MARTIN MARIETTA ENERGY SYSTEMS LIBR.

O

3 445k 0349855 )

i NG

i Wothe VIS

SLEVEE PR




bk
oy

NS




d

ORNL-1947

This document consists of 235 pages.

Copy /Qé of 192 copies. Series A.

Contract No. W-7405-eng-26

AIRCRAFT NUCLEAR PROPULSION PROJECT
QUARTERLY PROGRESS REPORT

For Period Ending September 10, 1955

W. H. Jordan, Director
S. J. Cromer, Co-Director
" R. L. Strough, Associate Director
A. J. Miller, Assistant Director
A. W. Savolainen, Editor

DATE RECEIVED BY INFORMATION AND REPORTS DIVISION
(SEPTEMBER 30, 1955)

DATE ISSUED

0CT 26 1955

e OA RIDGE NATIONAL LABORATORY
S { Operated by
UN N CARBIDE NUCLEAR COMPANY
A Dwuslon of Unlon Curbide und Carbon Corporation

Post Offlce Box P’
Oak Ridge, Tennessee

—_—

MARTIN MARIETTA ENERGY SYSTEMS LI

AERB

3 445L 0349855 1

e e

J———

fad s cls o

i e

R

- ey



3 SEORSE
4
ORNL-1947
. Progress
] INTERNAL DISTRIBUTION
j 1. R. G. Affel 50. R. S. Livingston
] 2. C. R. Baldock 51. R.N. Lyon
3. C. J. Barton 52. F. C. Maienschein
4. D. S. Billington 53. W. D. Manly
5. F. F. Blankenship 54. E. R. Mann
1 6. E. P. Blizard 55. L. A. Mann
i 7. C. J. Borkowski 56. W. B. McDonald
8. G. E. Boyd 57. F. W. McQuilkin
9. M. A, Bredig 58. R. V. Meghreblian
10. F. R. Bruce 59. A. J. Miller
11. A. D. Callihan 60. K. Z. Morgan
12. D. W. Cardwell 61. E. J. Murphy
13. J. V. Cathcart 62. J. P. Murray (Y-12)
14. C. E. Center (K-25) 63. G. J. Nessle
; 15. R. A. Charpie 64. R. B. Oliver
16. G. H. Clewett 65. P. Patriarca
17. C. E. Clifford 66. R. W. Peelle
18. J. H. Coobs 67. A. M. Perry
19. W. B. Cottrell 68. W. G. Piper
1 20. D. D. Cowen 69. H. F. Poppendiek
21. S. Cromer 70. P. M. Reyling
22. R. S. Crouse 71. H. W. Savage
23. F. L. Culler 72. A. W. Savolainen
24, J. B. Dee 73. R. D. Schuitheiss
25. J. H. DeVan 74. E. D. Shipley
26. D. A. Douglas 75. A. Simon
27. E. R. Dytko 76. O. Sisman
28. L. B. Emlet (K-25) 77. G. P. Smith
29. M. J. Feldman 78. A. H. Snell
30. D. E. Ferguson 79. C. D. Susano
31. A.P. Fraas f 80. J. A. Swartout
32. J. H. Frye 81. E. H. Taylor
33. W. T. Furgerson 82. D. B. Trauger
34. H. C. Gray 83. E. R. Van Artsdalen
35. W. R. Grimes 84. F. C. Vonderlage
36. E. E. Hoffman 85. J. M. Warde
37. A. Hollaender 86. G. M. Watson
38. A. S. Householder 87. A. M. Weinberg
39. J. T. Howe 88. J. C. White
40. R. W. Johnson 89. G. D. Whitman
41. W. H. Jordan 9. E. P. Wigner (consultant)
42. G. W. Keilholtz 91. G. C. Williams
43. C. P. Keim J. C. Wilson
i 44, M. T. Kelley C. E. Winters
v 45. F. Kertesz . X-10 Document Reference Library (Y-12)
46. E. M. King Laboratory Records Department
47-48. J. A; Lane Stords, ORNL R.C
49. N. F.Lansing ch Library

LR

oW




128.
129.
130.
131
132.
133.
134.
135-137.
138.
139,
140.
141.
142.
143-145.
146.
147-149.
150.
151.
152.
153.
154.
155-158.
159,
- 160.
161.
162.
163.
164.
165.
166-167.
168.
169.
170.
171.
172.

EXTERNAL DISTRIBUTION

AFDRD Jones

AFDRQ

AFSWC

Aircraft Lab WADC (WCLS)

Argonne National Laboratory

kAss:sfunf Secretary — Air Force, R & D
ATIC

Atomic Energy Commission, Washington
BAGR -~ WADC

B‘atterlle' Memorial Institute

Bq'e‘ing‘ — Seattle

BuAer — Mueller

Chief of Naval Research

Col. Gasser (WCSN)

Convair — San Diego

CVAC - Fort Worth

Director of chora'rorles (WCL)
Directorate of Weapons Systems, ARDC
Doug|as

‘East Hartford Area Office

EqUIpmént Laboratory — WADC (WCLE)

'GE — ANPD

Glenn L. Martin

lowa State College

KAPL

Lockheed — Burbank

Lockland Area Office

Los Alamos Scientific Laboratory

Maintenance Engineering Services Division ~ AMC (MCMTA)
Materials Lab (WCRTO)

Mound Laboratory

NACA ~ Cleveland

NACA — Washmgfon

NDA ' :

173.
= 174—176. Pow

177181 Pre

adicine, AEC, ORO

ivision of Research anc




Reports previously issued in this series are as foliows:

ORNL-528
ORNL-629
ORNL.-768
ORNL-858
ORNL-919

~ ANP-60

ANP-65

ORNL-1154
ORNL-1170
ORNL-1227
ORNL-1294
ORNL-1375
ORNL-1439
ORNL-1515
ORNL-1556
ORNL-1609
ORNL-1649
ORNL-1692
ORNL-1729
ORNL-1771
ORNL-1816
ORNL-1864
ORNL-1896

Period Ending November 30, 1949
Period Ending February 28, 1950
Period Ending May 31, 1950
Period Ending August 31, 1950
Period 'En‘ding December 10, 1950
Period Ending March 10, 1951
Period Ending June 10, 1951
Period Ending September 10, 1951
Period Ending December 10, 1951
Period Ending March 10, 1952
Period Ending June 10, 1952
Period Ending September 10, 1952
Period Ending December 10, 1952
Period Ending March 10, 1953
Period Ending June 10, 1953
Period Ending September 10, 1953
Period Ending December 10, 1953
Period Ending March 10, 1954
Period Ending June 10, 1954
Period Ending September 10, 1954
Period Ending December 10, 1954
Period Ending March 10, 1955
Period Ending June 10, 1955




FOREWORD

This quarterly progress‘i'eporf of the Aircraft Nuclear Propulsion Project at ORNL records
the technical progress of the research on circulating-fuel reactors and all other ANP research at
the Laboratory under its Contract W-7405—eng-26. The report is divided into three major parts:
I.  Reactor Theory, Component Develbpment, and Construction, Il.  Materials Research, and
. Shielding Research.

The ANP Project is comprised of about 510 technical and scientific personnel engaged in
many phases of research directed toward the achievement of auclear propulsion of aircraft. A
considerable portion of this research is performed in support of the work of other organizations
participating in the national ANP effort. However, the bulk of the ANP research at ORNL is
directed toward the development of a circulcﬁng-fuel type of reactor.

The design, construcfion; and operation of the Aircraft Reuctér Test (ART), with the coopera-
tion of the Pratt & Whitney Aircraft Division, are the specific objectives of the project. The
ART is to be o power plant system that will include a 60-Mw circulating-fuel reflector-moderated
reactor and adequa;re means for heat disposal. Operation of the system will be for the purpose
of determining the feasibility, and the problems associated with the design, construction, and

" opetation, of a high-power, circulating-fuel, reflector-moderated aircraft reactor system.
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ANP PROJECT QUARTERLY PROGRESS REPORT

SUMMARY

'PART I REACTOR THEORY, COMPONENT
DEVELOPMENT, AND CONSTRUCTION
1. Reflector-Moderufed Reactor o

A con'rrqcf was awcrded on Augusi 19, ]955 to ’rhe
V. L. Nichol son Compuny, Knoxville, Tennessee,
the low bidder for package 1 of the Aircraft Reactor

Test (ART) fac1hfy. Their low bid of $765,835

included $264,373 for the reactor cell, with the
Chicago Bridge & Iron Co. engaged to serve as

‘the subcontracfor to design, fabricate, and erect

the cell, Package 1 includes, in addition to the
cell, the major modifications of Building 7503.
Recent experiments at the Tower Shielding
Facility (TSF) emphasized the need for shielding
data from the ART, and therefore a layout has been
completed to provide for the measurement of the
gamma-ray spectrum of the ART as a function of
the angle of emission from the reactor shield

“surface,

_ Layout drawings have been completed for the
principal features of the ART reactor—pump—heat
exchanger—pressure shell assembly, and the de-
tails are considered to be sufficiently firm for

procurement to be started. Fabrication of the

shells, such as the ‘pressure shell, reflector
shell, etc., will be particularly flme-consumlng

" because of die problems, and therefore procuremenf
'work began with the shells.
A one-half-scale ploshc model of fhe pump andr .

expansion tank region at the top of fhe reactor
been completed to facilitate examination of fabr

cation, stress, and ﬂmd-flow problems, and workn

mumA model De-
von established

Unit (ETU

sign for the fuel-to-NaK heat “exchanger has been_t
selecfed Design calculcmons and layout drawings

charge tangentially into the core to give a system
that is insensitive to the one-pump-out condition,
Tests performed to date were planned fo assist in
the systematic development of an inlet-guide-vane
and turbulence-generator design that will produce
radial velocities of sufficient magnitude to keep
the boundary-layer fluid mixed with the free stream,
High-speed photographs of dye injections and con-
ductivity measurements of salt injections are being
used to examine radial flow, circumferential dis-
tribution, and transients, Core designs with lower
degrees of divergence than that of the present
21-in, design are being studied to determine the
effect of inlet annulus dimensions on the adverse
pressure gradients encountered by the fuel in
flowing from the core inlet to the equator.

Performance tests of the fuel pump with water as
the circulated fluid were completed. The noise
present in the initial testing was found to result
from a local flow condition that existed at the
tongue of the pump volute. A modification of the
volute design has eliminated the noise, and other
impeller modifications have brought about a con-
dition in which the hydraulic force balance on the
impeller occurs near design speed and flow. The
tests have demonstrated that the design point lies
in the region of maximum efficiency.

A flow sheet has been prepared that shows,
schematically, the locations of the principal
instrumentation and contro| components of the

;/'ART “and confrol panel layouf sfudles are being
Av,‘made. Excepf for special sensmg equipment, it
oppears fhat no developmenf ‘work will be requrred

A consfrucflon program for the Engmeermg Test
) has been esfcbl“lshed with a target
for initial opercmon of Sepfember 1, 1956.
e objectives of the ETU are to develop fechmques

b

i_lfor use in_ ssembly» of the’ ART to furm‘sh some

" orie '§.'y'sfem”'i;hweﬂ ‘vortex axes parallel the island, ‘and

in the other they spiral helically downward around

it. In both systems the two fuel pump volutes dis-

“Calculations
be expected in the ART ‘were comple’red and the
relative merits of various materials were studied.
For example, for a 1/4-in. annular control rod of

T
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: B‘IOC ina cdppér matrix (30 vol % B,O), the burnup

penetration would be one-sixth as great as that in
a_europium oxide cermet, but the heat produced
would be one-third greater. The boron layer be-
. tween the reﬂecfor and the fuel-to-NaK heat ex-

changer was examined with respect to heat genera-

‘hon,‘ flux attenuation, helium gas evolution, and
burnup.  Also, the differences between the ART
and the high-temperature critical experiment were
: fevolum‘ed lf is estimated that the critical con-
" céntration of fhe ART w:ll be between 4.6 and 5.4
J"kmole % UF

A new mulhgroup, mul’nreglon reactor calculation

“is being programed for the Oracle. The code will
compute fluxes as a function of one space variable
in slab, cylindrical, or spherical geometry, and it
Will dllvow:'|25\gr'o'dp‘s“ dnd 125 regions.

Expenmentul Reucfor Engineering

The flrsf loop For C|rcu|at|ng fluoride fuel in
hole HB-3 of the MTR was shipped to NRTS on
June 20. It successfully passed the preoperational
checks, and startup of the loop proceeded satis-
factorily to the final step, that is, melting of the
freeze line and filling of the loop with the fuel
mixture. The heater for the freeze line was found
to be inoperable, and therefore the experiment was
terminated, The loop has been returned to ORNL
and disassembled. The modifications required to
overcome the difficulties encountered have been
incorporated in a second loop that is nearly ready
for shipment to NRTS, A third loop is also being
fabricated, The auxiliary facilities required at the
MTR for operation of the in-pile loop were com-
pleted, including a loop retractor mechanism for
adjustment of the loop nose position during reactor
operation,

Twenty-two fused-salt—Inconel forced-circulation
loops were operated in the test program for studying

‘corrosion and mass-transfer in high-temperature-

differential, hlgh velocity systems under conditions
that simulate reactor flow rates and temperatures.
Nine similar loops were operated with sodium in
lnconel orin stamless s'reel tubmg.

A new test loop has been de5|gned with which

it will be possnble to obtain accurate information

Loooon fhe oxygen content of sodium or NaK during
S opercmon of the loop. The main loop of the system

is to include a bypass cold trap and a sampling

L

and analyzing device, and an auxiliary plugging-
indicator loop will be attached to the main loop.
Also, a loop has been designed, in which NaK will
be circulated, that has the same ratio of surface
area to volume as that of the primary NcK cnrcunfs

of the ART.

The design layouts for two loops for high-
temperature tests of full-scale models of the ART
fuel and sodium pumps were completed, and fabri-
cation and assembly were started. The first group
of bearing-and-seal and mechanical tests on the
rotary elements of the pumps was completed. In

‘general, the test results indicate that the bearing-

and-seal designs for the upper and lower units can
be made to function satisfactorily. One short-
circuit pump-test stand was completed and shake-
down tests with water were started.

Intermediate heat exchanger test stand A was

operated for 690 hr in a series of furnace and

diffusion cold-trap tests of the NaK circuit and a
2-hr cleaning cycle of the fluoride-fuel circuit.
The gas-fired furnace for heating the NaK proved
to be copable of transferring 1.13 Mev of heat to
the NaK after minor modifications, including in-
stallation of a larger burner, had been made.
After the fuel mixture had been circulated and
dumped, a leak occurred in one tube bundle of the
heat exchanger, and subsequently one of the
NaK-to-air radiators developed a leak. The leak
in the heat exchanger was found to be a radial
crack on the inside of a tube bend, It was dlso
found that severe distortion had occurred as a
result of the thermal cycling created by operating
the heat exchanger with NaK in the tubes but with-
out fuel around the tubes. The temperature dif-
ferences thus created ranged from 200 to 1000°F,
The failure of the radiator is also thought to be the
result of extreme thermal cycling, but the analyses
of the difficulties have not yet been completed,

‘Additional test assemblies are being fabricated.

The first series of tests were completed on a
small (20-tube bundle) heat exchanger that was
operated nearly continuously for 1560 hr. Heat
transfer, pressure drop, and corrosion and mass-
transfer data were obtained. No appreciable

amount of mass fransfer could be detected by

visual inspection, and metallurgical examination
is under way., The oxide content of the NaK was
found to be high, and therefore cold frcps ure to be
installed in subsequent test loops.

&
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'cenhmefer of fuel region, and a

’ ;sysfem

A one-fourth-scale model of the lower half of the
21-in. reactor core shell was fobrncated for thermal-

‘stability tests, and a design was completed of an

Inconel strain-cycling rig. A third thermal-cycling
test of a sodnum-befy”iumJnconel system was
sfcrted A systemanc study was made of devices

for the measurement of oxides in circulating

sodium or NaK and the removal of the oxides
during opercmon. Designs of cold traps and plug

’ mdlcators were prepared

3 Crmcal Expenmenfs

The fuel concentrchon in the room-fempercfure

' crmcal assembly of the reflector-moderated circu-

latmg-fuel reactor was decreased from 0.416 (3%
excess reactivity) to 0.345 g of y23s per cubic
‘‘clean’’ critical
mass of 19.9 kg of U23% was obtained. Two
structural changes in the assembly were also
studied. |n one of the modlflcahc)ns, the average

'W|dth of one of the end ducts was |ncreased from

]29 to 2 0 m., which increased its volume al-

'mos’r 2.5 times, The corresponding critical mass

was abou'r 24 kg of U235, In the other alteration,

~ the radius af the center of the berylllum island

was increased from 5.18 to 7 19 in. The critical
mass of fhls ussembly was ]8 4 kg of U235

~ Another crmcul cssembly of this reactor is bemgk

perated at femperafures between 1200 and 1350°F.
The minimum critical concentrahcm has been de-

'rermmed as 6.29 wt % @. 96 mole %) uronlum “ind

mixture of sodium, zirconium, and enriched uranium

_fluondes. The over-all temperature coefﬁc:enf of

fedctivity is =2 x 1073 (Ak/k)/oF and the <
rod has a value of ] 7% A/e/k over the 4

meltmg pomfs'
high vapor pressures of ZrF . In the NaF-LiF-UF,
system it was found that mixtures in the regions

anied by exceedlngly
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of low melting point contained too much UF, for
use with circulating-fuel reactors,

Preliminary studies were made of the NaF-RbF-
ZrF ,-UF, system to determine whether it could
provide a low-viscosity fuel, Previous work on the
RbF-ZrF, system had demonstrated the need for a
fourth component in order to obtdin a low-melting
fuel with 20 to 40 mole % ZrF .. All the work was
carried out with RbF which contained dabout 20
mole % KF as an impurity. The KF caused un-
expected results in the phase diagram work, which
has therefore been postponed until better RbF can
be procured. Viscosity measurements in the sys-
tem RbF- ZrF4 UF, (48-48-4 mole %) below 600°C
were hindered by particulate matter, but the
measurements made above 600°C gave viscosity
values which were somewhat lower than those in
the NaF-ZrF -UF, system. In order to obtain
further msxght into ’rhe mixtures containing rubidium,
studies were made in the KF- -ZrF, and NaF-KF-
ZiF, systems. The latter system proved fo be
much more complex than either the NaF-ZrF ,-UF
or NaF-LiF-UF, systems, which show no 'rernqry
compounds. The NaF-KF-ZrF, system was shown
to have at least five ternary compounds.

In the system NaF-LiF-BeF, it was found that
acceptably low melting points can be obtained with
low LiF concentration by moving into the ternary
system along the drainage path leading from the
NaF-Na,BeF , eutectic toward the LiF-Na,BeF
eutectic. In order to obtain-a melt with a kinematic
viscosity as low as that of the ARE-type fuel, it
was established that the BeF, content cannot be
greater than 30 mole % to assure complexing of
BeF as BeF,™ The LiF content will probably
have to _be. less than 10 mole %. The melting
point of NaF LIF BeF (63 5-7.5-29 mole %) was
» cnd a defermmcmon of its
sity “will be made in ‘the near. future.

tration of uranium (|n g/cm3) at 800°C is about
the same as the concentration of NaF-ZrF ~UF

(50-46-4 mole %).
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- Liquidus temperatures were determined for mix-
: ';iures of NaF- BeF (70-30 mole %) with about 2.5
~‘mole % UF4 because of the reported low viscosity

.of the NaF-BeF, mixture. The liquidus tempera-
““tures were in ’rhe _region of 560°C, which is un-

“‘satisfactorily high. A more complete investigation
-.of melting points in the NaF-KF- BeF, system

confnrmed prev:ous observa'rlons of hlgh hqundus

tempercn‘ures.
Andlyses were carried out on mixtures of UF3 -U

p}and UF -U dissolved in LlF-BeF and NaF-BeF

i ;l~:.‘,me|1’s qnd filtered in either copper or nickel equ:p-
“ment.  The resulfs showed that the solublhty and
- ‘stoblllfy of UF in these melts were not solely a
o func'rlon of the form of the uranium addition and

the confcmer metal, The resulfs were erratic, and
further expenmen'ro’non is necessary to defermme
the controllmg factors.

By means of an equilibration technique pre-

“.viously described, a more precise value for the
‘equilibrium constant of the reaction FeF2 +

H,=—=Fe® + 2HF in NaZrF was found to be K,
= 5.2 at a concentration of FeF, corresponding to
6490 ppm of iron. A study was made of the re-
duction of UF, in NaF-LiF-UF, (22-55-23 mole %)
by Ct° and Fe® at 600 and 800°C. The equilibrium

210,
Iy
4(@) || NaF-ZrF, (@)

M MFNS“H), NuF(a]), ZrF

i

chromium concentrations were found fo be lower
than those of fuels with greater concentrations of
ZrF,. The equilibrium iron value remained about
the same as that of fuels made with NaF- ZrF,
mixtures and the NaF-LiF-KF eutectic, but lts
temperature coefficient was reversed to give
slightly higher values at 800°C than at 600°C,
Data were obtained on the stability of iron fluorides
and chromium fluorides in various fused materials.

Reduchons of UF4 with excess uranium were
carried out in several melts. In the NaF-LiF
eutectic the UF3 was more stable in copper than
in nickel equipment, In the NaF-KF-LiF eu-
tectic the stability of UF; was ‘independent of
the container, and, with copper containers, a
uranium- copper alloy was found. This alloying
with copper did not occur with either NaF-LiF

~eutectic or BeF, melts.
. A study of the reaction of metallic uranium with
o s€ veral fused mcferluls at elevated temperatures

disclosed reduchon and volahhzahon of clkah'

metals. Equilibrium studies on mixtures of
potassium metal and NaF gave results that led to
an equilibrium constant at 800°C of

oo K, = (Na/K)XKF/NaF) = 0.2 .

Workable methods have been devised for re-
processing fuel used in component testing at
ORNL and Pratt & Whitney. It is expected that
2000 to 3000 Ib will soon be available each month
for reprocessing and re-use. Since a satisfactory
commercial source of ZrF, has not yet been found,
a unit is bemg fabricated which is capable of pro-
ducing 1000 Ib of ZrF, per week by direct low-
temperature hydrofluorination of ZrCli .

A shortage of ZrF, reduced operation of the
large-scale (250-1b batch) fluoride-processing facil -
ity to one-half the normal capacity during this
quarter, A total of 6960 Ib of purified fluoride
compositions was produced, including the fuel
carrier for the ART high-temperature critical ex-
periment, Pilot-scale equipment was used to pro-
duce 53 batches of purified fluorides, Enriched
fuels were prepared for the high-temperature
critical and in-pile loop experiments,

Examinations have been made of cells of the
ype , > S

1 1
NaF ZrF4(a;), M F2(sufd) MY,

where M and M! are Cr°, Fe®, and Ni®, These
cells appear to be reversible and are reproducible.
Interpretation of the data is complicated by the
solid fluorides in equilibrium with the melt not
being simple metal fluorides and their compositions
being dependent on the amount of fluoride present
in excess of the saturation value. Reproducible
emf’s have also been obtained in the case where

M and M1 are Cr° and where the CrF2 content is

less than the saturation value at one of the elec-
trodes. In the cell Cr|NaF, ZrF,, CrF,|Inconel,
with no barrier between the Inconel and chromium,
the potential eventually dropped to zero because

of the Inconel being converted effectively to a

chromium electrode. The mechanism for transport
of chromium might include disproportionation of

CrF, to CrF; and Cr° at each electrode, with the

solution being carried from one electrode to the
other by means of convection currents,
Optical properfles and x-ray patferns were de-
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termined for several newly encountered compounds
in the fluoride systems. High-temperature x-ray
diffraction was used to study the polymorphs of
Li,ZrF,.

Progress is reported in the efforts to obtain
high-temperature x-ray and neutron-diffraction data
on fused materials to serve as an aid in determining
the molecular structure of the melts. A summary is
presented of the work on the electrical conductance,
density, and freezing-point depression measure-
ments with various alkali and heavy metal halides.
Self-diffusion coefficients are reported for sodium
and nitrate ion in fused sodium nitrate,

5. Corrosion Research

Examinations were made of several Inconel
forced-circulation loops operated with NaF-ZrF ,-
UF, (50-46-4 mole %) as the circulated fluid for
various times under otherwise identical conditions.
These loops, which were direct-resistance heated,
had o temperature differential of 200°F, a Reynolds
number of 10,000, a maximum fluid temperature of
1500°F, and a maximum wall temperature of 1600
to 1625°F. A curve obtained by plotting depth of
attack vs operating time exhibited the two-stage
type of attack found previously in thermal-convection
loops; that is, the initial rapid attack that occurred
while chemical equilibrium was being established
and the impurities were reacting was followed by
the slower mass-transfer type of attack, An at-
tack rate of 3 to 4 mils per 1000 hr was found for
the second stage of attack. In two similar loops
operated under the same conditions, except that
ohe was heated in a gas furnace and the other was
heated by electrical resistance of the tubing, the
depth of attack was not found to be affected by the
heating method. Another similar loop with a maxi-
mum wall temperature apprdximo’i‘ely‘ 100°F higher

than the usual 1600 to 1625°F showed heavy sub-

surface-void attack to a depth of 18 mils. Thus

additional evidence was obtained that the wall_'_
temperature is a more critical’ varmble fhan |s fher/

fluoride mixture temperature.

Additional data have been accumulated on mass
‘ rculd_on sys-
tems, No correlcmon between femp'éroturé"' dif-
' found, but in-" T
t of the “sodium did

transfer in sodlum-lnconel “forced-

ferenfiol and m
creasmg ‘the 6x1de cont
increase the mass transfer. In an all-stainless-
steel loop in which sodium was circulated, there
was o mass-transferred layer that was 0,8 mil

PERIOD ENDING SEPTEMBER 10, 1955

thick, in contrast to a 9-mil-thick layer found in an
Inconel loop with a stainless steel cold leg.

In an effort to ascertain the cause of the erratic
results being obtained with Inconel thermal-
convection loops, several loops were cleaned by
different methods and then operated with NaF-
ZtF -UF, as the circulated fluid. No effects
attributable to the cleaning method could be
found. In other tests, heat was applied by direct
electrical resistance of the wall rather than by the
usual “‘clamshell” eleciric heaters. The results
confirmed a previous conclusion that the depth of
attack was not affected by the method of heating.
Since the forced-circulation loops had indicated
that the maximum loop wall temperature was a
significant variable, thermocouples were installed
on the hot legs of two standard Inconel thermal-
convection loops to study this effect. Preliminary
results indicate that the wall temperatures may
have been as much as 1670°F, in contrast to wall
temperatures of about 1600°F in the forced-circu-
lation loops. The higher temperature difference
between the wall and the fluid may account for the
attack in the thermal-convection loops being deeper
than in the forced-circulation loops.

A series of thermal-convection loops have also
been operated with small applied potentials, The
loop which circulated NaF-ZrF ,-UF , for 2000 hr
with a positive charge applied to the hot leg showed
only about one-half the depth of attack found in
the loop operated with a negative charge applied
fo the hot leg, With a negative hot leg the attack
was about the same as that with no applied po-
tential. Inconel thermal-convection loops operated
with sodium gave results which confirmed those
obtained with forced-circulation loops.

Hot-pressed  metal-bonded tungsten carbide
cermets were tested in NaF-ZrF -UF, and in

sodiym in seesaw apparatus; no measurable attack

was found on any specimens, Similar additional
tests were made of the Kentanium cermets. The

) ibesf of the Kentcmlum cermets are being fabricated
into valve disks and seats for self-bonding tests
’ under service conditions.

Ruthenium was plated onto Inconel for tests of

“creep-rupfure properfles of fhe plated spemmen.

rate and a decrecse in rupture llfe, m comparlson

‘with standard Tnconel. Additional screening tests

were made of Inconel T-joints brazed with various
dloys and exposed to fluoride mixtures and to

PR
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sodium, and several brazing alloys on Inconel and
- on stainless steel were tested in static lithium.
Al VfH‘é'Brd‘zin‘g\alvloy\s tested showed poor corrosion
" resistance to lithium.

A static test of a Hastelloy B specimen in an
Inconel capsule containing a fluoride mixture
showed the Hastelloy B to be unattacked, but the
Inconel was attacked to a depth of 8 mils, in con-
trast fo a normal attack to a depth of 2 mils in a
static lnconel capsule without the Hastelloy B
specimen,

Experiments are under way with a boiling-sodium—
Inconel system so that the effect of oxide-free
sodium on mass transfer can be studied. In pre-
liminary experiments no mass transfer could be
detected.

Seesaw corrosion tests have been made on
Inconel capsules loaded with sodium-potassium-
lithium mixtures in which the lithium content was
varied from 2 to 30 wt %. The heaviest attack was
found in the hot section of each tube, and it varied
from 0.5 mil in the presence of 10% lithium to 2 to
3 mils in the presence of 5% lithium. Molybdenum,
vanadium, and niobium were tested in static
lithium at 1500°F, Molybdenum was unattacked,
niobium was only slightly attacked, and vanadium
showed grain-boundary penetration by an uniden-
tified phase fo a depth of 2 mils.

Measurements of the oxidation rate of metallic
sodium at 25 and 48°C were extended to periods of
2 x 10* min. The data obtained do not fit any of
the postulated oxidation-rate theories, although
highly protective oxide films were formed.
Measurements of the oxidation rate of metallic
columbium confirmed the previously reported change
in rate law with time. Tentative conclusions have
been drawn ‘concerning the origin of the change.

|mprovemenfs in technique have been made for
‘'studying fused sodium hydroxide by spectrophoto-

_mefric_techniques, Measurements of corrosion in
fused sodlum hydroxide have shown that water
vapor is an important inhibitor and that the pres-
ence or absence of a closed electrical circuit be-
tween the hot and cold parts of the corroding
system has a significant effect on mass transfer.

Measurements of the self-dissociation of sodium
hydrox;de have been made for the first time in the
absence of S|de reactions. Both the expected
decomposition into water and sodium oxide and
the postulated decomposition to produce hydrogen
have been confirmed.

A series of studies of the four-component fuzl
NaF-LiF- ZrF4 -UF , (22-37.5-35.2-5mole %) exposed
for 100 hr in sealed capsules of Inconel in the
standard rocking furnace have indicated that this
mixture may be less corrosive than others being
considered, A series of mixtures of the NaF-KF-
LiF eutectic with UF; and UF, added were also
tested in Inconel in the rocking-furnace apparatus.
The data indicate that UF; is quite unstable under
these conditions, regardless of the original UF,-
to-UF, ratio. It also appears that considerable
disproportionation of UF, must be expected in this
sy stem.

In experiments for determining the effect of
chromium on the mass transfer of nickel in NaOH,
it was not obvious that the chromium was particu-
larly beneficial. However, it was shown that some
mechanism for preventing the loss of hydrogen
from the system —~ perhaps cladding the nickel
with some metal impervious to hydrogen - might
be quite bereficial.

6. Metallurgy and Ceramics

Mechanical property investigations of Inconel
have continued with stress-rupture tests of 3/4-in.
tubing in argon and in fused sdlts at 1300, 1500,
and 1650°F. A comparison of creep-rupture dnd
tube-burst data showed similar rupture times for
0.060-in.-wall tubing and 0.060-in.-thick sheet in
argon and in NaF-ZrF ,-UF, (50-46-4 mole %) at
1500°F. The data being obtained indicate that
the presence of an axial stress in the tubing does
not appreciably affect the time to failure. Data
obtained for tubing with 0.010-, 0.020-, and
0.040-in. walls show, in comparison with data for
0.060-in.-wall tubing, that the thinner the wall the
shorter the rupture life at comparable stresses.

An evdluation test in fused-salt fuel of an

Inconel bellows with a welded diaphragm showed

only normal corrosion attack in the weld areas
and no cracks that resulted from flexing of the
bellows., A determination of the extent of inter-
action between beryllium and Inconel in contact
at high temperatures in an inert environment was
made. The results indicated that an intermetallic
layer was formed that would be detrimental to the
load-carrying capacity of the Inconel. This in-
formation was needed in the design of the high-
temperature critical experiment,

Additional tests were made of mckel-molybdenum
alloys containing titanium, aluminum, vanadium,




‘zirconium, columbium, or chromium which con-

firmed the previously reported embrittlement of
these ternary alloys aofter a long heat treatment at
elevated temperatures in hydrogen. The ductility
of the alloy can be restored by a high-temperature
anneal in vacuum. In the study of factors affect-
ing the fabricability of Hastelloy B, it was found
that canning the extrusion billets with Inconel
reduced the pressure required during the extrusion
and at the same time clad the alloy tubing with a
heat-resistant alloy.

