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Calibretions have resulted in conflicting dste for the yleld eof
neutrens from a teflon-polonium solution interface. The inetallation
of the continuous DRUHM reaction gystem is approximately 0% complate.
The Flusrox flufdized hed resctor was opersted comtimuously for 12 br,
rroducing 1.6 kg of UFe. In homopenheous resctor studies, instellstion
of a mock-up for in-pile slurry bonb heat removal tegts hae been com-
pleted. From saterial balances, mbout 2-1/2 g of plutonium remain in
loop P-1 af'ter repeated washing snd descaling treatmente. A Sharplee
Model P-4 Super-D-Canter was adequate for continuwously discharging ThOp
cake and clarffied superpate. In lon excbanpge studies, data have besn
obtained on the complex ion equilibria in uranyl sulfate solutions.
A continvous self-sustaining Darex dissolution end stripping run of 46 hr
duration wae made. In a hydrochlorination run of .35 hr duration, 97.4%
of o 4.30 kg section of o STR subassembly was reacted with snhydrous
HC1l grs with & uranium logs to the sublimate of 0.095%. The etudies of
the dizsolution of dummy zirconium fuel slements in fused salt with HF
haves hean continused at dncressed HF velocitiss. Im waste proceesing
studias, the desipgn of an adisbatiec self-zintering experiment ie 90%
complete and the conctruction of the fleld facilities 1s 50% complete.
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SUMMARY

1.0 CHEMICAL ENGIREERIRG RESEARCH

Oalibrations have resulted in conflicting date for the yield of
neutrons from a teflen-polonium aclution interface.

2.0 DRIHM
The Inztallatlon of the continuous reactlon system ie approximst=ly

60% complete. A second reactor is being fabricsted for thie syetem which
cen be used with & high-fired MgDd liner which was obtalned from Y-12.

3.0 FLDOROX

The Fluorosx fluidized bed reactor was operated continuously for
12 hr, producing 1.6 kg of UFg, Thare were some operating difficulties
with the UFy feed to the fluidized bed reamctor.

4.0 HOMOCENEOUS REACTOR FROJECT

k.1 Slurry Irradietion Studies Assistance - Instaliation of a mock-up

for in-pile slurry homb heat removal tests bas bean cdmpleted. In an Initial
test; over 99% of the Thlp circulating was collectad intc an wmdaerflow .
recaiver by a hydroclons.

4.2 10z504 Fuel and Elanket Processing Studiss - From materdal balancas,
about 2-1/2 g of plutonium remain in loop P-1 after repeated washinhg snd
degcaling treatmento. The loop will be transferred £o the burlal grouwnde
and disspeembled thers for evamipation of somponsnts.

h.3 Thorium Oxide Preparation - The 1600°C fired, mieropulverized ThOz
elaceified by the Sharples super Classiffer hae been returned for product
evaluation. EResulte show that the effectivensss of hydroclones for
clessifying Ta0z ie dependent on the dlspersicn obtained and that a
depandsble dispersicon methnd must be doveloped to assure comslstent results.
A Sharples Model P-4 Super-D-Canter was adequate for continuously discharging
Tz eake snd clarified supernate. PFinal resultes oh the previocusly reported
flame caleination test using a CHaCH-ThOz slurry f=ed show a 97% ThOg
recovery, & poor feed dispersion, and a calcination eguivalent to 1200°C

in & furnsce. Design caleulations and dsvelopment tasts of a reflective
burner show that flame temperatures are Increased and thet particls tempers-
turap sbove 1600°C can probably be obtained. Revislon of s Schori flame
spray platol, an atomlc hydrogen itoreh, and an ultrasonicelly agitated .
feed eup have aliminated initially obaerved cperasting problems.
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E.0 ION EXCHANGE
The kinetices of tranefer of wraniwn from uwranyl euvlfate esclubions

%o aplon exchenge resine 18 belng studied. Data on equilibrivm of the
complex lopns lnvolved in solution has been obbained from the literature.

£.0 POWER REACTOR FUEL REPROCESSING
6.1 Darex
£.1.1 Continuous Dissolution and Stripping Studies

A continuous self-gustaining diseolution and etripping run of
46 hr duration was mede. During the run the diseclver diacharged its
product at a yarying rate which fleoded the stripper at cyclic Intervaln
end gave varying stripping of chloride (100 ppm - 1500 ppm in the prodnct).
An overall material balance based on average values was conslsptent aven
though 1t does not reveal the ilntermittent upeete of the syetem.

$.1.2 Feed Adjuetment Tank Stndies

Preliminary bench scals studies in which diesgclver product cootaining
900 ppm chloride was concentrated continuously show that (a) the chloride
remaine with the concentrated product, and (b} the concentrated product

_ containing 280 g 55/1iter and 2.9 M Hms was mekagtable, requirdng es

long as 16 hr at room temperaturs for anlids to appear.

6.2 Zircex Engineering Studies

In 8 hydrochlorination rom of 35 hr duration, 97.4% of a 4.39 kg
section of a 5TR submssembly wae rearted with anhydrcus HC1 gae fed at
approximately 6 g-molee/hr. The utilization of HCL was 90%. Uranium loee
to the ZrCl, sublimate was 0.095%. Hydrogen evolution was practically
constant throughout the run (*2.68 on ft/hr) indicating that the _reaction
rate was independent of total area. .

6.3 Machanical Processing

Shearing Studiss - Shearings of unirradiated stainlesz ztesl clad.
uranium oxide {Yankee Atcmie fuel) gave the following results:

(a) The U0z from sheared lengthe lees than the length (3/8-in.) of
8 fuel pellet was usually dislodged aftaer shearing.

(b} The UD> from sheared lengkths greater than the length (3/8-in.)
of & full pellet and up to 1/2-in. long was retained “S0% of the time.

(¢} The U0z from sheared lengthe 1/2-in. leng and greater, was
always retained axcept at the sheared face.

(d) The air count of alr withdravn near the point of shearing
exceedad masking toleransse by a factor of 3 x 103,

Liid o 509
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6.4 Materials Bvaluation ‘

A proposed polyester canal lining (Amercoat 1679) Failed from
blistering after exposwre to 10° r, in water at ~ LO4°F.

7.0 VOLATTILITY

HF-Fuged Salt Dissolution - The studies of the .diesclution’of dummy
zirconium fuel elements in fused salt with AF have been continued at
incresased HF velocities. The specific dlssclution rate increased approx-

Imately as the logarithm of the HF velocity.
8.0 WASTE DISPOSAL STUDIES

The design of an adlabatic self-gintering experiment fs 90% complets
snd the conztruction of the field faeilities 1s 50% complete. A small-scale
high level sintering axpariment to characterize radicactivity levels 1a
the off-gas bas been startad.
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1.0 CHEMICAL ENGINEERING RESEARCH
P. A. Hans

Interfacial Area Measurements- C. V. Cheagter

Emm: @,n resction of fluorine at the interface of an zqueous
Fo soluticn end a liquid fluverocsrbon is bedng developed as e
method of measuring interfeci=zl mree.

A perles of experiments ls wunder wey 10 remessure the abeolute
value of neutron yield from a polonjun solution-teflon interface. +
Using teflon plate of 1=in. to 1/4-fn. thicknéss, the yield wes 10 = 2
neutrons/min, cm®, me/mt. Using teflon pletes of 1/B-in. thickness,
the measured yleld was 5 + 2 peutrods/min, cm®, mc/ml. Several poesible
reasons for the apparent change in y1€1d with thickness have been die-
proven experimertally. Surface finizh and matérial ecmpoeition heve
been ruled out ss causes for the discrepsncy bty machining platee of
the several sizea out of the seme piece &f stock. Random experimental
arror hagd been ruled out by numerous remms of the sxperdment. The
amount of 2@ contsminetion on the plates after tests wvas not eufficient
t0 acecunt for'the resilts.

Effort 0 resolve the dlgcrepmncy is comtinuing.
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2.0 TDRUEM
C. D. Secott

The direct reduction of UFg to metal by used of sodium 1s being
gtudied. Work is progressing on the facility for the continuonz reaction

study.
Conmtinucus Reaction Study

The installation of the contipudns reaction syvtem 1s approximately
60% complete. The snticipated completion date is March 15, 1958, A new
reactor is being fabricated for this systenm which can be used with a
kigh-fired Me0 liner which was procwred from Y-12. The pesaibility of
flame coating 8 reactor or ldner with Mgd 1s belng investigated.

