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CHEMICAL ENGINEERING DIVISION 

SUMMARY REPORT 

October, November , and December^ 1956 

SUMMARY 

I. Solvent Ext rac t ion - Study of Mass Transfer in a Continuous-Flow 
Mixing Chamber (pages 9 to 10). 

A final s e r i e s of runs was made in a four-inch continuous-flow 
mixing chamber to study the t rans fe r of isobutanol into water and of n i t r o ­
benzene into ethylene glycol. Sat isfactory techniques were developed to 
provide for the rapid ana lys is of these s y s t e m s . In addition, a Hght-
sca t te r ing co r re la t ion was p repa red to provide a m e a s u r e of the interfacia l 
a r e a of the yel low-colored ni t robenzene-ethylene glycol m i x t u r e s . 

II. F luor ide Volatil ization Separat ions P r o c e s s (pages 11 to 39 ). 

The development of a scheme for process ing z i rconium-naat r ix fuel 
al loys containing enr iched uran ium has continued. Additional co r ros ion 
t e s t s show graphi te has good r e s i s t ance to chemical a t tack during the d i s ­
solution p r o c e s s . 

The behavior of plutonium in the fused sal t p roces s was examined 
in the labora tory to explore the possibi l i ty of a fluoride volatil i ty p r o c e s s 
capable of handling both uran ium and plutonium. 

Additional invest igat ions on the fluorination of crude uranium t e t r a -
fluoride produced from ore concent ra tes by reduct ion and hydrofluorination 
in fluldized bed r e a c t o r s indicated that u ran ium te t raf luor ide of suitable 
par t ic le size could be fluidized and fluorinated sa t i s fac tor i ly in a 1-inch 
fluidized bed r e a c t o r . 

P r e l i m i n a r y exper iments have been per formed in o rde r to elucidate 
the behavior of vanadium in o r e - p r o c e s s i n g schemes involving fluorination 
r eac t ions . 

Iodine pentafluoride and iodine heptafluoride have been examined 
with par t icu la r emphas is on thei r ro le in fluoride m.ethods of fuel p r o c e s s ­
ing in which iodine is p resen t a s a fission product . The kinet ics of the 
reac t ion between iodine pentafluoride and fluorine to form iodine heptafluo­
r ide was invest igated. 



Shakedown t e s t s of the fused sal t equipment were m a d e . F r a c t i o n ­
at ions of bromine pentaf luor ide-uranium hexafluoride m.ixtures were c a r r i e d 
out to a high degree of uran ium hexafluoride puri ty in the pilot plant coluttins. 

™ ' Fluidizat ion (pages 40 to 50). 

P r i m a r y emphas i s during the quar t e r was on the instal lat ion and 
shakedown of new fluidized-bed equipment. 

The green sal t pilot plant, consis t ing of two mult is tage fluidized-bed 
r e a c t o r s with assoc ia ted equipment, was completed and seve ra l shakedown 
runs were m.ade with refined uranium, oxide feed. Operation was general ly 
sa t is factory , though some minor modifications a r e n e c e s s a r y . No caking 
was observed and green salt of good appearance was produced. Some dif­
ficulty was encountered in maintaining downcomer sea ls in the hydrofluo­
r inat ion r e a c t o r , but this condition i s believed capable of co r rec t ion . 

Instal la t ion of the shielded ca lc iner for converting radioact ive waste 
solutions to solid oxides was about 90 per cent comLpleted, and ini t ia l runs 
a r e planned for the next q u a r t e r . 

The fundamental study of par t i c le size dis t r ibut ion in fluidized beds 
was concluded. 

IV. Reactor Chemis t ry (pages 51 to 63). 

The study of the oxidation c h a r a c t e r i s t i c s of uranium, thor ium, z i r ­
conium and plutonium has been continued. It is l ikely that conditions which 
acce l e r a t e the oxidation will lower the ignition t e m p e r a t u r e and i n c r e a s e the -
possibi l i ty of spontaneous ignit ion. An understanding of the Mnetics of oxi ­
dation and the mechan i sm of the reac t ion should help predic t when these 
me ta l s will be unusually sensi t ive to spontaneous ignit ion. Data have been 
obtained for the oxidation of uran ium which show it to be a two-s tage p r o c e s s . 
Exper imenta l work on z i rconium has just s t a r t ed . 

Work has beenconapletedon the determiination of the yield of 
ces ium-137 for fast f iss ion for uranium-235 and plutonium-239. The EBR 
alpha determinat ion for uranium-235 and plutonium-239 has been completed 
and the EBR alpha determinat ion for u ran ium-238 i s in p r o g r e s s . 