A series of creep-rupture tests of solution-
annealed, 0.060-in.-thick, Hastelloy B sheet at
1500 and 1650°F in NaF-ZrF 4-UF, (50-46-4 mole
%) were completed and desugn curves were pre-
pared. The influence of aging heat treatments on
the creep-rupture properties of Hastelloy B is

being studied in the range 1300 to 1800°F in

argon. The creep-rupture properties at 1800°F

‘are not substantially affected by aging, since at

this temperature a single-phase alloy exists. How-
ever, at 1500°F a second phase appears to exist
in aged specimens which increases the rupture
life at high stresses. Short-time tensile tests

" conducted after long-time aging of cold-worked

Hastelloy B ot high temperatures indicate that

“résidual stresses from the cold-working operation

are quite detrimental to ductility. Data showed
the ductilities of cold-worked specimens to be
considerably lower than those of specimens an-
nealed before aging. Microstructural studies indi-
¢ate that cold work induces precipitation in larger
quantities and perhaps in smaller particles than
does annealing.

‘Additional oxidation-resistance tests of high-
temperature brazing alloys were conducted, and
melting-point studies are being made by using
sintered, conical samples. Experiments are under
way in an attempt to find an alloy for brazing a
boron carbide’ céfnﬁacf to an Inconel envelope.
The adlloys inQésfigaféd thus far that wet the

boron carbide also reac'r with it to form brittle
bonds that crack upon coohng. The boron carblde—4
Inconel assembly is reqmred for radlcmon shield-

ing in fused-salt pumps. A success fdl ‘method was

established forlbrazmg Ken’mmurn cermef va]ve\

seats to Inconel‘ s'rrucfural components. ‘Nickel is

used to dlssupate ‘the thermal stresses resulfmg\

from the different coefficients of thermal expansion
of Inconel and the cermet,
The Inconel core-shell assembly for the high-
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temperature ‘critical experiment was fabricated
after the development of experimental techniques
for minimizing distortion, The fabrication of a
third, 500-kw, NaK-to-air radiator is under way.
The design of the radiator is essentially the same
as that used previously, but improved fabrication
techniques are being utilized, Presintered rings
are to be used for the preplacement of brazing
dlloy. One tube bundle of the fuel-to-NaK inter-
mediate heat exchanger No. 3 has been completed,
and construction of the second tube bundie is under
way. Design modifications for this heat exchanger
have included the use of larger diameter tubing
(0.250 in.) and the elimination of right-angle
corners of header components to provide better
stress distribution. A second liquid-metal-to-air
radiator was fabricated for the Cornell Aeronautical
L aboratory.

An eddy-current method for flaw detection in
low-conductivity tubing is being investigated,
Studies have shown that an ultrasonic method for
the inspection of small-diameter tubing is suf-
ficiently sensitive to detect the types of flaws
encountered to date.

Corrosion-erosion in graphite-hydrogen systems
at 2400°C, with a hydrogen velocity of Mach 0.15,
is being investigated. Present indications are
that the slight weight losses observed were due to
the small amounts of water vapor in the gas,

Two rare-earth-oxide control rod assemblies were
prepared for critical experiments; flux-detector
spacers of calcium fluoride and alumina were pro-
duced; dysprosium oxide disks were prepared for
use in measuring thermal flux; and a method for
preparing europium oxide wafers was investigated.
A study of the feasibility of synthesizing Mo, B
and B,C was started, and the optimum pressing
conditions for pelletizing fluoride fuels are being
determined.

Investigations of diffusion barriers for use be-
tween Inconel and columbium have shown only
tantalum and copper to be useful. Tests for de-
termining the more satisfactory of the two barrier

materials are under way. Mixtures of columbium

and UO, being considered for use as fuel elements
were tested at 1500 and 1832°F for 100 hr. A
solid solution of Cb-U and a pinkish phase, as yet

iumdenhf;ed formed in the samples.

The deformation patterns obtained in two- and
three-ply extrusions of metal tubing were studied,
and limits were established on the metal ratios
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and on the configurations of the billets that can be
successfully extruded. The creep performance of
lead-calcium was found to depend upon the care
with which the master alloys were made. This
implies that an accurate knowledge of the amount
of alloyed calcium rather than total calcium is
required,  Therefore, chemical analyses, which
give a measure of the total calcium, were found to
be an unreliable index for predicting the creep
properties of the alloy.

The fabrication of boron-containing materials
for use as neutron shielding is being studied. At
present, attempts are being made to thermally bond
boron-containing layers to Inconel. The use of
B,C tiles is also being considered for locations
where thermal bonds are not necessary.

7. Heut Transfer and Physucal Properties

Forced-convecﬂon heat transfer measurements
were made for molten NaF- KF-LiF-UF, (11.2-41-
45.3:2,5 mole %) which was flowing furbulently
through type 316 stainless steel tubes. The re-
sults were comparable with those obtained pre-
viously in an Inconel tube and were thus 40% below
the general turbulent-flow heat transfer correlation.
A check on the experimental apparatus was ob-
tained by operating it with water as the heat trans-
fer medium, and the data were in good agreement
with the general turbulent-flow correlation. The
low heat transfer valves obtained with NaF-KF-
LiF-UF  therefore appear to be real.

The heat transfer and friction characteristics of
a full-scale model of the ART heat exchanger
were determined with and without the presence of
tube spacers. These results were compared with
conventional heat transfer and friction relations
for simple duct systems. As was to be expected,
both the heat transfer coefficients and the friction
factors decreased upon removal of the tube spacers.
Hdwevef, when the spacers were removed, the
tubes were not held rigidly and channeling occurred
in fhe flow paﬂ'ern.

A summory of hydrodynamic research on models
of the 18- and 21-in. ART cores has been pre-

"pared.  Rotational and axial flow patterns, as

well as various entrance conditions, were studied,
One core, which had a low ratio of flow cross-
sectional area at the equator to flow cross-sectional
ared at the inlet, was characterized by uniform and
steady flow.

The temperature distributions within fluids flowe
ingthrough converging and diverging channels were

experimentally determined in the volume-heat-
source system, Information on the transient be-
havior of the wall temperatures, as well as on the
asymmetry of wall temperature profiles, was ob-
tained for these uncooled channels. A report has
been prepared which describes applications to
general convection problems of previously de-
veloped mathematical temperature solutions for
forced-convection systems having volume heat
sources within the fluids.

The enthalpies and heat capacities of LiF-KF
(50-50 mole %) were determined in the liquid and
solid states. The viscosities of eight fluoride
mixtures were determined. A mixture of RbF and
LiF (57-43 mole %) yielded a viscosity of 9.0
centipoises at500°C and 3.4 centipoises at 650°C,
An RbF counterpart of the ART fuel was formu-
lated, This mixture, whose composition is RbF-
ZtF ,-UF, (48-48-4 mole %), had a viscosity of
9.5 centipoises at 550°C and 3.1 centipoises at
850°C, lts kinematic viscosity was found to be
about 20% lower than that of the corresponding
NaF-ZrF ,-UF , mixture.

8. Radiation Damage

The high-temperature forced-circulation fluoride-
fuel loop recently operated in a horizontal beam
hole in the LITR was examined metallographically.
Corrosion of the Inconel tubing by the circulating
fluoride-fuel mixture was found to be low and to
be substantially the same as that found previously
in capsules exposed in the MTR. No increases in
corrosion attack because of irradiation and no
other unusual effects were found. In the portion of
the loop that showed the maximum corrosion, the
average penetration was 1 mil and the maximum
was 2.5 mils. In general, the changes in the
Inconel were those expected in specimens sub-
jected to the heat treatment imposed by operation
of the loop. The average corrosion for the entire
loop was 0.5 mil, and no deposits of mass-trans-
ferred material were found. The fuel circulated
in this loop was NaF-ZrF -UF4 (62.5-12.5-5
mole %). The fission power generated in the
fuel was calculated to be 2.8 kw, and the maximum
power density was 0.4 kw/cm3,

The miniature in-pile loop was operated in a
vertical position in the LITR, but the experiment

was terminated after about 30 hr because a faulty

pump motor prevented the maintenance of steady
fuel flow. The test was incomplete as a corrosion
study, but it was possible to make a fairly thorough
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study of the in-pile characteristics of the loop.
The necessary design modifications are being
made, and a new loop is being fabricated.

" The Reactor Experimental Review Committee
has approved the insertion of the pressurized
stress-corrosion apparatus in HB-3 in the LITR,
and specimen assemblies for a series of tests are
being filled with fuel. Bench tests are in progress
on an apparatus for insertion in the MTR that is
designed to test creep in two nonfuel atmospheres.
An MTR (tensile) creep test apparatus irradiated
during two reactor cycles is being returned to
ORNL for postirradiation measurements, The
bench equivalent of this apparatus has been
assembled and tests have been started.

The maximum high-energy neutron flux in HB-3
of the MTR was measured to be 3.1 x 10'3 fast
neutrons/cm2.sec, and the thermal-neutron flux
was found to be 2.3 x 1014 neutrons/cmZ.sec. A
flux-depression experiment in HB-3 indicated a
lack of sensitivity of flux depression to the kind
of nuclear absorber used, The power to be ex-
pected in the MTR in-pile loop was estimated from
the measurements to be 31 to 36 kw.

Analyses of reactor-grade beryllium obtained from
The Brush Beryllium Co. and the R. D, MacKay
Company showed that the predominant source of
gamma activity after long irradiation followed by a
few days decay is Sc48, The quantity of scandium
present is so small that it cannot be found by
chemical analyses with a limit of detection of

200 ppm.

‘9. Analytical Chemistry of Reactor Materials

Modifications of the n-butyl bromide method for
the determination of oxygen in sodium were evalu-
ated. The modifications included the addition of
a column of silica gel and diatomaceous earth
for the rapid purification and desiccation of re-
agents and an improved apparatus in which the
reaction between sodium and butyl bromide could
be carried ouf in an afmosphere of argon, Although
the oxygen content of the majority of the samples

whlch were used in tesfmg ‘these modlflcohons_‘
~ 'was in_excess of 200 ppm, concentrcmons of the
order of 20 to 40 ppm of ~oxygen were found ln'

specially prepored sodium,

#Tests were made of the method for the determina-

tion of oxygen in sodium by titration of the Nazo,,

that remains after vacuum distillation of the sodium
metal, An apparatus was constructed that was
similar to one developed by the Argonne National
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Laboratory. Preliminary results on sodium sampled
at 1200°F showed an oxygen content of the order
of 50 ppm. Since samples of sodium at high tem-
peratures can be obtained with this apparatus and
since low levels of oxygen can be detected, the
apparatus is to be attached directly to a forced-
circulation  high-temperature-differential sodium
loop so that analyses can be carried out during
operation of the loop.

Development of a volumetric method for the de-
termination of zirconium in fluoride salts was
completed, In this method zirconium is converted
to a stable complex by the addition of an excess
of disodium dihydrogen ethylenediaminetetraacetate
(EDTA) to a dilute H2$O4 solution containing
zirconium, The excess EDTA is titrated with
trivalent iron to a disodium-1,2-dihydroxybenzene-
3,4-disulfonate end point at @ pH of 4.8, Titration
can be conducted in the presence of as much as
0.1 M of fluoride ion by first complexing the
fluoride ion with beryllium, Slight modifications
in the procedure make the method also applicable
to the determination of zirconium in the presence
of moderate amounts of irivalent iron, divalent
nickel, and trivalent chromium.

The apparatus for the determination of uranium
metal in mixtures of fluoride salts by decomposi-
tion of the hydride in an atmosphere of oxygen at
reduced pressures was modified to include fwo
combustion tubes so that one sample can be oxi-
dized while a second is being converted to the
hydride,

Analytical assistance was given in a study of
the rate of elimination of atmospheric gases from
a dry box with argon. The most efficient flushing
action was found to be the fairly rapid injection of
argon at the bottom of the dry box, without supple-
mentary agitation, With an argon flow rate of 25
cth, the concentration of oxygen in the atmosphere
of a 21-ft3 dry box was reduced by a factor of 100
by flushing with two volumes of argon.

Investigation was continued of the application
of the bromination method to the determination of

“oxygen in ZrF, and its mixtures with alkali-metal

fluoride salts. Incomplete removal of oxygen was

" observed for samples of pure ZrO, after bromina-

tion for 6 hr at 950°C,

“In the bromination method for the determination
of oxygen in metal oxides, the oxygen is converted
to CO and then oxidized to CO2 for measurement,
A method for the direct measurement of CO was
studied in which the CO is absorbed in an aqueous
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solution of PdClZ and KCl. The net increase in
hydrogen ion concentration of this solution is a
function of the CO present, Excellent titration
curvés were obtained only when an amount of KI
in excess of the PdCl present was added to the
solution prior to htrahon with a standard base.

10. Reqovery and Reprocessing of Reactor Fuel

" A review of the design and construction prob-
lems involved in the completion of the pilot plant
for the recovery of fused-salt fuels has indicated
that a construction completion date near the end
of February 1956 will be more realistic than the
December 1955 date given previously., An engi-
neering flow sheet was issved, and approximately
65% of the process equipment items are on hand
of are ‘in some stage of procurement or fabrication,

The dump tank containing the ARE fuel was
moved, uneventfully, from the ARE building to
the pilot plant building. Methods have been de-

©vised for removing the fused salt from the dump

tank and from other types of containers for charg-
ing into the fluorination vessel.

Direct-resistance heating of transfer lines was
found to be satisfactory for preventing plugging,
except at fittings, where supplemental external
heating will be required. A freeze valve was de-
signed for closing the transfer lines to and from
the fluorinator, After 15 cycles of freezing and
thawing, this valve, when frozen, held against a
pressure of 20 psig without leaking.

An improved procedure for decontamination of the
UF6 product of the fluorination step was developed
which involves the absorption of the UF, on NaF
at 100°C and desorption by heating to 400°C, with
the product gas passing through a second bed of
NaF before collection of the UF, in a cold trap.
Since in this two-bed process, in contrast to the
previous process in which a single absorbent bed
was used, the fission products never enter the
product-collection system, decontamination factors
of greater than 10° were obtained in re-used equip-
ment, Preliminary results indicate that nitrogen
may be used as a sweep gas in both the fluorina-
tion and the NaF absorption and desorption steps
to reduce fhe amount of fluorine required for
processmg.

PART HI. SHIELDING RESEARCH
» 11, Shield Design

A survey of the weights of spherically symmetric
um’f»‘shlelds’for circulating-fuel reactors was made

10

for a range in dose rates of 0.1 to 10 rem/hr at a
distance of 50 ft and a range in reactor power of
100 to 300 Mw. An estimate was obtained for the
added weight of an NaK-to-NaK secondary heat
exchanger and its shielding. The additional weight
was found to vary sharply with the manner in
which the dose rate was divided between the

"secondary heat exchanger and the reactor and with

the absolute value of the sodium activation. The
chief sources of radiation in the 300-Mw circulating-
fuel reactor for the NJ-1 power plant were determined.

New data recently obtained at the TSF and the
LTSF are being used in a parametric shield weight
study for a 300-Mw circulating-fuel reactor in
which the important reactor dimensions are varied.
Differences between the shield test mockups and
the design reactors are accounted for on the basis
of the present understanding of the sources of
radiation in each. As a result, shield weight
dependence upon reactor and shield dimensions
and materials can now be calculated with greater
certainty. The results obtained to date indicate
that divided shield weights can be significantly
reduced by increased shield-shaping based upon

TSF and LTSF data and analyses.
12, Lid Tank Shielding Facility

The static source tests of the second series of
the circulating-fuel reflector-moderated-reactor and
shield (RMR-shield) mockup experiments have been
completed. The final tests included neutron and
gamma-ray measurements beyond the mockups to
determine the effect of placing an intermediate or
high atomic weight material immediately behind the
beryllium reflector, varying the thickness of the
reflector, and distributing the lead gamma-ray

shield in borated water. For a typical 300-Mw

RMR-shield, little, if any, welght saving results
from adding bismuth to the outer region of the
reflector rather than using lead in the shield. The
addition of a 2-in.-thick layer of copper in the
same region was insufficient fo effect an appreci-
able weight saving, but there was ewdence that
there might be enough self-absorption of copture
gamma rays in a 4-in.-thick copper layer to show a
valuable weight saving. Varying the berylhum
thickness (8, 12, and 16 in.) did not have an
appreciable effect,

The study of distributing the lead gamma-ray
shield in borated water showed that, for lead
thicknesses up to 5 in., there would probably be

Wl
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“completed.”
for use with the shleld opflmlzatlon ‘'studies of the

Tower Shleldmg Facnhty. It is felt that fhlS:;: i
analysis, which involves simple geometry, is

no weight saving as a result of distributing the
lead rather than placing it in one piece but that
there might be an appreciable weight saving as
a result of distributing the lead beyond the first
5-in, layer, The secondary gamma-ray dose rate
produced in the lead and borated-water shield fell
off at the same rate as the thermal neutron flux

" and thus was apparently caused by thermal-neutron

captures in the shield.

Sodium activation tests were performed to de-
termine the activation of the coolant in the heat
exchanger region as a function of the heat ex-
changer thickness, the boron curtain thickness and
distribution, and the reflector thickness., Results
of representative tests showed that the sodium
activation in the heat exchanger was increased in
going from a 4-in. thickness to a 6-in. thickness.
The probability of escape of the resonance neu-
trons was reduced by the increased thickness; the
probability may be increased, however, by dis-
tributing the boron curtain through the heat ex-
changer region. An increase in the reflector thick-
ness from 8 to 12 in. decreased the sodium acti-
vation by 80%. A gamma-ray shield of copper
placed between the beryllium reflector and the
first boron curtain increased the sodium activation
by a factor of about 6.

13. Bulk Shielding Facility

A part of the experiment designed for determining
the gross fission-product gamma-ray spectrum was
completed.  Small samples of enriched uranium
were irradiated in the ORNL Graphite Reacter for
time intervals ranging from 1 to 8 sec, and the
gross fission-product photon spectrum was studied
by using the multiple-crystal gammo-rcy specfrom-

eter, The decay of six energy groups, covering
the range of 0.28 to 5.0 Mev, was followed from
5 to 150 sec after fission. The total energy re-
lease per fission in the time ‘interval and energy

range described was found to be about 1.5 Mev.

Additional measurements of fast-neutron dose as,

a function’ of cmgle in a water shueld have be
The resulting data were analyzed

more meaningful than that reported in the pre-
vious ANP Quarterly for which data obtained with
the GE-ANP mockup were used.

The angular-distribution measurements made on
the reactor center line at a distance of 70 cm
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from the reactor were integrated, The integrated
dose (0.49 mrep/hrew) compared surprisingly well
with the total dose measured by the Hurst-type
dosimeter (0.52 mrep/hrew).

Measurements were also made through 70 cm of
water at a point 19.6 cm from the center line of
the reactor and through 5 cm of water on the center
line of the reactor. In all cases the measured dose
remained constant, within the statistical devia-
tion, when the collimator was pointed at the active
lattice of the reactor,

14. Tower Shielding Facility
The results of Phase | of the TSF differential

shielding experiments have been incorporated in
the development of a procedure for optimizing the
neutron shield of a divided aircraft shield. In this
optimization procedure the neutron shield at the
reactor is divided into N conical shells, The
thickness of the nth conical shell is then denoted
by T, (n=1,2,...,N). Thecrew shield is assumed
to be cylindrically shaped, with a rear thickness
T, and a front and a side thickness T .. The pro-
cedure then consists in (1) expressing both the
total weight of the neutron shield and the dose
rate at the center of the crew compartment as
functions of the T 's, T, and T; (2) using the
method of Lagrange multipliers to obtain the equa-
tions which the T 's, T, and T, must satisfy in
order that the weight be a minimum for a specified
total dose rate at the center of the crew com-
partment; and (3) developing an iterative procedure
for the solution of these equations.

There are still some gaps in the experimental
input data required for the optimization, Where it
has been feasible, these gaps have been filled by
extending the existing data by qualitative theoreti-

" cal Cénsidéraﬁons of the attenuation processes
“involved. An important limitation does exist, how-
“‘ever,”in the use of this optimization procedure,

In the TSF experiments, scattered dose rate meas-

_.Surements were “not taken for T or T, smaller

of ‘water. Therefore, for T and

Tr less than 5 cm, extrapolations must be used

Indications are that, for such small thicknesses,

:'rhe relaxonon Iengfhs chqnge opprecmbly, hence,
it does not appear advisable to use the procedure
for a crew shield thickness of less than 5 cm of

water.

A neutron shield optimization calculation for a
typical reactor and shield configuration was made
by using the above procedure. This calculation

11




indicated that the procedure is quite satisfactory
~and yields results which converge rapidly enough
for the solution to be obtained in a reasonable
length of time by hand calculation. In going from
the first to the third iteration, the weight of the
calculated shield, in this sample calculation, was
reduced from 11.3 to 9.6 tons,

12

A further investigation of the GE-ANP R1 re-
actor and crew shield mockups is under way.
Measurements of gamma-ray doses inside the crew
compartment mockup have been completed, and,
at present, a study of the distribution of gamma-ray
intensities in air around the reactor shield is
being made.
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E. S. Bettis

1. REFLECTOR-MODERATED REACTOR

A. P, Fraas

W. G, Piper

Aircraft Reactor Engineering Division

A, M, Perry

Electronuclear Research Division

AIRCRAFT REACTOR TEST FACILITY
F. R. McQuilkin
Aircraft Reactor Engineering Division
Construction of the ART Facility has been
divided into three ‘‘packages’® of work. Package 1
includes alterations and additions to Building
7503; construction of the 7503 cell, air duct,
stack, adsorber tank, spectrometer facility, and
fuel storage tank; a portion of the electrical power
system; and all work required on roads, grounds,
and fencing. Package 2 consists in additional
mechanical, electrical, and structural work for

* which design could not be completed for inclusion

in package 1. The work included in packages 1
and 2 is to be performed by an outside contractor,

The work items included in package 2 are the

diesel-generator auxiliary power supply facility,
auxiliary service and utility equipment, and lines
up to the cell and to the vent-gas piping system.
Package 3 includes the installation, by ORNL
forces, of the experimental instruments, controls,

‘process lines, and process equipment,

Drawings and specifications for package 1 were
prepared by the K-25 Engineering Division for
lump-sum prime contracting. All six prospective
prime contractors who expressed prior interest
submitted bids, which were opened August 16.
The bids ranged from $765,835 to $869,560, with
bids for the cell included; the cell bids ranged
from $229,000 to $280,000.
awarded on August 19 to the low total bidder,

the V. L. N|cho|son Compcny, Knoxv:lle, Ten- -
,nessee. __V_Thélr bid

ed $264 373 for the crglzl‘

bunldmg 'addutnon,‘:’?‘v , in 240 ,_duys,
commencing August 29 1955,
southwest corner installation are to be completed

by June 1, 1956.

" The cell and A

The package 1 drawings for the southwest area
are being withheld pending design of the complex
piping and equipment (package 3 work) that will
be installed within this area. Final release of the
package 1 drawings for this area is scheduled for
October 15, 1955. Plans and specifications for
package 2 work are being made at ORNL.

SHIELDING EXPERIMENT FACILlTY
R. D. Schultheiss

Aircraft Reactor Engineering Division

Recent tests made at the Tower Shielding
Facility indicated that provision should be made
for the measurement of the gamma-ray spectrum
of the ART as a function of the angle of emission
from the reactor shield surface. It was decided
that four collimated beams radiating from an
equatorial point at the surface of the water shield
at angles of from 0 to 70 deg from the radial
direction would serve to give the essential data.
One additional collimated radial beam will be
available from an equatorial point at the surface
of the reactor pressure shell; this beam will be
used only during low-power operation. The layout
required for providing these beams and the fa-
cilities for measuring them are shown in Fig. 1.1.

~ In addition to the facilities shown in Fig. 1.1, a

The contract was

gamma-ray dosimeter will be located on the roof
above the reactor,

NP e e ey s L

AIRCRAFT REACTOR TEST DESlGN
k Reacfor De5|gn . ' ;
y P Frcncs

shown in Figs. 1.2, 1.3, and 1.4, "and Table 1.1
gives the key dimensional data. The design of
the pump-expansion tank region, which includes
the sodium-to-NaK heat exchanger, has been
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Fig. 1.1. ART Shielding Experiment Facility.

worked out in a fashion which seems to be satis-
factory from all standpoints. A one-half scale
plastic model of that region has been completed
to facilitate examination of fabrication, stress,
fq:nd’ _fIUid/-_fl'b;/v' problems. Work has started on a
- full-scale aluminum model of this same assembly;

o with a;I'UmVirn‘ukm, the procurement and machining

~time will be reduced drastically from the time that
-~ would be required with Inconel, and yet the
S fabr tion problems that will arise in the pro-
~ “duction of this model will be the same as those

16

to be involved in the fabrication offhe ART lf

is expected that many welding problems will be

revealed and that modifications can then be made
to facilitate fabrication with Inconel. The alu-
minum model will also be used for flow tests with
water and stress analyses with strqin\gfage‘s or

stress-coat paint. The remaining design work on

subassemblies is sufficiently well along that
arrangements for procurement of the Inconel and
other parts for the ART began on August 1,

Fabrication of the various shells, such as the

)
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Inconel tubes placed on 0.667-in. square centers.

ita are presented in

“* Fuel-to-NaK Heat Exchanger Design

oo Ajreraft Reactor Engrineering Dﬁiviksi'or‘l

e ART are identical ‘in design.” Each radiator —~ = TETaT edeion ERgmEsting IV S Ior
consists of type 310 stainless-steel-clad copper =~ Design calculations and the layout drawings for
P ' (0.0025 in.—0.005 in.-0.0025 in.) fins spaced 15 the main heat exchanger were completed, and a

19

n ¥ 4-in.-CD, 0.025-in.-wall

sign conditions are presented in
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Fig. 1.4. Horizontal Section Through Sodium Pumps.

selection of a heat exchanger was made. The iig. The design data are presented in Table 1.4,
. design selected is similar to the designs previ- The new layout makes it possible to halve the
ously described except that the tube configuration number of heat exchanger tube bundles without
in the vicinity of the header sheets has been doubling the number of jigs. This has the ad-
modified so that all tubes in a given layer have vantage of halving the number of NaK pipes

the same shape and can be made with a single  penetrating the reactor pressure shell,
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TABLE 1.1. REACTOR DIMENSIONS

»!c REACTOR CROSSV-SECTION EQUATORIAL RADII (in.) B4C tile
{’ Inside 22.043
é Control rod thimble Thickness 0.375
) Inside 0.750 Outside 22.418
" Thickness 0.062
‘Outside 0.812 Helium gap
' Inside 22.418
Sodium passage Thickness 0.020
Inside 0.812 Outside 22.438
Thickness 0.094
E Outside 0.906 Outer reflector shell
. Inside 22,438
Beryllium Thickness 0.062
Inside 0.906 Outside 22.500
Thickness 4.219
Outside 5.125 Spacer thickness 0.015
Sodi Tangent to first heat exchanger tube 22,515
odium passage
Inside 5.125 Tube radius 0.094
Thickness 0'1?5 Center line of first tube 22,609
Outside 5.250
R : Eleven 0,2175-in, spaces 2.392
Incone! shell (inner core shell) .
|, Inside 5.250 Center line of twelfth tube 25.001
' Thickness 0.125 Tube radius 0.094
Outside 5.375 Spacer 0.015
o Fuel ) . Channel
Inside 5.375 Inside 25.110
Thickness 5.‘]25 Thickness 0.125
) Outside 10.500 Outside 25.235
Ovuter Inconel core shell Gap
Inside 10.500 Inside 25.235
Thickness 0.125 Thickness 0.040
Outside 10.625 Outside 25,275
. Sodium passage Boron- jacket
Inside 10,625 Inside 25.275
Thickness 0.094 Thickness 0.062
Outside 10.719 Outside 25,337
Beryllium fe'vflé‘i:;fbi'vﬁ » » B,C tile
Inside_ R e 10-71_9 ) Inside 25.337
» Thickness 7 o . ]0.949 ' Thickness 0.313
i Outside T 1668 ¢ Outside , 25.650
i Sodium passage Helium gap
i ' Inside 25.650
Z’ Thickness Thickness 0.020
Outside _ 25.670
- Inconel shell Pressure shell liner o
] < Inside TR Inside 25.670
’ Thickness 'v ) 0.250 Thickness 0.375
? Outside 22.043 Outside 26.045
’ 21
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TABLE 1.1. (continved)

So‘dbium passage
‘Inside
Thlckness
Outside
Pl;essure shell
rlhsiaé
- Thickness ’
7 Outside

CORE

D?ame:fey (i’risvide‘ of outer shell at
“équdter), in. ‘
Island outyéi‘dé’ d’i'crir:nefer, in.

Core |n|ef outsnde diameter, in.

" Core inlet inside diameter, in,

" Core inlet area, in.2
Core equatorial cross-sectional

area, in.2

MODERATOR REGION

Volume of beryllium plus fuel, £3
Volume of bery!lium, 13

Cooling passage diameter, in.
Number of passages in island

Number of passages in reflector

FUEL SYSTEM

Fuel volume, £3
In 26-in.-long core
In inlet and outlet ducts
In expansion tank when 1/2 in. deep
In heat exchanger
In pump volutes

Total in main circuit

Fuel expansion tank
Volume, £43
Width, in.

Length, in.

SODIUM SYSTEM (f+3)

Sodium volume

annular passages

© I heat exchanger

26.045
0.125
26.170

26.170
<71.000
27.170

21

10.75
n
6.81
58.7
256.2

28.2
24.99
0.187
100
288

3.2
1.41
0.08
2.84
0.84
8.38

0.5787
13.625
32.500

1.n
0.165

In island tubes

In reflector tubes

In inlet and return piping
In pumps and volutes

In first deck

In second deck

In external piping

In expansion tank

Total sodium volume

FUEL-TO-NaK HEAT EXCHANGER

Tube data, in.
Center-line spacing
QOutside diameter
Inside diameter
Wall thickness
Spacer thickness

Mean length
Equatorial crossing angle

Inlet and outlet pipe, in.
Inside diameter

Outside diameter

Header sheet, in.
Thickness

Inside radius
Fuel volume, ft3
Number of tube bundles
Number of tubes per bundle, 12 x 24
Total number of tubes
Latitude of north header center line

Latitude of south header center line

PUMP-EXPANSION TANK REGION

Vertical distance above equator, in.
Floor of fuel pump inlet passage
Bottom of lower deck
Top of lower deck
Bottom of upper deck
Top of upper deck
Top of sodium pump volute
Center line of fuel pump discharge
Center line of sodium pump

discharge
Top inside of fuel expansion tank

Inside of dome

0.064
0.233
0.077
0.175
0.260
0.308
0.019
0.042
2.45

0.2175
0.1875
0.1375
0.025
0.030
72.000

26°20°

2.375
2.875

0.375
3.812

2.84
12

288
3456
41°30”
47°

17.500
19.125
19.625
24.000
24.500
27.750
21.500
26.125

29.500
29.875

L)
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TABLE 1.1. (continued)

... Number of vanes in impeller

- Centereline s

Qutside of dome

Top inside of sodium expansion
tank

Top outside of sodium expansion
tank

Top of fuel pump mounting flange

Top of sodium pump mounting

flange

FUEL PUMPS
Center-line spacing, in.

Volute chamber, in.
Width
Length

" Height

Impeller speed, rpm
Estimated impeller weight, b

Critical speed, rpm

Shaft data, in.
Diameter
Overhang
Over-all length
Outside diameter between bearings

Outside diameter below seal
Distance between bearings, in,

impeller data, in,
Diameter
Discharge height

Inlet diameter

Lower journal bearing

outside diameter, in.

Thrust bearing height from

equator, in.

Volute chamber, in.
Width

23,125

20.875
24.312

34.812

47.000
50.220

21.000

13.625
32.500
4.375

2750
11
6000

2.250
14.750
31.500

2.375

2.250

12.000

5.750
1.000
3.500

3.400

48.187

7.687

Length
Height

Impeller speed, rpm
Estimated impeller weight, |b

Critical speed, rpm

Shaft data, in.
Diameter
Over-all length
Outside diameter between bearings

Outside diameter below seal

Distance from center line of lower

bearing to center line of impeller, in.

Distance between bearings, in.

Impeller data, in.
Diameter
Discharge height

Inlet inside diameter

Lower journal bearing outside

diameter, in.