]

[
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3.0 FLADROX

M. E. Whatlay

»

5.1 Fluidized Bed Development - C. D Scobt, W. G. Bissop, D. H. Fewman

A fluidized bed reactor iz being developed to carry out the Fluorex
reaction {2 UFy + Op—== UaF2 + UPa). The bed, operating continuously
with a UM, feed, approaches a steady state composition which is predominately
0zF=. The oblects of the present studies are to investigdate operational
ard mechanical difficuities and to u‘hta.in kinetics information in a contin-
wous syotem.

Rur FBR-16 using s bed 't.empem‘ﬁure of 500°C ‘and a UFy Teed sized.

between 40 and 200 mesh wes completed. The system' Inéluded a rotary pimp
feeder which discharged the UFy feed to an 0z stream vhich carried i% into
_the hotton section of the reactor. The product gas stréam was routed through
a et of filters to remove the Tines and solid intermediate products, through
cold traps to collect the UFa, and finally through chem traps befors being
exhansted to the hot off-gas system. The scolids from the fllter housing and
“the fluidized bed itself were-periocdically sampled. The bed level was to be
maintained by removing sclide from a eample iline at the hottom of the reactor.

5.2 Evperimental Resulke

The chemicsl snalyeis of the samles from run FBR-lﬁ are oot yet finiaheﬂ,
g0 complete discussion of the resultz canmot be made, There were, however,
data oWiained from the operation ltzelf. :

Essentinlly constant operating conditlons were malintalned for ©.T br
out of A totel operating time of 12.2 hr. The Tun was terminated when the
bottom solids removal line became plugged and the subsequent addition of
feed caused an excessive tuild-up of the bed. The averape UFy feed rate
was 597 &fhr Material collected in the cold trap (UFs) emounted to 1,600 g,
and the paterial collected in the filter housing {ineluding resction inter-
mediates) emounted to 2,870 g. The overall material balance for the run
vags complete and consistent. : :

. The rotary feeder, wvhich was a mdified rubber impeller mam, did
,hot operate aatiafm:toril:,r Initial tectes showed it to work well, and 1t
mcﬂihmtedbetwenlmandamﬂgfhr-Mver,ﬂnringthemthe ’
vibration of the equipment caused the leakage of UF, through the feeder
aven when the rotor wvas not moving. The soures of the diffieulty has not
¥et been located.
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There was & tendency for the system o plug at the Junction of
the off-gas line with the reactor. These plugs were freed periodicelly
by estriking the resctor flange with & ];u.m_i:r.

3 Baulsmegt Chepege

-+ Bote necesseYy equi:mant. changes ind:'l.ca.tuﬂ. ‘bur this run include;
{1] the replacement of the ¢ff-gms line from the reactor to the filter
housing t¢ increase its diameter from 1/2-in, to l-in., {2) the instslls-
tiocn of = i-in. overflow line on the reactor to maintein continucusly the
bed level, (3) the instellation of a baffle in the reector at the off-ges
1ipe in an attempt to reduce the eolids carry-over.

3.4 UFg Compacting Studies .

. . There ie eowne Indcstlon thet the UFy feed to the fluidized bed
ehould be in the game size yenge as the initial bed, -40Q mesh + 100 mesh.
Feed for.a possible moving bed test would Also be larger than the UF, faeed
being used now. As a result of thess two facts, studies ere being mede on
partiecle agglomeration or UF, compscting as a feed to s gremulsting mechine
which would reducs the :E'aeﬂ to the propet TANGE .

A compacting ma.chine eompcsed of two corrogeted rolls, & "Chilecmator”,
1e being studied for this use. Initial tests made on this mechine show
that 1% w11 compact Fine UFy, 90% less than 100 mesh, o meteriel greeter
thsn + 4% mesh; however, the yield of this compacted meterial tc date has
been leae than 5% of the feed meterial. The machine 18 evidently very
sensitive to roll egpacings, feed retes, ard to the particle size of the
feed naterdal. Purtbher compacting teste will be mede.
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4,0 HR FUEL AND ELANKET PROCESSING

¥. A. Hong

4.l HRP-Slwrry Irrsdistion Studies ﬂﬂﬁiﬁtﬂ.&ﬂ&

4.,1.1 In-Pile Slurry Bomb Cooling Mockup « J. M. Holmes

Construction of the test mockup to determine heat transfer coefficient
for cooling the OFE thorium oxide bomb i=s compleis. -

A test program ueing air and mixed air-water coolants has been etarted.

4.1.2 Hydroclone Tests for Loop Rinsing - J. W, Snider

A study wes Initisted of the use of s hyiroclome wlth sn induced

undeiflow receiver to remove 1600°C fired ThCa from a loop ligquid charge.

The apparatus used consisted of a feed tank with en egitator, a centrifugal
pump, an C.l-1n. dia. hydroclone and an underflow pot, -Fig. 4.1. The con-
centration va time curve for the feed tamk, Fig. 4.2, showed over 90% removal
of ThO» in 75 min. sad 99% in 190 min. The wmderflov receiver wlume 1o

feed tenk volume ratic was 4.67. About 99.9% of the ThO» tes in the upder-
fiow pot pt the end of the run. v ’

Furthey stuiiee are to be madé with varying concentrations, feed materials,
underflow receiver/feed tank ratios, wderflov receiver geometries, bydroclone
slzee, and hydroclone pressure drops.

h.2 'mp-mgsu.‘ Fuel end Elanket Processing Studies

" 4.2.1 loop P-1 Opermtion - J. W. Smider

The third desealing rim Wwith Cr30, wes completed. From material balances,
spproximately 2-1/2 g of Pu remained in the loop after this run vas completed.
Freparations sre being made to dlamsntle the loop for inepecticn of components.
Thizs will be done after trsmsfer ‘to the burisl grounds 4o aveld the necessity
of clesaning up any plutonium relessed.

h.2.2 Eydroelone Pevelopment - P. A. Hsse

Pesign of a vaned, axdal indet, exiel flow hydroelone hasg been completed
and fabrication is about 20% complete {Drewing D-80). This design does not
give the high G eentrifugal fielde of the conventional coniecal cyclones, but
may be more effectlve due to lower velocity gradients and shear streeses.
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Calibration curves for two Dorr-Oliver Model X-8A high pressure,
nigh temperature hydroclone wnite, Pig. 1.3, agree with the predicted
valuee, Fig., 4.4, These compercially available unite can be altered
for induced underflow receiver cperation. They may be applicable to |
HRE Fo. 3 core processing studies, blanket purge water clarification,
or other reector applications. Each unit hss seven 10 mm dia. titanium
hydroclones in parallel :ln B atainlass steel zase.

4.3 ERP-Thorium ﬂ:t:l'.de M
4.3.1 Thorium Oxide Size Classificetion - E. L. Youngblood |

o

k.3.1.1 Sherples Super Classjifier

A Sherples Super Classifier loceted et K-25 hes been tesgted
by members of the Berrier Develoyment Sectlon to determine 1te effectiveness
in remcving oversize psrticlee from thorium oxide particlesg in the l-mieron
diemeter range. In the test two batches of 16009C fired, mieropulverized; .
thordium oxide (comteining different fractions of oversize materlsl) were
procegecd. Toe Tine perticle materdial from both betehes wea given &
second yass through the unit in an attempt to further reduce the frection
of coarge material.

- During the first pesg, a total of 165 1b of thorium axide
feed ylalded 96 1h of Pine particle of lepe than £ wicron dipmeter. The
cutpoint of 8 micron wns esgewtially indspendsnt of the particle esize
distrirbion of the feed ppd no additiorsl removnl of cosrse meterdsl
was obtained by the s=copd psss of the fire coft through the clessifier.

