2 -
Cesium 700 22.1
Cadmium 765 0.2
" Sodium 883 40.0
Mgl, (927 (1.3)
Fel. 035 (1.5)°
‘Tellurium 990 2.4
Cal: {1227 (1.4)
Strontium 1350 7.2
Antimony 1675 0.3
Barium {1700)* 7.0

« J2ach jodine or iodide weight in parenthesis is the
maximum amount of the species that can form, equivalent
to the total-iodine available. If more than a eingle specica

forms, 1he iedine should be pro-rated.

b Parentheses indicate questionable value.

TABLE I
ResuLrs or ExrLoRaToRY EXPERIMENTS ON TRAPPING OF ALXALI MeraL Varonse

Name

Type

Size

Molecular Sieves
Activated alumina
Activated alumina
Activated ecarhon
Activated earbon
Activated earbon
Coconut charcoal
Activated bauxite
Fuller’s earth
Activated magnesia
‘Eilver chloride

A. Effective materinla (99.9% remnval of vaporized metal)

Silver chloride en coconut chareoal
Cuprous chloride on coconut. chareoal

Porous gluss

Refractory magnesia
Refractory magnesie
Refractory zirconin
Refructory alumina
UTiberfrax’ wool
Dintomaecous siliea
Siliea gel

Burium oxide

4A (Linde}

Hi151 {Alcon)

F10 {Alcos)

CXA (Nationa! Carbon)
SXC (National Carbon)
AC (Nations! Carbon)

“Florite" {Floridin)
“Florex” (Floridin)

“Sea Sorb 53" (Westvaco)

Rengent grade

Depesited frem solution
Deposited from solution
7930 (Corning)

B. Ineffective materinla (considerable eseape of vaporized

4 i-in, diam pellets

1 in. spheroids

t in. te 8 mesh
0.14-in. diam pellets
(0,22-in. diam pellets
5 mesh

f; mesh

1 mesh

1 mesh

1% mesh

Liin. granular agglomerntea
% mesh

& mesh

2% mesh

metnl)

Crushed crucible {Norion)

Tused grain (Norton)

I (fused bubble) (Norton)

TFused bubble (Carberundum)
8i0:-A)s0; cerumic fiber {Carborundum)
“Celite™ 400 (Johns Mansville)

Porous desiccant (Barium and Chemicals)

L-in. granules

14 mesh

& mesh

-1 in. spheroids
0.175-in, dinm pellets
2 mesh

o1 in. granules

= Equipment indieated in Fig. 1. No earrier gas was used.

i
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TABLE IIf
Avirace BEp LoapING AT BREAXTHROUGH FOR . SopiuMm
SoRriTION FROM ARGON
{RerresENTATIVE VALUES FOR 3-4 SEerion BEeps

. ENa
A bed —Ea2
\a.  ATeOR mass verge loadiag, in2 of bed
Tied d velocity

temys l‘:ﬂzﬂﬂ mi STP
emp —mhod
1 (min) (cm?) Aoleculnr Acn;:.ted Activated alumina

Sieves A AMON e e

Ay N

S 800 13.2 2.87 2.8 3.13 -
My S 132.0 1.97 1.37  0.98 - 1.93
SM600 132.0 0.49  0.62 0.48 (1.10)
GG 0320 1.8 1.53 — -

* Xodinm vapor pr(i.-mureu 600°C, 24.6 mm; $20°C, 33 7
g MKPC, 3370 mm 53,

* Bused on initial lied volume. Bulk specific gravity of
titial hed materinls: »Molecul.u sieves, 0.68; uctivated
varhon, 0.41; aelivated alumina, 0.83.

* Hix seetions.

TABLE IV
AvEEaaz BEo Loaoing a7 Basixremarsu rop Cesivry
B0RITION TROM ARGON
(Four-SecTi0x BEDS)
. gCs
Asion mass Avernge bed loading, — =Ry
. : ¢ t:
Temp  VOPOTEeC TSTH roated
{min){cm®  Molecular  Activated "ﬁ:‘:ﬁna
Sioves 4A  carbon CNA H1s1
" *C
200 570 132 3.14 (7.10)¢ —_
580 570 132 6.88 9.52 4.35

» Cesium vapor pressure (4); 570°C ~ 204 mm.
t Based on initial bed volume.
¢ Three seetions only, run ended before breakthrough.