Thrust bearing height above
equator, in,

Number of impeller vanes

Diameter of top positioning ring, in.

Diameter of bottom positioning
ring, in,

Outside diameter of top flange, in.

SODIUM-TO-NaK HEAT EXCHANGER

Tube data, in.
Center-line spacing
Outside diameter
Inside diameter
Wall thickness
Spacer thickness
Mean length

Number of bundles

Number of tubes per bundle, 15 x 20
Total number of tubes

Inlet and outlet pipe, in.

Inside diameter

Outside diameter

8.687
2.500

2880
10
6000

2,250
31.500
2.375
2.250

13.300

12.000

5.750
0.500
3.500

3.400

51.907

10
6.200
6.190

10.000

0.2175

0.1875

0.1375

0.025

0.030
28

300
600

2.375
2.875
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TABLE 1.2. RADIATOR DESIGN CONDITIONS

Main Auxiiiary
Power, Mw 55 4.7
NaK inlet temperature, °F 1500 1100
NaK outlet temperature, °F 1070 900
Total NaK flow ot average femperature, cfs 10.45 170
" Air inlet temperature, °F 100 100
C AN outlet temperature, °F 1128 810
“Total air flow at inlet conditions to blower, cfm 179,000 22,800
Air pressure drop across radiator, in. Hy0 5.58 5.84
TABLE 1.3. RADIATOR DESIGN DATA
Main ~ Auxiliary '
Face ared, f2 6.25 6.25
 Mean free area, ft2 3.66 3.66
Air mass velocity, Ib/ft2.sec 3.46 371
Collar plus tube wall thickness, in. 0.035 0.035
Fin area, f12 922 922
Collar area, 12 5.2 5.2
Inside tube area, ft2 42.7 42.7
Mean tube area, ft2 44.2 44.2
Number of tubes 360 360
Number of rows 8 8
Air Reynolds number 1321 1590
NaK flow area, in.2 5.34 5.34
NaK Reynolds number 91,400 111,000
NaK mass velocity, Ib/ft2.sec 820.0 121

Core Flow Studies

W. T. Furgerson G. D. Whitman
E. C. Lindley W. J. Stelzman
A. M. Smith Jo M. Trummel

Aircraft Reactor Engineering Division

Two approaches to the core hydrodynamics
problem are being investigated. Both make use

‘of a vortex sheet in the annulus between the
“island ‘and reflector in an effort to get a high
.~ degree of mixing. In the first system the vortex
“_axes parallel the island, while in the second they

24

spiral helically downward around it.

systems the two fuel pump volutes discharge
tangentially into the core inlet to give a system
that is insensitive to the one-pump-out condition,

Eight series of tests have been made on the
axial vortex system in the metal core rig. The
tests constituted a systematic development of an
inlet-guide-vane and turbulence-generator design

‘which would produce radial velocities of sufficient

magnitude to keep the boundary-layer fluid mixed
with the free stream.

-y
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PERIOD ENDING SEPTEMBER 10, 1955

TABLE 1.4, FUEL-TO-NoK HEAT EXCHANGER DESIGN DATA

Inconel surface in contact wnth NcK

Tube diameter

Number of tubes per bundie
Number of bundles

Tube center-line spacing
Tube wall thickness

Tube array, square pitch?

‘Mean tube length

Fuel temperature range

NaK temperature range

Fuel pressure drop through heat exchanger

NaK pressure drop through heat exchanger

Fuel Reynolds number in heat exchanger

NaK Reynolds number in heat exchanger

Fuel flow rate?

NaK flow rate®

Fuel volume in heat exchanger

NaK volume in heat exchanger tubes (not including headers)
Heat exchanger thickness (includes 0.015-in, side-wall clearance)

Limiting combined tube stresses” at tube wall temperatures

Log mean temperature difference

Estimated maximum tube wall temperature, neglecting secondary

Eeqting effects

Fuel mixture NaF-ZrF +YUE, (50-46-4 mole %) heat transfer coefficient

NaK (56% Na-44% K) heat transfer coefflment
Capacity at design operating condmons ‘ -

Inconel surface (tubes and channel) in contact with fuel

Inconel volume of fubes in heat exchanger

0.1875 in.
288

12

0.2175 in.
0.025 in,

12 x 24

5.95 ft

1250 to 1600°F
1070 to 1500°F
43 psi

41 psi

4135

144,000

2.96 cfs

10.45 cfs

2.84 f13

2.14 43

2.61 in.

1125 psi at 1135°F
220 psi at 1535°F

136°F
1535°F

2090 Btu/hr-ft2.0F
18,200 Btu/he+2.0F
55 Mw

160,000 in.2 (1110 £12)
107,500 in.2 (746 f12)
”'3170 .n.3 (1 83 ff3)

7 "'wnfh swnrl .chamber

approx1ma’rely three times he axial
. Thls glves rlse fo sfrong radial

fricti n, “induce an adverse axial pressure grodlenf
gut_de vanes or turbulators,  The flow has « along the island w_all, This induced axial pressure
rotational component centered on the core axis gradient is additive to the already existing
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STATION 9
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STATION 6
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Fig. 1.5. Axial Velocity Profiles from Test

Series 1.

gradient caused by the divergence of the core,

and thus large areas of reverse flow occur next
to the island.

The results of tests of the core with inlet guide
vanes for eliminating the rotational flow com-
ponent are presented in Fig. 1.6, The induced
axial pressure gradient was removed, and the
amount of flow reversal along the inner wall was
decreased. As in the first series, the flow was
essentially two-dimensional; that is, no appreci-
able radial component existed.

Turbulators were added to the previous con-
* figuration for another series of tests. The tur-
“bulators were expected to generate radial velocity
»componenfs which would carry boundary-layer fluid

ln'ro the mldstream and vice versa. It can be seen

ORNL-LR-DWG 9349

EQUATOR STATION
5 INLET GUIDE
VANE DETAILS
STary
g ON
NO DATA TAKEN
ABOVE STATION 7
OR BELOW STATION 4
3 a
STATIoN Q&
2 5]
STATION 9
! ¢
o

Fig. 1.6. Axial Velocity Profiles from Test
Series 5.

from Fig. 1.7 that the amount of flow reversal was
further reduced.

In another series of tests (series 8) flow re-

versal was eliminated from station 6 downward
by use of a greater radial velocity component.
The configuration of series 8 was used for two
brief tests that simulated the one-fuel-pump-out
condition. Preliminary results indicate that flow
conditions change very little, the percentage of

flow separation remaining approximately the same

as for the two-pump condition.

Data are taken from the metal core test rig by
means of wall static pressure taps and claw probe
traverses. The latter read total pressure and flow
direction but are limited to measuring flow which
is two-dimensional. As stronger turbulators are

designed and radial velocity components become

greater, accurate data will be mcreasmgly more

¥
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i B < electrolyte injected was a concentrated solution
, ORNL-LR-DWG 9320 . -

of sodium chromate, injections were made
manually by using a 30-ml glass syringe. Some
care was required to obtain adequate insulation
and to seal around the two wires of the conduc-
tivity probes. A satisfactory arrangement employs
Kovar tubing and wire with a glass insulator and
seal. As now used, the probes consist of a
/‘6-m.-dlq Kovar tube with two 0.025-in.-dia Kovar
wires. The wires are separated by approximately
]/8 in. and project about % in, from the seal. The
total length of the probe is 9 in. Some corrosion
of the probes occurs, but probe life is considered
to be satisfactory,

INLET GUIDE VANE AND
TURBULATOR DETAILS

The resistance bridge is a Wheatstone bridge
with fixed legs of 10,000 ohms each; the third leg
is adjustable to match the electrolyte resistance
sensed by the probe, which is the fourth leg. A
45-v battery supplies the bridge current. The
bridge can be balanced for any initial conductivity

of the water, and therefore only a change in
NO DATA TAKEN - . . .
ABOVE STATION 7 conductivity is passed as a signal to the ampli-

TN ’ i
st o OR BELOW STATION 4 fiers.
gT’ON 5

STATION
5

STar,
0
4 fon

Conductivity experiments have been made on
both the aluminum model and the transparent
plastic model. The water flow rate is approxi-
mately two-thirds the fuel flow rate for the
Reynolds number expected with the fuel flow.
Perhaps the most pertinent values derived from

4 S s e the tests are the estimates of transit times. For

Fig.. 1.7. Axial Velocity Profiles from Test example, data were taken with the probes located

Series 6. , o very near the inlet and outlet of the aluminum

o : ; model core, and, if time is counted from the first

. difficult to obfain. Two other llmltahons fo the  appearance of added salt at the inlet probes, the
metal core rig exist in time of appearance of the salt at the outlet probe

average values and do not respond fo fransients, ~ is as shown in Fig. 1.8. The fastest transit time

: and surveys are limited to two points 9-deg aport ~ was 0.8 sec, while \_"fh sylowesfrrnrecsured transit
; about 28 se There is a limit to the
" sensitivity of the measuring qppqrufus, cnd un-
*"doubtedly, some small amount of salt passes after
‘the hme of no signal on the Brush recorder. The

A transit time, compu'red as fhe quohem‘ of

g

20

VELOCITY {fps)

ected p sn‘lons ‘in_the flow.

The ‘apparatus  used includes “two’ “conductivity transit time was found to be 0.35 sec, and, by

" - probes, two resistance bridges, two Brush ampli- extrapolation, the maximum transit time was esti-
' fiers, and a two-channel Brush recorder. The mated to be at least 3.2 sec.

27
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Fig. 1.8. Transit Time for Flow Between Core Inlet and Outlet.

Studies were made of the flow of water through
the transparent plastic model by injecting a dye
at various points. The header, at the time of
these tests, was designed to produce two,
meshing, helical vortexes through the flow
chamber. Several combinations of chemicals for
imparting color changes were considered. The
most satisfactory one, by far, was a combination
of starch, iodine, and sodium thiosulfate. For the
tests the model was filled with a starch solution,
which was transparent prior to the injection of
the dye, the dye being an iodine solution (a
safurated solution of iodine in methyl alcohol).
After the dye was injected, transparency could
again be obtained in the closed system by the
injection of a clearing agent, The clearing agent
was a saturated solution of sodium thiosulfate in
water., The study was made by alternately in-
jecting the dye and the clearing agent. The dark
blue cloud resulting from the dye injection was

,fronsported with the water. The general character-
“istics of the flow could be observed, and, in

particular, the flow at various points could be
noted. In one way the action of the clearing agent
was superior to that of the dye: those areas
where turbulence was least were the last ones

28

to be cleared of the dye. Photographs were taken
of the tests, but they have not yet been analyzed.

Visual observations indicated that the water
circulated about the vertical axis of the core, with
the greater portion of the mass making from four
to seven revolutions in passage. There was
upward flow in the upper hemisphere near the
island, but very good mixing appeared to prevail
throughout most of the core. An extensive series
of pictures of flow in both cores is scheduled for
completion in September.

Core Design Analyses

W. T, Furgerson
Aircraft Reactor Engineering Division

Interest in core designs with lower degrees of
divergence than that of the present 21-in. design
prompted a study of the effect of inlet annulus
dimensions on the adverse pressure gradients
encountered by the fuel in flowmg from the core

inlet to the equator. Any core desngn in which

the area perpendicular to the flow increases along
the flow path will have adverse pressure gradlents
resulting from conversion of velocity head to
static head. If the flow entering the core has a
rotational component, an additional axial pressure

*
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gradient will be induced through fluid friction
effects. If the rotational component is centered
about the core axis, the induced gradient is
favorable along the outer wall and adverse along
the island. In each case, the gradient is algebrai-
cally additive to the gradients brought about by
area change. Since, all other things being equal,
flow separation is favored by higher relative
pressure gradients, the result is a tendency for
flow to separate from the island.

The effect of increasing the outside radius of
the present 21-in. core inlet on the two relative
pressure gradients along the island wall is illus-
trated in Fig. 1.9. The divergence gradient de-
creases because of the decreased divergence of
the core, but the induced gradient increases,
principally because of the increased ratio of inlet
radii,
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- Fig. 1.9, Reloﬂve Dlvergence and |nduced Pres-
sure Gradients for a 21- -in. Core with a 3405-|n.
Inside Rudlus ot the Infet. . o

A contour mop showmg the |hes -ofw censc

o’nve pressure grodlenf ploﬂed cgalnsf bofh

relative’ gradlenf is very closely cpproached, A

" change of inlet inside and outside radii to 5.0°
cmd 7,25)”‘"" respechvely,' could reduce fhew

an |n|ud|c10us increase of inlet area could result‘
in higher relative gradients than those of the
present core design.
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Fig. 1.10. A Contour Map of Constant Relative
Pressure Gradient vs Core InletInside and Outside
Radii.

Similar plots have been prepared for cores
having different equatorial dimensions. The value
of the minimum relative gradient decreases with
decreasing equatorial area, but the inlet radii at
which the minimum occurs remains as shown in
Fig. 1.10. It must be emphasized that the induced
gradient is present only where rotational flow

-~ components exist. Also, the equation by which

the induced gradlent is calculated is highly
theorehcal ‘and has not yet been quantitatively
checked by experlmenf

" Fuel Pump Petformance

R. L. Brewster A. M. Smith

M. E. Luckey ~ G. D. Whitman

< Aircraft Reactor Engineering Division
Performcnce tests “of the fuel | pump (model MF-2)
" with wofer as ‘the cu'cul' fluid were concluded,

v‘w1'rh a fo'ral of >]6 tests hcvmg ‘been conducted.
‘These tests my‘lved hange*s in lmpe“er desxgn,
in the axial and radial running clearances, in

volute design, and in suction geometry, The major
changes in impeller design, suction geometry, and
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radial. rtmnmg clearance were discussed in the
previous report, !
Further study was made of the noise which was
- present in the initial testing and which was
. suspected to be cavitation noise. It has been
‘determined that the noise was not primarily due
to fluid cavitation but, rather, to a local flow
condition that existed at the tongue of the pump
volute. This was established by the use of a
carbon microphone probe. A circuit was devised
so 'rhaf the microphone signal could be observed
“on a cofhode-ray oscilloscope. With this arrange-
'ment, the region of maximum noise was located
near the volute tongue. The absence of cavitation
was further indicated by no observable decrease
in efficiency when the pump was operated at the
.design point under conditions of varying pump
_suction pressure. The pump suction pressure was
‘varied from cpproxuma’rely 11 to 0 psig with a
" water temperofure of approximately 70°F. The
‘vapor pressure ‘of the water at 70°F corresponds
to that of fuel at a temperature of 1535°F, which
is well above the maximum fuel pump suction
temperature expected.

Analyses of the data from the pump performance
tests indicated the need for additional flow area
in the pump volute., The particular evidence for
this was the imbalance of hydraulic forces around
the periphery of the impeller at the design point
and the occurrence of design-speed maximum ef-
ficiency at approximately 20% less than the design
flow.

A design change in the reactor north head for
structural reasons allowed the pump volute flow
area to be increased; however, this increase did
not compensate for the increase in the fuel flow
rate required for improved heat exchanger per-
formance. To obtain the additional required flow
area, the pump volute was redesigned without
diffuser cones.

Results of water performance tests with the
redesigned pump volute indicated excessive re-
‘circulatory losses between the impeller discharge

“-and suction volumes. The impeller lower shroud
was therefore modified to allow the 12 radial
~slingers to be lengthened to the full impeller
diameter in order to increase their developed back
pressure.  The results of this modification are
' ;shown in Flg. 'I 11. To further reduce the re-

- ]G D. Whltman, R. L. Brewster, and M. E. Lackey,
ANP Quar, Prog. Rep. June 10, 1955, ORNL- 1896, p 32.
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circulatory loss, the impeller'qxial.ﬁ:léé}&nce was
reduced from 0.102 to 0.053 in. The results of
this modification are shown in Fig, 1.12. '

It may be seen from Fig. 1.12 that the design
point lies in the region of maximum efficiency.
The noise present with the earlier volute design
was eliminated, and the condition of hydraulic
force balance on the impeller occurs near design
speed and flow.

Controls and Instrumentation

J. M. Eastman
Bendix Products Division

E. R. Mann

Instrumentation and Controls Division

A flow sheet has been prepared that shows,
schematically, the locations of the instrumentation
and control components.  Control-panel layout
studies“are being made. Elementary-control elec-
trical wiring diagrams are being prepared to
provide control actions in accordance with infor-
mation block diagrams, which show control func-
tions independent of control techniques or hardware
types. The selection of control techniques and
the specifications for component hardware are
being worked out., Apparently no fundamentally
new development work, except for special sensors,
will be necessary to meet control requirements,
although heat load responses may require the use
of some controls not previously required for
reactors.,

The linear equipment for an ORNL reactor
simulator has been assembled and tested. Com-
pletion of the nonlinear simulator equipment is
scheduled for September 1, 1955, with the delivery
of special components from Reeve Electronics,
Inc. One of the major objectives of the simulation
is the determination of the control system re-
sponse requirements under emergency conditions.

Two instrument test loops are being prepared
for checking special sensors, including thermo-
couples, flowmeters, pressure indicators, and the
tachometers. Arrangements are also being made
for testing the fuel-level indicator.

Conceptual designs have been worked out for
the rod-drive mechanism, the enricher actuating
and control mechanism, the moderator coolant
temperature control system, the flux-sensing
chambers, the radiator main louver actuating dand
control mechanism, the fuel and sodium pump

LRSS
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Engmeermg Tesf Un|1
M. Bender

: Alrcraft Reactor Engmeerlng Division

‘construction program for the Engmeermg Test
“7"Unit (ETU) has been established, which, based
on current equipment delivery information, makes
it feasible to start assembly operations on June 1,

and coolmg “equiphe g
mechanism will begin after pertinent reactor design

details are frozen, Fuel-temperature-sensing
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Fig. 1.12. Fuel Pump Performance Characteristics with Modified Impeller and Axial Clearance on

Shroud Reduced from 0.102 to 0.053 in.

1956, On this basis the target date for completion
of assembly and initiation of operation of the ETU
has been set at September 1, 1956.

The basic flow and heat transfer circuits have
been established so that two of the main NaK
‘circuits will heat the fuel and the other two will
" cool the fuel. In each of the cooling circuits there

32

will be a one-fourth section of an ART radiator

arrangement. In each of the two heating circuits
there will be a 1-Mw gas furnace. The sodium
moderator circuit will be cooled by a 0.5-Mw
radiator. This arrangement will apply sufficient
heat to permit measurement of the response of the
system to power changes at low power levels.
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The most important objectives of this experiment
are to develop assembly techniques for use on
the ART, to furnish some information on thermal
stresses in the reactor assembly, to obtain some
heat transfer information on the radiators and the
NaK-to-fuel and Na-to-NaK circuits, and to test
some of the instrumentation to be used on the

ART.

REACTOR PHYSICS
Control Rod Heating and Burnup

W. J. Fader
Pratt & Whitney Aircraft

A. M. Perry
Electronuclear Research Division

Calculations of control rod heating and burnup
to be expected in the ART were completed. The
rod designs considered included cylindrical annuli
of various rare-earth oxides, 13/8--in. OD, either
7/8' or ]]/8-in. ID, and Z or l/8 in. in annular
thickness. The maximum density of the heat
generated by gamma-ray absorption in the 1{‘-in.
annulus was found to be about 140 w/cm3, of
which 15 w/em® was due to gamma rays produced
in the core; the remainder was due to neutron
capture gamma rays produced in the rod. The
heat generated in a 1/8-in. annulus was found to
be about two-thirds of that generated in the Z-in.
annulus. Temperatures in the rod material depend
on whether the rod is fabricated of fused oxide
or of a cermet, For a Z-in.-thick fused oxide rod,
the temperature rise is expected to be 620°F if
the rod is cooled at both the inner and the outer
surface and to be 2300°F if it is cooled only at
the outer surface. Correspondmg temperature
rises for the cermet are very much smaller: 20
and 54°F, respectively, if the conductivity of the
cermiet is assumed to be the same as that of iron.
The heat fluxes are large: 140,000 Btu/ft2.hr if
the rod is cooled at both surfaces, 230,000

Btu/ft2.hr if it is cooled at the outer surfoce

only.
The thickness of the poison material required

to allow for burnup by neutron absorption depends

on the abundance of high cross-section isotopes
in the rare earth and on the density of the rare-
earth oxide, which would be greater for the fused
ceramic rod than for the cermet. Calculated pene-

2. M. Perry; The Boron Layer of the ART, ORNL
CF-55-8-38 (Aug. 4, 1955).
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trations for 500 hr at 60 Mw are tabulated below.
The cermet is assumed to be 33% oxide by volume.

Burnup Penetration (in,)

Ceramic Cermet
Sm203 0.051 0.150
Gd203 0.028 0.082
Eu203 0.011 0.032

For a ]/A-in. annular control rod of BZOC in
copper (30 vol % B,C), the burnup penetration
would be one-sixth as great as that in a europium
oxide cermet, but the heat produced would be
one-third greater. All these considerations are
based on a neutron current of 2.5 x 104
neutrons/cm2.sec into the rod.

ART Boron Layer
A. M. Perry

Electronuclear Research Division

The boron layer (assumed to be made of BlOC
tiles) between the reflector and the fuel-to-NaK
heat exchanger was examined with respect to heat
generation, flux attentuation, helium gas evo-
lution, and burnup.? Heating will be largely due
to the alpha particles from the B19(n,a)Li7 re-
action and will amount to about 13 w/cm? of tile
(40,000 Btu/ftZ-hr). The heat flux per unit area
will be one-half this amount, since both surfaces
of the tile will be adjacent to cooled surfaces;

thus the temperature rise for radiative heat -

transfer will be about 500°F. The absorption
mean free path of thermal neutrons (1200°F)

BlOC with a density of 2.5 g/cm® is 0.0017 in.,
while that of 3-kev neutrons (near the sodium
resonance) is 0.145 in, If the Bl}oC layer were
made 1 in. thick to absorb sodium resonance
neutrons, gamma-ray heating of the layer would
increase the total heat produced by only 30%.
The flux of about 4 x 1013 neui’rons/cm2 ec

“absorbed over an area of 4 x 104 cm? yields a

theoretical helium gas evolution rate of 5

liters/day (STP). Burnup of the boron will be

only 1.2 mg/cm? of B'? in 500 hr at 60 Mw.
High-Temperature Critical Experiment vs ART

A. M. Perry
Electronuclear Research Division

It is recognized that certain rather minor differ-
ences exist between the high-temperature critical
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experiment and the ART with respect to the
factors that determine the critical concentration
of UF, in the fuel mixture. The differences that
may have a significant effect on the critical
concentration are: (1) control rod position: the
ART will be made critical with the control rod

~inserted farther than it was in the high-temperature

critical experiment; (2) beryllium density: cooling

‘ h‘oles_i_n: the ART reflector will reduce the moder-
- ator” density; (3) reflector poisoning: sodium
coolant in the reflector will increase neutron

absorpﬁbhs in the reflector; (4) reflector size:
in order to minimize machining of beryllium for

"the experiment, the reflector was made in an

irregular rectangular shape circumscribing the
design reflector and had a somewhat larger volume
than that of the ART reflector., The effects of
these differences are estimated in the following
paragraphs.

The ART will be made critical ot 1200°F with
the control rod withdrawn about 1.5% in Ak from
its fully inserted position. The control rod cali-
bration of the high-temperature critical experiment,
carried to a point 4 in. above the mid-plane of
the reactor, appears to be consistent with an
over-all rod value of about 5% in Ak. Thus, the
Ak inserted at critical will be about 3.5%. The
increment in concentration necessary to com-
pensate for the initial rod insertion is thus about
7 x 3.5, which is ~24%. The initial rod position,
of course, is, to some extent, at the discretion
of the operators, and the increment in critical
concentration could, if desired, be chosen to be
less than 24% — say 18 or 20% — to correspond
to an initial rod insertion of 2.5 to 3%.

Since the change in beryllium density is not
uniform, the cooling holes being more closely
spaced near the core, it is necessary to calculate
a weighted average density change. This was
done in two ways. From two-group perturbation
theory, the importance of a change in the fast-
group diffusion coefficient or in the group-transfer
cross section is approximately proportional to the
square of the fast flux. The quantity U, (r) was
obtained by adding multigroup fluxes, and v,b% was
used as a weighting function. An alternate

‘weighting function was obtained by computing the

slowing-down density by means of age theory.
in this case the weighting function at radius 7

‘is applied to the average density change in the

spherical shell between the core and the spherical

surface of radius , rather than to the local density
change at 7. Average density changes computed
in these two ways are 4.2 and 3.5%, respectively.
The reactivity effects of a uniform density change
in beryllium have been computed by Curtiss-Wright
Corp. to be 0.42% in reactivity for 1% in density,?
and by Pratt & Whitney Aircraft to be 0.35% in
reactivity for 1% in density. Based on these
figures, an average reactivity change of -1.5%
is predicted. Data from the high-temperature
critical experiment indicate (AM/M)/(Ak/E) to be
about 7. Thus a change in critical concentration
of 10.5% is anticipated as a result of the reduction
of the beryllium density.

The effect of thermal-neutron absorptions in the
sodium coolant was estimated by comparing the
calculations of the Curtiss-Wright Corp.> for
Inconel-lined and unlined cooling holes. The
penalty in uranium concentration due to the
Inconel was reduced in the ratio of the macro-
scopic thermal neutron absorption cross sections
of the sodium and the Inconel. When allowance
was made for the greater number of cooling holes
presently planned for the ART, the increment of
fue! concentration required to compensate for the
sodium in the reflector was 5.6%.

The effect of the additional beryllium in the
reflector of the high-temperature critical experi-
ment has not yet been satisfactorily computed.
This is due, in part, to the irregular distribution
of the added beryllium and, in part, to some
uncertainty regarding the dependence of reactivity
on reflector thickness. Whether the entire re-
flector volume is considered or only the portion
between two planes 1 ft above and below the
equatorial plane of the reactor, the beryllium in
the experimenf was about 3 in, thicker, on the
average, than the beryllium in the design reflector
of the ART. According to the parametric studies
of Curtiss-Wright Corp.,> such a decrease in
reflector thickness over the whole surface of a
spherical reactor would increase the critical con-
centrafion by a factor of 1.26. Results of the
cold critical experiments, however, indicate that
removing 3 in. of beryllium over the region ex-
tending 1 ft above and below the reactor mid-plane

3¢c. B. Mills and H. Reese, Jr., Design Study of an ANP
Circulating Fuel Reactor, WAD-1930 (Nov. 30, 1954).

D. G. Ott and A. Berman, private communication,

SH. Reese, Jr., S. Strauch, and J. T. Mihalczo,
Geometry Study for an ANP Circulating Fuel Reactor,
WAD-1901 (Sept. 1, 1954).
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should increase the concentration by about a
factor of 1.12. The true effect is believed to lie
between these extremes.

The over-all factor by which the critical con-
centration of the ART is likely to exceed that
of the high-temperature critical experiment is

_obtained by multiplying the four factors together.

The result is
F = (1L.2(1.1)(1.06)(1.12) = 1.56 ,

if the low estimates for control rod allowance and
reflector size effect are employed, or

F = (1,25)'(1.1‘)(1.;‘)6)(1.26)'= 1.84 ,

if the high estimates are used. Since the clean
critical concentration of the experiment was 2.9
mole % UF , the critical conceniration of the ART
is expected to fall between the limits 4.6 and
5.4 mole %. Some multigroup calculations are
to be undertaken, in the near future, which should
help to establish the critical concentration of the
ART somewhat more reliably,

6R. R. Bate, L. T. Einstein, and W. E. Kinney, The
Three-Group, Three-Region Reactor Code for Oracle,
ORNL CF-55-1-76 (Jan, 13, 1955).

PERIOD ENDING SEPTEMBER 10, 1955

Multigroup, Multiregion Reactor Calculation

W. E. Kinney
Aircraft Reactor Engineering Division

A new multigroup, multiregion reactor calcu-
lation is being programed for the Cracle. By
taking the consistent P, approximation to the
Boltzmann equation, group equations have been
developed and lethargy dependent coefficients
have been put into a form suitable for coding. In
the treatment of thermal neutrons, both neutron
and moderator temperatures will be considered.
The theory for the inclusion of shells and for the
spatial integration of the group equations is the
same as that described previously.b

The code will compute fluxes as a function of
one space variable in slab, cylindrical, or
spherical geometry. As presently planned, it will
allow up to 125 groups and 125 regions. The
calculation may be iterated on the concentration
of any specified element to obtain a multiplication

‘constant of unity, and self-shielding factors will

be available, Adjoint fluxes may be computed,
if desired.
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2, EXPERIMENTAL REACTOR ENGINEERING

H. W. Savage

E. S. Bettis

Aircraft Reactor Engineering Division

The difficulties encountered during the installa-
tion of the MTR in-pile loop and in startup of the
system are presented, and the modifications being
made in the loops now being fabricated are de-
scribed. The operating conditions for the 22 fused-
salt—Inconel  forced-circulation loops operated
during the quarter are presented, as well as the
operating conditions for 9 forced-circulation loops

‘ operated with sodium in Inconel or in stainless
steel tubing. A new test loop is described with
which more accurate information on the oxygen
content of the sodium can be obtained during
“operation, .

" Two stands for testing ART pumps were de-
veloped, and tests of pump seals were made. The
tests performed with intermediate heat exchanger
test stand A are described, as well as the small
heat exchanger tests.

The apparatus being built for tests of the thermal
stability of the ART outer core shell is described.
Also, a design for Inconel strain-cycling tests is
presented.

Several designs for cold traps for removing oxides
from sodium and NaK are presented, along with
designs of plug indicators for detecting and meas-
uring the oxide content,

IN-PILE LOOP DEVELOPMENT AND TESTS
D. B. Trauger

Aircraft Reactor Engineering Division

Loop Installation

C. W. Cunningham
Aircraft Reactor Engineering Division

The instrument panel for the MTR in-pile loop
was installed on the first level balcony on the
reactor north face. This location is advantageous
in that it is above the activity on the main floor
and relatively close to the HB-3 beam hole. Pro-
vision of a central balcony extension for the oper-
ator enabled him to easily observe the instrument
and control panel in the somewhat resiricted space,
The additional instrument panels and cabinets
were located on balcony extensions at each end of
the instrument and control panel.

The auxiliary equipment and the loop, on its
cradle, were placed on the main floor, largely
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under and adjacent to the east face stairway.
Interconnecting tubes and wires were protected
by running them in troughs hung beneath the bal-
cony and the stairway above head level. The
tubes and wires to the loop were lifted into these
troughs after the loop was inserted into the beam
hole.

A means for flux compensation had to be pro-
vided, since the flux profile at the HB-3 beam hole
was not known with certainty, A loop retractor
mechanism was built and was mounted in the HB-3
cubicle to permit withdrawal of the loop plug 6 in,
from the fully inserted position. This device
permits adjustment of the loop nose position in the
tapering flux region and, thus, variation of the
loop power level independently of reactor opera-
tion. The retractor also serves as a safety device.
By withdrawing the plug 6 in. and reducing the
process air flow, reactor operation could continue
in the event the in-pile loop experiment had to be
operated on the limited, emergency, cooling-air
supply. The ability to preset the position of the
plug greatly reduces the risk of freezing or over-
heating the loop during the reactor startup and
shutdown.