The niz.e distribution eurves for the feed, conrse cut, and
fina cot from .a typicel first pass of thordivm oxide thmugh the classifier
are plotted, Fig. 4.5. The distribution curve for the fine fractiom is
mpresent&‘ﬁive of the Pine cuta from the first 2nd second passes of both
batehes of thorium oxide. The pariiols gize dlstrivetion of the coaree
fraction varied with the size distribution of the feed.

k.3.1.2 Eydroctone Classificstion

A4 zeries of rms ueing 10 mm dia. l:qraroclnnﬁ have boen made
tc determine thelr effectiveness in :moving overegize particles frem
thoriom oxids in the l-micron Aia. edze range. Funs heve been made using
both single hydroeclons systeme snd a production size TM-3 Dorr Clone
which conelsts of three stapges,each of vhich conmtaine 32 hydroeclonee in
parallel. The flow arrsngement of the TM-3 Lorr Clome was modified to
permit recyele of both the overflov and underflow stresme ee ehewn in
Fig. 4.6, The three test rung deseribed below are representative of the
saparatione thns fer obteined by hydroclones.

A
L'TB 3% .
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Fig. 4.3 Disassembled View of Dorr-Oliver Model X-8A
Hydroclone (T (seven) 10 mm units)



Ft of Liquid

PRESSURE DIFFERENCE

100

UNCLASSIFIED
ORNL-LR—-DWG 25012

I N B

=18~
CONDITIUHS:HEO AT ROOM TEMP
- E = ' — —
.. v O.S,F;_. FE or F'F PU
B oo »
g et fp=i
E = -
&4 = =~09 R~R

| |

0.2 03 04 0506 08

R

Fig. 4.4 Feed Flow

L.O 2
D FLOW,GPM

Versus Pressure

Model X-8A, Seven |IOmm D unit

Drops for Dorrclone



100

o
o

60

40

WEIGHT PERCENT LESS THAN

20

URCL ASSIFIED
ORNL~- LR -DWG 25013

N AN I N N U I [ I U A

2 4 & B 0 12 16 20 4Q ~ 60 8Q.

PARTICLE SIZE,diameter in microns

Fig. 4.5 Particle Size Distribution of Thorium Oxide from Sharples Super Classifier ..




UNCLASSIFIED
e ORHL-LR —DWE 29014
pwﬁ
a3
COARSE FINE
PARTICLE Bkl PARTICLE
TANK | T TANK
X

B

Fig. 4.6 Flow

Qiggrom of

A 3 Hydroclone Claossification System .




&2

T 19 -

The test runs were begun by charglng the cosrse particle tank
with the fead elurry and operating the system at total recyele wntil
equillbrium conditions were reached. Size dlstributioo curves were |
obtained for thoriwm oxide in the cosrse end’'fine particle tankse of
the ™-3 DNorr Clons system at equilibrium. The fe=d msterdsls for
these runs were 1600°C fired thorium oxide suspended in watar whish
had been adjusted to pH 2.2 with oxslie acid to disperse the oxide.
Bize distribution curves ave showvn for a typleal test starting with
fead concentrwtion of 45 pfliter, Fig. 4.7. Figure 4.8 showe the
partisle distribution of the fine and coarse fractions based on the
peresntage matardal in size groups 0.2 mlerone wide.

Size dlstribution curves (based on 0.2 microns eize groups) were
optained rfor the feed, fine fractico and coarses fraction from a two
stage eingle hydroclone cystem arrangsd to permit recyele of the overflow
and wnderflow streams ere shown, Fig. 4.9. The feed material used in
this run was 1600°C fired thorium oxide which had been claseified in e
Sharples Super Classifier to produce material less than 8 microns in
diameter. The fesd was suspendsd in methyl aleohol at a concentraticn
of 10 gfliter. : .

Bize dimstributicn cwrves were obtained for the feed and fine fmaction
from a single hydroclone system with no recycle, Plz. 4.10. The feed
material used for this run was 1500°C -fired thorium oxide from which -
the particle larger than 8 microne had been removed in o Sharples Super
Claszgifier. The oxide wos suspended in demineralized water ab s concen-
tration of 10 g/liter.

The work thus far indicates that separsticn of thorium oxdde
particles in the l-micron diameter range 1s obtalpable with 10 mm hydroelones .
Faturs work will be aimed at determining optimm operating conditions and
demonetrating continuous hydroclone cascads operation.

"§.3.2 Contrifugation of ThOp - J. M. Holmes

A test hae been complebed to determine the efficiepcy of the
Sharples P-4 "Buper-D-Canter” for concentrat a thorlunr oxide slurrcy.
Results show that slurrles betwesn 45 and 90 g/liter were concentrated
at rates between 375 and 2000 cnfnﬂ.u. with 1=s3 than 1.1% loss of thorium
oxide in the overflow. The upderflow stream discherged freely from the
mching_in the form of a thick paste. Opermting date ere tebulated in
Tebie 1.
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Table 4.1, "'Results of Centrifugation Teésts

Papt Unit: BSharpleas P-4 Super-D-Canter
Speed: 6000 HFH
Centrifugal Foree: 2100 g

Feed Rate Peed Overflow Overflow | Overflow
Concentration |Conssntration logs Appearance
(eefmin.) (g/liter) (g/1liter) (% of feed)
375 LER) 0.05 0.11 Slight haze
%ﬁ 39‘»6 ﬂi]._5 Qils Hﬂz:ﬁ" 5
wé ‘5.6 0.4 0.k Milky
2000 ¥7.8 0.52 1.10 Miliy

Particle distribution determimations for the feed a.'nd omrﬂaw streems
will be reported vhen aveilable.

h

k.4 Flame Caleination - C. ¢. Haws, K. O. Johnsaon

4.4.1 Methanol Aleohol-ThOe Slurry Results

Complete results are zvallahle for the product cbtained from the extended
thoris firing previocusly reported {January Unit Operations Monthly Report,
CF-58-1-137), The finsl material balance shows sbout 97% rscovery (Teble 4-2}.

Table #-2 ThO--Methapol Slurry Firing

Run No. 9

Thorium oxide Pired {total) | 2169 g
Thorivm oxide recovered as product 200.T g

Material balance . ' 6. 7%
Product in filter bag 2%
Product in spray cooler ~T5%

nls  Surface area of feed 12.8 =q /g
ne Surface area of product . . 2,9-3.6 8g mfg

Particle size distribution (Fig. 4.1.1)
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Concluglone from these results are:

1. The high recovery of the Fired product indicateas that product
recovery in a hag type vaomm collector is adequate. An wmeertainty
in this obeervation fe2 that the partisles collected were af relatively
large size {see below) and counld therefore be collacted efficiently
by thiz method.

2. Particulate dispersion in the feed vms very poor. The etlle=ciion.
ef'ficiency of the epray cocler varies with particle size, belng very
inefficient for particles below ~ § micron. Thus the large fraction of
the product caught in the spray cooler (73%) and the small guantity passing
through the cooler %o be collected in the vacuwm cleaner (< 2%) ave
indicatlons of poor dispersion., A comparison of the particle size dis-
trittions betveen a well diapersed aample of the feed and the product
materials effect graphically {see Pig. & 1-.1}-. Maperaion was expected
to be poor from observation made during the run and the manner in which
the feed syetem was operated.

Preliminary ecaleulation op an idealized flame-ThOe particulate
eysten indicate that a bare oxy-acetylene flame cannct heat a Y-micron
?ﬂ.rtir.:le above 1600°¢. The surface area of the calcined particles,

-3.6 sq mfg}, roughly indicabes a 1200°C firing ratura. For
reference, the present 16002¢ pilet plent oxide is ~ 1.8 sq m/g.