TABLE V
RerenTion TesTs UNDER VacUUM®
Molecular Activated Activated . ol
Bed 1 Vaporizer Sieves 4A carbon CXA  alumina H151 AlFs FeFy
ed temp .
! Llemp w/o at? o wioatt % wloatt 9 wioatt* % w/oatt %
break  retained break  retained break retained-  break retained break retained
°C °C
Sodium
800 800 17.3 41 19.9 13 18.5 (4 —_ - -— —
800 G20 4.2 08 — — 7.2 a8 — - -
650 650 —_ - — — — —_ 41.4 90 7.5 17
Cesium '
800 570 27.7 100 —_ — — —_ - —_ - —_
580 a7} 60.9 08 — — — — — — — -—

= In nll runs beds were loaded at 132 m! 8TP/(min)} (em?), then evacuated to l-mn pressure ut same temperature und

held for one hour with slow argon flow.
# Dry Basis = grams sodium {or cesium) per 100 g initial bed weight.
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410 The Behavior of Zirconium
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EDMRMRIGIE & 2IrOKEIL5h, 1400°CT, BIENI%TH S COSBMEEL X8 5188
EHERI TR Lico CaBFENS NV T = THIBTHML 72U-CeBROIrFRIIMETE 2, |

4rvbayyvay

%ﬁm;%&,m%wwmmﬁWQEMHwﬁmﬁmmwzfiﬁﬁé(2%@%%%
BE) o bL, VMV 7542y RBOWTIrOREB AL VES, LBV 4 7 4%
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Fra. 1. Joint solubility of zirconium and earbon in
molten uranium at 1400°C.
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TABLE I
RETENTION OF ZIneoXIta AND Niopivym N Inoors FroM Merr-Rerinine TEsTs
Per cent of original
Charge conc.s E
Experiment Run Ref, Crucible Zr Temp Time
\Weight concentra- €Q (hr) Zirconium Niobium
(ke tion
(w/o}
Irradinted U-1.7 w/o A {3) A0 0.08 1.74 1200 4.0 100 110
Zr  Alloy (04%
burn-up)
U-Fissiume® B 4 A0 0.4 1.86 1250 2.3 103 —_
C 4) ZrQa 0.5 1.67 1300 2.0 96 -
] (1} “r0e 5.0 0.15 1400 5.0 100 —
U-Pu-Fissiume E (&) MgO 0.4 0.92 1300 1.2 113 —
F ® YALO N 0.4 1.04 1300 2 a8 -

o Defined wa 100 X element eone./g U (or alloy) in ingot ~+ element cone./g U (or alloy) in control.
b Initin! niobivm concentration was ~4 ppm.
« Carlion voncentration in fissium charges was ~10 ppm.

TABLE IT

ZircoNivm RemovaL From Fissium Meurs Conpucren
wITH GRAPHITE SCAVENGING AT 1400°C

Chaorge?
, = | Zin
4 £ | removal
Experiment typed & [Rel.]{Aver-| 2Zr . $per cent
> age | concen- | £ | of starting
) {weight| tration = | muterial)
S (kg) | (/o) | &
“ -
Graphite disk 2 1010} 4.9 10.4-1.0 | 5 144 == G

floated on mollen
fissium

Fisium meled in! ¢ [(f7,] 4.6 0.2-0.7 | 3 30 == )0r
graphite-coated 12)
zirconia erucible

Fistim melted in] 3 |(11)] 4.6 0.1-0.35; 5 ;52 = G
graphite-coated ‘
zireonia crucible

@ Approximate carbon eoncentrations in charges prior
to refining was 20-100 ppm. '

b Fissium alloy contained indicated concentrations of
zireonium with 7.7 w/o molybdenum substituted for other
elements more noble than uranium; 0,7 w/o cerium was.
added at time of charge melting,

< Average deviation from the mean.
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411 Behavior of Iodine in Melt Refining

ravskid, AMER-2EEDA VMY 77 4 =V 7 RBIT S, 1400°C, HelRETORE

Lo =FHRICLBERTE, 1 vy PEXAIAMLLBEELERNAT S, 2 0%
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A

MINIMUM TEMPERATURE
TANTALUM - 250C
VYCOR -~ .30C

B

- MINIMUM TEMPERATURE
250 ¢

{Height of Vycor collector T cm
increased to 82 cm for use LIFT —ag
in resistance furnoce) ~~ MECHANISM

i ) | /\
§ o —32
1 .
TANTALUM —28
TANTALUM
OR VYCOR CYLINDER
TUBE
—— e =t —‘24
i ™~ TanTaLm 7]
HEAT
SHIELDS
/ \ 120
A1 N
i f—— ———] L
'
i -6
|
. N
i N\
= d — —12
_______ _..._______[._._.. -8
4 EQuILIBRIUM
g | TEmMPERATURE |,
CRUCIBLE —4 20NE
:' 3." {1300 or 1400 C)