Orderly arrangement of lines and equipment in
the cubicle presented a difficult problem. The
lead shields, retractor mechanism, tubing cutoff
block, tubing and electrical wires, and hoses
almost completely filled the available cubicle
space. The problem was further complicated by
the movement required for retraction. A workable
arrangement was found by trial and error movement
of the lines and tubes into various coiled configu-
rations. The water hose had to be carefully routed
to eliminate excessive strain on the quick-discon-
nect fittings provided to eliminate the leakage of
radioactive process water,

Loop No. 1 Cperation

L. P. Carpenter D. W. Magnuson
P. A, Gnadt

Aircraft Reactor Engineering Division

D. M. Haines
Pratt & Whitney Aircraft

The first MTR in-pile loop was completed on
June 20, and it was shipped, by air, to the MTR




facility at NRTS, It successfully passed the pre-

‘operational checks required by the MTR Reactor

Safeguards Committee, and it was then inserted
into the HB-3 beam hole from the special loading
cradle supplied as part of the experiment, Fuel
elements adjacent to the beam hole were removed
for the insertion, since no shielding was provided.
Although a rather high radiation beam was meas-
ured adjacent to the in-pile loop plug shield, it
was well collimated, and the insertion proceeded
rapidly and smoothly without the coffin,

The startup of the loop proceeded systematically
through pump operation and preheating of the fuel
and the piping. At the final step, melting of the
freeze line and charging of the loop, the heater for
the freeze line was found to be inoperabie. An
internal short, to ground, had developed after the
preoperational checkout., Efforts to clear the short
were unsuccessful, and it was impossible to melt
the line by increasing the power to adjacent
heaters. This terminated the loop operation, and
the loop was removed from the beam hole for return
to ORNL. Since this loop had been reworked re-
peatedly during the initial assembly, it was deemed
to be irrepairable and was therefore cut up for
evaluation,

The short was fo’uhd in a nipple, or extension,
from the pump bulkhead to the glass seal for the
power leads, Braided glass insulation had become
frayed, apparently during assembly, and the copper
lead wire was exposed. ‘Mechanical separation
between the copper wire and the nipple probably
existed durmg the checkout buf rnovement due to'v 7

hon. Experlence'"‘wnh the ¥
provide adequate information for esn‘abhshmg hea
ing procedures,

in pump stoppage. Théﬂchange in sump level

PERIOD ENDING SEPTEMBER 10, 1955

Horizontal-Shaft Sump Pump
J. A, Conlin

Aircraft Reactor Engineering Division

The difficulties previously encountered with the
shaft seals of the horizontal-shaft sump pump have
been corrected. The original seal used a thin,
brass bellows, which failed mechanically. it was
replaced with a stainless steel bellows, which
serves both as the flexible member of the seal
and the loading spring. It was necessary that the
bellows serve as the loading spring because the
combined spring loading of the steel bellows and
a spring would have been excessive. However,
the spring-loaded bellows caused chatter between
the graphite nose and the mating seal ring, and
the graphite crumbled. The installation of friction
dampers, in the form of spring-loaded steel plugs
that pressed radiqlly against the outside of the
seal nose, eliminated this difficulty.

The maximum gas diffusion leakage rate for this
seal has been found to be 100 ppm of argon dif-
fusing from the pump sump into the helium in the
bearing housing. The flow rate of both the helium
and the argon is 700 cfh. Satisfactory seal leakage
rates could not be obtained consistently with the
initial drip lubrication system; so the oil level in
the bearing housing was raised until the lower
edges of the running faces of the seal were im-
mersed, This provided a better oil film on the
seal mating faces, and satisfactory sealing condi-
tions were obtained.

A prototype model of the in-pile pump operated
satisfactorily, with the fuel mixture NaF- -ZrF -UF,
(53.5-40.6.5 mole %) as the pumped fluid, for

. 173 hr at 1400°F in an isothermal loop identical
to fhaf of fhe in-pile Toop. Operahon was then
. »'rermma'red by a sudden pump stoppdge caused by
_the a 1
“cold reglondof the pump. A postrun ‘examination

ulation of fuel along the shaft in the

ted \‘hqf there had been 'rwo levels of fuel
in the svump. The flrst level was at the normal

~ sump operating pomt ‘as indicated by an etched

metal surfcqe. _The second level, as evidenced
Ilghtly efched surfoce, was sufﬁcuenfly

probably occurred the day before the pump stopped.
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An m'rerruphon in the plant air supply that was
bemg used to cool the fill-tank freeze line caused

“the fill-line temperature to rise to above the
melting pom’r of the fuel and the indicated fill-
tank fempercfure to increase about 25°F due to
4 fhe qbsence of air movemenf in its wcmufy. The
fill-tcnk femperature rise, plus any gas evolution
from 'rhe fuel, could have increased the fill-tank
3 :'QGS’/'

“'pump and flood the sump. A fill-tank temperature
“rise of 35°F would huve, alone, caused sufﬁcnen’f
“expansion of the fuel to account for the 13-cm3
dlsplocement This \‘ype of failure could not occur
‘with the MTR in-pile loop assembly, because the
freeze llne wnll be cooled by its proximity to the
ﬁwater |cckef of ’rhe Ioop.

olume sufflcnenﬂy to force fuel into the

Oll lrradmtlon

Hclnes
Pratt & Whn‘ney Alrcrcﬁ

Samples of Gulf Hcrmony “*A” oil were irradiated
at the gamma facility of the MTR to determine the
suitability of this oil for use in the lubrication and
hydraulic power systems of the in-pile loop. Cal-
culated doses of 109 r were obtained. The specific
gravity of the oil samples increased about 1%, and
the viscosity increased about 60 to 90%. In a few
of the samples a small amount of suspended par-
ticulate material was observed but not identified.
The radiation damage observed in these tests is
not considered to be seriously defrimenfcl

DEVELOPMENT AND OPERATION OF
FORCED-CIRCULATION CORROSION
AND MASS TRANSFER TESTS

W. B. McDonald

Aircraft Reactor Engineering Division

Operahon of Fused-Sult-lnconel Loops

C.P. Coughlen P. G. Smith

. Alrcraff Reactor Engineering Division

R. A. Dreisbach
Pratt & Whltney Aircraft

Twenfy two fused- sclt—lnconel loops were oper-
ated during this quarter, A summary of the con-
ditions of operation of these loops is given in
. Table 2.1. The results of metailurgical examina-

‘tions of fhese Ioops are presenfed in Sec. 5,

s "Corroslon Research

The major cause of failure of these fused-salt

loops has been the freeieﬁp “of the salt in the

coolmg conl when flow was mferrupfed for any

reason. Most flow m'rerrupnons resulf ‘from loss

of power, either at the test rig or in the building
as a whole. The freezing of the cooling coils has
occurred in times as short as 30 sec. Preliminary

tests have shown that a gas flame automatically

tgmted at the time of an |n’rerruphon of the coolmg
air will prevent freezing for perlods of 5 min or
more, Several methods of automatic ignition of
such a flame were tried, but the only one which
appears to give the surety of ignition required is a
high-resistance heater coil in the gas stream; the
coil is energized from a 12-v, wet-cell circuit.

Liquid Metals in Multimetal Loops
C. P. Coughlen

Aircraft Reactor Engineering Division
R. A. Dreisbach
Pratt & Whitney Aircraft

Nine forced-circulation loops were operqted with
sodium in Inconel and in stainless steel tubing,
A summary of the conditions of operation of these
loops is given in Table 2.2, The loops were
heated with electric heaters, and each loop had
an economizer section. The results of metal-
lurgical examination of these loops are presented
in Sec. 5, ““Corrosion Research.”

A new test loop has been designed with which
it will be possible to obtain accurate information
on the oxygen content of sodium during operation.
The test system, as indicated in Fig. 2.1, consists
of a main loop, which includes the sodium-sampling
device and a bypass cold trap, and a plugging-
indicator loop, with its separate pump and flow-
meter., (The plug indicator is described in a sub-

sequent portion of this section.) The cooling rate
of the entire loop can be controlled to a fraction of

a degree per minute. The oxygen content of the
sodium circulating in the main loop is controlied
by use of the bypass cold trap. The plugging-
indicator loop and the sampling device are both

~used to independently determine the oxygen content
" and thus to determine the efficiency of the cold

trap.

In order to use the pluggmg-lndlca'ror loop, fhe
valve between that loop and the main loop is
opened, and sodium is allowed to flow from the
main loop until the plugging-indicator loop is
filled to a predetermined level in the surge tank.
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TABLE 2.1. SUMMARY OF OPERATiNG CONDITIONS FOR 22 FUSED-SALT—INCONEL FORCED-CIRCULATION CORROSION AND MASS TRANSFER TESTS

-

Maximum Maximum X
l.oop Method of Type of Reynolds T?mperah.Jre Recorded Fuel Recorded Tube Fused Salt Ope‘rahng o
No. Heating Heuted Number  Differential Temperature ~ Wall Tempera- Circulated Time Reason for Termination
Section (°F) (°F) ture (°F) (hr)
4950-2 Direct resistance : Straight 5,000 200 1500 1565 NaF-Zrf ,-UF ,% 1000 Scheduled
49503 Direct resistance 'Straight 10,000 200 1500 1690 NuF-Zer-UFAb 1000 Scheduled
4950-4 ' Direct resistance  Straight 10,000 100 1500 1600 NaF-Z:F -UF ,# 1000 Scheduled
4950-5° Direct resistance _Straight 10,000 200 1500 1575 NaF-ZrF ,-UF ,° 1000 Scheduled
 4950-6. - Direct Resistance  Straight  ~8,000 300 1500 1620 NaF-ZrF -UF ;¢ 1000 Scheduled
7425-1 Direct resistance ' Straight ~10,000 200 1500 1600 NaF-ZrF UF ¢ 22 Leaked at 22 hr; motor
failure
7425-1A - Direct resistance | Straight ~ 10,000 200 1500 1600 NaF-ZrF ,-UF ,* 1000 Scheduled
7425.2 . Direct resistance Straight 10,000 200 1500 1575 NaF-KF-LiF® 550 Fuel evaluation test; pump
shaft seized at 550 hr
74253 Direct resistance . Straight ~23,500 125 1525 1600 NaF-ZrF ,-UF ,# 73 Motor overfoaded; loop
¥ failed at 73 hr
7425-3A  Direct resistanc ~ 16,000 125 1525 1600 NaF-ZrF -UF @ 1000 Scheduled
7425-4 : Direct resistanc 10,000 200 1500 1575 NaF-KF.LiF¢ 1000 Scheduled; fuel evaluation
4695-4D . Direct resistanc 10,000 200 1500 1595 NaF-ZrF -UF ,# 20 Failed during power
v ' failure ot 20 hr
4695-4D-2: Direct resistanc 10,000 200 1500 1635 NaF-ZrF ,-UF /@ 500 Scheduled
& . 4695-5C-2> Direct resistanc 10,000 200 1500 1635 NaF-ZeF UF @ 1000 Scheduled
¢ . 742541 . Direct resistancey: Straight 2,750 200 1650 1700 NaF-Z¢F -UF 4 1000 Scheduled
1 49353 . Gas % Coiled | 1,000 100 1500 1540 NaF-ZrF -UF,* 1000  Scheduied
49354 : Gas Coiled 10,000 100 1500 1690 NaF-ZrF -UF 4 486 Clutch failure caused
. ; freezeup; failed on
restart
49355 - Gas " Coiled 10,000 200 1500 1550 NaF-Z¢F ,-UF ;% 682 Clutch failure caused
v freezeup; failed on
. restart
© 4935.7 . Gas . Coiled 6,000 200 1500 1700 NaF-ZrF ,-UF % 330 Power failure caused
' freezeup; failed on
restart
' 4935-7B ' Gas Coiled 6,000 200 1500 1700 NaF-ZrF ,-UF,* InTest Conditions noted were
’ i new conditions im-
pressed at 600 hr;
; scheduled for 1000 hr
49358 . Gas - Coiled 6,000 200 1500 1700 NaF-ZeF UF @ 435 Terminated at 435 hr by
; thermocouple burnout
4935.9 " -Gas + Coiled 4,000 200 1500 1800 NaF-ZrF ,-UF % 1000 Scheduled

%Composition: 50-46+4 mole %.

bComposiﬁon: 50-46-4 mole % with 2 wt % of the total uranium converted to U3*,

€Composition: 11.7-59.1-29.2 mole %.
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"TABLE 2. 2 SUMMARY OF OPERATING CONDITIONS FOR LOOPS THAT CIRCULATED SODlUM

PR A I : Temperature o Mammum o " ) Operafi}:x:g
Loop No. Material of C°Id Reynolds Differential Recorded Fluid Condition of Time
- : kCVo4nksfrvuctiork| Trap VNumber CF) Temperature (°F) Sodium (,hr)
49514  Inconel No 55,000 300 1300 Commercml grade 000
49515 Incomel  No 59,000 0 1500 0.15% oxide added ,
49516 Inconel  Yes 59,000 300 1500 ’H,gh purity 500
49517 Type 316 No 59,000 300 1500 Commercial grade ~ 475%
: S sfomless steel ) e L
49518 incomel  Yes 59,000 300 1500 ‘Commercml grade 1000
49519 Inconel  No  ~59,000 300 1500 1% barium added 500
74267 Incomel  Yes ~59,000 300 1500 1% barium added 1000
S 74262 inconel No  ~59,000 300 1500 0.05% oxide added 1000

74268

]nconel‘ : (‘Yes 50,

000 200 1000

1000

. *Operation te’rmvinufed by a power failure.
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"The valve is then closed, and the sodium is cir-

culated by the electromagnetic pump in the un-
heated plugging-indicator loop. The plugging disk
collects the oxides: precipitated as the tempera-
ture of the sodium decreases, and it eventually
plugs. The temperature at which pluggingoccurs
is compared with a calibration chart to determine
the “oxide content of the sodium. The plugging-
indicator loop is then heated until flow is re-

" established. The valve is then reopened and the

sodium is forced, by pressure, back into the main
loop.

PERIOD ENDING SEPTEMBER 10, 1955

The data on oxygen content obtained with the
plugging-indicator loop are compared with those
obtained with the analyzing device attached to the
main loop and with results of chemical analyses
of samples removed from the main loop. The
analyzing device attached to the main loop is
described in Sec. 9, ‘‘Analytical Chemistry of
Reactor Materials,”

A loop in which NaK is to be circulated has
been designed with the same surface-to-volume
ratio as that of the primary NaK circuits in the

ART. A sketch of this loop is shown in Fig, 2.2.

UNCL ASSIFIED
ORNL~LR~DWG 9047

Fig. 2.2, Loop for Studying Mass Trcngfér in an |Vnconél'Loop Circulating NaK.

41

T T PR TR

T RO TR

T W




ANP PROJECT PROGRESS REPORT

It is desigheid to operate at a maximum NaK tem-

percn‘ure of 1600°F and a minimum NaK temperature

' of 1200°F The Reynolds number is to be com- |

‘ puroble ’fo fhot |n prlmqry NaK circuits of fhe ART,

' ; PUMP DEVELOPMENT

. E. R. Dytko
Pmtf & Whltney Aircraft

Mechum ul Shakedown nnd Beunng-and-Seul Tests
@ ' A. G. Grindell -

A:rcraff Reacfor Engineering DIVISIon

The ART-fype MF-2 pump mcorporofes two foce- (i

type mechanical seals. The seal specifications
requn’e the upper seal to have a leakage rate of
-~ oil to the atmosphere of not more than 20 cm? per
24 hr at 70 psi. The lower unit is to have a leakage
_of oil into helium across a pressure differential of

k 0 to 5 psi of not more than 2 cm3 per 24 hr. The

"'k;eq_rljerd flu:d is a light, spindle oil having a vis-
cosity of 60 SSU (Saybolt seconds universal) at

“Ine. will be tested,

100°F Most of the manufacturers confacfed would';‘

not bld on the seals, and the three or four c m-

panies who did make bids would not guqrom‘ee‘

their seals to meet the strmgenf requnements of

the specifications, Therefore a seal evaluation

program! was initiated in which a small number of

seals from the Fulton Sylphon Division, the Dura-

metallic Corporcmon, and the Koppers Company,

that low leakage rates could probably not be
achieved with metal-to-metal seals, and, conse-
quently, the seals being tested are made of carbon
products and ceramics,

The evaluation of the Fulton Sylphon seals is
nearly complete. Nine of the 11 tests started
have been completed, and over 1600 hr of testing
time has been accumulated. The conditions of
the tests are given in Table 2.3, and the results

1D, R. Ward, W. C. Tunnell,and J. W, Klngsley, ANP
Quar, Prog. Rep. ]une 10, 1955, ORNL 1896 33.

TABLE 2.3, CONDITIONS OF TESTS OF MF-2 PUMP LOWER SEALS MANUFACTURED BY
THE FULTON SYLPHON DIVISION
0il temperature: 200°F
Shaft speed: 3000 rpm

R‘dfio of

Test Material Flatness® (bands) o | g Pressure g 0 0b Jounal Radius
No. Seal Nose Wear Ring Seal Nose Wear Ring  (b)  PDifferential | L 4 b)  to Radial
(psi) Clearance
1€ Sabeco 9%  Ketos® 2 50 0.5 010300 800
2°  Graphitar 14 Ketos 6 30 0.5 0 to 300 900
3¢ Sabeco9  Ketos 8 30 0.5 0 to 300 1250
4/ Sabeco 9 Case-hardened steel 4 50 0.5
5/ Sabeco 9 Ketos 2 50 0.5
6/ Sabeco 9 Case-hardened steel 3 1.5 20 ~1310 16
7/ Sabeco 9 Ketos 3 20 0.5
8¢  Graphitar 14 Case-hardened steel 4 20 0.5 0 to 200 810
12/ Graphitar 14 Ketos 8 20 0.5 '
6A7 Sabeco 9  Case-hardened steel 3 1.5 20 0.5tc7.5
6 20 0.5

7Af ‘ vSﬁal‘a‘gco’ 9 Ketos

Measuréd‘ with helium light; one band equivalent to 11.6 win.

;bBeurmgs made of ASTM-B-144-49-36 bearing bronze.
‘ CTesfs made in bearmg and seal testing facility.

- “Sabeco 9 is a leaded bronze.
,‘eKetos is an ]8-4-] type of tool steel.

/Tesf made in cold shakedown facility; no bearing loads applied.

Earlier tests had lndlcqfed‘
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are presented as Fig. 2.3, It may be noted that

the low specified leakage rate has not been met, -

and only four seals had rates lower than 1 cm®/hr,
It was noted that the Fulton Sylphon seal was not
balanced, and the resulting pressure changes
caused variable performance of the seal. Repro-
ducibility of results from seal to seal has not been
possible, In similar tests the operation of the
upper seal was satisfactory, with leakage rates
of less than the specified 20 cm3 per 24 hr being
attained in six tests,

PERIOD ENDING SEPTEMBER 10, 1955

The lower journal bearing of the pump was de-
signed initially to carry loads of up to 600 Ib, but
hydraulic studies revealed that the expected
bearing load would be 150 Ib or less. With the
lower loads it appears to be feasible to employ
Inconel as the journal material and to thus obviate
the need for a hardened journal bushing, Tests 1,
2, 3, and 8 were conducted in the bearing and seal
testing facility, and loads up to 300 Ib were satis-
factorily carried by the Inconel shaft in a bronze
bearing.

UNCLASSIFIED
ORNL-LR-DWG 9048
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Short-Clrcult Pump-Test Siond

eCamp, A
Alrcraﬁ Reqcfor Engmeerlng D|V|$|on

. J.B. Kercheval
Prah‘ & Whlfney Aircraft

Fobrlcahon cnd assembly of the first short-

circuit pump-fesf “stand, described prevnously,
have been essenhully completed, and water tests
have been started, These water tests are for

: checkmg mechamcal fits and interferences, check-
‘ing pressure breakdown bypass flow rates, and
“cotrelating head and flow data from this loop with

those obtained on the water test stand. 3

Assembly 'of the pump “and the volute indicated
~ that the radial seals with metallic O-rings were
ety sensitive diménsionolly. A 0.002-in, intet-
f"""ference on a bein.~dia ‘O-ring was not enough to
“seal, while a 0.008- to 0.010«in. interference

caused d_llfhculfy in assembly and disassembly.

Data were taken on bypass flow rates to deter-
mine the effect of the left-hand threads used in
the flow breakdown annulus, With a radial clear-
ance of 10 mils and thread depth of 37 mils, a by-
pass flow rate of 2.3 gpm was measured at a pump
speed of 2700 rpm; the main circuit flow rate was
approximately 630 gpm. lIncreasing the radial
clearance to 15 mils gave the desired flow rate of
4.77 gpm.

The data obtained in the water tests will be use-
ful in analyzing the data obtained at high tempera-
tures, since it will be difficult to measure dis-
charge pressures when the system is operating at
high temperature. Throttling orifices for the loop
were calculated to give a 50-ft head at 650 gpm.
Data obtained in the water tests indicate a flow
rate of 650 gpm at a 46-ft head. The test loop is
now being readied for operation at the design tem-

perature, 1400°F.

Hfgh-Temperufure Pump-Performance-Test Stand »

R. Cumry H. Young
Pratt & Whitney Aircraft

The design layouts have been completed for two
loops for testing MF-2 ART-type pumps at tem-
peratures up to 1400°F. Calibration, shakedown,
and endurance tests on MF 2 pump rotary assem-

25, M. DeCcmp, ANP Quar. Prog. Rep. June 10, 1955,
ORNL-1896, p 35.

3G. D. Whitman, R. L. Brewster, and M. 'E. Lackey,

- "ANP Quar. Prog. Rep. June 10, 1955, ORNL-1896, p 32.
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..4b:|ies wnII l;ekmcld’e’ wifh' NaK or sbd'i'brbﬁﬂand 'wbi"rwh.

fhe fuel mixture NaF-ZrF“-UFA (50-46-4 mole %)
as the circulated fluids., Data obtained at 1200
and 1400°F on shaft speed, head, flow rate, and
power input will be compared with water-perform.
ance data, and cavitation and vibration characteris-
tics will be noted. An endurance test will then be
run at design head and flow rate. The xenon-
removal system, including the helium-bleed and
oil- leakage-removcl sysfems, is to be incorporated
in the circuit for checking in conjunction with the
main fluid circuit, One of the two test stands will
be available for acceptance testing of the final
MF-2 rotary assemblies with NaK.

‘A concentric pipe de5|gn was chosen for the
test stand loop to eliminate thermal stresses from
nonuniform heating or coolmg, to reduce the num-
ber of critical welds, and to provide a compact
assembly. The compac‘rnessof the cssembly makes
possible a low fuel inventory.

A conventional venturi is located 15 pipe diam-
eters (60 in.) downstream from the pump volute
discharge, and a piston-type throttle valve is
located downstream of the venturi. The valve
travel was specified within the recommended travel
of a suitable bellows used as the valve-stem seal.
This valve cannot be fully closed; therefore, as
presently conceived, the minimum loop resistance,
with the valve wide open, will permit testing at
about one-half the rated pump head with rated flow,
and the maximum loop resistance, with the valve
closed, will permit testing at approximately one-
half the rated flow with the pump delivering the
rated head.

A screen-type, axial-baffle, flow-control device
is provided just below the inlet to the impeller to
prevent an uneven velocity profile and prerotation
in the stream entering the pump. To simulate the
fluideexpansion and xenon-removal region, a sepa-
rate chamber is provided above the top plate of the
pump volute. Fluid enters and leaves this chamber
only through the pump batrel wall, and this cham-
ber is not directly connected to the pump inlet

‘chamber except through the impeller. The rise in

level of the fluid in this chamber for a 100°F in-
crease in the temperature of the fuel mixture will
be about the same as that for the ART.

During steady-state high-temperature operation,
the pumping power will be removed by blowing a
high-volume low-pressure air stream transversely

actoss the outer loop pipe. A power failure will
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: “tamer, thh"c volume ’/]7 of that of the NaK circuit,
ec circuit by a plpe 2 m. in

cause automatic cutoff of the cooling air, and it is
anticipated that the fuel can be dumped before it
freezes in any section of the loop.

HEAT EXCHANGER TESTS

E. R. Dytko
Pratt & Whitney Aircraft

R. E. MacPherson

Aircraft Reactor Engineering Division

Intermediate Heat Exchanger Tests

R. D. Peak  H. M. Cooper L.R. Enstice
Pratt & Whlfney Aircraft

The new experlmenful assembly (stand A) for
intermediate heat exchanger fests, described
previously,4 is shown in Fig. 2.4, This apparatus
was operated for 690 hr in a series of furnace and
diffusion cold trap tests of the NoK system and a
2-hr cleaning cycle of the fluoride-fuel circuit, A
chronological description of the tests that were
conducted and the troubles that were encountered

is given in Table 2.4,
As stated in Table 2.4, the 1-Mev gas-fired fur-

nace (Struthers Wells Corp.) for heating the NaK, as
installed, did not give satisfactory performance.
The best over-all thermal efficiency that could be
obtained was 28%, with 1.7 x 106 Btu/hr being
transferred to the NaK. In an effort to improve the
performance, a 12-ft-high stack extension was
placed on top of the original 4-ft-high stack. As a
result, a thermal efficiency of 31% was obtained,
with 2.83 x 106 Btu/hr being transferred to the
NaK. Since the heat transfer was still below the

design requirement, a new, larger burner was then
mstalled whlch proved to be cclpable of trans-

of opercm :
and a NaK temperature of 1500°F,  The oxide con-

4R, D. Peak, ANP Quar. Prog. Rep. June 10, 1955,
ORNL.-1896, p 37.

PERIOD ENDING SEPTEMBER 10, 1955

tent in the NaK was measured by means of a plug
indicator and by chemical analyses of samples
taken from the pump bowl. The plug indicator is a
conceniric pipe stem connected to the NaK circuit,
with a filter containing five 0.030-in.-dia holes
located at the bottom of the inner pipe, which plugs
with precipitated oxide at the saturationtempera-
ture of the oxide in the NaK. Both the plug indi-
cator and the chemical analyses showed that the
cold trap had reduced the initial oxide content of
1000 ppm to values of 150 and 650 ppm, respec-
tively, as found by the two methods after the first
56 hr of operation. This discrepancy in oxide
content, as obtained by the two methods, cannot be
explained at this time,

The second cold trap test was of 193-hr duration
(the period from 373 to 566 hr of operation) with
NaK flow rates of 50 to 110 gpm and NaK tempera-
tures ranging from 1000 to 1400°F; the tempera-
tures in the cold trap were below 750°F. In this
test, only the plug indicator was used to measure
the oxide content. These measurements showed
that the oxide content was reduced from an initial
1000 ppm to 150 ppm after the first 168 hr of NaK
circulation, This level of oxide contfent is con-
sidered to be too high for a NaK-Inconel system.

One tube bundle of the fuel-to-NaK intermediate
heat exchanger (No. 2), described previously,?
developed a leak after approximately 350 hr of
operation of the NaK circuit, The fuel had been
circulated for only 2 hr in the fuel circuit during
this period. At the time that the leak occurred,
the fuel circuit was empty, except for small un-
drainable portions in the pressure transmitters, fuel

~pump, and the lower ends of the heat exchanger
_tube bundles, With a pressure differential of 35
_ psi across the NaK and fuel circuits, a consider-

unonhfy of NaK flowed info the fuel circuit
e the leak was detected. The leak was de-
lll’ewer spark plug in the fuel pump
Subsequent dumping of the NaK circuit

. \;,_resulfed n contamination of the NaK circuit and

the NaK dump tank with some of the fuel which
could not be completely drained following the 2-hr
operation of the fuel circuit,

...The fuel-to-NqK heat exchanger was removed
bly and excmmed Pressure tests

showed fhof only one tube in one of the two 100- -

i hi NeK flow rates of 55 to ‘85 gpmu

tube bundles leaked. The leak was found to be a

5P, Patriarca et al., ANP Quar, Prog., Rep. June 10,
1955, ORNL-1896, p 131.
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TABLE 24, SUMMIARY OF INITERMEDIATE HEAT EXCHANGER TESTS

Hours of

Remarks

NaK system electrlcally heated to 300°F NaK flow rclfe, 100 gpm, hlghest NaK tem-

NaK system operated |nterm|ﬂenfly at various flow rafes cnd femperatures to check

operablllty of 1-Mw gas-fired furnace; furnace found to be unsatisfactory; thermal

" efficiency, 28%; heat transferred to NaK, 1.7 X 108 Bru/hr. NaK pump had to be

reploced at end of 50 hr of operuhon becquse of fculure of the onl-to-helwm seal.

NaK system operated isothermally at 1500°F wnfh NoK ﬂow rates of 55 to 85 gpm to
check operuhon of diffusion cold trap, cold trap reduced oxygen content of NaK from

“ 1000 to 150 ppm, according to plug indicator, or 650 ppm accordlng ro chemical analy-
"sis. NaK replaced with new supply because of high oxygen con'fenf NoK pump agam i

Fuel circuit filled for cleanmg w:fh NaF ZrF UF (50 464 mole %) und operated
isothermally at 1500°F for 2 hr at a fuel ﬂow raie of 60 gpm; fuel then dumped.

NaK system operafed |nfermmenf|y at various flow rates and femperafures to check

gas-fired furnace; furnace found to be satisfactory after alterations; thermal efficiency,

Blower started with NaK circuit isothermal at 95°F to check radiator air flow.

NaK system operated isothermally at 1400°F at various NaK flow rates to check
pressure drop in system. Test terminated because of a leak in the heat exchanger.

Heat exchanger removed for examination and fuel pump removed for cleaning. NaK

NaK circulated at 100 gpm with system isothermal at 1400°F for ¢leaning circuit; NaK

drained while hot; NaK replaced because it was found to be contaminated with fuel.

NaK system operated isothermally at 1000 to 1400°F at various NaK flow rates to

check effectiveness of diffusion cold trap; cold trap reduced oxygen content from

Blower started to create temperature differential of 200 to 250°F across NaK-to-air

radiator; NaK sysfem'operafed at various NaK flow rates and NaK temperatures of

" 1000 to 1250°F. Radlator gradually plugged with fuel contaminants. Plug fndicrqtor

showed oxygen content to be too low to cause plugging. Test terminated because of

a leak in fhe radiator. Radiator removed for excmlnahon. Cold trap, plug indicator,

Operation
0 Fllled sysfem wnth NaK (56% Na—44% K) at room temperature. b
0to 16
perature “attainable with electric heqfers found to be 300°F.
16 to 50
50 10 219
‘reploced at end of 219 hr of operohon becuuse of beorlng fmlure
7510 77
219 to 354
48%; heat transfer to NaK, 3.85 X 108 Btu/hr (1.13 Mw).
354
354 to 358
piping installed to replace heat exchanger.
358 to 373
373 to 566
1100 to 150 ppm, as determined by plug indicator.
566 to 621
S "fl‘l;and NaK sump removed for cleanmg.
621 to 690 NaK sysfem bemg cleaned.

radial crack on the msnde of 'rhe fube bend. The
100-tube bundle and header that leaked is shown
before and after operation with NaK for 358 hr in
Figs. 2.5 and 2.6. The tube that leaked is indi-
cated in Fig. 2.6.

The tube distortion shown in Fig. 2.6 was caused
by the thermal cycling that occurred when NaK

46

was flowing through the tubes at a different tem-

perature than that of the heat exchanger shell.
There were 73 instances in which this tempera-
ture difference ranged from 200 to 1000°F. Since
no fatigue cracks were found in the 36 tubes that
could be visually inspected, it is thought that the
one tube that failed must have had a flaw that

ey
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UNCLASSIFIED
Y- 14354

Fig. 2.5. The 100-Tube Bundle and Header of
Intermediate Heat Exchanger No. 2 Which Leaked
After 358 hr of Operation with NaK Circulating in
the Tubes.

F.i.g. 2.6.

of th rodlct

made it susceptible to stress failure,

After the heat exchanger had been removed and
replaced with piping, operahon ‘of the NcK system
was resumed. The NaK was circulated for 15 hr
at 1500°F and then drained while hot. Since the
NaK contained fuel con’rummahon, it was replaced
with fresh NaK, and the second cold trap test de-
scribed above was made. However, the operation
had to be stopped again when one of the NaK-to-air
radiators, described prevnously, 'develope‘d a leak.
During the last 55 hr of operation, a steady in-
crease in the NaK pressure drop across the radiators
was noted, The pressure drop increase coincided
with startup of the radiator blowers, which caused
a NaK temperature differential of 200°F across
the radiators. The increase in pressure drop,
along with a gradual decrease in NaK flow at a
constant pump speed, could only mean that some
tub re pluggmg. These plugged
tubes were cooled by the air flow from the blower,
with the result that there were low-temperature
regions in the otherwise high-temperature radiator

The Tube Bundle and Header Shown in Fig. 2.5 Af;er 358 hr of O;éfdtion; i

81bid., p 134.
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matrix, The high thermal stresses thus created
were probably of significance in the ultimate
failure of the one radiator unit, The radiator that
failed is shown in Fig. 2.7.

The fuel that leaked into the NaK circuit after
the heat exchanger failure was not flushed out
during the 15-hr period of circulation of the NaK
after the removal of the heat exchanger. The
analysis of the black material scraped from the
fins of the NaK-to-air radiator when it was being
examined after the leak occurred showed 34%
zirconium and 0.25% uranium; the remainder of the
material was sodium, potassium, iron, nickel,
chromium, and copper.

The NaK circuit was cleaned by the Materials
Chemistry Division. A total of 4.2 g of zirconium,
0.46 g of uranium, and 3939 g (8.6 Ib) of Inconel

‘was removed in the cleaning operation. Two 5%

nitric acid washes removed 87% of the uranium,
and one wash with 2% ammonium bifluoride and
2.5% nitric acid, a highly corrosive agent, removed
82% of the zirconium. Two ammonium bifluoride
and nitric acid washes removed 90% of the Inconel.