Electron micrographs heve bheen received on the vacuun cleaner
product 1n additica to the above data. These micrographs confirm that
the particulates are larger than those obtained Iin previcus rana, but
it cannot be determined from these prints vhether the particulates are
eitply agglomerated, or fused together. No atbewpt will be mwade ta de-
grade any of these product semples.

b.bh.2 Disperzion Studies

Fully dispersing the feed materfal iz of primary lmportance and
a considerable effort on this problem ie indfecated. Current plans include
bandling thorium bearings particulatee using both 1fquid and geeecus
carriers. Use of oxalle acid as a diepersent fn thz ligquid feed wvas
propoaed by Chemleal Davelopment Section A and it appeers to be an
efficlent system. A firing will be carried out oo this system to determine
its effectivensrs. An inwestigation of the use of surface agente to reduce
the agglomerating tendencies of driad thorium-bearing powders has been
started by the Analytical Chemistry Division. A dryr dispersion will be
required for stisining the highest poszible caleination temperstures.

b.4.3 Reflective Burner Development

Previously reported attampts to spheroldize refractory pm:ders in
an oxy-acetylene flame; i.e., alundum, zirconla, thoris, as well as the
above reported result.s, e dgmnnstrateﬁ. a nesd for schieving higher

$'°3 2235
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particulate temperatures. This- higher temperature -can be achieved
wmm&mlengbhnftheﬂm"éhmapm snd by providiag a
means of reflecting the heat back oiite ‘the particle.” A water-cooled
torch vas constructed and operated using héavil:,r inaulated reflector
tubes of zirconla and graphite.  Reflector témperatures sbove 15000C
were enailly obtained with the zirconis and 15009C with 4he graphite
reflectors. Exhaust gas temperatwres of over 16009C were obtmined

in all operations. At 0.5 sefm a.cet:.rlm& flow rate, injection of

10 ml/min. of methancl caused nmo measuresble temperature drop in
either the reflector, or the exit gases. Alcohol flovw rates in the
15-20 ml/min, renge lowered reflector temperaturés by ~ 100°C and
brought exit gas temperatures down to 1600°C. Bqual slurry feed rates
mey therefore be accommeodated and -still attain the desired caleination

temperatura.

Poasible waakneszes to preasent schemes were revesaled by the
scouting teste on the reflector burners described ébove. The zirconia
tubes falled under prolonged heating with the acetylene flame and the
noise produced by the flame during aloohol injection wae exceedingly loud.
The zirecnia tobe failure hegan by a melting of the refrmetory insuliation
around, snd in intimate comtact with, the exterior of the tube., The re-
fractory ineuvleting meterial fused with the zireonia snd the resulting
lowering of the zireonia melting point led 4o failure. This problem can
be met by use of ecarbon for structural members and loces zirconla se
insulation. Tube dismeter vill also be Incredsed to lower the heat Influx.
The ncise problem esnnot be effectively met without remote cperation and
the elaborate safeguarde necegsary o sueh gperatien. Such a step is not
roasible at the present etate of development.

4.k 4 Schorl Pistol

A Sehori flame apray powder plstol was wodified for use with ThOn
powvder by ding a large and direct connection for the powder (in a
gae gtresm) to emter the pistel, Fig. 4.1.2. In the first modification
of the piatol, the fuel gap miryture through the inleciion cohe wae Intended
to mepirate the oxide dust. This proved to be unsuitable since the large
peassges In the pigtol permitted flash-back of the fuel gas ineide the
pistol, AMmitting the fuel gas mixture at the regular port and using
oxygen as the aspirating stresm eppears to be satisfactory.

Feeding 4o-the pistol vas done as a batch operation using an
Aeoustica uwlirasonic gemerator as a disperser with the transducer connoctad
to the feed eup, FMig. 4.1.2. Fracture of the feed oup at a2 weld after about
an howr of operation limited the amownt of caleined materisl predueced.
Potomicrographe of the product are not as yet avallable. A new feed cup
has been fabricated.

h.h.5 Aomie Hydrogen Torch

™o rane were made with an atomic hydmgm flﬁ.ma, ohe run having
ultrasonfeally disparsed feed while the other used & simple dusting devles.




UNCLASSIFIED
=28~ ORNL -LR- DWG 29035

ThO, FEED INTO

SIDE OF PISTOL INJECTION CONE

m’,{’f”"’ffjﬂti
= of<y

FUEL MIKTURE’ OXYGEN

Schori Pistol as Used with Thdzx °

GLASS DOME TO SCHORIC PISTOL —»
AIR IN LEAKAGE

METAL FEED CUP==i

/ e TRANSDUCER

COOLING WATER=<g ‘ POWER LEAD

Trensducer and Feed Cup for use with Acoustica Generator

L 3

. %8 9npg
Fig. 4.1.2 Equipment for Flame Calcination of Dry Feed ThQ,
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The firset of these rums was fed with the Acoustica ultresonic

gemerator az deseribed sbove except that- It was modified by surrounding
the eup sesenbly with = gas tight chamber. ' This chenber wes pressurized
with kydrogen snd the exit gas contsining dizpersed Thilz, wes fed to &
1/B8-1n. dia tube located between the two electrode holders of the

etomic hydrogen welding torch (see Fig.¥.1.3). In this end the following
run the flame vas possed through & ZrQx tube 3/4-in. in diemeter and
6-in. long surrounded by megnesia firebrick, to reduce the rediant

heat lces in the vicindty of the erc and im 'effect provide & longer
boldup time for a particle at the high temperature. The second rum

wan made with the hydrogen cerrying ThGz to the same point between the
electrodes bolders, but the powder was simply blowm from a eealed jar

as inficeted in Fig.lsrls 3. Spproximately S grams of Thiz was fed through
the flame in thie manner. Samplee were taken of the dust in the water
eprey cooled exit gaep stream,
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C.0 ION EXCHANGE

J. B, Adams

Some aspects of the lon exchenga kinetice of uranyl sulfets
eolutions with strong bese snlon exchangs resine are baing etudied.
Tha practical spplication of anion exchange to recovery of uranium
from ore lasch liguora is belng succsssfully appliced on & largse scale.
Howewer, quantitative information on equilibrium, rate and aechanism
of uranium transfer from solution to resin fe seanty. Fational rather
than empivieal desipgn of various types of lon axchange aquipsent requires
a gquantitative knowledge of rate and equilibrium. phencmena as functions
of scluticn and reslnh compoaition in terms of exchangeable specles and
requires an understanding of the relative importance of fludd £1lm apd
0lid ‘diffusion mechaniems under vericus cperating conditicns. It 1a
belleved suitable rate date mey be obtalpned from differential bed experi-
mente with typlcel solution and reein eamples. It 1s hoped these msy be
Interpreted when aceurate equilibrium data iz obtaired.

In large scale urapnium recovery plants commoh operatlng procedure
involves contacting s weanium-bearing (1/2-2 g U/1iter) sulfate {13-35
g/liter} leach slurry, adjusted to pH 1.5 to 2, with a large size {10-20
mash} strong base anion exchenge resin in the pitrate-form {or chloride *
depending on the stripping sgent used). Mot of the presantly instzlled
large-scales capacity 1s in RIP {reein-in-pulp)} units. These mre similer
in concept to a serdss of fixed-bed units; bkowever, RYIP squipment can

' handle a slime alurry.

The resin 1s loaded with urapium in a 3-to-1 503 to 02" ratic
apparently as the U0a({S04)54 1on. The actusl mechanig 15 not clemr.
In loadlng the chlordde-form of a resin, for instance _J s the trensfer
appears to require an initial eulfate-chloride exchange. The rate of
uranium absorption followe below the sulfate-chloride exchenge until
moat of the chlordde has been eliminated, then contimues st lower rates
by dlsplacing sulfate ions. The equilibrium rakio of sulfate-to-uranium
gbserved could bhe attalned by at lesst four wechandasms: {1) direct exchange
of Wz(50g)3% for chleride, (2) exchange of Wa{S04)3* for sulfate (and/or
bisulfate), (3) absorptlon of U02(804)z" on sites occupied by eulfate
lons, and (4) sabsorption of un-ionized UCoBO, on sites occupled by sulfate
fons. The observed rates seem to exclude (1), and {2) 1s doubtful since
eatin?t?? of Wa(804)3% concentration in solution indleste 1t to be very
ema11{1}(2}; the lon is elso relatively large and slow diffusing. Either
(%) or {4) seem much more feasible.

Ti‘) Ahrlend, &. "On the Complex Chemistry of the Uranyl Ton." Acta Chem.
Seard 5, 1151 (1951}.