RESISTANCE OR INDUCTION
HEATED CHARGE

INDUCTION HEATED™
CHARGE

T1c. 1. Typienl experimental assemblies for collection of volatilized material,
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TABLE I

RerenTtion oF [opiNg IN MELT-REFINING EXPERIMENTS

Initial iodine concen-

Experiment Reference Crucible Tem(;gccr;y.ture 'L}‘;::e tration Per cent iodine-131 in
! (ppm) Skull Ingot  Crucible
2A 4) M0 1250 4 11 X 10-4e (~100% retained in these
fractions)®

36A (5) #rQa 1300 2.3 7 X 10710 55 0.5 -
(lime-stabijized)

44 6) %rQ: 1300 3 8 X 10™e 54 13 -
(lime-stabilized) .

52 n ZrQ, 1300 3 415¢ 41 3.3 —_
(lime-stahilized)

7iA {8) 7Zr0. 1400 3 210¢ 0.1 0.1 1.7
(lime-stabilized) ‘

6iA 9) Zr0; 1400 3 615¢ 0.2 0.2 1.2
(lime-stabilized)

“a Calewlated from irradintion and dilution data. .
¢+ Combined ingot and skull were dissolved in this test. Ratio of iodine in these fractions to total iodine volatilized wns
about 450, indieating essentinlly complete retention of sctivity, '

r 1}13 apike added.

TABLE II

Iopive VorariLizup areRr Turre Hounrs or Meur REPINING

e

Temp

Initial iodine

Minimum collector

Per cent jodine
volutilized

Expt Relerence Crucihle ©C) connlration temp Volutilized from
{ppm) Ci Inactive fodine Iodine-131
aAe {5) © MgO 1250 11 X 10 3 melt surfnce and — 1t

’ erucible walls

G2A (10) Zr0s 1300 £06 30 melt surlnee and 15.7 11.3
(lime-stabvilized) crucible walls

T4A (8) Zr0O. 1100 210 250 melt surface and - 84.8
{lime-stabilized) erucible walls

67A 9) + Qe 1400 615 250 melt surface only 14.7 16,7

(lime-stnbilized)

» Heated four hours.

¢t Value extrapolated from netivities measured on quartz disks placed at various temperatuse zones in poreelain tube

[urnace.

TABLE IIL

MATERIAL VOLATILIZED DURING STABLLIZED ZIncoNia-
URanics TriopipE HEAT AT 12300°C  {(11)

Gram atoms X 10°

Collector -
temperature Al, Ti,
&) I Ca Fe Mg U 2Zr orHf
30-250 1380 « 3 = 13 58 <2
250425 2040 50 720 400 13 - ‘
395-1300 2230 1000 18 “ 1 “ -

n Less than 12,
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4,12 The Behavior oI Ru, Mo, Pd, Rb, Tc, Sb, cd,

and Te

. [Ru, Mo, Pd, Rh, Te, &Shid, Ef¥d 2+ o BOFPESE UD1200°C-1400°C T OER(LY)
ﬁﬁfoxwru774:y¢msmf,xy»mibﬁﬁéhégﬁﬁmﬁﬁmﬁm1,
CdeTeld, BETRMNIKRESNS, Teld, Cel OXER(LAYOERICLEEELLN
55 4

R - A A B

Ru, Mo, Pd, Rh, Te, &Sbid, EBR-2OBK D (£EHTF O 2 % OMBEE) FPOw/ozhH 2,
BANFEAE»SE, U FY vy 7 2050, BILYME LToniE, BRI X OH
BHTOANFY T 742 RBUTHE, ELRBVESI LA L, BG{EHEAIHE
o2 sicdlTid, BETZHENZENF—73RWLTEBD, @4 OLED
EE#EFHICTFET2HEFE L, 1200-1400°CTORANV MY T s f 2 FEhcERHO

Fo—PHTOINLDIFPOEEHELUTO T FITITF 1AMy ¥a ¥»T 5,
£ L]

B ashiBWE, 749 va—LsE88, BEHMEELX V-9 ELTRSLM I LItT 4
yVva—AhEGE%E, CNOOEBRTHEALL BEOBS, 749 ¥ a—sRXB3FRE,
S LAMED g $7:00.3-108TH 5 o MEHER, RAU E/2 L To/o0Irk ST 15% 8
MUZHWTHE Lo 2R FOBBEE X, £90.0001-0.4%Td v, BEF T ORHIHHE
i3, B2 43y CH S . HHBIROR BRI, FEH6hDTc-99n, 43dDCd-115
EEWTADE@ALL. Fr— Y LEMELEULABHEERBH LteRBAH,
avie—atrIriLcfshi,