PERIOD ENDING SEPTEMBER 10, 1955

The Inconel removed by the cleaning process
reflects corrosive attack to a depth of 1.5 mils
on the inside walls of the Inconel piping throughout
the NaK system, if it is assumed that the attack
was uniform,

Test stand A is currently being rebuilt. Radiator
units made by the York Corp. and heat exchanger
bundles made by Black, Sivalls & Bryson, Inc. are
being used. Test stand B, which is almost identi-
cal to stand A, is now 70% complete. It will be
used to test two radiator units (500-kw size) built
by Pratt & Whitney Aircraft and two heat exchanger
bundles made by the Metallurgy Division of ORNL..
Test stand C, another stand identical to stand A,
is now 10% complete.

Small Heat Exchanger Tests
J. C. Amos
Aircraft Reactor Engineering Division
L. H. Devlin J. S. Turner
Pratt & Whitney Aircraft
The first of a series of tests of small fuel-to-
NaK heat exchangers was terminated on June 29,

UNCL ASSIFIED
Y- 16065

Fig. 2.7. NaK-to-Air Radiator Unit from Intermediate Heat Exchanger Test Stand A After NaK Leak

and Fire. The side cover has been cut away.
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1955, after 1560 hr of operation. The test as-
sembly, which was described previously, along
with a presentation of the preliminary results,” has

. been dismantled, and the components are currently
; bemg subjected tometallurgical inspection. A sum-
;mary of the cpproxnmc:te operating conditions is

given in Table 2.5. The heat transfer data obtained

~are presented in Fig. 2.8 and are compared with the

results from the theoretical relationship Nu/Pr0+4 =

. 0023 “R’éo's, with dota obtained for a 100-tube
’jh.eqt:e;xc;hdhgef ‘operated with water,® and with a
“curve showing the data for the 20-tube heat ex-

chanéér adiyasféd for a ]00-'rube heat exchanger.

7J C. Amos, M. M. Yarosh, and R. . Gray, ANP Quar.

Prog. Rep. June 10, 1955, ORNL- 1896, p 37.

8. L. Wantland, ANP Quar. Prog. Rep. June 10, 1955,

. ORNL 1896, p 149

The equivalent diameter used in calculating the
Reynolds number was based on the total wetted
perimeter of the tubes plus the side-wall area.
The fuel-side pressure-drop data obtained are com-

pared in Fig. 2.9 with a theoretical pressure-drop

curve calculated from data obtained from water
tests carried out on similar tube bundles fo defer—
mine the pressure drop created by the spacers.
The calculated pressure drops are higher than
those that would be predicted by theory because
of the presence of spacers.

During the last 456 hr of opercmon of fhls test
the NaK inlet and outlet temperatures were main-
tained at approximately ART design conditions
to study mass-transfer effects. No appreciable
amount of mass transfer was detected by visual
inspection when the loop was disman’rled. During

TABLE 2.5. SUMMARY OF SMALL HEAT EXCHANGER OPERATING CONDITIONS R

Hours » Fuel Fuel Mean Fuel

NaK NaK Mean Fuel

. of Reynolds  Temperature AT Reynolds Temperature AT
Operation Number (°F) (°F) Number CF) ©FR Remarks
74 1300-5500 1300 15 45,000 (min) 1300 30 Pressure drop data
184,000 (max) being obtained
2'l/2a 10006500 1400 15 26,000 (min) 1400 30 Pressure drop data
187,000 (max) being obtained
444 1400-5500 1350 97 (min) 74,000 (min) 1225 (av) 142 (min) Heat transfer data
: 200 (max) 206,000 (max) 200 (max) being obtained
272 500-6400 1350 90 (min) 40,000 (min) 1225 (av) 126 (min) " Heat transfer data
228 {max) 290,000 (max) 240 (max)  being obtained
256 2850 1350 135 160,000 1275 130 Endurance run
472 ‘ 3500 1450 115 145,000 1400 135 ) Endurcnce run
165 3400 1360 20 135,000 1350 35 Thermal cychng
. v ) _ S test
16% 600 1300 272 40,000 ]225 290 ~ Thermal cycling
16% 600 1325 280 40,000 1240 380 Thermal cycling

456 4000 1455 100 40,000 1250 490

1557

teéf ’

bemg ob’romed

Mass 1rqnsfer data '

L

: used for all other runs; fuel mixture for all runs was NaF-ZrF 4 F (50-46-4 mole %).

NaK with the compos:hon 22% Na-78% K used for the first three runs; NaK with the composnlon 56% Na-—44% X

Thermal cycling discontinued after two complete cycles.

': CButyl ‘alcohol circulated in NaK Loop for 19 hr after termination of test,
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PERIOD ENDING SEPTEMBER 10, 1955

this period of operation the efficiency of the NaK-
to-air radiator used as a heat dump dropped con-
tinuously for approximately 360 hr and then im-
proved suddenly. Samples taken from the NaK
sump tank at the completion of the test indicated
a very high oxygen content in the NaK (approxi-
mately 2500 ppm). A circulating cold trap has
been designed and will be installed on future
test assemblies in an effort to remove oxides
from the NaK.

Assembly of two, new, small heat exchanger
test stands is approximately 25% complete. Each
of these stands has a 500-kw electric heat source
and will be used to test six 20-tube heat ex-
changers. Two heat exchangers are being fabri-
cated by ORNL and four have been ordered from
outside vendors.

A 25-tube heat exchanger is being designed,
with ART tube sizes and spacing, that will be
operated at ART design temperature and flow
conditions. [t is proposed to procure five of these
units from outside vendors. A block diagram of
the design operating conditions for this group
of heat exchanger tests is presented in Fig. 2.10.

STRUCTURAL TESTS

E. R. Dytko
Pratt & Whitney Aircraft

G. D. Whitman

Aircraft Reactor Engineering Division
Outer Core Shell Thermal Stability Test

D. W. Bell
Prah‘ & Whnney Aircraft

SA one-fourth scole model‘ of 'rhe |ower half of
the 2l-in. reac'ror core “shell wos fubrlcm‘ed for
“test 3 rucfural s'rablln‘y when

of thermal and
subjected’ to cyclic thermal stresses at reactor
operating conditions. The model, shown in Fig.
2.11, was machined from lnconel ‘bar stock and
. mach_mmg

_was str ss-relleved bef
cufs \were qken Toleran‘

're and “thickness-fo-
; those of the full-snze

e behavuor of

-size core shell during reactor operation.

the full
" An Inconel housing is being fabricated that will
form a l/lo-in. annulus on both sides of the shell.
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“will ehier rhe mner annulus at the smul! dlamefer
fend qnd [euve at 1300°F Sodlum at, 985°F w:ll

RNL-LR-DWG 9081"
7400 kw o

NaK-TO-AIR 1070°F
RADIATOR pr

APugk = T psi
25 psig

NaK
PUMP -
34 gpm

144 psig

BTy = 430°F
BPyqi = 82 psi

1070°F

FUEL-TO-NaK H4 psig
- HEAT EXCHANGER
1250%F

25 psig
ATpye = 350°F
APeyg = 4 psi
25 psig '
FUEL
PUMP -~
9.6 gpm
7 psig
APygy = 5 psi
4600°F RESISTANCE 1250°F
66 psig HEATER T4 psig

400 kw

Fig. 2.10. bes-fén'éonditith féi Test.s of 25.

Tube Fuel-to-qu_ Heat Exchanger.

The outer annulus will contain six axial spacers

placed circumferentially every 60 deg. The large-
diameter end of the shell will be welded to the
housing, and the small-diameter end will be at-
foched to a bellows so that there will be no stresses
on “the shell that are due to axml thermal expan-

o Slon.

Sodl_um wa be used to 1mpose a rodlal 'rempera-

comp]efed, |t has been planned
the core. shell wnll buckle

Fig. 2.11. One-Fourth-Scale Model of Lower Half
“of 2V4wis-ART Reactor Cor_eh Shell Fcbncuted for
Tests of Thermal Stability.

under an extemal sodium pressure if the fuel
pumps should fail during reactor operation.

The test stand used for the first small heat
exchanger tests is being modified for these tests,
Heating and cooling of the sodium will be accomp-
lished with a 200-kw resistance hea’rer ond un'

'ARE sodnum-tomlr radmfor. _

J. C. Amos LA Mann '

Aircraft Reactor Engineering Division

C. H. Wells
Pratt & Whitney Aircraﬁ

A desugn has been complefed of an “anvil bend.

ing test’’ apparatus for obtaining basic mformo'non
on the behavior of Inconel under strain cycling
at elevated temperatures in both inert and comor
sive 'a'tméspherés. This apparatus is’ shown in

‘Fig. 2.12, Fabncahon has been started on’ wo o
“of _ihese um'rs. Aﬂer shuked‘ wn
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Fig. 2.12. Inconel Strain-Cycling Test Apparatus.
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these two units the design will be reviewed and
revised, if necessary, and three additional units
will be fobricated and placed in operation.

Each test assembly will accommodate two Inconel
sheet test specimens 278 X ]/4 X 1/8 in. Interchange-

able anvils with radii of 12, 15, 20, and 31 in.

will be used to provide various strains.

It is planned to run the first test in an atmos-

phere of helium at 1200°F with 12-in.-radius anvils

that will impose approximately 1% strain. One
specimen will be cycled on a 2-hr half cycle, and
“another will be cycled on a J-hr half cycle. The
" purpose of this test will be to obtain an indication
of the relative relaxation times.

. Data will be obtained on per cent of strain,
“length of cycle, number of cycles to fracture,

" effect of temperature, and effect of surrounding

"mediom (for example, air, helium, sodium, NaK,
fuel). As the tests progress, the specific combi-
nations of conditions to be studied further will
be evaluated.

Themmal-Cycling Test of Sodium-Inconel-
Beryllium System

M. H. Cooper R. D. Pedk
Pratt & Whitney Aircraft

The third test to be operated in the sodium-
beryllium-Inconel compatibility testing apparatus,
described previously,9 was started on July 14,
1955. The test section consists of a beryllium
cylinder drilled centrally with a }:‘-in.-dia hole
through which sodium can flow. The loop was
operated isothermally at 1100°F for 100 hr, with
a sodium flow of 3 gpm, and then shut down on
July 18, 1955, because of the failure of the 250-kw
transformer. The loop was restarted on August 27,
1955, with a projected operating period of 1000 hr
with 100 thermal cycles. One cycle represents
4 hr of operation at high power, during which the
sodium enters the test section at 1150°F and is
heated electrically to 1300°F, and 4 hr of operation
at low power, during which the sodium enters the
test section at slightly less than 1300°F and
leaves at 1300°F,

9P., Patriarca et al.,, ANP Quar. Prog. Repb. Mar. 10,
.-1955, ORNL-1864, p 134.

5

COLD TRAPS ANDPLUG INDICATORS
F. A. Anderson
University of Mississippi
J. J. Milich
Pratt & Whitney Aircraft

A survey of the literature and of the available
experimental data was undertaken to obtain infor-

“mation on the use of cold traps as devices for
removing or controlling the presence of undesir

able impurities, especially oxygen, in sodium-
or NaK-+filled Inconel systems and on the use of
plugging indicators as devices for determining
the oxygen content of sodium or NaK streams.
In addition to information obtained from the litera-
ture, supplementary data were obtained during
visits to the Knolls Atomic Power Ladboratory,
Argonne National Laboratory, Mine Safety Appli-
ances Company, and North American Aviation,

Although both diffusion and circulating cold
traps have been shown to be capable of reducing
the oxide content of liquid sodium or NaK to values
corresponding to the saturation concentrations at
the cold trap temperatures, specific data are not
available which will permit sound engineering
designof cold traps. Diffusion or natural-convection
cold traps do their work much more slowly than cir-
culating or forced-circulation traps and, so far,
have been of primary interest only in relatively
small-volume systems (up to a few gallons capac-
ity). The existence of fairly strong eddy currents
If such
currents existed, their effects would overshadow
completely the effect of natural diffusion. It is
evident that experimental work would be required
to obtain a basis for the design of diffusion cold
traps.

Circulating cold traps have the important advan-
tage of lowering the oxide concentration of a sys-
tem rapidly. Present conventional designs that
provide for holdup times of 5 min and superficial
liquid velocities of the order of 3 fpm give system
cleanup times that correspond to three system
charge turnovers through the trap. Cold traps
having volumes ranging from about 3 to 10% of
the volume of the system have been utilized suc-
cessfully. Although microporous filters are con-
sidered to be unsatisfactory in cold traps, the
use of a packing material such as York demister
packing has been shown to raise cold trap effi-

in diffusion cold traps is suspected.

ciencies from 68 to about 98%. Packing is used

o

o

o




"L CALROD HEATING ELEMENTS

to provide sufficient surface to hold the precipi-
tated oxide, but it is not intended to function as
a filter medium, »

On the basis of the collected data and arbitrary
specifications, three circulating cold traps have
been designed, one for a relatively large, 80-gal
system and two for a relatively small, 4000-ml
(~1-gal) system, Figs. 2.13, 2.14, and 2.15. These
designs are not necessarily optimum; that is, it
is felt that they will lower the oxygen content
of the system, but they may be larger than neces-
sary and may have more cooling or heating capacity
than that required. The traps are expected to
operate af 400°F and to reduce the oxygen con-
tent of the main liquid metal system to the cor-
responding saturation value of 50 ppm. During
operation, precautions must be observed to prevent
the saturation temperature of the liquid metal
with respect to oxide (Na,0) content being reached
at any point in the system other than in the cold
trap. If the saturation temperature were reached
outside the cold trap, precipitation of oxide would
occur at that point and plugging of a pipe or some
other system component would occur.

Because of the difficulty of making rehoble de-
terminations of the oxide content of molten sodium
or NaK by chemical procedures, considerable use
has been made of the plugging indicator as a
simple device for determining the oxide content
indirectly. Although there is some disagreement

'_T

>

)

|4 1y in.

3/g-in. PIPE, SCHEDULE 40

] i

\ 4-in. PIPE,

SCHEDULE 40

"'USE b oA voLES

'EACH END TO BE PROVIDED"
WITH f-kw WRAP-ARGUND OR’

“ALL WELDS GRITICAL HELIARC

THERMOCOUPLE WELL, 2 in, LONG

Y-in. PERFORATED PLATEJ
(TACK WELD IN PLACE)

PERIOD ENDING SEPTEMBER 10, 1955

as to the exact significance of the results, in-
vestigators at KAPL feel that the use of a plugging
indicator is a relioble and accurate method for
determining oxide contents to within $0.001%.
Unfortunately, as in the case of cold traps, the
design of plugging indicators is, at the present
time, more of an art than a science. Because the
design first used at KAPL proved to be satisfac-
tory, and because of lack of time, no effort has
been made to determine whether a better design
could be developed.

A plugging indicator consists of a perforated
plate (containing 15 to 21 holes 50 mils in diam-
eter) placed in a l-in. line through which molten
metal flows at the rate of 1 gpm (~10 fps through
the indicator plate holes). The flowing stream
is cooled until the oxide saturation point is reached,
at which time precipitation occurs. When the pre-
cipitated oxide partially plugs the perforated
plate, a change in the flow rate occurs. The
temperature at the plate corresponding to the
change in flow rate, measured with an electro-
magnetic flowmeter, is taken to be the plugging
temperature,  Although this temperature can be
used as a relative indication of the purity of the
liquid metal stream, it is common practice to
translate the plugging temperature into an oxide
concentration by means of a solubility curve.
A recommended design for a plugging indicator
and a bypass loop is shown in Fig. 2.16.

UNCLASSIFIED
ORNL-LR~DWG 9053

Y4—in. COPPER COOLING COILS
(BRAZE IN PLACE)

Y4-x 0.035-in. THERMOCOUPLE WELLS, 2Y%, in. LONG
YORK DEMISTER PACKING {INCONEL)
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<2m~,
e
[~ DRAIN LINE, ¥2~in. PIPE,

£
©
m SCHEDULE 40 (END TO
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et

USE I‘NCONEL EXCEPT AS NOTED

Fig. 2.13. Circulating Cold Trap for Large-Yolume (80-gal) Systems.
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Fig. 2.14. Circulating Cold Trap for Small-Volume (~4000-ml) Systems.
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f and Bypass Loop.
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3. CRITICAL E'xiéERpMENTs
A. D. C'anihan

V. G. Harness

J. J Lynn

" E. R, Rohrer

Applied Nuclear Physncs Division
R. M Spencer, United States Air Force

D. Scott, Jr., Alrcraff Reactor Engmeermg D|V|$|on

J. S, Crudele

E.V. Sandm

S. Snyder

Pratt & Whlfney Aircraft

ROOM-TEMP ERATURE REFLECTOR-
s MODERATED-REACTOR CRITICAL
SR T EXPERIMENTS '

A crmcal assembly of the reflector-moderated
 circulating-fuel  reactor loaded with sufficient
“‘.=iU2375 to give about 3% excess reactivity was de-
I _;'scrlbed prevnously. After the completion of a
: ‘f‘serles of expenmenfs in which the excess reac-
“tivity was utilized to measure certain reactivity

coefficients and the effects of various structure
changes, the assembly was reloaded in order to
determine the clean critical concentration more
exactly. With the same structure and dimensions
as those reported previously, the U235 concen-
tration was reduced from 0.416 to 0.345 g per cubic
centimeter of fuel region, equivalent to a loading
of 20.07 kg of U233, and the assembly (CA-21-2)
was critical with only 0.14% excess reactivity.
This assembly is compared in Table 3.1 with the
assembly (CA-21-1) which had 3% excess reac-
tivity.

Two structural changes in the assembly have
also been investigated. In one modification (as-
sembly CA.22) the average width of one of the
end ducts, the portion of the assembly that simu-
lates the fuel flow channels into the reactor core,
was increased from 1.29 to 2.80 in. to make its
volume almost 2.5 times that of the originally
constructed end duct. This change was made
because consideration is being given in the re-
actor design to the possibility of using end ducts
of larger cross section. The increased fuel capac-
ity of the assembly necessitated the addition of
U235 in the end ducts, which made a total of
28.35 kg of U235 4t an average density of 0.405 g

: _of“ U235 per cubic centimeter of fuel material.

A. D. Callihan et al., ANP Quar Prog. Rep. March
|10, 1955, ORNL-1864, p 41.

_The array was crmccl wn‘h 3. 2% excess reachvnfy, ‘

and the estimated ‘‘clean’ critical mass was
24 + 2 kg of U235-

In another experiment (CA.23), with end ducts of
the original size, the average radius of the central
psuedo-spherical beryllium region or ‘‘island’”’ was
increased from 5.18 to 7.19 in., with a correspond-
ing reduction in the fuel volume of from 58.2 to
44.3 liters. The use of a thinner fuel annulus is
being considered in the reactor design as a means
of reducing fuel self-shielding. The beryllium
content of the core was increased from 67 to 92 kg,
including that in the end ducts. This assembly
was critical with a loading of 18.62 kg of U233
at an average density of 0.420 g of U235 per cubic
centimeter of fuel region. The excess reactivity
was 0.19%, and the estimated critical mass, with-

out control rods, was 18.4 kg of U235, The di-

mensions of assemblies CA-22 and CA-23 are given
in Table 3.1, clong with the data obtained with
these assemblies.

HIGH-TEMP ERATURE
REFLECTOR-MODERATED-REACTOR
CRITICAL EXPERIMENTS

A low-nuclear-power, high-temperature, reflector-
moderated-reactor critical experiment is currently
under way, and some preliminary results have been
obtained. The liquid fuel in the assembly is at
1200°F.  The reactor section of the equipment
closely resembles the current design of the ART.
It consists, essentially, of an annular fuel region
separated from the beryllium island and reflector
by ]/B-in.-fhick Inconel core shells. The island,
partly surrounded by the inner Inconel shell, is
shown in Fig. 3.1. The outer shell, with some
of the beryllium reflector in place, is shown in
Fig. 3.2, A re-entrant tube is mounted along the

vertical axis of the reactor to serve as a guide
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, TABLE 3’1 COMPOSITIONS AND DIM ENSIONS OF THREE-R EGION REFL ECTOR-MODERATED-REACTOR

: Assembly Number B

Beryllmm Islond
Volume, 3
" Average raduu*s",;in.
Spheriéal section
End ducts )
Mass, kg
Fuel Regi‘bn‘(ext‘:lvl;divrig' éhé“s and
interface plu'fes)
Volume, #43
_ llfers ‘
Average radlus, m
Spherlcal secflon ;
Inside
Outs:de
’End duqfs'
*Inside o

O‘uts‘ldek" o

Distance between fuel sheefs, in,

Mass of componenfs, kg
Teflon ‘
Urcmlum |ood|ng
U235 loadmg
) Uranium densnfy,b g/cm3

235
U densny, g/cm
Uramum couhng muterlol

Scotch fope v

" Core Shells and Inferfoce Pla?es

f ts, k

Mass

Reflector

Experimental Criti

cal Mass,© kg of U235

CA-2]-T

1.27

5.18

- 3.86

67.0

2.06

582

531
9.44

3.99
528

0.142

108.88
26,02
24.24
0.446
0.416

0.25

0.15

' CA-21-2

1.27

5.i18
3.86

U 67.0

2.06

582
53
9.44

13.99

5.28 v
0.173

'108.18

21.57
20.07
0.370
0.345
0.21
0.15

10947

292

CA-22

1.27

5.18
3.86
67.0

2.47

70.0

5.31

9.44 ‘

3.99

6.79
0.142

126.77
30.45
28.35
0.435
0.405
0.30
0.15

" CcA23

1.75
7.19

3.86
92.2

1.56

443

7.32

9.44

3.99
5.28
0.142

81.54

19.97
18.62
0.451
0.420
0.19
0.15

1.10

' 5826

”"2’0.“8'8
o "1'1'.5’

f,‘°94‘ o
292

2Only one end duct was enlarged.

Mass per unit volume of fuel region.

“Mass required for a critical system with the poison rods removed.
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Fig. 3.1. Partially Assembled 1sland Showing
Lower Half of Inconel Inner Core Shell and the
Upper Half of the Beryllium Reflector.

for the annular control-safety rod, which contains
a mixture of the oxides of the rare-earth elements.
The rod is magnetically supported and can be
positioned above the horizontal mid-plane for con-
trol. It is free to fall below the mid-plane for

reactor shutdown. The outside diameter of the
neutron-absorber section of the rod is 1.28 in.,
and the annulus is ]/8 in. wide. The density of
the neutron-absorber compact is 6.5 g/cm3; its
principal constituents are Sm,0, (63.8 wt %) and
Gd, 05 (26.3 wt %). The support and the driving
rod for the neutron source are coaxial with the
control rod. The beryllium blocks in the reflector
and the island are in an atmosphere of helium;
there is no sodium in the system.

The reactor is mounted above a reservoir for
the liquid fuel, which is a mixture of the fluorides
of sodium, zirconium, and enriched (93% U235)
uranium. The fuel is transferred to the reactor
by applying helium under pressure to the liquid
surface in the reservoir; the return to the reservoir
is by gravity. The temperature of the system has
been raised to 1350°F by electrical heaters located
external to the reflector and the fuel reservoir.
The completed assembly is shown in Fig. 3.3.

After an initial test of system operation and
leak tightness with an equimolar mixture of NaF
and ZrF,, successive increments of Na,UF, were
added until the reactor became critical. The fuel
concentration was then 6.30 wt % (2.87 mole %)
uranium, and the excess reactivity, determined
from the subsequent calibration of the control rod,
was about 0.13% Ak/k. A measurement of the
over-all temperature coefficient of reactivity be-
tween 1150 and 1350°F showed the value to be
negative and equal to 2 x 10=° (A&/k)/°F. An
increase in the uranium concentration of the fuel
from 6.30 to 6.88 wt % resulted in an increase in
reactivity of 1.3% Ak/k. The control rod has a
value of 1.7% A%/E when inserted to a point 4 in.
above the mid-plane, ‘

o
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4, CHEMISTRY OF REACTOR MATERIALS
W. R. Grimes

Materials Chemistry Division

Phase equilibrium studies were made of the
LiF-ZrF,, UF,-ZrF,, NaF-LiF-ZrF,, NaF-LiF-
UF,, NaF-RbF-ZrF ,-UF,, KF-ZrF,, and NaF-KF-
ZrF, systems and of the BeF ,-containing systems
NGF-LIF BeF NaF-LiF-BeF,-UF,, NaF.BeF,-
UF,, KF- BeF and NaF-KF-BeF,. A revised
equnllbrium diagram for the LiF-ZrF, system is
presented, Additional data were obtdined on the
solubility of UF, in BeF,-bearing compositions.

Additional work was done in investigating the
equilibrium reduction of FeF, by hydrogen in
NaZrF, the reduction of UF, by structural metals,
and the stability of chromlum and iron fluorides in
molten fluorides. The experimental preparation of
NH,SnF; and of compounds of ZrF, with CrF,,
N|F2, cmcl FeF, is described. The mveshgcmons
of the reaction of UF, with uranium in alkali fluo-
rides and the reaction of uranium metal with alkali
fluorides were continued. Studies of the reactions
between molten fluorides and metals included some
exploratory work on the equilibrium between so-
dium-potassium alloy and NaF-KF melts at 800°C,

Fuel purification and production research in-
cluded the investigation of methods for the re-
covery of contaminated fuel for re-use and the
conversion of ZrO, to ZrF, in the present produc-
tion equipment. The studies of processing tech-
niques for the purification of BeF,-bearing com-
positions were continued. Efforts to resolve the
problems in the procurement of adequate supplies

~of ZrF4 are described, as well as improvements in
batching and dlspensmg operahons cmd loadmg

~“and draining opercﬂons. :
Pofenhal measu" ents \ were made i

ductance and densityof all molten alkali chlorides,
bromides, and iodides have been obtained, and con-
clusions based on the measurements are summar-
ized, Measurements of freezing-point depression
are under way. Precise determinations of the self-
diffusion coefficients of sodium ion and of nitrate
ion in molten sodium nitrate have been completed.

PHASE EQUILIBRIUM STUDIES OF SYSTEMS
CONTAINING ZrF , AND/OR UF,

C. J. Barton F. F. Blankenship
Materials Chemistry Division

H. Insley, Consultant

The System LiF-ZrF

H. A. Friedman R. E. Thoma
R. E. Moore

Materials Chemistry Division

G. D. White, Metallurgy Division
D. L. Stockton, Merck & Co.

A revised phase diagram of the LiF-ZrF, sys-
tem! is presented in Fig. 4.1. The original,
tentative diagram? was based mainly on thermal
analysis data, The revised diagram is based on
thermal and differential thermal analysis data,
high-temperature x-ray diffraction data, and petro-
graphic and x-ray diffraction examination of
quenched and slowly cooled samples. The Li ZrF,
crystals obtained by quenching and by slow cooling

‘were poorly formed, and it is possible that a rapid

inversion from a high-temperature crystal modifica-
d even during quenchmg. High-temper-
iffraction data on the compound indi-
&ated that the high-temperature modification exists

- above 470°C. Below 470°C, the pattern was identi-

47 47
KF. NcF ZrF , 3KF.3NaF. 2ZrF 3NGF 47ZrF
2NaF.LiF. QBeF

Final results obtcined for the electrical con-

4 and

cal to the room-femperafure pattern obtained from a
slowly cooled somple whlch contained the low-
temperature form and some of the decomposmon
products, LiF ‘and’ Ll22rF The inversion must

“OCEUF just above the decomposmon temperature,

Quenches of the mixture wn‘h 3] mole % ZrF

; ]R. E.r Moore, R. E. Thc;ma, and D. L. Stockfon, ANP
Quar., Prog Rep. June 10, 1955, ORNL-1896, p 51.
2L. M. Bratcher, V. S. Coleman, and C. J. Barton,

ANPéQémr. Prog. Rep. June 10, 1953, ORNL-1556, p 44,
Fig. 6.3.
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Fig. 4.1. Revised Equilibrium

established the primary phase as Li,ZrF, and the
liquidus temperature was found to be abouf 590°C.
Recently obtained thermal analysis data showed
that the Li,Z¢F ;-Li;ZrF, eutectic melts at about
580°C. Slnce Li,ZrF ; is the primary phase of the
mleure contammg 3] mole % ZrF ,, the Li,ZrF
eutectic must confmn less than 31 mole % of ZrF4.
No Ll3ZrF7 was found in quenched samples con-
'rcnmng 33.3 mole % ZrF, over the range 530 to
619°C, and thus it was confirmed that Li 2 ZrF
melts congruem‘ly. The melting point of Li, ZsF
was found, by thermal analysis, to be about 587°C
" Thermal and differential thermal analysis data

_indicated that a eutectic is formed by the mixture
~with about 50 mole % ZrF,, The primary phase of

the mixture with 48 mole % ZrF, was found, by
quenchmg, to be Li,ZrF; the liquidus temperature

~“was 522°C, and the solidus temperature was

'508°C The existence of L|22rF and LisZr,F g

66

ZrF, {mole %)

Diagram for the System LiF-ZrF,.

in these samples was confirmed by x-ray diffrac-
tion examination, The Li,ZrF -Li,Zr,F,, eutec-
tic appears to contain about 43 mole % ZrF, and

to melt at 508°C.

The experiments reported previously! seemed to
narrow down the composition of the unknown phase
in the mixture with more than 50 mole % ZrF ; to
either Li,ZrysF,, (60 mole % ZrF ) or LiZr,F g
(57.1 mole % ZrF4) Other experiments confirmed
this conclusion, but no decision between the two
formulas could be reached on the basis of the
quenching experiments. However, analogy to the
NoF-ZrF, system indicated LiyZr,F,, to be the
more probable, and it has been esfoblished inother
experiments (described below) that Na Zr ,F o and
LisZr,F o belong to the same crystal system and

form a complete solid-solution series.

Another phase (cubic) has sometimes appeared
in quenched samples in the region above 50 mole %

-~




ZrF, ot temperatures at which liquid would be
expected to be present. A differential thermal
analysis break at 580°C was thought at first
to be associated with this phase. However,
quench growth and well-crystallized ZeF , were
found in quenched samples containing 57.1, 60,
62.5, 66.7, and 75 mole % ZrF, above 520°C,
the incongruent melting point of LiyZr,Fi9. There
appeared to be no difference in the samples taken
above and below 580°C, It has been decided that
the cubic material is either a metastable or a low-
temperature phase which sometimes precipitates
during quenching, The break at 580°C was prob-
ably due to nonequilibrium conditions.

The liquidus temperature of the mixture with
66.7 mole % ZtF , was found by quenching to be
near 695°C. Thermal analysis data for the mix-
ture with 57.5 mole % ZrF, gave a liquidus tem-
perature of 618°C,

There is evidence that Li Zr,F,, decomposes
slowly into Li ZrF6 and ZrF4 upon cooling. A
relatively pure sample of LisZr,F,,, prepared by
heating for 48 hr at 500°C, wos reheated to 446°C
for several hours and quenched. The sample then
gave a good x-ray pq'r'rern for Li,ZrF and ZrF ,
although some Li aZr,F oo remamed The decom-
position temperature has not been definitely estab-

lished, v
The Sysrerra UFF;V-VZri""4
R. P. Metcalf R. E. Thoma

Materials 'Chemisfry Division

The system UF ZrF has been studied by using
the quenchmg technlque, and it hcs been analyzed' o

observed
(U,Z0)F . T
abouf 765°C r

Since 2Na
melting compound the LiF- 2N0F{UF4 join depqrrs

ied” mcongruenﬂy melting compound 3LiF. 4ZrF
which corresponds to the incongruently meltmg
compound 3NaF+4ZrF, in the NaF.ZrF, system, a

;VLIF and melt at 490°C However,
that are shown on the diagram to have low melting
points contain too much UF ; for them to be of use

binary system co ained the: prevnously unidenti~
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series of cooling curves was carried out on mix-
tures of 3LiF+-4ZrF, and 3NaF.4ZrF,. A continu-
ous gradation of optical properties from3NaF.4ZrF ,
(n, = 1.420, ny = 1.432; biaxial positive; 2V = 30
deg) to 3LiF.4ZrF, (n = 1.463, ny = 1.473; biaxial
positive; 2V = 20 to 30 deg) gave strong indico-
tion of a complete solid-solution series, The
primary phase along the join was ZrF,, and the
liquidus temperatures increased steadily from

550°C for 3NaF.4ZrF, to 618°C for 3LiF-4ZrF ,

"The solidus temperatures, which corresponded to

the incongruent melting temperatures of the solid-
solution series, exhibited a minimum at 475°C for
the mixture with about 25 mole % LiF. The
eutectic in the compatibility triangle formed by
6NaF-7ZrF ,, 2LiF.ZrF,, and the 3(Na,Li)F.4ZrF ,
solid solution was found to be NaF-LiF-ZrF,
(25-29-46 mole %) and to melt at 445°C,

An intensive study of the NaF-LiF-ZrF .UF,
quaternary system was interrupted when it was
learned that no improvement in viscosity resulted
when the mixtures contained relatively high LiF
and low ZrF, contents. At high zirconium con-
centrations, fhere was a marked reduction in melt-
ing point which was, however, accompanied by
unusually high ZrF ; vapor pressures,

-The System NaF-LiF-U F,
H. E. Friedman R. E. Thoma
Materials Chemistry Division

R. E. Cleary
Pratt & Whitney Aircraft

T. N, McVay

e

F UF4, 2NaF. UF4, and 7NoF «6UF .