{E] Allen, ¥X. A. "lraniuvm Extraction by Tri-n-OQetylamine Sulfate.”
Private commmicetion. Ozk Ridge Hatiémel Iaboratory. ’

{EJ Arden, T. V. end Rowley, Marion. “Anion Exchampge in Uramyl Saiphate
Solution. High Concentratior Effects and Rate Studies.” J. Chem. Soc.
p. X709 {1957). ye 131
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Both W02(504)2% end U02504 are present in considerably higher R

concentrstion than W=(80,)5%,. Foth mechanisme aie in adeord with
the shbaerved affect of the sulfate-chloride exchange on the initial
-rats of abecrption of urardum on resin in the chloride form. In addltion,
Aiffuaion of Wy ie oot influenced by ionic oharges; i.e., so-called
Doonan exclusion wherein the resin excludes fons from the interstitial
solution within the resin but oot undiseociated substences. In fact

. nen-lonized substances may be subject to preferentisl ebsorption. Abscrp-
tion of very large ions, such ag bydrated U0={304)32 end U0a{80.)3%, tends
to be very slow both because of low diffuslon rates and poesluly, with
low porosity reeins, dus to a physical screening effect.

- To simplify the etudy of the problem btoth from the experimental and
‘mathematical point of view, 1t hos be=n decided to study first the transier
of urenfum from wranyl eulfate solutions to the sulfate form of strong
hase resins and consider the sulfate-chloride exchange end the chloride-
uranfun exchange as a corollary problam. Additlonal restricticns includs
a uranium copcentration of lees than G.005 molar; e sulfete concentration
in the range of 5 to 35 g/liter and a 1A closs to 2.0. The restricticn
on pi reduces lnterference of bisulfake lons t0 a mdnlnmm bt reguires
the presence of lerge amounts of other catlons for electmneutralit;n In
leach solutions from uranium ores, many ispurities dre present ineluding
some which form complex mnions and are abeorbed by the remin. This inter-
ference iz avolded by uwsing pure solublona and suppliing sodium ions where
cations are regquired thus avelding conplexing of miseellapecus lone. Above
r 2, complex basic wranyl sulfate ions would start belng formed, further
. complicating the situation. Alse gbove pH 2 the equilfbrium ratic of S0% 1
to U0+ on the resin is modified as it ie also in solutions above 0.005 M
in urenyl iun(.‘-‘*}, .

N An estimate of the concentration of verdious specles: et # H"' Uﬂa 5
UG=2504, mzfso4}2 , UDa{B04)54, 803 and BS03 in solutions equ:llibrated with
resin ig peeded to interpret measured equilibriuw resin compositione. :
Further, data on complexing of 3503 as HSO4 in HaS04 ualtrb:tnns 1 needed.

The required data for the estimation of concentratlions om nf
constants in solution has been cbtained from data in the llteraturell),(2);
{4),(5¥. Imdependently determined complexing constents for ursnfum and
'hiEllle.tE complexes are sseumed to be unique fonctions of the lonic strength
of the mixture. Molariti=a rather than molalities sare used for concentratlon
measurements. This results in only a8 negligible errmpr ln very dllute |
golutions of sulfate selts at room temperature 2a long as the cunccntration
of sulfuric acid 1s maintained low (pH =~ 2).

(1) m1a.

(2) Ibh1d. - : ‘

(%) Ib1d. s

(%) Paes, C. F., Jr. “The Estimation of Bisulfate Ion Dissocistion in -
Sulfuric Acid-Sodium Sulfste Solutions." J. A. Chem. Soc. 79, 56L1..(12957).

(5) Sherrill, M. S. and Royse, A. A. “The Inter-lonic Attrection Theory
~ of Ionized Solutes. V¥I.  The Ionization apd Jonizstlon Constants of
Moderately lonized Acids." J. A. Cbem. Sce. 48, p. 1861 (1326).
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The following set of equations can be written from material
balance relationshipa:
L (Weg = (8) + (8S) + (08) + 2 (USa) + 5 (vSs)
(2) ¢y = (U) + (U8} + (Uda) + (USa)
(3) (us) = Kye (U} (8)
(4} (982) = Kyg  (U)(8)2
(5) (uSs) = s, (v} (8)®
(6) (mS) = Kia (2} (8) . _
(71} 1= 1/2 ]:{H} + (Na) + & (U) + & (US2) + 16 (USaJ'“F (3} + (88}
(8) (Wa) + (B) + 2 (U) =2 (8) + (uS) + 2 (USa) + 4 (USs) -
The solution of the zystem of equations involves extenaive triui and
error caleulatione. For even the zmall range of va-,riables involved, tenta-

tively 0 < 0, < 9. 5, 0 < Gy < 0.003, C >C,1.5 S pH § 2.0, considersble
time iz req_ui' ‘Uee of a computer t’ér thg’caleula.tion ie mntamplq.te&.

Nomenclature

= yalance of 1™ fonte
gpecias

K = complexing conet y
for formation of 1% species

¢g = gross wolarity of sulfate 2,

EU = groos molarity of uranyl

(0) = molarity of W0z = ion
(US} = molarity of 00280, molesule
(US2) = molerity of D02(504}2% ton
(USs) = molarity of UO(804)3%
(¥a) = molarity of Na” lom
(B} = molerity of §' ion
(A8} = molerity of HSOR ion
(8) = molarity of 804™2 ion
I = lonie strength = 1/2 {mizf] :

th

oy = molarity of 1" ifonle epecles

¢ 33
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6.0 POWER REACTOR FUEL REPROCESSING

: f.:. b, Welson

6.1 Darex - F. G. Kitts, B. C. ?:Lnn&:,r F. L. Rugurs, J. Beans,

G. E. Woodall
The Darex hepd-end treatment consists in dissolving the Puel in
dllute aqua regin spd stripping off the chisrlde before the reault&nt
nitrﬂ,e asid ﬂbl‘lﬂ'-iﬂn i85 solwent extracted.

6.1.1 . Dissolution end Stripping

The Darex experimental equimment wms thoroughly checked

in preliminary mme after completion of the modifications deseribed last

morrth. - Although the dizsolver did not flood az before, 1ts operation was
etill characterized by a cyelic discharge. To remedy this condition it

vas decided to adjust the reeyele agua regla Crom the reflux condenser fo

5 N ENCy - 2 N HC1 in n geparate vesscl rather 'then in the ‘dissolver. A mm,

N5, 0, of about 46 hr durstion, was made nperatiug in this mowmer. Although
- agua regila of & single composition wms added at’'a constant rate and & constant

“heat inyart maintained to the digsolver; the disgcliver did not deliver product
at a mi:fbm rate.: Thie resulied in the chloride etrip column a.ltemta];r
running nesr flooding for a short period of time and then "dry", giving a
highly variable ¥/L and causing poor C1~ stripping. The material balanse

for run ¥o. 50, Fig. 6.1, presente experimental date only and.contains very-
few discrepancice of any note; it wus baged elther on composite collections
of atreame or on an Aversge afEﬂ samples taken at intervals ‘hroughout the
run. Thue the average material balance appears faverable without revealing
the cyelic upsét, of the syetem vhieh caused the poor Cl= regoval, 4o only
1500 ppm. The losses Wwere similar i those reported previously: all the

€17 necespary for make-up {e dwe to losses end emounted to 0. 21"6 moles/mole
S8 dissolved. The HNCa loge, by overall meterial dalance, was 0. 67 moles/mole
858 dissolved which agyeen maom'bl:r with the wmlue of one r!',‘pﬂrtaﬂ. from
earlier rme- :

Several tests have bheen run to determine the canse of the
unsteble dissclver operation. Patch dissolutions rewealed no elgnificant .
difference hetween adjusted condenser product from run Ro. 50 and freshly
pixed 5-2 aqua regia. Different degrees of prehest of the aqua reglia feed
and hemt input 4o the dlssolver itgelf showed no promising 4repd. When
dissclution is cecurring, some fosming 1z alvmys evident; the present dissolver
bas overflov delivery and therefore dilascharges by the helght of the variable
foam ¢=p end not by the true 1lguid level. The dissolver is being modified
to inaure that diecharge i1z from the body of the Mguid; an external Jack-leg
will control level in the ﬂ.iaanlwr.
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1 mole {55.% g} of
0L 838 deesolved in
11.T wdnubes

(/5 0 HF-o0m

{ va)” = 0.85

('H'L) = 50.&- = Q-BIS
bt 55,5

STRIFFING VAPOR
1.26 1, Den = 1.4
19.0 molaa MOa(15 K)
31.8 mnlez HaD
0.0 moles total