T 4w v a—AEBDLT ¢ — VORK (/) RRTH B0 -

Ru=1. 7, Mo=1. 7, Pd=0. 3, Rh=0. 8, Zr=0. 2, Ce=0.5,U=/ 3

-93— .
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CNSOTHROBER, UPOBR-2AKF + — Y HO S OHRICKBIB LTV,

COEER, HE-AEESZAFHIATTER L. FiR, PEBOF+— ML TE
0. 2kgBAF) , IEBUMNER - EIERR, 2B0F +— Vi L TR, FEMNE - ARdEA
BIFEBA LK. ChoOFOREFRRIL, BEO<—— B TH5(2 3. Ealid,
FEHUEE DHe ¥ 72 AT A % (99, 99+96) BRS FTHM L 2 o BUMMOT » £ ¥ 7 Y —ITH,
Tag e COY 75 —%, BEYOREERERICT 2D LL. F+— Y%, &
FELRBREE - BEECEFLAR, BELALA SV ERBERMESBAILE, by
TEAB, FRLRBHMLEA v Ty FOBREZZ v F Yy PR oL, CHOOR
BiBWTHAMEhARALVORE, BHLTF +— SYEDS 5% Th-1o 2BRAOS
BEFEDERE, BRUL TV,

HEttETHE, ERFHETERORBEREROSTHAY Ik, 2AvEL Ty POK
BRI RHEBEREBRL B 4R, BEOHFETIT- o, MRALAFER,
TR STHE DRu, Mo, Pd, Rh, Teld, Bl % 7o RIS ST 5 Cd-115, Te-99mid, # e X <% b
w A kY —;Ru-106, Sb-125, Te-121, £FH LB R IL, BERNLED T TH 5. MEL L
AFEORER, T10%HEELLN G,

FAtRAHIyra v

A Ru, Mo, P4, Rh
INSDERERELAEDOA Iy MPTORBOEBRERERLICFRT Chold, B
ZDOHIR X 2880BMERCLIGDTH S, ERBEOWANT, £BHICX3ZH
SONKORBRIERNTH S, RIEMDERD S, ChoOTHOEEIL, HIBME,
BEBER (-1400°C), F+— VR, FPRECEBHETH 2. CHSOPPRAVLT, 74 v
va— AHOERIERRIL, 749 ¥ s YVEIVERLA NS ORB L AHROED %
TERILHEMTH L. EBR-20BRBHUBBVWTHERAINATIEZERT 22D ITbN
RBHOERDP S, REPMDBERLERINIEERTERABEBONT VS,
RulMoicBEL T, REDRAF ¢ v Py —HRERT Lo IR, REBE, BEL
LB U I & B4h, 1200COEBIPIC, 1L5ShBELESDTH S MBLIA 2 AHD b
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ELLDTROIT-IUHBFERSHLTVWEIERR, chooinHkid, RIEWERRIER X -
THEEESNIEVWEERLTWS,

CHLORRR, ThM, R ERIEMORNHURRRIENRZERILET S F -5
&%%Ewﬁﬁﬁ?—iéﬁﬂ?é%mfﬁb,MMQMRMUHWU774:V¢E$
s THEBESNTVESSIHERT o

B Te,Sb,Cd
Te, Sb, CADEF A WA ED ICHHIEREO b v —3 — 22BN L BRERR I L 0 R
Lo CHSDERIE, EbhDRIPAANIY 724 2V ShREBEDSRINEEH
ERTHNES, ChoDTERNBHRBERELKETZTHAI . NMELLYHEOR IV
LA vTy bEOCHNLOTEDDTHER2ICTRT o THROEBICBE T S35 ¥ FRIRT
550 | |
(a) Ted, 4Ty bERAVEHOBRNSEMIRL SO TRV, COERRETHA
HEROMBEISLT, COTEROEEL, Ruklot @S TH S &igimah s,
(b) CADPBREILS>VTE, 4 ¥ T v b5 DERNKEIR & NS 5o CdD{LE
Mg, CORBREGETRULERETZCEBAEETHH05TH S,
(C) ShOLEHASONBMRIPBN TRV, HEHEVERER, EBvitBvsrick
AR ICERY 20T, ER3ERICLSTITNERFAEREE W,