" is just barely an mcongruen’rly

as circulating reactor fuels,

67

he compound LiF forms nearly compfe're quasi- N
- binary “systems with each of the NaF-UF, com-

the mixtures
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The |om befween 6NaF.7UF, and 6LiF- 7UF
appears to form a side of a compatibility fnangle
and so does the join between 6NaF.7UF, and

- 3LiF. UF These two joins, along with the quasi
7 f‘blnarles descnbed in the foregoing paragraph,
"',?;‘deflne the important compatibility triangles in the
- “portion of the ternary mixture that contains 47 mole
%, or Iess, UF,. In the region of UF, concentra-
,"i,tlons “above 50 mole %, there is at least one
:,"'.‘ferncry compound the high UF 4-content portion of
3 the diagram is not yet understood but the first
:|nd|ca'nons are “that UF, is a compatible phase
» f"over a surprlsmgly small area.
© "As aresult of these studies it apdears that some
cdmphco’nons, prev:ously unrecognized, appear in
the LlF-UF binary system. In addition to the
F4 and LIF 2UF, compounds prewously

c (28 mole % UF 4)r the temperature may
rise and fall 5 fo 15°C 'rwo or three times after the
eutectic halt is under way. This abnormal be-
havior seems to be due to an exothermic decom-
position of ?:LiF-Ul:4 at about the eutectic tem-
petature, along with a tendency for the melt to
undercool and then rapidly decompose.

The System NaF-RbF-ZrF .U F,
H. A. Friedman R. E. Thoma

Materials Chemistry Division

Preliminary studies of some systems containing
RbF and ZrF, were made in an attempt to obtain
materials with low viscosities for possible use as
reactor fuels. Previous studies? of the RbF-ZrF,
binary system had shown low melting points only

for mixtures with moderately high (greater than
40 mole %) ZrF concentrations; 3RbF. ZrF , melts
at 900°C. Consequem‘ly, low-melting mlxtures

confcmmg RbF and UF, with 20 to 40 mole %

» ZI’F4 necessarily contain a fourth component.

The RbF available, at present, contains about
20 mole % of KF, and therefore all studies re-
~ported here were made with RbF containing that
““amount of KF. It was anticipated that the KF

would substitute isomorphically for RbF and that
. the phase diagrams would not appear to involve
‘the KF componenf Unfortunately, fhls proved not

. E Moore et al.,, ANP Quar. Prog. Rep. Dec. 10,
1950 ORNL-919, p 245.

: L M. Bratcher, R. E. Traber, Jr., and C. J. Barton,
""ANP Quar, Prog. Rep June 10, 1952, ORNL-1294, p 92.

" to be the case. For example, i?RbF-ZfF; formed

preferentially, and, if additional KF were present,
an excess of KF remained. In low-melting parts of
the NaF~(Rb,K)F-ZrF , system, unexpected phases
made their appearance, and therefore quasi binaries
could not be established. A join at 47 mole %
ZcF , appeared to pass through the phase fields of
two ’rernary compounds and to give the lowest
melting points at the high RbF-content end. This
behavior, coupled with lack of information regard-
ing the similar NaF-KF-ZrF , system, caused the
postponement of a systematic study of the NaF-
RbF-ZrF, diagram, pending results from viscosity
measurements on an RbF-ZrF .UF, fuel mixture
and the procurement of better RbF,

In an effort to find a suitable fuel mixture for
viscosity measurements, a constant 4 mole % of
UF, was added to the RbF-ZrF, binary over a
range of composmons from 55 to 45 mole % RbF,
All these mixtures appeared to melt between 410
and 420°C and to give no detectable heat effects
above this range. This result led to the suspicion,
later confirmed, that small amounts of precipitates
with a very low temperature coefficient of solu-
bility were escaping detection, From the middle
of this range of apparently low-melting mixtures,
the composition RbF-ZrF ,-UF, (48-48-4 mole %)
was chosen as a preparation ?or viscosity meas-
urements,  The purified mixture was cooled to
450°C to precipitate any solidified crystals before
transfer; however, the transfer was carried out
through heated lines and a heated filter, so the
flowing melt was heated to 575°C. Crystals of
(Zr,U)F4 solid solution were found in the heel re-
maining in the purification vessel but not in the
filtered product. Hence, (Zr,U)F4 was presumed
to be the primary phase; it is possible that the
(Zr,U)F4 precipitated incompletely in the 15min
equilibration period at 450°C, since small parti-
cles were subsequently observed in the melted
product at temperatures above 500°C, However,
petrographic examination of the solidified melts
in which particles had been observed while they
were molten showed the presence of significant
amounts of oxyfluoride,

Viscosity measurements below 600°C were not
satisfactory because of these particles, but the
values obtained above 600°C were comparable with
those obtained, to date, for satisfactory fuel mix-
tures (see Sec. 7, ‘*Heat Transfer and Physical
Properties’). All the work described here was

-]
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carried out with RbF containing about 20 mole %
KF.

The System KF-ZrF
H: A. Friedman R. E. Thoma

Materials Chemistry Division

T. N. McVay

Consultant

The system KF-ZrF , is being studied in an at-
tempt to obtain background information regarding
the rather similar RbF-ZrF , system and to check
and refine techniques for handling these hygro-
scopic materials. Cooling curves obtained for ten
stirred KF-ZrF, melts with compositions in the
range 33.3 to 59 mole % ZrF, were in general
agreement with the phase diagram previously pub-
lished.> Thermal breaks in the range 45 to 50
mole % ZrF  indicate that there are two forms of
KZrF, one of which is metastable.

The System NaF-KF-ZrF,
H. A. Friedman R. E. Thoma

Mcferlals Chemistry Division

Prehmlnary studies indicate that the NaF-KF-
ZrF , system is much more complex than either the
Nc:F-ZrFA-UF4 system or the NaF-LiF-UF, sys-
tem. Neither of these latter systems shows ter-
nary compounds; in contrast, the NaF-KF-ZrF,
system shows at least five such compounds. One
compound has the composition NaF-KF.-ZrF,, and
another has the composition 3NaF.3KF.2ZrF .
Although the latter compound forms a compatibility
triangle with NaF and K,ZrF_, it cannot form a
" quasi binary with K3ZrF,, NagZrF, or NaF, be-
cause it dpparently melts mcongruenfly at about
755°C to K32rF'7 and liquid. Cooling curves on
the Na,ZrF -K;,ZrF, join show a minimum in the

liquidus temperatures at about 800°C for the com-
position with about 15 mole % KF; the liquidus
temperatures then rise gradually to about 918°C
for-the compound K ZrF and about 850°C for the
‘ Vcompound Na ZrF7. Smce a slowly cooled melt of

a composn‘lon mndwcly between 3NaF3KF. ZZrF
“and NaF. KF- ZrF4 consists of only these phases,
it can be concluded that this join is a common
base of two, as yet undetermined, compatibility
triangles.

5L M. Bratcher, R. E. Traber, Jr., and C. J. Barton,
ANP Quar, Prog. Rep. June 10, 1952, ORNL-1294, p 91,
Fig. 43.
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Eight melts were made along the 33.3 mole %
ZrF, join of compositions containing from 15 to
50 mole % KF and NaF as the remainder, Although
all these compositions contained the compound
NaFKF.ZrF, as one of the phases in the com-
pletely crystallized preparation, liquidus-tempera-
ture relations indicate that the compound melts
incongruently and that therefore there is no quasi
binary along this join,

Melting relations and phase compositions of six
preparations along the 47 mole % ZrF , join indi-
cate that the mixture with 47 molé % ZrF , also is
not a quasi binary, because most of the composi-
tions consist of three solid phases, including a
new ternary compound of undetermined composition
that is probably near NaF2KF.3ZrF,. The mini-
mum liquidus temperature along this join is about
420°C for a mixture with about 35 mole % KF, A
search in this general area has indicated that
there is a eutectic, with the approximate composi-
tion 38 mole % KF, 21 mole % NaF, 41 mole %
ZrF ,, which melts at about 400°C,

PHASE EQUILIBRIUM STUDIES OF SYSTEMS
CONTAINING BeF2
C. J. Barton and F. F, Blankenship

L. M. Bratcher R. J. Sheil
B. H. Clampitt R. E. Thoma
Materials Chemistry Division

R. E. Cleary, Pratt & Whitney Aircraft
T. N. McVay, Consultant
The System NaF-LiF-BeF,

Thermal analysis data were obtained with a num-
ber of compositions within a wedge-shaped area in
the temary diagram having the LiF-Na,BeF, eu-

" tectic (16 mole % LiF) at the apex and Na, BeF

and NaF-BeF, (70-30 mole %) at the other corners.
The avalluble data indicate that acceptably low
melting points can be obtained with low LiF con-
centration by moving into the ternary system along
the drainage path leading from the Nc:F-Na,‘,BeF'4
eutectic (approximately 31 mole % BeF,; melting
point, 570°C) toward the LiF-Na,BeF, eutectic.
Further, viscosity data for BeF,-bearing mixtures
indicate that, in order fo obtain a melt with a
kinematic viscosity as low as that of the ARE-type
fuel (2.82 centistokes at 600°C and 1.34 centi-
stokes at 800°C),6 the BeF2 content of the melt

6S. I. Cohen, ANP Quar. Prog. Rep. June 10, 1955,
ORNL-1896, p 157.
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must not be greater than 30 mole %, to assure com-
plexing of BeF, as BeF,~~ ions in the melt. If
an NaF-LiF-BeF, mixture is desired, it also ap-
pears that the LiF content will probably have to
‘be less than 10 mole %. One composition that
‘meets these requirements is the mixture NaF-LiF-
BeF, (63.5-7.5-29 mole %), which has a melting
point of about 525°C, It is expected that the
viscosity of this mixture will be determined in the
near future,

The low-melting temary mixture NaF-LiF- BeF
(27-35-38 mole %), reported previously? on fhe
basis of cooling-curve data to melt at 325 + 10°C,
was found to melt at 339 + 5°C by the use of dif-
ferential thermal analysis techniques, The former
value was ‘I’c/;wk Becdgse of undercooling, This mix-
ture has been reported® to have kinematic viscosi-
ties that are too high — 3.85 centistokes at 600°C
and 1.47 centistokes at 800°C — to be considered
competitive with those of the ARE fuel but low
enough to be of interest for a reactor design re-
quiring a substantially lower melting point fuel
than can be obtained with known ZrF ,-base com-
posmons.

quutdus temperatures were determined for sev-
eral compositions by differential thermal analysis
of samples cooled rapidly from 675°C to room tem-

perature in order to avoid the segregation of the

crystalline components that apparently occurs on
slow cooling. The composition NaF-LiF-BeF,

(50-]63’-33]/ mole %) showed a liquidus fempera-
ture of 478°C and a solidus temperature, deter-
‘mined frqm heqnng curves, of 329°C. The mixture
NaF-Li F-Ber (64-5-31 mole %) showed a melting
point of 545°C and a freezing point of 555°C. An
unpurified melt of this composition froze at 535°C.,

Most mixtures in this system have exhibited much
lower freezmg points than melting points because
of the prevalence of undercooling, but the 64-5-31
mole % mixture appears to be exceptional in this
respect.

~ The equimolar composition NaF-LiF-BeF,, pre-
‘viously investigated by Jahn,® was studied by
“using quenching and differential thermal analysis
techniques. The latter technique gave a value of
T434°C for fhe liquidus temperature, as compared

7
C. J. Barton et al., ANP Quar. Prog. Rep. June 10
1955 ORNL-1896, p 57.

Prlva're communication from J. F. Eichelberger,
Mound Laboratory.

9W. Jahn, Z, anorg. u. aligem, Chem. 276, 113 (1954),
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with the approximate value of 460°C reported by
Jahn. A crystalline phase having the x-ray pattern
described by Jahn for the NaL.iBeF, compound pre-
pared from aqueous solution was observed in
samples of this composition quenched at tempera-
tures ranging from 406 to 562°C. At the lower
temperature, LiF and Na,LiBe,F, were also pres-
ent, while in samples quenched at temperatures
above the liquidus temperature, quench growth was
observed petrographically, Jahn's failure to ob-
tain chLiBeF4 from melted samples by quenching
at temperatures below 550°C, which he ascribed to
formation of Be2F73" ions in the liquid, was more
likely due to poor quenching technique. Solid-
phase decomposi’rion of Nal.iBeF, to give LiF and
; at 225°C, as reported by Jahn, was
conflrme&" by the quenching experiments.

The System NaF-LiF-BeF ,-UF,

Investigations of the NaF-LiF-BeF‘z-U F, system
were confined to liquidus temperature determina-
tions with mixtures containing 2.5 mole % UF,,
which gives cpproxmcfely the same concenfrc’rlon
of UF, (in g/cm3) at 800°C as that of NaF-ZrF -

(50-46-4 mole %), Various techniques, m-
cludmg thermal analysis, ditferential thermal anal-
ysis, filtration, and visual observation, were used,
The results are summarized in Table 4.1,

The first mixture listed in Table 4.1 was pre-
viously reported to have a liquidus temperature of
465 + 5°C, as determined by visual observation,

.The filtration experiment demonstrated that the
small, high«temperature thermal effects observed

on cooling curves were spurious.

Analyses of the filtrates obtained with the 64-5-
31 mole % mixture showed an increasing concentra-
tion of uranium from 540 to 520°C, which indicated
that a nonuranium phase was precipitating in this
temperature range., The filtration of the 27-35-38
mole % mixture showed that 9.65 wt % uranium,
equivalent to about 1.8 mole % UF 4 Was in solu-

tion at 335°C,

The System NaF-BeF »UF,

The reported low vnscosrfy of the NaF-BeF,
(70-30 mole %) composition!® prompted interest |n
determining liquidus temperatures of mixtures

formed by adding 2.5 mole % UF, to NaF-BeF,

®Private communication from J. F. Eichelberger,
Mound L aboratory.
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TABLE 4.1. LIQUIDUS TEMPERATURE DETERMINATIONS WITH NaF-LiF-BeF (2.5 MOLE % UF ;) MIXTURES

Solvent Composition

Liquidus Temperature (°C)

(mole %) .
- Technique

NaF LiF 'Ber’ Nc:F-LiF-BeFZ-UF4 Mixture Solvent
56 16 28 Filteation <49 480
64 5 31 " Filtration <548, >540 540
27 35 38 Visual 355 339

Filtration >355 339
63.5 5 31,5  Differential thermal analysis 537 545 to 555

mixtures of dpproxim/q‘fel)'l”ﬂ‘;eib70-‘30 mole % com-
position. Differential thermal analysis data ob-
tained with rapidly cooled samples of the mixture

* NaF-BeF ,-UF , (68.25-29.25-2.5 mole %) indicated

a probable liquidus temperature of 579 + 5°C,
Filtration data obtained wn‘h the mixture NaF-

BeF,-UF, (66830 725 "mole %) showed the

liquidus temperature to be below 562°C, The
highest thermal effect observed on cooling curves
with the latter composition was at about 555°C.
There appears to be little hope of obtaining an
dacceptable liquidus femperct'rure with a ternary
mixture of this type confammg 25 mole % UF,
and 30 mole %, or Iess, BeF

The Sysfem K F-BeF

Thermal cnalysns “data’ recenfly ob'ramed “with

punfled mixtures in the KF-‘BeF2 system showed
slightly higher melhng points than thpse obtained
by C. J. Barton and co-workers in mveshgohons of" ‘

unpurlfled melts

rather high liquidus temperaiures, as compared
with those of the NaF-LiF-BeF, system, and no
promising fuel carrier compositions were formuy-
lated as a result of these studies, Recent interest
in obtaining a Ber-bose fuel carrier with low
kinemdtic viscosity prompted a reinvestigation of
the NdF-KF-Ber system. Thermal analysis data
obtained with temary compositions prepared from
purified binary mixtures have served to confirm the
earlier indications of high liquidus temperatures in
this system, particularly for the mixtures con-
taining 33 mole %, or less, BeF,. The mixtures
containing 33 mole %, or less, BeF, are considered
to be the most promising mixtures from the vis-
cosity standpoint, Preliminary results of petro-
graphic and x-ray diffraction examinations of a

‘number of slowly cooled melts show that composi-

tions on the NaF-K,BeF, join contain only these
two components, Themal analysis data for this

'system, shown in Fig. 4.2, indicate that it is a
sim le eutectic systém, with the eutechc con-

Thermal analysis data on about 40 unpurified
melts in the NaF-KF-BeF, system were obtained

prewously.” The mcomplete investigation showed'

l.IJ P. Blakely, L. M, Bratcher, and C. J. Barton,
ANP Quar. Prog Rep. Dec, 10, 1951, ORNL-1170, p 87.
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Fig. 4.2, Thermal Data for the System NaF-K,BeF .

Solubility of UF, in BeF ,-Bearing Compositions

Data on the solubility of UF, in a number of
BeF ,-bearing compositions were reported earlier. 12
The composition(in mole %) designated 69 NaF-31
BeF, in the previous work was actually 69 LiF-31
BeF All the earlier data were obtained with
mckel filters.!3 In view of the greater stability of
UF, dissolved in LiF-NaF in copper confainers
(discussed below in this section under the heading
“Reaction of UF, with Uranium in Alkali Flyo-
rides’’), it seemed desirable to see whether more
consistent data could be obtained in copper ap-
paratus equipped with a bronze filter medium. The
data obfuméd are shown in Table 4.2, together
‘with some oddmonul data obtained with LiF-BeF,
mixtures in nickel apparatus. The uranium dddl-
tions were made with UF, and uranium metal or by
adding large excesses of uranium metal to UF,-
bearing melts,

It is difficult to draw definite conclusions from
such scah‘ered data, but it is apparent that alloying
‘ of uranlum w:fh the mckel fllfers and containers

]2L M Bratcher et al., ANP Quar. Prog. Rep. June
10 1955, ORNL-1896, Table 4. 2, p 58.

e L M. Bratcher et al, ANP Quar. Prog. Rep. March
10 1955, ORNL 1864 p 51

was not the sole cause of the poor reproducibility
of the UF -solubility data obtained in nickel ap-
paratus. The large amount of tetravalent uranium
found in all the filtrates, regardless of valence
form of the uranium added to the solvent, could be
due to oxidizing impurities in the melt, dispropor-
tionation of UF,, or a reaction between UF, and
the alkali fluoride or beryllium fluoride in the melt,
Further experimentation will be required to deter-
mine the controlling factor in the production of
UF, in BeF,-bearing compositions.

CHEMICAL REACTIONS iN MOLTEN SALVTSV ’
L. G. Overholser G. M. Watson
Materials Chemistry Division .
Equilibrium Reduction of FeF, by H, in NaZrF,
C. M. Blood

Materials Chemistry Division

An apparent equilibrium constant '('rh’éi\é(f"rd'é‘:‘fioﬁ
of dissolved species used as activity) of 5.7 at
800°C was previously reported” for ’rhe reachon

FeF + H2 : Fe + 2HF

Y4¢, M. Blood, ANP Quar. Prog. Rep. June 10, 1955,
ORNL-1896, p 60.
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TABLE 4.2, SOLUBILITY OF UF, IN BeF,-BEARING COMPOSITIONS

Analysis of Filtrate

Temperature Container Uranium (wt %)
Solvent Composition ©c) Material Added T

U Total U
LiF+BeF, (69-31 mole %) 700 Nickel UF5 +U 2.79 4.80
700 Nickel UF4 + U 3.38 5.66

800 Nickel UF, +U 8.35 14.1

800 Nickel UF, +U 8.28 12.7
600 Copper UF, +U 0.46 3.12
700 Copper UF, + U 3.09 5.34

800 Copper UF, tU 5.02 12.7

NaF-BeF, (70-30 mole %) 600 Copper UF; +U 0.40 2.50
600 Copper UF, tU 0.19 7.05
700 Copper UF3 +U 2.75 5.24

700 Copper UF, + U 4.82 10.1

800 Copper UF; +U 10.1 14.7

800 Copper UF, +U 12.2 19.1

when the materials were contained in a mild steel  of iron. From all apparent indicaﬁons,' the ap-

system. This value was obtained by passing hy-
drogen at different gas flow rates through the salt
mixture containing FeF, and measuring the cor-
responding partial pressure of HF in the effluent.
An approach to the equilibrium partial pressure of
HF was made by extrapolation to the slowest flow
rate. As has been stated before,!5 the extrapola-
flon does not _appear to be sahsfacfory.

ments ‘made by usmg “an equnhbruhon fechmque,tq
”prevnously descrlbed 16 have been connnued The

K ncenfrmhons of the in

ORNL-1884, p 57.

16c, M. Blood and G. M. Watson, ANP Quar, Prog.
Rep. Sept. 10, 1954, ORNL-1771, p 66.

FeF2 in contact%'

proach to equilibrium in this instance was better
than that for any previous measurement obtained by
this technique. Unfortunately, the existence of
equilibrium cannot be demonstrated with certainty,
since the present equipment cannot provide a gase-
ous influent of constant composition for long
periods of time. An alternate method of formation
of H,-HF mixtures of constant composition is

~ presently being studied.

Reduction of UF, by Structural Metals
J. D. Redman C. F. Weaver
Materlols Chemls'rry Dw:snon

. The 'rechmques used for measunng “the reduction
of UF by Cr® or Fe® in molten fluorides were de-
scrlbed in earlier repon‘s.17 Equilibrium data for

. these reactions when 'rhe Nch-ZrF4 compound, '8

]7L G. Overholser, J. D. Redman, and C, F Weuver
ANP Quar. Prog. Rep. March 10, 1954, ORNL- ]692
p 56; J. D. Redman and C. F. Weaver, ANP Quar. Prog.
Rep. June 10, 1954, ORNL-1729, p 50.

18). D. Redman and C .F, Weaver, ANP Quar. Prog.
Rep. June 10, 1954, ORNL- 1729, p 50; Sept. 10, 1954,
ORNL-1771, p 60.
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the NaF-LiF-KF eutectic,!? or the NaF-ZrF

(53-47 mole %) mixture2® was used as a reucnon
medium have also been presented. These studies
have been continued with experiments in which
NaF- LIF-ZFF (22-55.23 mole %) was used as the
reaction medlum. A study of the reduction of UF,
by vanadium metal with the NaF-LiF-KF eutectic
as the solvent has been started, but no analytical

" data are yet available. Similar studies, planned

for the near future, with metallic niobium, tantalum,
and tungsten will be conducted in an attempt to
demonstrate whether or not these metals are com-

~ patible  with UF dissolved in the NaF-LiF-KF

eutectic at 800°C

The results of some studies of the reduction of
UF, by Cr° at 600 and '800°C with NaF-LiF- ZrF ,
(22-55-23 mole %) as the reaction medium ureglven
in Table 4.3, In all these experiments 2 g of hy-

19,. . Redman and C. F. Weaver, ANP Quar. Prog.

“Rep. March 10, 1955, ORNL-1864, p 58.

20y, p. Redman and C. F. Weaver, ANP Quar. Prog.
Rep. June 10, 1955, ORNL-1896, p 60.

TABLE 4,3. EQUILIBRIUM DATA FOR THE
REACTION OF UF, WITH Cr° IN MOLTEN
NaF-LiF-ZrF , (22.55-23 MOLE %)

AT 600 AND 800°C

Conditions of Analysi-s of Filtrate

Equilibration

Total Total Total
Temperature Time U Cr* Ni
(°c) thr) (wt %) (ppm) (ppm)
600 3 8.6 580 40
3 8.5 540 30
3 8.8 430 15
3 8.9 680 30
5 8.9 650 15
5 8.8 476(.) 35
5 8.6 450 115
5 8.6 560 40
800 3 9.4 720 15
3 9.1 690 20
5 8.5 810 15
5 8.7 800 15

*Biahk >oi? 250 ppm of chromiurﬁ at 800°C.
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drogen-fired chromium was reacted with 11.4 wt %
UF, (2.5 mole %) dissolved in approximately 30 g
of fhe NaF-LiF-ZrF , mixture contained in nickel.

The averages for the chromium values given in
Table 4.3 — 570 and 750 ppm at 600 and 800°C,
respectively — are the lowest found for any of the
reaction media studied, For comparison, chromium
values at 600 and 800°C in NaF~ZrF were 2250
and 2550 ppm; in NaF-ZrF, (53-47 mole %), 1750
and 2150 ppm; in NaF-LiF- KF (11.5-46,5-42 mole
%), 1100 and 2700 ppm. Although the UF, con-
centration was somewhat lower (2.5 compared with
4.0 mole %) in the recent experiments than in the
previous experiments, this variable can account for
only a small part of the difference found in chro-
mium confent. It seems more probable that the
most important factor, for the ZrF ,-containing
mixtures, is that with a decrease in ZrF, con-
centration there is also a decrease in the activity
of the UF, because of increased complexing by
the alkali fluorides. The results cannot be com-
pared with those obtained in the NaF.-LiF-KF
eutectic, because virtually all the chromium is
present as the trivalent form in the eutectic. As
reported below, a large fraction of the chromium is
divalent in the NaF-LiF-Z¢F , mixture.

Data for the reaction of UF, with Fe® in nickel
containers at 600 and 800°C with NaF-LiF-ZiF
(22-55.23 mole %) as the reaction medium are glven
in Table 4.4. In all these runs, 2 g of hydrogen-
fired iron wire and approximately 30 g of the
solvent containing 11.4 wt % (2.5 mole %) UF,
were employed,

The equilibrium iron values reported in Table 4.4
fall in the same general range as those found in
the other reacticn media, The one difference to be
noted is that the iron values given in Table 4.4 are
slightly higher at 800 than at 600°C, whereas in
the NaF-ZrF ; mixtures and the NaF-LiF-KF eutec-
tic slightly hlgher values were observed at 600
than at 800°C

Stability of Chromium and Iron Fluondes in
Various Molfen Fluorldes N ‘

J. D. Redman C F Weaver R
Materials Chemistry Division
Previous experiments indicated that CrF, was

not stable in the eutectic mixture NaF-LiF-KF
(11.5-46.5-42 mole %) but that when the solu’non

was equilibrated at 600 or 800°C m nickel ap-
paratus the product was mainly Cr3t, Additional
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is TABLE 4.4, 'EQUILIBRIUM DATA FOR THE data that indicate the stability of CrF, in this
i" ~ REACTION OF UF, WITH Fe® IN MOLTEN solvent in nickel and Inconel equipment are pre-
i ) NaF.LiF-ZrF ; (22-55-23 MOLE %) sented in Table 4.5. The data suggest that Cr3t
AT 600 AND 800°C under these conditions is completely stable to
- : » , : ; : reduction by Ni® but that Cr° (and possibly Fe9)
Conditions of Analysis of Filtrate from the Inconel reacts with the CrF,, Whether
Equilibration Total Total  Total equilibrium has been achieved in the latter case is
Temperature  Time U Fe* Ni not known. Quantitatively, however, the solubility
(°C) (hr) (wt %) (ppm) {ppm) of CrF; is considerably less than was indicated in
) S . - S previous studies for which shorter equilibration
s S 600 3 7.9 460 30 times were used. It does not seem likely that the
3 8.4 420 35 femperc'r'ure mea.suremenfs are sufficiently in error
R to explain the discrepancy.
‘ -5 8.6 375 35 |
S 8.5 440 30 Data obtained by adding CrF, or CrF, to an
L - e NaF.ZrF , (53-47 mole %) mixture, equilibrating in
© 800 3 89 700 30 ‘nickel apparatus for 5 hr at 600 or 800°C, filtering,
g 8.4 650 70 and analyzing the product chemically are presented
, o in Table 4.6. Similar values for CrF, or CiF,
‘ 5 (86 660 25 additions to an NaF-LiF-ZrF, (22-55-23 mole %)
) 5 8.6 540 25 mixture are presented in Table 4.7,
v; > 8.5 630 :45"_‘ It is evident from these tables that CrF, is not
O 5 85 [ 580" 55 entirely stable in either of these solvents, al-
——— ~ - — though, when CrF, is the added constituent, the
, *Blank of 100 ppm of Fe at 800°C. concentration of Cr2* is generally higher than the
TABLE 4.5. \SVTABlLlTY OF CrFS IN MOLTEN NcF-LiF-KF (11.5-46.5-42 MOLE %) AT 600 AND 800°C
. e R Analysis of Filtrate
Conditions of Equilibration CrFq -
— Total Total
. . Added 2+
Temperature Time (wt % Co) Cr Cr Ni
Or t r
¢C) (hr) o (ppm) (wt %) (ppm)
600 12 4.8 5 0.24 110
12 4.8 5 0.24 65
) 12 4,8 10 0.23 25
12 4.8 30 0.35 115
12 48 5 2.9 65
f' 48 s 29 1
: S48 200 3a 40
1 48T a0 34 40
' o s00r 3.5 s
000 40 %
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TABLE 4.6, STABILITY OF CHROMIUM FLUORIDES IN NaF-ZrF , (53-47 MOLE %) AT 600 AND 800°C

SE;]uilibrafioln' T Chromium

Analysis of Filtrate

- 'Tempera'rure‘ o Fluoride Added o2t Total Total
Q) (wt % Cr) ” Cr , Ni

B N : : ) (wt %) (wt %) {ppm)
600 ‘ 1.0 cr2* 0.46 80
e 1.0 ¢r2* 0.40 0.60 50

800 . 0.88 ce2t 0.58 0.75 40
o - 0.88 cr?? 0.30 0.86 65

12.0 Cr2¥ 9.1 1.7 - 305

12.0 Cr2* 9.2 11.6 ‘ 270

600 0.1 3% 0.08 0.08 R (i

; ' ‘ 0.1 Cr3* 0.05 0.08 70
e0 4.0 3t 1.5 3.6 280
' i 4.0 3% 1.7 3.6 285

TABLE 4.7. STABILITY OF CHROMIUM FLUORIDES IN NaF-LiF-ZF ; (22-55.23 MOLE %) AT 600 AND 800°C

Analysis of Filtrate

E quilibration Chromium

Temperature Fluoride Added o3t Total Total

) (wt % Cr) Cr Ni
(wt %) (wt %) (ppm)

600 1.0 c2t 0.61 0.78 1

1.0 cr2? 0.59 0.97 1

2.0 cr2* 1.01 1.91 155

2.0 cr2t 0.99 2.15 30

800 1.0t 0.87 15

1.0 Cr2* 0.65 - 0:95 v 1
5.0 cr2* 3.3 45 40

5.0 Cr2* 3.1 4.6 25

1.0c3* 0.37 1.05 200
4.0 cr3t 1.2 4.2 60

concentration of Cr3*, When Cr3* is added, ap-
preciable reduction to the divalent state is ob-
served, even though no Ni?* appears in the filtrate
and no other reducing agent is supposed to be
“present, Further experimentation will be required
_before conclusions can be reached regarding the
) béhavidr of either CtF, or CrF; in these solvents,
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Data obtained by adding FeF, or Fe‘F3 .tovxcu; v

NaF-ZrF , (53-47 mole %) mixture, equilibrating in
nickel apparatus for 5 hr at 600 or 800°C, filtering,
and analyzing the product chemically are presented
in Table 4,8, Similar values for FeF, and FeF,
additions to an NaF-LiF-ZrF4 (22-55-23 mole %)

mixture are presented in Table 4.9,

-~
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TABLE 4.8, STABILITY OF FeF, AND FeF; IN NaF-ZF, (53-47 MOLE %) AT 600 AND 800°C

Analysis of Filtrate

' Equil.ibraﬂon S ||;on

Temperature " Fluoride Added Fo2*t Total Tot‘al

(°Q) (wt % Fe) . Fe Ni
! S . (wt %) (wt %) (ppm)
600 ‘ 0.6 Fe2* 0.15 ' 0.25 65
0.6 Fe2* ’ 0.18 55
1.0 Fe?* 0.06 0.36 125
1.0 Fe2?t 0.24 60
800 1.0 Fe2t 0.63 1.29 115
’ 1.0 Fe2* 0.63 117 80
6.0 Fe?t 4.9 5.9 340
6.0 Fe2* 5.2 6.2 150
600 ’ 0.4 Fe3* 0.18 0.25 500
0.4 Fe3* 0.17 0.21 600
800 C 4.0 Fe3t 3.0 3.5 14,800

4.0 F3* 3.4 3.9 22,300

TABLE 4.9, STABILITY OF FeF, AND FeF IN NaF-LiF-ZrF , (22-55.23 MOLE %) AT 600 AND 800°C

Analysis of Filtrate

Equi‘librafion lron

Temperature " Fluoride Added o2t Total Total

- (°Q) (wt % Fe) . Fe Ni
(wt %) (wt %) ‘ (ppm)
600 R VN 2 S 0.83 1.04 s
e S N 0.80 1.14 90
Twes ‘85
o0 85
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From the resulfs glven in Tables 4.8 and 4.9, it

is seen that roughly 80% of the FeF, added re-

mains as Fe wnh the remainder apparently being
oxidized to Fe , although no logical mechanism
for the oxndahon can be postulated. From the re-
sults for the runs in which FeF, was added, it is
ev1dent from the increase in the nickel content of

~ the system, that the nickel container reduces Fed*

to Fe2*. No satisfactory balance between Fe2?