DEHYYH HAR

CONDEWMSER FRODUCT
0.852 1, Den
1.51 moles H21L (2.24
3.75 moles MGg (4.4
8.3 mples H20

5.90 molea total

ADJUSTED AQUA FREGIA
1.08 1, Den= 1.177

5.4 meles HHO3(5 ¥)
2.16 moles HC1 (2 E)

7.5 moles HaD

" DISSOLVER FRODUCT

= 1-168

9
3

1.0k 1, Den = 1.25
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2.05 moles HCL (1.97 N}

1. 56 moles HMOs (1.50.N)

mxles Ho0
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STRIFPED mnnﬁ
1.43 1, Den = 1.43
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HROg H-U a
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Poiler
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53-3 moles total

Fig- 6,1 Materlsl Palence Bun 50

DEH=SHONGHD e

73 35




6.1.2 . Feed Adjustment Studies

Three comtinuous feed =djustment runs of 7, 6, and T hr
duration were made in lsboratory ecale glasswsre aquipment. The purpose
of theze mns was 0 obtain data toward establishing opersting cenditione
for a feed adjustment tank which could- ultimately be tied imto the present
Darex loop. The squipment conslsted of s one liter-7 opending flassk with
n gid= arm overflow to control the liguid level, dowe draft condenser, ard
p rotameter 1o control the feed flow. A bepting mentle wes used as the
heat sourcs and 1/2-in. poreelain Berl saddles were sdded to the flask
te smooth out the boiling znd to adjuet the 1igquid wvolume to 500 ml
{ epproximately 4.5 hr hold-up).

The firet two runs were exploratory ito determine the
operebility of the equipment and establish which of the opersting cenditions
should be controlling. The results of theee runs Indiceted thet tempersture
ghouwld be the 1ndependent wvarisble. A material bzliance for the third run
in which feed containing 29 g 58/liter, 500 ppm €1” and 12.6 M in nitrie acid
wvas coneeptrated by a fector of 3.8 4e preeented in Pig. 6.2. Celenlations
were besed on analyticel results end the sesumption thet densities and
volumes were additive. The scouracy of the meteriel belance {infbut) fer
Hi0s, Ha0, and 55(R0s) was 102%, 109%, and 99.6% and an overall
balance {total volume %?5 for the entire run was 101%. In snother run

{totel volume oui)
in which stripped product wes concentrated %o 280 g szli-her , Bolide sppeared
in the concentrated product efter sitting for 16 hr at room tempersture.

Even though the i1sborstory investigaiion was not toc extensive,
these rough data indicate that continuous feed pdjustment is feasible. There -
is some concentration of the €1~ in the product and furtbher investigation will
be required to determine to what extent this does take place. Of couyrss the
C1l” concentreticn is directly dependent on the effieiency of the siripping
column end can be decreesed somewhat by the sddition of the diluent in the
fical adjustment prior to asolvent extraction.

6.2 Zircex Englucering Studies -J.J. Perona, ¢. B. Dinsmore

In = gas-phase run of 35 hr duratiom, 97.4% of & L.39 kg section of an
SR sub-sssembly {unirradieted) was rescted by feeding in hydrogen chloride
at a conetant rate of =bout 6 g-moles/hr. The temperature of the resstion
wae not measured. The ursnium 1028 to the sublimate was 0.095%, corroborating
the previous run (see Jaruery issue of this report) in which a lose of less
than 0.1% to the eublimate was slsc achieved. OFf the uranium reacted, 0.33%
wae collected by a gless wool fllter in ths line to the ZrCly condenszer.
The utilization of EC1 gas was ~504.

The unreacted hydrogen chiloride leaving the hydrochlorinator, along
with the bhydrogen produced by the reaction, were passed through a caustic
serubber pescked with Perl saddles, where the HCl was sbeorbed. The rate
of hydrogen evolution was then messured by o wet test mster. The rate of

S8 336
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Ragig: 1 liter of Fead

FEED

1 liter Ten = L.h2

12.5% molee Hifa

£.518 moles S:Sm‘mgg
138

2.85 (28.7
0.1l moles Ha0 OVERHEAD
%8 pom 01- : 0.835 1liter,
Y Dene 1,38
11.56 molee HNiOg
(15.85 K)
23%.6 moles HzO
FEED ADJUSTWMENT TANK
125.5 ¥ 1.5%
~ DILUENT
0.104 liter
FRODUCT 5.78 moles HgO
0.154% liter, Den= 1.60
257 T -
95 {1 1 388
0.775 moles HNOx{5.0k N) 0.258 liter, Dem « 1.36
4.0 moles Bg0 0.518 moles HHOa {3 )
1850 ppm C1- (111 g/1 58)

Fig. 6.2 PFun Np. 3 Material Balance
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hydrogen evolution was very neerly constent, at 2.68 cu £t /hr

(see Pig. 6.3)., Thue it ia very mpparent that the reaction rete was
independent of surface arem, which varied from TGO sg in. &t the start
of the run to sbout 22 eq in. et the end. This phenomenon is easily
explelned bty the great affinity of the zlirconium for the hydrogen
chlordde, which causes preferential atisck of the sub-assembly near the
HC1l ipled and sharp concentration gradients in the reaction vessel.
Photographs of partially reacted STR sub-assemblies, showing that only
e emall fracilon of the ares ie attecked even at the start of e Tun,

mey be fourd in OFHL-2416.

6.3 Mechanical Processing
Shearing Studies - G. 4. West, J. C. Roee, J. §. Taylor

Studies bave been carrled out of +the shearing of unirradimted Yankee
Momic fuel elements {stainlese steel-clad U0s)}. The purpose of the tests
was to determine the oxlde leoegses and air contamination resulting from
the element; sheering. '

Toeeee from the shearing of 584 g of We-33 clad fuels, 0.40-1n. o.d.
% 16=in. long, were 2.27% UDp. The powdered Wz fell into the crevices
of the machine, and more than 90% of the loes was probably recoverahle.
From & total of 55-cuts 1t was observed thet the 0z wms usually retained
{except for the loes previcusly stated) when the distance between cuts
exceeded the length of pellet (3/8-in.). When the gheared lengih was

- less than the pellet length, the core wes almost completely dislodged.

The sheered pieces were collected in 2 box from which was withdrawm
l~cfm of sir. The air wae pessed through & paper filter to collect air-
borpe partlculstes and mepsure comtemination. After the ghearing test
the filter wns counted. The sctivity on the filter wes: 6530 counts/min.c
end 5650 coumts/min.B,7. .The Indicated air conteminetion was 1.8 x 10-2 p
curies/cc, which 1s 360 times mssking tolerance.

6.4 Materiels Evelustick - G. A. West

Radistion Damege L' A protective coating, Amercomt No. 1679 polyester
base, 1 not recommended for use after cumlative doseages of 10%r. Two
panele were irradieted in weter to 109r by & Cobalt-£0 source. The ectivit
of the eource was 2.2 x 10fr/hr snd the temperature ranged from 102° to 108°F.
The entire eoating {on 2-1/2 sq in. x 16 gauge steel panel) wms blistered

. when removed from the source and random cracking eppeared arcund these

tlistere after about l-week cut of the scurce. The use contemplsted for
thie material was as s lining for water filled cansls with high B, beck-

grounds .
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7.0 VOLATILITY
M. BE. Whetley

BP-Fused Salt Tesolution of Zirconiuwm - R. W. Horton, L. E. MeNeese,
M. E. Whatley, G. Jones, Jr., C. C. Honce, . H. Newman, J. D. Phillips

Three dissolution tests at 650°C in the modified dissolver vesmsel
resulted in dissolution rates of L.k x 1074, apd 5.% x 1074 1b/{hr){sq 1in.)
 {equivalent to 0.52, ©.53, and 0.63 mz/eq{cm min.). These rates were
achieved witk HF wslocltlies & to 5 times greater than previously used. -
A plot of the data indicstes thet the specific dissolution rate increases
g8 the logaritbm of the HF velocity (Fig. T.1). :

The diesclver vessel wes modified by the ineertlon of an ampmilar
¥iller ring whkich reduced the cros=s eectional area of the dissolywer to
approximately belf of the ordginsl. The reduced area eection exterds to
11-in. sbove the bottom of the vessel. The ypper 20=-in. were left at the
orlginal arsa, allowing a large wolume for eplash of fused salt and for
reduction in veloeity of the off-ges atream. The depth of 2al% charge
used and the length of element used were slso reduced. A compardison of -
original mnd mdlfied dissclver dlmensicns 1s shown in Table ‘f=1. Dimensions
of the dumy fuel elements used 1n the .two eeries of tests sre sbovm 1n
Table T==.