V. Chemiical-Metal lurgical Separat ion P r o c e s s e s (pages 64 to 107). 

A study of the Mnetics of u r a n i u m - c e r a m i c oxide reac t ions i s being 
c a r r i e d out with high pur i ty u ran ium and uraifiumi a l loys . Studies have been 
made of be ry l l i a -u ran ium and z i r con ia -u ran ium s y s t e m s . The reac t ion of 
beryl l ia with u ran ium shows that the r a t e of pickup of beryl l ium i n c r e a s e s 
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with exposure t i m e . Pickup of z i rconium in uranium i s too smal l to pe rmi t 
kinetic s tud ies . Additional t e s t s of the effects of alloying agents on the c o r ­
ros ion of a lumina, beryl l ia and thor ia by uran ium have been m a d e . 

Exper imen t s to de te rmine the remova l of ce r ium from **fissium" 
alloys by mielt refining have been made in ce r amic oxide c ruc ib l e s . The 

f i ss ium" al loys contained ce r ium, ruthenium, molybdenum, palladium and 
z i rconium in var ious combinat ions . Magnesia r emoves ce r i um effectively 
and shows the best r e s i s t ance to cracking by t he rma l shock or chemical 
reac t ion , 

A ses s i l e drop method is being used to m e a s u r e the physical p r o p e r ­
t ies of liquid uran ium, including density and surface tens ion. The surface 
tension of u ran ium at about 1250 C i s 825 ± 83 d y n e s / c m and i ts work of 
adhesion to five stable ce r amic m a t e r i a l s having c lose-packed oxygen anion 
surfaces i s 240 i 50 e r g s / s q cm. 

The prepara t ion of the compound 2CaO » 3BeO in the l ime-bery l l i a 
sys tem was studied. 

The var iab les affecting extract ion of plutoniumi fromi uran ium powder 
produced by hydriding were studied fur ther . 

Data on the par t i t ion of var ious f ission product e lements between 
liquid magnes ium and u r an ium-ch romium eutectic alloy (five per cent 
chromium) have been obtained. Zi rconium, molybdenum and ruthenium 
strongly favor the u ran ium phase , while rhodium, palladium, s i lver and 
cadmium favor the magnes ium phase . 

A ful l -scale uran ium melt ing furnace, a prototype of the one to be 
used in the EBR-II pyrometa l lu rg ica l pilot plant for fuel purification, was 
received and ins ta l led in the las t q u a r t e r . 

Uranium ingots, purified by mel t refining, will have equil ibr ium 
t e m p e r a t u r e s of the o rde r of 600 C as a r e su l t of fission product heat ing. 
It was shown that at this t e m p e r a t u r e essent ia l ly no at tack of the uran ium 
by the ni trogen in the a rgon cel l gas (five volume per cent nitrogen) will 
occur . 

A la rge number of m a t e r i a l s have been sc reened with r e g a r d to 
their efficacy in t rapping meta l s volati l ized at high t e m p e r a t u r e s during 
the mel t refining p r o c e s s . Surface active m a t e r i a l s have been found to be 
effective. Three m a t e r i a l s : act ivated alumina, an act ivated charcoa l , and 
"Molecular Sieves ," have been selected for further study. 

Work on purification of uran ium by fract ional c rys ta l l i za t ion from 
zinc was continued. Individual solubil i t ies of uran ium and a number of f i s ­
sion products e lements in zinc have been de termined as a function of 
t e m p e r a t u r e . 
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The f ive-ki logram scale batch extract ion unit of the magnesiumi ex ­
t rac t ion p r o c e s s for plutonium has operated sa t is factor i ly in inactive runs 
using magnesiumi and a 5 w/o ch romium-uran ium alloy. A magnes ium 
dist i l la t ion unit has operated ve ry well with a sodium-cooled condenser . A 
magnesiunn ^'freeze" valve has been developed. 

VI. Analytical R e s e a r c h (page 108). 

Work during the past quar te r has been d i rec ted toward the use of 
paper chromatographic methods which, coupled with pulse ana lys i s , make 
a m o r e sensi t ive and ve r sa t i l e approach to the var ied t a rge t and fission 
product ana lys is p r o b l e m s . 

VII. Routine Operat ions (pages 109 to 111). 

The operat ion of the radioact ive waste facility and the gamma-
i r r ad ia t ion facility continued without incident . A new gamma rack for the 
accommodat ion of l a rge r samples has been comipleted and ins ta l led . 



I. SOLVENT EXTRACTION - A STUDY OF MASS TRANSFER 
IN A CONTINUOUS-FLOW MIXING CHAMBER 

{W. A. Rodger, V. G. T r i c e , L. F . Dorsey) 

This p rog ram is being termiinated because of shor tages of space 
and manpower . A final s e r i e s of runs was made in a four- inch continuous-
flow mixing chamiber to study the t r ans fe r of isobutanol into water and of 
ni t robenzene into ethylene glycol. Sat isfactory techniques were developed 
to provide for the rapid ana lys is of these systemis. In addition, a l ight-
sca t te r ing co r re la t ion was p repa red to provide a mieasure of the in terfacia l 
a r e a of the yel low-colored ni t robenzene-ethylene glycol m i x t u r e s . 