C Te |

Te®, 1200°C, F +—VEW0gE AN 7 74 = vV LI iERDTeDBEEOBESE
ERIIIRT . F—F i, F+—YHOTRBEN1800ppnk D B WL E, STTHRDOISKEL
ERZAAPGET B EETRT . MHEESBEVERICBVT S, REEHHRED
M, Arrd~DEESsFEEEh S,

TeD X A VPF~DAFHICE T PPUIHIEFEORER, RADCEBEBEETEL W, L2L,
BHURED Vv ERPOXWNVHOFIETHE LT ORELZFART 2FILD, X
HAPEADFELHE TR LT CRFEAET ATHORE - ERHEMEERTHETE S, D
BORLHEAZONRBAEZL ANV, PROTONURAZ AL . HLERLEOS
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BORAEZVRAANVE, TeORBOBZET . HLETROT/MOLRI, EHEQ
CeDFRALID £ v EMEEBL T, ThoOBEEHET 25 MRV WHRZH
EATHVDOT, ATy bOBRERLEF =0 7 F—2 ik, FIETERY,

0 CTOREOKILOBEBHNORBETRD 51l 990ppndDTed 140ppu®d &£ 5 (U
IBELTHRID 2887 49 Ya— 2SS 50400 CTOSWOEHOBICELL Y
BATaF a— 7 (JOY Y — XOBHD <—~— (11 K TBR) BT SULLLED
MHOSILY, T F v+ — P LATeDL SR HBEEL, [fbick MK €0
EPOPROOu A EHIATLIBBRA SN EEBRE L.
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TABLE I
RrrexTion oF Rurnextes, MoLyspexuvar, Ruopiva, axp PALiapiom 1N MATERIAL MeLT-REFINED FOR
Turee To Five Hovns

Element analyzed
Experiment %E:%E 1:;:;:?- Crucible | Temp El‘:‘g’iff Concentration in charge (ppm) Per cent 4(:; ;r;i)gi?;lig‘;sgenlrnlinn
oy | ag | Re Mo | Rn | Pd | Ra { Mo | R rd
Trradiated U 4 (5 [ ThQ. {13200 | 0.2 0= B (L - 1004 | —| — —
3 ) | Al.Os | 1200 0.1 jlig 0= | — -— w7t | 95 - —
1 | (6) ] AlO: [ 130 0.1 10° 1] — — 1044 QU — _
Irmdinted U- | 1 | @) |3g0 |1200] 01| 28| g2 | — | — fr04] 05} — —
1.7 wio “r . : : : ‘ _ )
Alloy
Firsgiwm with 1 8) | MO 1300 | 4.2 | 22,000 | 25,000 _ ] - a6 a6 —_ -
~0.5 w/o Ce 3 (9) | %rO. 1300 | 4.11{ 21,000 | 25,000 — — 160 99 - —
: 2 (8) | Zr0: | 1400 | 2.3 (22,900 | 20,100 - — 103 | 108 - —
Fissium 1 107 | (10) | £rQ. {1385 { 10.0 — - 2,800 {1,800 | — |~ {97 % 3._9!97.4 = 3.8

s Culeulated from irradiation and burn-up data. )
b Analyses eonducted by conventional radiochemical techniques; others analyzed by chemical nssay method.

e Figsium constituents co-melted during tests.

TABLE II
[Nt RCTION. 0F TECHNETICM, ANTIMONY, AND CabyIvs
v Mewr Huervenge

Weight per cent Per cent of
of charge charge material
. material : activity in
Activity Reference Ingot kull Ingot  Shull
e (15) 9.6 5.6 04 6
[QRE (18) 4.0 3.6 <d bt
Sipes (16} 0.8 9.0 74 4

* Conditions: charge—fissium with 0.5 w/o cerium plus
irradiate " ranium (~ 300 g); initial isotope concentration
--<0.1 ppmy erucible—lime-stabilized zirconin; melt tem-
perature—1300 C; melt time—3 b,

TABLE IIT
DisrriBurions oF TeLLuerios Arrer MeLT REFINING For
Four Houns aT 1200°C

c“"_‘%;::‘;“"“ Per cent of element in
E iment No. of -
xperimen y -
! it o
o ‘;f,':_" Telurium]  Inpot | Skull
duets?
ireadisted U | 13 | 0-82 [0.00-0.0018 & 120 | 66 == 17+
Figsium + - 1 | 1851 0.3 ‘3.8 L
irradinted U
Irradisted U - 1 4800 ) 93 2.0 111
1.7 w/a Zr
Alloy

¢ Inactive und aetive fission products.
& Average deviation from the mean.
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