The reduced crose pectional area allows grester gae wveloeity past the
fuel slsment for a given mass flovw than was previously obtteined. The three ™
teste in this series were run at mass rates of 2 Ib/hr; 3 1b/hr, and 6 1b/hv
of HF, The record of thess tests iz showm as Teble 7-3, T-4, and 7-5.
Zirconium dissolution rates and HF utililzatlon rates were both compirted
from the hydrogen ovolution rate.

Table 7=1 IHMesolver Conctants

M =zs0lver Croeg Sectlonsl Wolume |Dapth EF Veloclty for 1 1b/hr at
Used Area of of  650°C, fpe
(witbout element) Salt [Salt 13 piste 11 plate
Charge [Charge elemant glement
(24 in.) {ens in. ) (4n.)
Original 25.8 273 12,5 0,111 0.106
Modified 15.45 154 11.0 0.255 . Q.232

Table 7-2 'Elemsnt Constants

Fual Owketde |  To. of ILength | Croee | Total |Welght
Elemsnt Dimenelon Flatas Sect. [Surface
L. e - B Area ) Am ]
(m-} (_11!1':1- Eﬂﬂ.ﬂ) {1’1#} {Eq Iin‘-l in. ‘ IEI
Fa. L 2.5 x 2.685 | 13 .o | 3.95 Bs};'.u .}, 0.8
Ros 2 2.5 x 2.1 11 5.4 | 3.0 , 367.0 h.b

L3 Cae
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Zr Dissolubion Rate, 1b/(br)}{sq.in.) % 107%
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Q 1.0 2.0 3.0 4.0 5.0
Fig. 7.1 Zr Maeolution Rate ve HF Veloeity (at 650°C)

{Pointe 1 through 4. Original Dissolver Elememt Fo. 1}
{(Points 5 through 7- Modified Dissclver Element No. 2}

]




Table 7-3 HF-Fused Salt Dissolutfon of Zircalloy 3

"‘h
b

'§.3 Run Ho. Doh Tate 2-5-50
Temperature _650°C Salt Compositfon 45 mole % ZrFe 55 mole HaF
Yiz Purge Fate 0.1 cu ft/hr Element Aras 367 ag in.
HF Faeil Off=gaz | Hydrogen | Hydrogen | Zirooniom HF [Rilizekion
Cylinder Rate 0 Evolution | Biesclution
Welght HF Rate BF Velocity| Standard |Off-gan Rate Fate
Tine (2n) j(1b/hxr) (re/see) (ew fe/me)l (%) {1b/br) __ | {(Ib/nrfeq 1a.] (%)
1750 .06 on = aa - - - aw .
1800 b3.63 B2 0. 7934 1.84 - o.01028 | 6.3 x 104 6,3 £
1830 Lz, 1.64 0.3808 ' 1.36 - 0.00758 | 4.7 x 2074 9.2 D
31900 L1.69 2.2k 0.5297 1.1k 55.6 Q.00654 5.9 x 1074 5.6
1930 bo.75 1.06 0.b362 1.08 - . 00600 5.7 % 10=% 6.3
2000 39.6% 2.2% 0.5197 1.1% an 0.006%4, 5.9 x 10°¢ 5.6
20350 38.63 2.00 0.4640 1.25 89.90 0.00695 4.5 x 104 6.9
2100 37.59 2,08 0.4826 as - - - o
2130 36,56 [ 2.06 o0.4719 1.h6 85.30 0.00614% | 5.0 x 1074 7.8
2200 35.53 2.06 | 04779 1.25 - 0.00895% bo3 x 1074 6.7
2230 3h.59 1.86 0. 4362 1,18 85.60 0.00656 | ¥.1 x 1lo-4 70
2250 3%,90 2,07 - 0.4802 1.08 - 0.00600 3.7 x 1079 5.0
lreyags 2.08 1bfur{ 2.34 0,4965 1.28 - 0.00712 | b.4 x 1074 6,80
Totale 10.16 1b - - 6.40 - 0.03560 - 6.95




Run Fo. D-5
Temperaturs

650%¢

¥z Purge Rate 0.1 cu £t/hr

Table T-i HOF-Fuged Salt Dizmolution of Eireslloy 3

Date 2.6-58

Szxlt Composition

45 ol % ZrFg

55 mol, % NaF.
Elsment Ares 367 ag in.

{'::'"n

§PL

HF Feed Off-gas | Hydsogen| Hydrogen |Ziveontm  MFmRtlizetton
Cylinder Rate tn | -Evolution | Dlaselutien
. Welght IF Rate [ HF Veloclty | Standdra | ofs- Rate Rete = _
Tine (1b) (ofar) | {f&/eec) (eu £4/hr) Eﬁ?“ (Lo/br) | (Ab/hrfeq dn.)} (%)
1400 .19 - - -- - ~ -= - .
1430 32,60 5,00 06960 1.62 - _0.00871 [ 5.4 x 2074 5.8 ,j;
1500 31.13 3,12 0.72%8 1.78 “- 0.00965 | 6.0 x 1074 6.1 '
1530 27.68 6,50 145080 1.68 - 0. 00909 5.6 x 10"+ 2.8 '
1600 24, ob 5.88 1.364 1.51 —_ 0.00816 | 5.0 x 10-4 2.8
1630 22.22 © Sk 1.262 1.57 90.5 0.-00850 5.2 x 10"¢ 3.1
1700 19.03 6.38 1.480  1.60 - 0.00866 | 5.3 x 104 2.7
17350, 16.03 6.00 1.392 1.57 gk, 9 0.00850 | 5.2 x 107% 2.8
1605 13.00 520 1.206 0.86 - 0.00465 | 2.9 x 10"+ 17.5
Average 5.19 1bv/hr| 5.19 1.20% 1.52 -- 0.00817 | 5.0 x 10°¢ 3.1
Totals 21.19 1b -— . 6.20 .- 0.0333 - 3.1




£m

LN

w3
o

Fen No.

D-&

Temperature _ 650°C
Nz Purge Rate Q.1 ¢u £t/hr

Table 7-5 HF-Fused Salt Dissolution of Zirealley 3

Inte

2-6-58

Salt Composition 45 mol % ZrFq S557@0l % NoF
Elament Area 367 g4 in

)

HP Peed HF Off-gas Hydrogen | Hydrogen | Zirconium HF Utilization
Cylinder FF Rete | Velseity | Rate, in Evolution | Diasolution
Weight Stapdard Off- Rete Rate
Time (1b) (ib/br) | (£4/sec) | {eu ft/hr) (ﬁu {1b/br) | (1b/hr/eq 1n.)| (%)
1915 81.06 - -m .= =a - - - '
1950 80,41 2.60 | 0.6032 1.12 -- {.00600 3.7 x 1074 4.6
2000 T76.88 2.06 | 0.7059 1.55 B3.1 G.008332 C.1 x 10~ E.l3 ,
2030 78.06 1.8 | ¢.3805 1.26 - 0.00ET8 h.2 x 1074 8.2
2100 TE.50 3.12 | 0.7238 1.18 - 0.00633 %0 x 10°% 4.0
2170 .91 2,18 §} 0.7378 1.20 61.0 0.00645 L.0 x 1074 4.0
2200 T3.25 3.22 ] 0.TT02 1.39 -~ 0.00ThT 4.6 x 1074 4.5
2230 .72 3.06 | 0.709% 1.37 au 0.00736 L.55 x 1074 ¥.0
2250 T1.00 2.16 | 0.501% 1.77 88,5 0.00952 C.% x 1074 8.8
Average 2.81 1b/hr 2.77 | 0.6426 1.355% - 0.00728 .5 x L07¢ 5.1
Totals 16.06 1b - - 4,85 - 0.02608 — 5.1




45 -

The dats from the current serdes and also tests at 650°C from
the previcus series (reported in Unit Operations Monthly Progress Report
Jemuary 1958, CP-58-1-137) were compiled to show the dissolution rate
per wnit eren {ealled specific dissolwtion rate) end the HF veloeity
1n the dissolver. These resulte are shovn in Tsble T-6 and sre shown
graphicelly in Fig. 7.1. In calevlating these vyalues, the original
eross gsectional and total surface areas of the element were used
throughout the series, although the actual vﬂw&a woere chenging. Similar-
1y, the hydrogen flupride velocities were celeulated on the basis of the
mess of aeid Ted to the syatem, ignoring volume changes due to reaction.