“and Ni2* is shown by these datq; it is therefore

possible that the reaction is not the simple one
Some rather extensive experimental
work would. be required to obtain an insight into
the poss:ble equ:hbna mvolved

Expenmentnl Prepumhon of Pure Fluoncles

B, J. Sturm

- :Mafermls Chemlsfry Division
Prepum'hon ‘of NH SnF

In order to produce

| :4'4ab0uf 500 g of NH SnFB, essenhally free of chlo-

ride ion, stannous hydroxide was precipitated by
the addition of aqueous ammonia to a hot aqueous
solution of SnCl, in the presence of Sn° The
precipitate was washed by decantation, and the
raffinate was removed by centrifugation. After
dissolution of the precipitate in aqueous HF, the
precipitation, washing, ond centrifugation were
repeated. The precipitate was then treated with
the stoichiometric quantity of NH,HF, and was
dissolved in the minimum quantity of aqueous HF.
Crystals of NH, SnF, were recovered by partial
evaporation of this solution,

Compounds of ZrF, with CrF,, NiF,, and FeF,.
Evidence from various experiments has indicated
that the simple fluorides of chromium, iron, or
nickel are not the primary phase when solutions of
these materials in NaF-ZrF ; mixtures are cooled;
also, petrographic and x-ray examinations of such
cooled melts show the solid phases recovered to
be quite similar, It was believed that primary
phases were complex compounds of ZrF , with the
structural metal fluorides, Accordingly, ZrF, was
heated at 950°C in sealed nickel capsules with
each of the compounds CrF,, CrF,, FeF,, and
NiF2 in 2:1, 1:1, and 1:2 stoichiometric propor-

“.tions. The CrF3 did not react with ZrF,, and no
'«.fev:dence of compound formation was observed in
i the three proportions tested. All the NiF -Z¢F
Tusnons showed compound formation, When 2 moles
7 of N|F2 per mole of ZrF, was used, the compound
and excess NiF, were observed; when the molar
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“ratio was reversed, ZrF, and the compound ap-

peared. The compound seemed to be NiF,.ZrF ,
and the constancy of cell size with composition
of the mixture indicated very limited or no solid
solution of either NiF, or ZrF, in the compound.

The ZrF ,-FeF, fusions showed a compound that
was isomorphous withNiF +ZrF, but had a slightly
larger cell size. The compound FeF,.ZrF,, how-
ever, unlike its NiF +ZrF, counterpart, forms
solid solutions with ZrF ,; the cell size of the
compound appeared to be lowered by the ZrF,,
When the FeF, was in excess (2 moles of FeF,
to 1 of ZrF,), an additional phase, as yet unidenti«
fied, was observed; the unchanged cell size of the
FeF,-Z¢F, present indicated virtually no solid
solution of these compounds,

Petrographic examination indicated that the com-

pound CrF,.ZrF, existed ond that it was ap-

parently isomorphous with its FeF, and NiF,
counterparts, No x-ray diffraction data and no
observations of solid solution formation are yet
available. Because of the value of these studies
to the interpretation of some electrochemical
studies (also reported in this section), these
studies will be extended to include systems con-
taining NaF, as well as ZrF .

Reaction of UF‘4 with Uranium in Alkali Fluorides

C. J. Barton B. H. Clampitt
Materials Chemistry Division

It was previously reported?! that the reduction
of UF4 in the NaF-LiF (4060 mole %) eutectic
with metallic uranium was more nearly complete in
copper than in nickel apparatus. In those experi-
ments the copper apparatus was equipped with a
filter medium of bronze (82% Cu, 16% Sn, 2% Zn).
The experiments were recently repeated, with a
filter medium of pure copper being used; the data
from these experiments are presented in Table
4,10. The higher UF,/UF, ratios obtained in
these experiments suggest that some dispropor-
tionation of UF, occurred on contact of the melt
with the bronze filters, ,

However, when the reduction of UF, with ex-
cess U° was carried out with the NaF-KF-LiF
eutectic (11,5-42-46.5 mole %) as the solvent, the
reaction yielded U3*/total U ratios of 0,55 to 0.7
regardless of whether copper or nickel containers

21c, J. Barton and B. H. Clampitt, ANP Quar. Prog.
Rep. June 10, 1955, ORNL-1896, p 68.
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_ TABLE 4.10, REDUCTION OF NaF-LiF-UF, WITH
- 100% EXCESS URANIUM IN ALL -COPPER
APPARATUS AT 750°c

Analysis of

] R Theoreﬁcall*v Ratio of

Filfrqte (wt %) yldt udtyo
udt  TotdlU T (wt %) Total U
24.9 26.6 271 0.93

24,5' 25.0 25.2 0,98

*Calculated by assummg complefe reduchon of UF

with US,

ond fllters were used Excmmchon of 'rhe mfenor

of the copper containers used in these experiments
showed the existence of a mirrorlike metallic
coating on the cbppér'that ‘had been in contact
with the melt, The thickness of the coating ap-
peared to increase with time and temperature; x-ray
diffraction exammcmon of this material showed it

~tobea mleure of copper and UCUS. '

. The copper in the ‘vraniferous alloy oxidizes
qUIfe rcpldly in contact with mo:st air, Tomlshed

specnmens “showed the presence of copper oxides,

in addition to UCU but no UO, lines could be
found in the x-ray duffrccflon paﬂern.

Alloying of this type was also observed when
NaF-KF-LiF mixtures were heated with either UF,
or with metallic uranium.  Inboth cases, analysns
of the filtrate obtained a’r the end of the equilibra-
tion period showed the presence of both U3+ nd

The reaction of metallic uranium with the NaF-
KF-LiF eutectic at high temperatures, reported
prevnous|y,22 hczs been shown to occur at 650°C;

U4+ in the melt; dlsproporhonahon k_ofyUF ‘seems

)
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a similar reaction occurs at 750°C when the
NaF-LiF eutectic is used. In the recent experi-
ments the purified salt mixture and metallic ura-
nium were placed in a nickel apparatus, and, after
formation and decomposition of UH,; to subdivide
the uranium metal, the temperature was raised
to the desired value. The contents of the appa-
ratus were agitated by sparging with helium, An
air-cooled condenser maintained at slightly above
room temperature was included in the exit gas
line to condense any alkali metal or alkali fluoride
swept out by the flowing helium. The trapped
material was dissolved in water and analyzed
chemically for potassium, sodlum, lithium, fluorine,
and total alkalinity.

The results obtained with the NaF-KF-LiF eu-
tectic and with the NaF-LiF eutectic are presented
in Table 4.11. 1t is obvious from the data that
most of the trapped material was alkali metal;
less than 5% of the condensate was alkali fluoride.
Also, both the quantity of alkali metal evolved
and the uranium content of the melt increased
with time in a quite regular manner.  As was ex-
pected, the reaction produced more K° than Na°
(when both were constituents of the melt) and
more Na® than LiS  However, the amount of alkali
metal collected did not, by a large factor, cor-
respond to the amount of uranium oxidized. It
appebrs certain that some condensation of the
alkali metals occurred in cooler portions of the
apparatus before the condenser was reached. The
apparatus is being remodeled to eliminate this
possibility and to demonstrate the stoichiometry
of the process.

The presence of UF in these melts suggests
the fype '

||br|um condmons. The
'ro evclua're thls

the equ between vd'm-po’rqsswm alloy

22R E. Cleary, ANP Quar. Prog. Rep. June 10, 1955,
ORNL-1896, p 71.
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TABLE 4.11. REACTION OF URANIUM METAL AND NaF.KF-LiF AND NeF.LiF EUTECTICS =~

Analysis of Trapped Material ~

" Analysis of Filtrate

R?Cf fon (wt %) Total
(;:)e S ‘U3+ Total U K Na L] F : Alkalinity
, e g ; (mg) (mg) (mg) (mg)  (meq)
_ NaF-KE-Li#‘E’;feciic at 650°C
X R . s
3 3.5 a0 1% 4.8 0.02 105 350
4 2.29 5.20 142 6.9 0.03 255 410
5 334 5.07 9 8.6 0.07 1.65 579
7 sl 108 245 1.8 0.18 377 702
14 5.5 1.5 0105 038 275 T g4
e 7 , NaF-LiF Eutectic** at 750°C - »
R R R 2.30 o 24 oo odo T ags
s o 1.85 0.29 75 0os 032 a1
7k 2.12 3.83 0.49 134 0.15 0.50 6.13
15 4,22 5.40 1.63 257 0.15 1.30 B A K

*Since considerable amounts of alkali fluorides were found in the trapped material, the results of the analyses are
not accurate enough for reporting; however, it is felt that the contaminants did not affect the total alkalinity deter=

mination appreciably.

**This eutectic was found, by analysis, to contain 0.18% K.

and NaF-KF melts at 800°C. Samples of purified
potassium metal and NaF were loaded into a
hydrogen-fired nickel capsule in a helium atmos-
phere. After a welded capsule had been held at
800°C for several hours, it was quenched and
then opened under an atmosphere of helivm. Sam-
ples of the metal phase were easy to obtain in
that they could be poured without difficulty into
a test tube having a rubber stopper and a stopcock.
A good sample of the salt phase was much more
difficult to obtain, because droplets of metal
clung tenaciously to it.

A more certain separation of the phases was

. obtained by evacuating sealed test tubes that

had been filled in a helium atmosphere with sam-
ples of each phase and allowing the evacuated
tubes to partially fill with anhydrous isopropyl
alecohol.  The alcohol reacted with the metal but
not with the salt. Since the salts were insoluble

;}\;’vin.'fr'he isopropyl alcohol, the alcohol fraction was
= filtered and analyzed to give an approximation
Vi cof the Na¥K®ratio, and the residue was dissolved
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in water to give a water fraction that was analyzed
for the NaF/KF ratio. Results for the one experi-
ment which was carried to completion are pre-
sented in Table 4.12,

On the assumption that quenching effectively
froze the 800°C equilibrium and that no significant
exchange occurred during the short exposure of the
salt to isopropyl alcohol, the results in Table
4.12 lead to an equilibrium constant, based on
mole fractions of salt in the salt phase and metal
in the metal phase, of

_[Na] [KF)
* 7 0Kl [NeF1

0.2 .

This compares with the value of 0.29 obtained by
Rinck2® and the value of 0.5 + 0.3 based on

standard free energy estimates arnva“idédl alé}ir*iv'i‘ﬁés*. o
It was noted that the salt associated with the

metal phase, presumably that salt which wés”vdyis-’
solved in the metal at 800°C, contained much

23, Rinck, Ann. chim. (Paris) 18, p 429-434 (]932).
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TABLE 4.12. ANALYSES FOR THE EQUILIBRIUM
K + NuF—AKF + Na

Hetal Phase

Salt Phase
(meq) (meq)
Na K Na K
Alcohol fraction 1.67 3.42 0.26 0.52
- Water fraction 1.78 3.22 1.36

0.05

more NaF than KF; this probably reflects a weak-
ness in the sampling, the separation, or the anal-
ysis, since KF has been shown to be ten times?
more soluble in K than NaF is in Na® The ratio
of salts in the metal phase did not affect the
value of K_, since the salt ratio was based on
analysis of the water fraction of the salt phase.

PRODUCTION OF PURIFIED FLUORIDES

G. J. Nessle F. F. Blankenship
G. M. Watson
Materials Chemistry Division
Recovery of Contaminated Fuel for Re-use
J. E. Eorgan J. P. Blakely
Materials Chemistry Division
Fuel used for testing ~reactor components at
ORNL and at Pratt & Whitney Aircraft is expected
to become available for reprocessing and re-use
at the rate of 2000 to 3000 Ib per month. If this

material is dlscharged from the testing equipment

in_a manner that wull mlmmlze oxidation and hy-

drolySIs, fhe ma|or con ihani‘ WI“ be CrF

Y_'lf fhe CrF2 can Vbe removed before ’rhe‘maferml

‘for frecmng 7 to ]000|b<ﬁ>fA e
~ zirconium

‘elt dlrec'rly info ’rhe 250-1b productlon apparatus

2AM. A. Bredig, H. R. Bronstein, and W. T. Smith, Jr.,
J. A. Chem. Soc. 77, 1454 (1955).

. standard production equipment,

\vond

imed fue with (50.8-45.2-4 mole %) mixed and confammafed wxfh

-2 wf%CrF

PERIJOD ENDING SEPTEMBER 10, 1955

Removal of CrF, from NuF-ZrF4-UF4 Mixtures
F. L. Daley

Materials Chemistry Division

The standard hydrofluorination-hydrogenation
method for the purification of fluoride mixtures
will remove NiF, and FeF, by reduction of these
materials to the metals, but it is largely ineffec-
tive in removing CrF,. Accordingly, if the mo-
terials charged to the processing plant contain
appreciable concentrations of CrF,, an additional
processing step must be included. Since the raw
materials NaF, ZrF , and UF, contain only traces
of CrF,, this contamination is not a problem in
the production of virgin fuel. However, the fuel
materials that will be available for reprocessing
after having been used in engineering test units
at ORNL and at Pratt & Whitney will contain
CrF , as the major contaminant.

If the used material is stored in contact with
air, considerable amounts of ZrO, and/or ZrOF,
will be formed by hydrolysis when it is reheated,
and these compounds could also cause trouble
in the reprocessing steps. It is possible, however,
to handle and to store the material so that such
hydrolysis is negligibly small, In that event the
only contaminant present that would not be re-
moved by the normal processing procedure would
be the CrF,, which would probably be present
to the extent of 500 to 1500 ppm chromium,

To achieve nearly quantitative
CrF, to Gt a considerable fraction of the UF
must be reduced to UF,. Since the solubility
of UF; in NaF-ZrF , melts is relatively low, even
at 800°C, the amount of reductant must be closely
controlled. If this reduction is performed in the
the subsequent
hydrofluorination merely reoxides the UF, to UF,
redissolves the Cr° as CrF,; occordingly,
the reduction must be accomplished in auxiliary

reduction of

. equipment, and the reduced melt must be filtered

into the production equipment. _ 7
= Two experiments were 'performed on 3-kg batches
of purified NcF-ZrF UF4 mlx'rure to test the

=« feasibility of these operchons on oxide-free ma-

The batches consisted of NaF- ZrF UF

terial.

(” 500 p’pm ¢t and zirconium
metal chips of the desired weight. For the re-

duction step the charges were placed in unlined
nickel reactors, heated, held for 3 hr ot 800°C
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conium_metal.
“because of the insolubility of UF3'is negligible.
““As was shown previously,?
Cof Crtt remaining in the filtrate is a function of
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with continuous helium sparging, and then trans-

ferred through filters into standard hydrofluoring.

tion equipment, The hydrofluorination step and
subsequent hydrogen reduction were carried out
in graphite-lined nickel receivers,

For each experiment, two samples were sub-
mitted for analysis. One represented the reduced
and filtered material; the other sample was repre-

. s'enfq'riyé‘ of vfhé,s{:yme salt after hydrofluorination
and hydrogenation. The results of the analyses

ore‘surmmarized in“TcxblIe 4,13.

Theserresulfs i\ndi‘cdﬂ’e that, in the absence of
oxyfluorides and oxides, high concentrations of

Cr** may be substantially reduced from molten

NaF-ZrF -UF, mixtures by the addition of zir-
Furthermore, the loss of uranium

5 the concentration

the ratio of U3*/U*" obtained by the particular
excess of zirconium used. The concentrations
of Cr** obtained in the two experiments are lower
than those predicted from equilibrium calculations,
for which a K of 4 x 104 was used, if the Cr®
is assumed to be at unit activity. This assump-
tion may not be justified in view of the possibility
of the formation of chromium-zirconium compounds.
Sufficient zirconium to produce 1.0 mole % UF

reduced the Cr** concentration to 100 ppm, with

25[.. G. Overholser, J. D. Redman, and C. F. Weaver,
ANP Quar. Prog. Rep. March 10, 1954, ORNL.-1692, p 56.

negligible uranium loss. This amount of zirconium
appears to be adequate for similar NaF-ZrF ,-UF ,
mixtures,

Effect of ZrO, in Fuel Preparation |
F. L. Daley ‘
Materials Chemistry Division

Since ZrO, is expected to be a common con-
taminant in commercial ZrF ,, studies have been
made in order to ascertain the efficiency of con-

_version of ZrQ, to ZrF, in the present equipment.

Appropriate 5-lb mixtures of NaF-ZrF ,-Zr0,-UF ,
which would yield, after complete hydrofluorina-
tion, 50 mole % NaF, 46 mole % ZrF,, and 4 mole %
UF, were prepared. A maximum of 10 wt % ZrO,
was used. The samples were hydrofluorinated in
the usual manner ot 800°C, and the exit gases
were periodically sampled by absorption of H,0
and HF in pyridine. The resulting liquid was
analyzed for fluoride and water.
though rather erratic during early stages of treat-
ment, indicated that the hydrofluerination effi-
ciency was not greater than 20% with the agite-
tion possible in the equipment used,

These analyses,

If only 20% efficiency were obtained in the
production plant, a 50-hr hydrofluorination period
would be required for complete conversion of a
100-kg batch containing 10% ZrO,. Such a pro-
longed period is quite impractical. It is obvious
that ZrO, contamination in the ZrF, must be kept
to a low figure if high throughput of fuel that
meets specifications is to be maintained.

TABLE 4,13, CHROMIUM AND URANIUM CONCENTRATIONS IN FILTRATE AFTER REDUCTION WITH
ZIRCONIUM METAL OF NoF-ZrF ;-UF ; (50,8-45.2-4 MOLE %) CONTAINING 2 wt % CrF, AT 800°C

Initial Mixture: Total U, 8.63 wt % (4 mole %); Cr** (ppm), 11,500

Test No, 2**

Test No. 1*
After After Entire " After After Entire
Reduction Treatment ‘ Reduction Treatment
Total U (wt %) 8.38 8.53 8.48 8.49
U3t (wt %) 2.52 0.97 04
cr2* (ppm) 90 130 1400 1355

*Excess zirconium metal added equivalent to 1,0 mole % UF3.

**Excess zirconium metal added equivalent to 0.5 mole % UF3.
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Pilot-Scale Purification Operations

J. P. Blakely J. Truitt
C. R. Croft W. T. Ward
Materials Chemistry Division

Fifty-three batches totaling approximately 500
Ib of purified fluorides were processed in the
pilot-scale equipment during the quarter. This
material, including 22 batches of BeF ,-bearing
compositions, was made up entirely of specidl
batches for use in physical property determina-
tions, phase equilibrium studies, and other pro-
grams requiring small batches of fluoride mixtures
of possible interest as fuels. The study of proc-
essing techniques for the purification of BeF,-
bearing compositions has continued to indicate
that further refinements will be necessary before
consistently high-qualify material can be pro-
duced. The BeF, used as charge material has
been found to contain carbonaceous occlusions,
which are belleved to contribute to the high sulfur
content of the material. The relation between
carbon and sulfur content in some typical, finished
batches is shown in the following:

Carbon (wt %) Sulfur (ppm)

0.10 208
0.37 460
0.27 523
0.25 435
0.05 20
0.01 7
0,01 74
0.01 5

Since sulfur in amounts of over 100 ppm is known
to be very detrimental to the life expectancy of
the processing equipment, it may be seen that
rigid spectflcaﬁons must be met before any large-

“seale processing of BeF -bearing fuels can be

Producflon.8c°|e operuhons |

. E. Eorgan J.P. Blakely
] Mctencls Chemistry DIVISlon

The lcrge-scale(250-|b bcn‘ch) fluorlde-processmg;: ‘

facility continued in operation for, approximately
one-half of this quarter. Because of an acute
shortage of ZrF,, operations ceased during July
to allow stockpiling of a sufficient supply to per-

PERIOD ENDING SEPTEMBER 10, 1955

mit full-time production. Operation was resumed
in midAugust, and a total of 6960 Ib of purified
fluoride compositions was produced during the
quarter. |t has been shown that the facility can
produce 1000 |b of processed fluorides per week.
No attempts have been made to exceed this rate
because of the inadequate supply of ZrF .

Five of the 28 batches processed during this
period were the Nc:F-ZrF4 (50-50 mole %) that
was required as the fuel carrier for the ART high-
temperature critical experiment. The impurity
analyses given in Table 4.14 show that the mo-
terial was acceptable for use.

TABLE 4.14, IMPURITY CONTENT OF ART
CRITICAL EXPERIMENT FUEL SOLVENT

Impurity Content (ppm)

Batch
No. .

Ni Cr Fe Hf B
1 10 75 55 125 1
2 10 55 35 100 1
3 20 60 165 100 1
4 50 80 170 100 1
5 10 75 55 80 1

Preparation of ZrF

A. J. Gully
Materials Chemistry Division

Zirconium tetrafluoride has been obtained in the

‘past from the Y-12 beddctiori'DiV'i:sion, which has
’_‘operafed a facility for converting ZrCl, to ZrF,

at a maximum rate of 250 Ib per week. While mos'r

of the demands for processed fluorides have been

met thus far, it appears that a source of supply

capable of producing 400 to 600 ib of ZrF, per
week will be necessary.

Pilot-scale apparatus for converting ZrCl4 to

'ZrF by direct hydrofluorination at a relatively
= low ’remperafure (200 to 300°F) has been designed,
_ built, and tested. Since analyses of the product
_,Jfrom this equipment have made the process appear

to be very attractive, a unit capable of yielding

1000 b of ZrF4 per week has been designed, and

fabrication of the equipment has begun. This
facility is expected to be in operation by mid-
September 1955, Experimental operations are being
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continued in the small-scale equipment to deter
mine op’nmum operating conditions.
Various private vendors have also been con-

_tacted as possible suppliers of suitable materidl.
"To date, only one vendor has submitted samples

which appear to be reasonably promising, and he
has been requested to submit a larger sample, for

“actual charging to small-scale processing equip-
- ment 10 verify that the material will yield a suit-

able final product. Tests of this material will
be made in the near future. At present, it is not

4 :pOSSIble to state whether purchased ZrF, will be

more economical than material prepared at ORNL
from hcfmum-free ZrCl4.

\ Butchmg und Dlspensmg Opercmons

J P. Blakely F. A. Doss
oo Materials Chemlstry Division

Approxnmm‘ely 100 batches totaling 4129 b of

_various fluoride compositions were dispensed in
-batch sizes ranging from 1 to 250 Ib. Operational

difficulties plus a downward revision in estimated
usage of processed fluorides in the ANP program
by both ORNL and off-area consumers have, it
appears, postponed the time of maximum fluoride
consumption to October—November of this year.
With presently known testing schedules, an aver-
age demand of between 4000 and 4500 Ib of proc-
essed fluorides per month should prevail during
the fiscal year 1956,

A substantial gain in stock inventory was made
during the quarter, despite the fact that the in-
adequate ZrF, supply curtailed production by
several thousand pounds. A material balance
for this quarter follows:

Pounds

Material on hand at beginning of quarter 3,818
Production during quo}ter 6,961
Total | o 10,779
Material dispensed during quarter 4,129
Maferival on hand o'r‘ end of q.ucrier ‘ 6 650

Pratt & Whitney Aircraft reduced their originulI
request for 4750 Ib to 1150 Ib of processed fluo-
rides for this period; however, to prevent a pos-
sible shortage of material for ORNL-ANP usage

. while the ZrF, supply problem is being resolved,
“only 750 1b of maferlcl was shipped to them. Other

off-area shipments included 44 Ib to Wright Air

Developmenf Center cmd 73 1b to Baﬁelle Memorml
Institute.

Successful attempts to fill four 50-1b cans simul-
taneously from a 250.lb batch were made, and
the practice was extended to smaller batches.
The time required to perform these operations
was, accordingly, reduced. '

Loading and Draining Operations

N. V. Smith

Maferlols Chemistry Division

The operoflons necessary for fllllng, drcunmg,
and sampling of charge material in all test equip-

- ment other than the thermal-convection loops

have continued at a rate comparcble to that of
the previous quarter. Over 50% of the operations
have involved the handling of alkali metals.

With the rapid increase in testing of alkali
metals, consideration of safe, ropid methods
of disposal of used metals became necessary
Commercial vendors will not accept the metals
for reprocessing. The small-scale methods of
disposal formerly used have become inadequate
for the quantities now involved. Information ob-
tained from the Mine Safety Appliances Co. led
to the installation of an underwater jet through
which NaK is forced ot 30 psi under 10 ft of water
in the disposal quarry. It is now possible to
dispose of NaK at a rate of about 30 Ib/min. With
proper heating of the lines leading to the jet, this
installation could be used for sodium disposal.

The ART high-temperature critical assembly was
loaded with approximately 750 Ib of NaF-ZrF
(50-50 mole %) and sufficient NaF- UF, (66.7-33.3
mole %) to reach criticality., Most of the NaF-UF ,
was added by helium pressure transfer of fhe
molten material in approximately 5-1b increments.
The final titration to criticality was made by using
the enriching system designed by the ARE Division
for the experiment; the enriching system had pre-
viously been filled with fuel concentrate. After
each significant addition of N02UF6, the sump
was sampled; the uranium content was determined
by the ANP Analytical Chemistry Group.

Enriched Fuel Preparations

J. P. Blakely F. A, Doss
'J. E, Eorgan
Materials Chemistry Division

The relocation and installation of processing

equipment suitable for preparation of enriched

' ]
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fuel batches was completed. Two batches of
NaF-UF , (66.7-33.3 mole %) containing enriched
uranium were prepared for use in loading of the
ART high-temperature critical assembly; four
batches of material remaining from the ARE were

ZrO,
4ag) || NaF-ZrF,

M MF2(satd)' NaF(al)’ ZrF

also included in the stock available for this ex-
periment, ' ’

One preparation of NaF-ZrF,-UF, (53.5-40-6.5
mole %) was subdivided into three small batches;
one of these was transferred into the first in-pile
loop to be sent to the MTR for testing. A batch
of NaF-ZrF,-UF, (63.0-25.0-12.0 mole %) to be
used in other radiation damage studies was also
processed.

FUNDAMENTAL C'H‘EM|STRY OF FUSED SALTS
‘Solubility of Xenon in Molten Salts
" R. F. Newton

' Research Direcfor's Division

Recent experlmenfs have shown that the gas
stripped from fused salts and measured as xenon
was contaminated with SiF, and with some organic
material that was volahle at room temperature
but trapped in liquid nifrogen. Accordingly, the
previously reported?® value of about 107 mole
of xenon per cubic centimeter of solvent for the
solubility of xenon in the NaF-LiF-KF eutectic

s is too high. '

The orgunlc con'ramlnonf |s pr:=sumed to arlsev

Measurements of fhelhelecfromohve forces of

rF, (53-47 mole %) is

cells m'w
as the solvenf we

phere was maintained over the half cells con-

Sept. 10, 1954, ORNL-1771, p 70.

“continued in ’rhe temperature\
range 550 to 700°C. In all cases, a helium atmos-

PERIOD ENDING SEPTEMBER 10, 1955

tained in recrystallized alumina crucibles; elec-
trical contact between the half cells was effected
by a porous bridge of ZrO, impregnated with the
NaF-ZrF, mixture,

Ah‘empts have been made to examine cells of
the type

, M'F L

NcF(a ly ZrF 2satd)

where M and M' are Cr° Fe® and Ni% These
cells appear to be reversible, and they are quite
reproducible. However, interpretation of the data
from these cells is complicated because the solid
phase in equilibrium with the melt is not the simple
metal fluoride; evidence reported in a previous
portion of this section suggests strongly that
complex compounds of which NiF,«ZrF , is typical
are formed. Accordingly, when M and M' are
both Cr® for example, and when the two half cells
contain CrF, in different amounts, both sufficient
to saturate the solution at temperature, small but
reproducible and significant potentials are ob-
served. For example, when one half cell contains
7.8% and the other contains 12.6% CrF, (solubility
of CrF, at 700°C is 5.8%), the emf of the cell
varies from 15 mv at 550°C to 8 mv at 700°C.
This potential arises because the CrF, added
in excess of the saturation concentration ‘‘pre-
cipitates’’ ZrF, and thus changes the composition
of the solvent and affects the activities of the
ZrF, and of the NaF to a different extent in the
two half cells,

- Potentials measured at various temperatures for
cells of this type are shown in Table 4.15. It

“moy be noted that the sum of values for the Cro-

Fe® and the Fe®Ni® cells agrees reasonably well
at all temperatures with the values for the Cr°-

the melt were the ‘simple fluoride MF and if

Brewer 527 estimates of free _energy of formatlon

0.25, “and 0.60 v are obfcnned for the Cro-Fe,

. Fe®Ni% and CroNi® cells; these values should
 be nearly ‘independent of temperature over this
_interval.

26R, F. Newton and D. G. Hill, ANP Quar. Prog. Rep.

27| . Brewer et al., p 107 in Chemistry and Metallurgy
of Mzscellaneous Materlals, Thermodynamics (ed. by

L. Quill), McGraw-Hill, New York, 1950.
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Reproducible emf values have been obtained for cells of the type

G loeF

where ¢, is less than the saturation concentra-
tion of CrF2 and c, is more. Data for three such
cells for which c; was 0.90 wt % CrF, and Cy

had the values shown are presented in Table 4716.

Additional studies of similar, but less complex,
cells of this general type are to be made. While
a partial interpretation of the available data would
be possiblé by making use of several assumptions,

26cy) NoFapyr 2Fatay) NaF-ZrF ,

§ [o]
NoF(a{), ZrFA(a;), CrFZ(cz) Cr°,

additional experimental effort appears to be de-
sirable before such evaluation and interpretation

are attempted,

A number of cells were run to determine the
feasibility of employing a platinum wire as an
electrode for half cells containing mixtures of

FeF, and FeF, in NaF-ZrF,. These cells, as

.

T T TN T -

TABLE 4.15. POTENTIALS OF CELLS OF THE TYPE
Z0,

~ 1 1
M IMF 2(sardy NoF(q y ZrF 4a,) NaF-Z¢F NaF (o ly ZeF gtady M Faqsara) | M

pes

B Summation of . F
Measured EMF (v)* 2
Tem%erature p—— S S Cro%Fe® and Fe%Ni® M
{°C} ‘ Cr°Fe Fe=Ni Cro=Ni Valves (v)
; — - . i
550 0.342 0.408 0.754 / © 7 0.750
600 0.345 0.415 0.763 0.760 B
650 0.361 0.422 0.773 0.783

700 0.374 0.424 0.788 ‘ '0.798

*Mean of values from two similar cells.
**CrF2 concentration, 7.6 wt %,
Fe F2 concentration, 7.3 wt %.
Ni F2 concentration, 5.0 wt %.

TABLE 4.16. POTENTIALS OF CELLS OF THE TYPE

Zr02

NaF Z¢F NaF
(ey 77 gy 77 4lag) | NaF-ZiF

.0 ~0 ws =0 ¢
Cr Cer (a}), ZrF4(a;), CrF2(c2) Cr7, With ) =0.90 wt %

. Tehperoture : Measured EMF (v)
1 o o) cy = 6.6 wt % cg =TT wt% €y = 90wt %
550 | 0.008 0013 » 0.014
600 ‘ 0.032 ‘ 0.038 0.040
650 0.050 , 0.0s8 0062

700 ' 0.052 ‘ 0.061 ’ 0.063
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“that cell,

well as others, such as

CrF, UF,
Pt and Pt| _ ,
CrF, UF,

gave irreproducible potentials.