Table T-6 Zireconiwm DMissclution Rates a.nﬂ HF vtlﬁcitz
(from all tests at 650°C;

hn Yo ' " Zircontun Dissolution Rate HF Velocity
1p/({br){sq in.) | mg/min.{sq em) (fps)
P2, P-3 1.8 x 1074 . 0.21 0,093
b2, Bh | 2.3 | 027 0.118
D2, Pa§ 2.6 0,30 |  0.168
D2, P-B: 5.1 - 0.36 0,250
el ' b 0,51 0.496
5 5.4 - 0.63 1.20%
»6 b5 0,525 0.642
LG 043
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.13.-:} WASTE DIE_PUEAL-

G. W. Hancher and W. J. Boegly, Jr.

8.1 adisbetic Self-Sintering Experiment
The radiosctive waste disposal program ia a Joint funetion -

of Chemiesl Techmology Divieion anmd Health Physiecs Division. The

adiabatic sulf-sintering expariment is under the suparvision of

W. JF. Boegly of the ORNL Health Phyeics Division. The sdlebatic

pelf-sintering method of fixing figsion products in a cermpie sinter

mey be a method of ultimate disposal of high level radioactive 'wasta.

i The self-sintering dlsposal method ‘for westes resulting frow, the
reprocessing of spant reactor fuel utllizes the energy liberated during
_ the, decay of the waste fission producte te provide the heat naceszery

to einter the waste-clamy-flux mivture and to £ix the fission products.
One of the most §ifficult problems encomnbtered in the lahdrmtory ani
Pield experimenta has besn thée simulaticn of fisafon product heating
using immersion heaters. This was dus to the low thermal conduotivity
" of the ainter and ths resulting large mumber and intricate srrangment
of heetars required to provide a uniform heat source. It waz concluded
that the heat method of evelusating sslf-eintering would bhe to conduct
a small experiment using an astusl higholevel waste solution as the
haat source.

The proposed expsriment will wse a diesolved 0-day cooled MTR
foa), napembiy irradioted in a tored thermal neutron flux of 2-3 x 10
neutrons/uq onfsec for a period of 42 days (~50% barn-up). Ko ettempt
wil)l he mede to recover ths non-fiselonsd U2SS. The 30 gal salutinn
reseiting from dissolution of the MIR asgembly $n the OFNL Thorsx
facility, will contain approximately 100,000 curies and will be transferved
in a earrier to the experimentel facility and dischargsd to an underground
miver vhere the solid ingredients will b= sdded and wixed. When miwing
iz complete the siwrry wiil be treansferred to a furnace where the material
will be sintered. A heat barrier, complatszly eurrounding ths furnacze,
will be used to balanee ths beat losees from the furnsee awd reduce the
total fission produst heat required in the waste soluticn. The proposad
experimenteal faci{lity will be completaly contained in a shieldad, wer-
ground conersts liner and iz wented to an aff-gaa gystew for decontamination
of tha geses, vapors, and asroscls released dwring the sintering propess.
Provisions will bz mede to allow rempte dismssembly of the facility after
_ therma) and radioactive cooling and removel of the 24-in. dia by O-fin. high

Binter for leach tesbing.

-2k

' 'I'ha finel disposition of the sinter has not yet been determined.
Remirval of the wanfum Ifrom tha cooled minter would he very difficult and
18 not planned.




T

The present schedule for the experiment is based on charging
the mixer and the furnsce on September 1, 1958, with 90-day cooled
vasgte which means the fuel element must be removed from the reactor
on June 15.

8.2 Depign of the Adiabatic Self-Sintering Experiment

The design of the adiabatiec self-sintering experiment was conceived
by the Health Physles Waste Disposal Section. The experiment has two
main physical sections: the mixer-furnace assembly (Fig. 8.1) and the
off-gas processing area (Pig. 8.2). Assistance was given to the group
from W. R. Winsbro, (CTD-Design Section) in the design and detailing
of the off-gas system.

The design is 90% complete. The details of ligquid and gas sampling
sta'giona are sti1ll to be completed. Completion is estimated February 15,
1558,

8.3 Field Construction of the Adiabatic Self-Sintering Experiment

The adisbatic self-sintering experimentel site is south of the
present burial ground. The construction was 50% complete on February 1,
1958. The eystem is to be housed in three sections: (1) control building,
(2) six £t dia x 10 £t deep conerete pit for mixer and furnace assembly,
to be topped by a 5 £t thick concrete shield block, and (3) two, 7 £t dia
by 10 £t deep concrete pits for the off-gas system.

The control building is 100% complete. The power control wiring
in the control building has been 40% complete. The instruments for
power and heat control and recording are 30% complete. The component
parts of mixer and furnace are 100% complete, installation will start
in March (Figs. 8.3, 8.4). The four off-gas vessels are fabricated and
installed. The off-gas piping has been 20% completed (Fig. B8.5).

A peries of pre-tests will be run after the constructicon has been
completed, using artificial heat to simulate fisslon product heat.

8.4 High-Level Cell Experiment

A group of three high-level cell runs have been proposed to
characterize the amount and level of radioactivity to expect in the
off-gas. The experiment will consist of using 12 ce of Purex weste
solution, which has been converted to Ala(NOs)s (Hope) type wmste.

The Hope waste will be mixed with clay solids to form a gel which
will be heated in & tube furnace. The furnace off-gas will be treated
with the proposed off-gas chemical system.
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Fig. 8.3 Mixer for Self-Sintering Experiment
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Fig 8.5  Multibed Filter for Off-Gas System in its
Housing for Self-Sintering Experiment.
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B.4.1 FReduction of Liquid Westes to Sclids - J. J. Perema, R. J. MeNamee

A UMtereture survey is belng carried out ez the firet step in
8 program to develop a safe and economiesl method of the reduction of ligquild
wastes to golids prepsrstory to wsube shoresge. Major probleme ameng the
procesees studled are: (1} preduction of off-gases, (2) loes of volatile
ruthendum with the off-gases, (3} fixation of Pimsion products, end
{b) dissipation of decay heat in yroduct solids.

It ie probable that the waste sbould be allowed to decay es long
as possible prior to trectment. A decay time of 10 yr would glve 8 decon-
tamination factor of 102 for Ru 106 and 10=2e for Fu 103, greatly reducing
the problem of activity Iin the off-goees. A decay time 1n excess of 3 yr
does much to relieve the problem of decay beat in product solids.

Conelderatle development effort hes been made on electrelytic
cells for nitrate destruction and ruthenium plating®. The use of ope of
these celle prior t0 8 sintering or fusing step wwuld greatly reduce the
off=ges problem by virtuelly elimineting the production of oxides of nitrogen
et high temperaturss vhere they tend to carry the volstile ruthenium. In
additicn a ruthenion decontanination factor of ebout 10 might be ackieved
by electro plating.

A decision as 15 the pecessity of fixetion of the fisaion
producte will e the neler fsotor 1o orienting the study program. If fixation
is necessary, elumine end silics would be used to prepare ceremics or
glaeses, with essentielly no volume reducticn ir paesing from the 2iguild
toc the s0lld stete. If fixation ie not pecessary, varions caleinetion
schamas world be investigated with & volume reduction factor of approximately 5.

* Rigging, I. R, "Proposel for Installaticn of Equipment for Treatment
of Onk Ridge Netionel laboretory High Level Waste." October 2%, 1957,
CP-57.10-125. Unelessified.
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