Two uranium rods dipped into a solution of
UF, in molten NaF-ZrF, showed approximately
zero emf from 550 to 700°C, It is possible that
uranium acts as a reversible electrode at these
temperatures.,

Activity of Chromium in Inconel
M. B. Panish

Materials Chemlsfry Division
As a foundation for future studies of thermo-
galvanic effects in fused-salt melts contained in
Inconel systems, an attempt has been made to
determine the activity of chromium in Inconel.
The elecfromotlve forces of several cells of two
types have been determined over a temperature
range of 550 to 800°C, The cells being studied

are:

) Cr |NaF, ZrF,, CrF,

Al,O,

Inconel
and
(2) ' Cr|NaF, ZrF,, CrF,

The fused-salt melt used in this work was NaF-
- ZfF, (53—47 mole %), which was saturated with

(satd with melt)

PERIOD ENDING SEPTEMBER 10, 1955

trode as a result of an internal discharge in cells
of type 1.
A reaction that might possibly occur is

3CrF ,=2CrF, + Cr®

if such an equilibrium did exist, there would be
a different equilibrium concentration of CrF, and
CrF, around each electrode because of the differ-
ence in concentration of metallic chromium in the
electrodes. |f, as in cells of type 1, it is possible
for convection currents to carry solution from one
electrode to the other, an interngl discharge of
the cell may occur,

Cells of type 2 are obtained experimentally by
using two recrystallized alumina containers, one
within the other. The electrodes are placed so
that one is in the inner container and one is be-
tween the two container walls. The salt mixture
is placed in and around the inner container.

The results obtained with cells of type 2 are
somewhat erratic, but there is a general trend
that is shown by the data plotted in Fig. 4.4.
Further investigation will be necessary to clarify
these results. Particular attention will be paid
to the purification of starting materials and to

NaF, ZrF ,, CrF,

Inconel .

Thls seems)'ro mdlca're that the Tnconel
electrode becomes effecﬂvely a chromium elec-

the momtencnce of a water- and oxygen-free otmos-

|zcb|||fy of the lnconel elecfroders. After a small
ont of current is passed in a cell of type 2,
the cell appears to recover slowly.
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Fig. 4.3. Discharge of Type 1Cells.

Viscosities of Molten Nitrates

F. A, Knox F. Kertesz
Materials Chemistry Division

The capillary viscometer, previously described,?®
has been calibrated by using pure LiNO, and
KNO, and has been used to measure the viscosity
of a mixture of these materials. Attack by LiNO,
on glass at high temperatures has necessitated sub-
stitution of a nickel capillary for these studies.

Measurements obtained?® for KNO, are in close
agreement with those reported by Dantuma?® and
by Goodwin and Mailey.3% Values for LiNO,
agree reasénably well with those presented by
Goodwin and Mailey but are nearly 20% below
those of Dantuma.,

A mixture of the two salts (62.2 wt % KNO )

shows a ||necr relanonshlp befween log v:scosnty

: 28F.

= 2 (1908)

A Knox,F Kerfesz, and N. V. Smlfh ANP Quar,

" Prog. Rep. Dec. 10, 1954, ORNL-1816, p 75.
w29

©33-4 (1928)

R, S. Dantuma, Z. anorg. u. allgem. Chem. 175,

304, M. Goodwin and ‘-R. D. Mailey, Phys. Rev. 26,

88 f

and reciprocal temperature over the temperature
interval 230 to 492°C (Fig. 4.6). Below 230°C,
however, the viscosity increases more rapidly
than would be predicted by this relationship. The
values obtained for the mixture are lower by about
15% than the values for the pure components.

Optical Properties and X-Ray Patterns for
Recently Discovered Compounds in
Fluoride Systems

R. E. Thoma

Materials Chemistry Division

G. D. White
Metallurgy Division

T. N. McVay H. Insley
k Consultants

The identifying characteristics of some new

compounds encountered m phase studies are listed

below., The symbol d(A) means the distance be-
tween reflecting planes measured in angstroms;
I/I] refers to the relative intensity as compared
with an arbitrary value of 100 for the strongest

line; under optical properties, N, and N, refer to
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Fig. 4.4. Theoretical and Experimental EMF Values for Cells of Type 2 at Various Temperatures.
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Z the lowest and highest indices of refraction, re- 2.15 22 ! N
1 spectively; 2V refers to the acute angle between 2,05 19 E
the optic axes of biaxial crystals; and O and E 1.95 27 i 'E
refer to the ordinary and extraordinary indices of 170 31 i
refraction of uniaxial crystals. 1.63 45 :,E
: B 1.58 10 ‘
3LiF 'ZrF4 (lowstemperature form) 1.54 10
A Optical data: ' ‘ o
N, = 1.445 3LiF-4ZrF4
N) = 1.465 Optical data: ~
Biaxial negative; N, = 1.463 .
2V = ~10 deg _ Ny = 1.473
C 7 Xeray data: Biaxial positive; .
o 2V = "~25 deg N
Td(A) _ v,
Sl X-ray data:
. 5.49 55 o
540 35 d(A) 8 .;
4.88 50 6.11 ' 2
3.67 25 5.24 ' 34
3.43 6 4.90 14 )
2.91 14 4.21 28 '
2.79 8 ' 4,00 10
2.67 15 3.90 94 v ;; ;
2.40 6 3.77 18
2,07 100 3.69 6 ,
1.94 19 3.33 - 60 ‘ s P
1.82 25 3.29 20 i
1.80 12 3.26 22 ‘ :
1.78 12 3.16 100 i
1.65 4 2.615 16 3
1.59 4 2.303 10
1.57 4 2,248 10
2.227 6
2LiF - ZeF 2.194 86
Optical data: 2.159 16
O = 1.468 2,043 12
E = 1.478 2.130 34
Uniaxial positive 1.947 36
Xeray data: 1.912 22
° 1.883 10
d(A) 28 1.721 10
5,14 10
4.75 10 2KF-BeF2
4.62 25 Optical data: _
4.29 100 Average refractive index = 1,357
3.15 100 Biaxial positive ' '
2.75 8 2V = ~20 deg
: 2f49 14 X-ru;' data:
2,42 11 )
- 2.38 1 d(A) I/[1
7 3.42 . 7

60 3.31 o 15 '

0
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3.24
3.14
3.07
2.99
2,95
2.84
2.73
2.61
2,58
2.465
2,359
2.332
2.259
2.242

2.184

2.159
2.106
2.060
2.038
1.955
1.920
1.905
1.894
1.854
1.815
1.736
1.708
1.657
1.641

KF+BeF,

Optical data:

Average refractive index = 1,315

Biaxial positive;

2V =60 deg

Feal “.X:-rabry datas

S
da(A)
5.99

358

3.33
3.23
3.01
2,92
2.734

2.542
2.442
2.410

263

12
40

12
37
100
18
20
12
85
85
55

15
35
25

12
12
12
10

12
15
15
35

\I/I‘,

15

60

6

9
90
35
100

) :.2_0

~N e
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2,292 15
2.220 7
2.190 4
2.010 35
1.979 23
1.745 7
1.641 10
KF ¢«NaF « ZrF4
Optical data:
N, = 1.375
Ny = 1.382
Biaxial negative;
2V = ™60 deg
X-ray data:
A(R) v,
5.99 10
5.37 50
4,98 16
4,85 60
4,50 50
4.41 6
4.25 30
4,09 64
3.69 28
3.60 12
3.52 )
3.34 100
3.26 44
3.18 40
3.12 12
3.07 12
3.01 38
2,747 4
2,690 24
2.556 20
2.489 24
2.405 : 20
2.258 20
2,154 16
2.125 20
2.050 ‘ 34
1.947 20
1.928 12
1.886 12
1.792 14
1743 18
1.723 14
1.694 6
1.651 24
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4 X 2
i - © o 3KF<3NaF «2ZtF 3.78 ' ” ’ *E
‘ T ;'O'pf'itl:al aafa: ' v 3.74 VE
TN, = 1412 ;"3‘;" ;; oy
N) = 1.422 ’
" Biaxial positive; 3.36 62 N
C 9y = ~30 deg 2.630 15
RS . ‘ _ 2.074 75
. Xeray data: 1.935 12
A(R) 72 1.766 52
g - 1.506 25
490 100 : !
4.82 25 2NoF + LiF < 2BeF,
4.55 15 Optical data: R
4.27 53 Average refractive index = 1.312
4.09 75 Uniaxial negative;
- 3v‘78 12 Low birefringence
23,40 21 , _
: ’_‘3.,28 2 . X-ray datas ‘ ‘
s 21 2R vny |
297 88 5.37 24 !
S 2a2 12 4.07 15 i
} 2682 12 3.78 12 . )
: 2,585 6 3.57 18 "
. 2."455 ' 25 3,39 21 ) ’
2.417 21 3.08 7 s
2.368 12 2.99 100
2.270 25 2.614 12
2,226 52 2.417 15 | i}
. 2.135 42 2.343 57 '
- 2,051 49 2.303 97
1.931 15 2.240 70
1.822 42 ' 2.707 6
1.748 21 2.149 2%
! 1.721 25 2117 8 .
i - o ’ 2039 ' 7
k ) ) T 3N0F'4ZrF4 1.999 6 .
Optical data: 1.968 100 ‘<
N, = 1.420 1.928 9 '
N) = 1.432 1.894 10
‘Biaxial posﬁive; 1.840 30
CQY = ~30 deg 1.790 19
) X-ray data: 1.767 4 l
o 1.748 7 4
- d(A) v 1.720 19
7.56 ' 1.704 C s T
7.42 ‘ 45 1.676 6
. 5.47 14 1.612 ' 12

405 100 1.589 6
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High-Temperature X-Ray Spectrometer Studies
G. D. White, Metallurgy Division
T. N. McVay, Consulfanf

Samples of 3LiF«ZrF, were x-rayed at elevated
temperatures by using the furnace attachment to
the x-ray spectrometer. The investigation was
conducted to confirm the decomposition tempera-
ture of Li, ZrF,, which had already been deter-
mined by quench methods and thermal datq, and
also to determine whether there was o high-
temperature polymorph of Li,ZrF, that was not
retained when the material was quenched,

At room temperature the samples contained three
phases: Li,ZrF,, LigZrF,, and LiF. In this
study the procedure was to heat the mounted
sample in the evacuated furnace attachment to
550°C and then maintain it at that temperature
until the x-ray diffraction pattern contained none
of the Li,ZrF or LiF peaks. The reacted sample
was then cooled to various temperatures until the
x-ray pattern indicated the presence of LiIZZrF6
andLiF. In this manner the decomposition tempera-
ture was determined as being 470°C, which is
to be compared with the value of approximately
475°C obtained by quench methods. At no tem-
perature above 470°C was the x-ray pattern for
the low-temperature form of Li,ZrF, obtained.
The high~temperature x-ray pattern, presented be-
low, is evidently the pattern for a polymorph of
LizZrF,, which inverts to the lower temperature
form at a temperature just slightly above the de-
composition temperature: ’

o
_d(A) oy

o
28

e
A
21

' Chemlsfry DlVlSloh'

Final results have been obtmned for the elec-

trical conductance and density of all molten alkali
chlorides, bromides, and iodides. The equivalent
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conductance af corresponding temperatures has
been correlated with such properties as ion size
and mass. Conductance has been treated as a
rate process, and values of the heat of activation
and entropy of activation have been computed
from experimental data. In general, the heat of
activation is somewhat temperature dependent;
this dependence is approximately linear for lithium,
sodium, and potassium salts, while it deviates
progressively more from linearity with rubidium
and cesium salts. The entropy of activation for
these salts is in the range of -6 to —8 eu. This
small negative entropy of activation is reason-
able and indicates a similar conduction mechanism
for all the salts, but no detailed quantitative
significance can be attached to it at this time.

An extensive series of freezing-point-depression
measurements has been made in which molten
sodium nitrate was the solvent, The heavy-metal
halides CdCl,, ZnCl,, CuCl,, PbCl,, and CdBr,
all show less than complete ionic dissociation
in molten sodium nitrate; dissociation decreases
as conceniration rises. However, the slopes
of the curves indicate complete dissociation at
infinite dilution. The significant discovery has
been made that the scecalled ‘‘common ion effect’
is generally applicable to these salts.  Thus the
addition of any of a large number of completely
dissociated chlorides greatly represses ionic
dissociation of partially dissociated chlorides such
as PbCl, and CdCl,. It has been demonstrated
in the case of CdCszhm‘ the complex ion CdCl, ™~
is formed in the presence of relatively low con-
centrations of excess common chloride ion. Re-

_actions have been proposed to account for the
“results, and equilibrium constants have been cal-
¢ culated.

Apparently those chlorocadmium com-
plexes containing even numbers of chlorines are
the more stable,

~Several preliminary measurements have been

= made of freezinge-point depression by K ZrF, and
o K, TiF

in NaNO,. The salts were prepared by
wet chemical methods. The results indicate that
the complex ions ZrF ;== and TiF ;™= are reason-

“ably ‘stable at a concentration of about 0.1 molal
_in_molten NaNO, at its melting point. However,
‘ﬂ_‘_%there appears to be some slight dissociation,
' ;N'whlch presumobly yields F= and ZrF =

or TIF

Dissociation is greater with h’ramum than wnh

31Details of this work will be published in separate
reports and articles by the ORNL Chemistry Division,
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zirconium. A similar result was obtained pre-
‘VIOUSly with K,ZrF, prepared by a dry fusion

'imefhod
Precise determinations of the self-diffusion co-

jefflcnents of sodium ion and of nitrate ion have
“been comple‘red in molten sodium nitrate, A radlo-

chemical frocer technique employing Na?? was
used for Na*, and a mcss spectrographic tracer
fechnlque employing O'® was used for NO,~
The self-diffusion coefficients are expressed with-
in 1 to 2% by the following equations:

1.288 x 107 (m4970/RT

D,

8974 % 10—4 ~5083/RT .

]

D—
~Th|s is the flrst time that self- diffusion of both
ilons of a single fused salt has been measured.
1t is highly significant that the heats of activa-
“tion for self-diffusion of both the cation and the
anion are the ‘saine within experimental error
- (~80 cal). This indicates that there is a single
frictional coefﬂcnenf for diffusion within the melt.
The resul‘rs show that the simple Nernst-Einstein
" equation is inapplicable to this molten salt; it
s probably not applicable to any molten sah‘.
The ratio of self-diffusion coefficients for Na*
~and NO,~ is somewhat less than the inverse ratio
of the square roots of the masses of the two ions,
It is expected that both mass and size are im-
portant factors in determining diffusion. Experi-
ments are in progress with other fused salts, and
attempts will be made to obtain generalizations
‘concerning diffusional properties.

%

Diffraction Studies of Liquids

P. C. Sharrah P. Agron
H. A. Levy " M. Danford
M. A. Bredig
Chemistry Division

The previously described®?:33 liquid diffrac-

tometer has been thoroughly aligned and tested
and is being applied to studies of molten salts,
X-ray diffraction patterns obtained from liquid
mercury at room temperature were used to test the
instrument; the pattcrns were satisfactory. These
diffraction patterns and the analysis giving in-
formation concerning the distribution of atoms
within the liquid have been presented.®® |t has
been possible to obtain data which appear to be
reliable to a somewhat larger value of the variable

= (4% sin 6)/X than that reported in the litera-
ture.  Work is under way with molten lithium
chloride.

Neutron diffraction work on molten salts is also
being carried on so that information from the two
techniques can be coordinated, The equnpmem‘“
consists_of the Chemistry Division neutron spec-
trometer and a furnace for handling the molten
materials. Diffraction patterns of KCI and Lil
have been obtained.

323, c. Sharrah et al.,, ANP Quar. Prog. Rep, June 10,
1955, ORNL-1896, p 81,

Cbem. Semiann, Prog. Rep. June 20, 1955, ORNL-
1940 (in press).

34P. C. Sharrah and G. P, Smith, J. Chem Phys. 21,
228 (1953).
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5. CORROSION RESEARCH

W. D. Manly

G. M. Adamson

Metallurgy Division

W. R. Grimes

F. Kertesz

Materials Chemistry Division

Several Inconel forced-circulation loops that
were operated with fluoride mixtures and with
sodium as the circulated fluids were examined.
The effect of operating time on corrosion and
mass transfer under the dynamic conditions was
studied for loops that circulated NaF-ZrF -UF,,
as well as the effects of the method of heating the
loop and of the length of the heated section. The
loops in which sodium was circulated were used
to study the effects on mass transfer of varying
the temperature differential in the system and of
varying the oxide content of the sodium and were
used to compare mass transfer in Inconel and in
type 316 stainless steel.

Additional Inconel thermal-convection loops
were examined to determine the effects on cor-
rosion and mass transfer, in loops that circulated
fluoride mixtures, of varying the loop cleaning
method, of using direct resistance heating, and of
applying electromotive forces. In one loop, the
wall temperatures in the heated zone were
measured. The effects of oxide additions were
studied in loops that circulated sodium,

Several hot-pressed metal-bonded tungsten
carbide cermets were screen tested in NaF-ZrF -UF
and in sodium, and additional solid-phase bonding
tests of cermets were made. Inconel plated with

“ruthenium was sublec’red to creep-rupture tests,
and cddlflonal tesfs of brazed T-joints in fluoride
’;mleures cmd in sodlum Were made. A Hastelloy
,B—lnconel system was “checked for dlssmllar-
~metal mass transfer in a fluoride mixture, ;
- A study of mass fransfer in an Inconel system

‘ '?CIrculahng sodlum was initiated,
.- corrosion tes '

' lwnh sodium-potass ium-

and seesaw

bedenum, vanadium, and mobnum

metals,
spectra in fused hydroxides at high temperatures,
mass transfer and corrosion in fused hydroxides,
and thermal dissociation of sodium hydroxide.

ade on Inconel fubes loaded
lithiom mixtures. in other

I corrosion research reporfed'
included additional sfudles of fllm formahon on
techmques for measuring absorphon'

Chemical studies were made of corrosion of Inconel
by NaF-LiF-ZrF -UF,, the stability of UF, in
NaF-KF-LiF, cmé1 fhe effect of chromium on 'rhe
mass transfer of nicke! in NaOH.

FORCED-CIRCULATION STUDIES

G. M. Adamson R. S. Crouse
A. Taboada
Metallurgy Division

Fluorides in Inconel

G. M. Adamson R. S. Crouse
Metallurgy Division

Examinations were completed of several Inconel
forced-circulation loops in which NaF-ZrF ,-UF
(50-46-4 mole %) was circulated. The loops ané
the operating conditions are described in Sec. 2,
‘‘Experimental Reactor Engineering” and in the
previous report.] The corrosion data reported in
Table 5.1 and the analyses of the fluoride mixtures
given in Table 5.2 were for Inconel loops operated
with a temperature differential of 200°F, a
Reynolds number of the fluoride mixture of 10,000,
a maximum fluoride-mixture temperature of 1500°F,
and a maximum wall temperature of between 1600
and 1625°F. These loops were heated by direct
resistance of the Inconel tubing.” Loops 4695-4A,
-4B, -4C, -4D-1, and -4D-2 were a single loop in
which the two heated legs? were replaced at the
end of each experiment, A new batch of fluoride
mixture was used for cleaning and operating each
test. The loop was cleaned by circulating the
fluoride mixture for 2 hr at 1300°F. The loop was
then filled for the test with a fresh batch of
fluoride mixture, which was circulated isothermally
for 25 hr before the temperature differential was
applied.
~The period of isothermal operation was for the
purpose of establishing chemical equilibrium.

6. M. Adamson and R. S. Crouse, ANP Quar, Prog.
Rep. June 10, 1955, ORNL-1896, p 83.

2For experimental arrangement see Fig. 5.2, p 86,
of the previous report (ORNL-1896).
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TABLE 5.1, EFFECT OF OPERATING TIME ON DEPTH OF ATTACK IN INCONEL FORCED-CIRCULATION

LOOPS lN WHICH NaF-Z¢F -UF (50-46-4 mole %) WAS CIRCULATED

L Operating
‘Loo
NOP Time* Attack of First Heated Leg Attack of Second Heated Leg
) (hr)
4695-4A 0 Light, general, subsurface voids to Light, general, intergranular subsurface
o voids to a depth of 0.5 mil voids to a depth of 0.5 mil
-5A 10 Heavy, general voids to a depth of He‘avy, génér‘ul voids to a depth of
3.5 mils 3 mils
-4D-1 20,5 Heavy, gene;alr,' i'rffefgranulur voids kHeravy, general, ‘mferkgrbaAnuylar voids toa
: to a depth of 3 mils depth of 3 mils
-4B 50 Heavy, generdl voids to a depth of Heavy, general vouds to a depth of
3 mils 3 mils »
-4C 100 Heavy, general voids to a depth of Heavy, general voids to a depth of
» S 3 mils 3.5 mils »
-5B 241 Heavy, general, intergranular voids Hequ,‘ general, intergranular voids to a
) v : ) to a depth of 4 mils depfh of 5 mils
L -e4D-2 500 Moderate to light, general, inter- Moderofe, enerul, mfergranulur voids
: granular voids to a depth of to a depth of 5 mils
3.5 mils
- =5C-2 1000 Moderate to heavy, general, inter- Moderate to heavy, general, intergranular

granular voids to a depth of
5 mils

voids to a depth of 7 mils

*Time after temperature differential imposed.

TABLE 5.2, ANALYSES OF FLUORIDE MIXTURES BEFORE AND AFTER ClRCULATlQN IN LOOPS
Uranium .
] Impurities (ppm)
Loop No. When Sampled Content -
(wt %) Ni Cr Fe
4695-4A During filling 8.36 6 70 70
After termination 8.26 9 245 _ 30
-5A During filling 8.71 15 70 45
k After termination 8.77 25 635 30
-4D During filling 8.46 15 65 40
After termination 8.57 40 520 50
-4B During filling 8.80 50 65 30
After termination 8.85 10 _ 800 25
-4C During filling 8.33 15 35 20
After termination 8.84 8 725 50
.58 During filling 8.94 7 60 T30
After first termination 9.15 20 765 - 50
- After second termination 8.95 30 725 75
-4D-2 During filling 8.83 30 90 10
After termination 9.14 55 , 365(7) 70
-5C-2  During filling 9.12 5 105 60
= After termination 9.15 50 - 505 45

9%
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It now appears that 25 hr

the depth of atfock dnd the chromium concenfroflon'
were still’ qunte “low. Durmg fhe >ubsequenf first’

few hours of operation with a temperature dlffer-
ential and a high wall temperature, the attack was
quite rapid, with more attack being found after the

first 10 hr of o‘pér‘cflohﬁfhdr’z “had 'pre‘vxéushly k

occutred in 25 hr of isothermal operation. After
the first 50 hr the chromlum content of the fluoride
mixture remained constant, but the depth of attack
increased, in conflrmcmon of the thermal-con-
vectlon-loop data on mass transfer. Considerable
scatter is present in the data, but a depth of attack
of between 3 and 4 mils per 1000 hr of circulation
seems to be a reasonable value for the second
stage of attack. Typical hot-leg sections from
these loops are shown in Fig. 5.1.

Two - ofher loops (4950-2 ) dndv_’,w4935 2) ‘were

operated in as nearly” “an ldenhccl manner as

possible, except that one was heated in a gas

furnace ‘and the other was hea’red by the direct
electrical resnsfance of the pipe wall, Both loops
were operated for 1000 hr, with NaF-ZrF ,-UF,
(50—46-4 mole %) as the circulated fluid, a temper-
ature differential of 200°F, a maximum fluoride
temperature of 1500°F, and a fluoride-mixture
Reynolds number of 5000. In both Ioops a moderate

concentration of subsurface 'voids to a maxnmum

depth of 5 mils was found. A typical area from
the electrically heated loop is shown in Fig. 5.2.
These loops had 17-ft-long heated sections to
keep the wail temperatures down and to show that
a low rate of attack may be achieved with low
wall femperatdres: 'The depth of attack does not

PERIOD ENDING SEPTEWBER 10, 1955

dlfferenhal condmons, ‘ l'r “was ) ne.
increase fhe power per umf of heatertlengfh whlch
resulted in @ 100°F increase in wall temperature,
This loop showed heavy subsurface-void attack
to a depth of 18 mils. These data are additional
evidence that the wall temperature is a more
critical _vc/lri‘dBIé than is the fluoride-mixture
temperature, A series of loops with varying,
but controlled, wall temperatures are now being
operated,

Sodium in Inconel and in Stainless Steel

G. M. Adamson A, Taboada
Metallurgy Division

Two Inconel forced-circulation loops (4951-2
and 4951-3) in which sodium was circulated were
examined after operating for 500 hr with a hot-leg
temperature “of 1500°F. Loop 4951-2 had a 300°F
temperature differential, and loop 4951-3 had a
150°F temperature differential. The two loops
were of a test series which included loop 4951-1,
operated previously, which had a temperature
differential of 200°F. Table 5.3 presents the
metallographic and chemical data obtained in
this series of tests,

No correlation can be observed between the
amount of mass transfer and the temperature
differential. However, the three loops were not
idenfical, and high oxide impurities of different
amounts were found in these loops. The results
of these differences could have obscured the
effects of the different temperature differentials,

Two o'rher Inconel forced-circulation |oops were

Maximum Depth

-1 480 200
-3 50 150

" 0.5 450
8 os 240
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UNCLASSIFIED

"y

-

UNCLASSIFIED
7-835

LN 500 hr 1000 hr

1 i; Fig. 5.1. Chunges in Attack with Increasing Operating Time in Forced-Circulation |ncone| Loops.
IR Fluorlde mixture circulated, NaF- ZrF, UF (50-46-4 mole %); maximum fluoride-mixture temperature,

1500°F fempercfure differential, 200°F fluorlde-mleure Reynolds number, 5000.
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hot-leg temperature of 1500°F, a temperature
difference of 300°F, and a Reynolds number of
15,000, This loop showed the maximum mass
transfer found to date. There was a 30-mil-thick
deposit in the economizer, and there was attack
to a depth of 2 mils in the hot leg. Three sections
from the economizer and one from the cold leg
are shown in Fig, 5.3.

The second loop, 4951-6, which was operated for
1000 hr, included a bypass cold trap for removing
oxides., The hot-leg temperature was 1500°F,
and the temperature differential was 300°F
Metallographic examination showed mass-trans-
ferred deposits to a maximum thickness of 11 mils
(Figs. 5.4 and 5.5), which is comparable with
the thickness of the deposits found in the loop
with no cold trap. There was attack in the hot leg
to a depth of 1.5 mils (Fig. 5.6) that was of the
intergranular type found previously in sodium-
inconel systems. Analyses of the sodium after
operation of the loop showed from 150 to 290 ppm
0,, and thus very little of the oxide had been
removed.

In an effort to obtain a more qualitative picture
of the amount of mass transfer in the sodium
loops, all the sodium was melted out and the

Flg. 5 2. Typlcal Attack in Direct-Resistance-

Heated ‘Leg of Inconel” Forced-Clrculuhon Loopwr )
~ (4950-2) Operafed for 1000 hr.  Fluoride mlxturre'ff
“circulated, NaF-ZrF UF‘4 (50-46-4 mole %); maxi-

‘mum fluoride- mlx'rure temperature, 1500°F; tempera-
ture differential, 200°F; fluoride-mixture Reynolds
number, 5000.

PERIOD ENDING SEPTEMBER 1‘0, 1955

deposited metallic crystals were brushed out and
weighed. With this procedure, any well-bonded
crystals or layers were left in the loop. The data
thus obtained from the loops operated to date are
presented in Table 5.4,

Operation of the type 316 stainless steel loop
(4951-7) listed in Table 5.4 was terminated by a
power failure after sodium had been circulated
for 476 hr, There was no oxide filter used in this
loop. It was the third loop operated in a series of
tests; the other two loops (4689-5 and -6) were
Inconel with type 316 stainless steel cold legs.
Loops 4689-5 and -6 operated for 1000 hr under
similar temperature conditions. The maximum
thickness of the mass-transferred layer in the

UNCLASSIFIED
T-8097

COLD—LEG SECTION

HONI

ECONOMIZER SECTIONS.

Fig. 5.3. Three Sédlth from the Eyc‘;hd’mizer

“and One Section from 'l'he Cold Leg of |ncone|‘

Added as Na .0, Hof-leg femperature, 1500°F;
temperature dlfferen'riol, 300°F; Reynolds number,
15,000.
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COLD-LEG SECTION

ECONOMIZER SECTIONS

Fig. 5.4. Three Sections from the Economizer
and One Section from the Cold Leg of Inconel
Forced-Circulation Loop 4951.6 Which Included
a Bypass Cold Trap and Which Circulated High-
Purity Sodium for 1000 hr. Hot-leg temperature,
1500°F; temperature differential, 300°F; Reynolds
number, 15,000.

all-stainless-steel loop (4951-7) was 0.8 mil
(Fig. 5.7), which is much less than the 9 mils
found in Inconel-and-stainless-steel loops (4689-5
and -6). Two different layers were present in the
“all-stainless-steel loop. The majority of the
deposited material was in the economizer, and it
was found by chemical analysis to be 14.9% Ni,
57.5% Cr, and 20.0% Fe. The second layer was
,"L'illmlted to the electromagnetic flowmeter area in
vrthe ‘cold Ieg, and it was a smooth, adherent
“deposit that was found by chemical analysis to be

‘14».6% Ni, 19.1% Cr, and 55.2% Fe.

T

Fig. 5.5.
Inconel Loop 4951-6 Which Circulated Sodium for
1000 hr. 250X. Reduced 34%.

HON) 0100

Fig. 5.6. Typical Hot-Leg Attack in Loop 4951-6.
250X. Reduced 33%.

THERMAL-CONVECTION STUDIES

G. M. Adamson E. A. Kovacév'ich

Metallurgy Division’

T. C. Price
Pratt & Whitney Aircraft

Effect of Various Loop Cleaning Methods

The standard procedure for cleaning Inconel

thermal-convection loops has been the pi'elifninaljy'
circulation of a fluoride mixture for 2 hr with the

system isothermal at 1350°F, The cleaning was -

undertaken to assure correlation of data between
loops; it was not expected to decrease corrosive

Deposited Layer in Economizer of

&
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TABLE 5.4. WEIGHTS OF DEPOSITED LAYERS IN

PERIOD ENDING SEPTEMBER 10, 1955

VARIOUS LOOPS WHICH CIRCULATED SODIUM

l.oop Wéighf..of vDeposit

Oxide Content (wt %)

Maximum Layer Thickness

No. Difference from Control Loop (9) (mils) Before After
Operation Operation
4951-1  200°F temperature 7.9 1 0.034 0.046
differential
-3 150°F temperature 9.0 8 0.031 0.024
‘ differential
22 Comwol* 8.7 8 ' 0.021
«5 Oxide added, operated 25.8 30 0.036 0.027
1000 hr '
-6 Bypass cold trap in 7.6 11 ’ T 0404 0.017
system ) ‘ T e . p
-7 TYPé 316 sjain|ess A 0:8- ‘ 1 N o 0.057 0.04

.. steel tubing

*Inconel loop operated for 500 hr; temperature differential

15,000.

attack during experiments, Over the ‘past few
monfhs,kho'\)véverj, fh‘e“ddté obtained have not been’
so reproducible as those obtained prevnously.
"To determine whether the cleamng operation was |
responsnble for this lack of reproducnblhty, a

series of Inconel |oops thot ‘had been clecmed by .
various methods were c

showed the usual subsurface

,y 300°F; hot-leg temperature, 1500°F; Reynolds number,

-void type of attack
to a depth of 10 mils after 500 hr, while loops 619
and 703 showed similar attack to depths of 13
and 15 mils after 1000 hr, These depths of attack

are similar to those obtained in the loops with the

_' clamshell heafers and thus the previous conclusion

e depth ‘of attack is not affected by the

“heating method is conflrmed

Effectvof :remperuiures -

1t was shown in 'rhe forced-cwculahon loops
that the maximum loop wall temperature was a

:“These loops ollfﬂoperated with @ standard hot-
temperature ~ of 1500°F, and they circulated
NaF-ZrF ,-UF, (50-46-4 mole %). Loop 618

: depth ‘of attack <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>