The overa l l a im of this p rog ra m, to provide a m o r e fundamental 
bas is for the design of m i x e r - s e t t l e r types of solvent ext ract ion equipment, 
has been rea l ized with a fair degree of s u c c e s s . The f i r s t phase , the de ­
velopment of a rapid method for es t imat ing the in terfacia l a r e a of l iquid-
liquid d i spe r s ions , was repor ted in ANL-5512. The second s tep, re la t ing 
the in terfacia l a r ea formed to fluid motion and to the physical p roper t i e s of 
the liquid pa i r , was r epor t ed in ANL-5575. Unfortunately, the final phase, 
the study of m a s s t r ans fe r in t e r m s of coefficients based on a r e a s , was 
t e rmina ted before many of the m o r e in teres t ing avenues of study could be 
fully explored; however , the two sys tems studied r e p r e s e n t opposite ex­
t r e m e s with r e spec t to t r ans fe r r a t e s and will provide a good tes t of the 
applicabil i ty of contemporary film theor ies to continuous flow equipment. 

The ra t e of t r ans fe r of isobutanol from w a t e r - s a t u r a t e d isobutanol 
drops to pure water was studied at influent r a t e s of 0.5 to 2.2 gallons per 
minute . The equipment used included a s ix- inch chamber , desc r ibed in 
ANL-5560,> page 17, and a four- inch chamber . These were of s imi la r con­
struct ion with the exception that , in the sma l l e r unit, b r a s s cylinder walls 
were used to give improved s t ruc tu ra l s t rength . 

At a l l f lowrates employed, the aqueous effluent from the s ix- inch 
chamber was i sobutanol -sa tura ted and it was imposs ib le to calculate m a s s 
t rans fe r coefficients. In o rde r to reduce the contact t ime , further studies 
were c a r r i e d out in a four- inch d iameter chamber . In th is unit par t i a l 
sa turat ion, 90 per cent or be t te r , was effected at the lower flow r a t e s . At 
higher f lowrates , the effluent water was sa tura ted with the organic liquid. 

The phenomena of sa tura t ion a t high f lowrates and of par t ia l sa tu­
ra t ion at lower f lowrates were not expected. It i s conceivable that the 
r a t e of miass t r ans fe r in this sys tem i s a sensi t ive function of fluid motion 
and is re la t ive ly insensi t ive to the magnitude of in ter fac ia l a r e a p resen t . 

Mass t r ans fe r from g lycol - sa tura ted ni t robenzene drops to pure 
ethylene glycol was studied in the four- inch, continuous-flow, mixing 
chamber at influent r a t e s of 0.5 to 2.0 gallons per minute . The r a t e s of 



m a s s t rans fe r were much lower than those found in the isobutanol-water 
sys tem; this might be expected because of the lower Schmidt number of the 
isobutanol-water sys t em. However, a s in the ca se of the isobutanol-water 
sys tem, the per cent sa tura t ion of the effluent glycol i nc reased with flow-
r a t e , reaching a maxi inum of 80 per cent sa tura t ion . 

It was n e c e s s a r y to develop a new light sca t te r ing- in te r fac ia l a r ea 
cor re la t ion for the n i t robenzene-e thylene glycol sy s t em. The previously 
published cor re la t ions a r e valid only for co lo r l e s s l iquids and were u n s a t i s ­
factory for use with the yel low-colored ni t robenzene s y s t e m . Accordingly, 
l igh t -sca t te r ing data were obtained for 50, 25 and 10 per cent d i spe r s ions . 
Satisfactory co r re l a t ions were obtained for the 25 and 10 per cent d i s p e r ­
s ions . Photographs of the 50 per cent sys tem showed a mixed d ispers ion 
(O/W and w/O) and the in terfacia l a r e a could not be defined. 

Sat isfactory analyt ical techniques were developed for both system.s 
studied. The isobutanol content of water was de termined from a ref rac t ive 
index-composi t ion plot. The ni t robenzene content of ethylene glycol was 
determ.ined colorimietr ical ly. The requ i red absorbency-comiposit ion plot 
was de termined at 260 mi l l im ic rons , using samples diluted 1000-fold with 
ethyl alcohol . 

A complete evaluation of exper imenta l r e su l t s will be possible after 
a l l analyt ical data have been obtained. The overa l l r e s u l t s , together with 
detailed descr ip t ions of sampling and analyt ical techniques , will be published 
subsequently in a s u m m a r y r e p o r t . 



II. FLUORIDE VOLATILIZATION SEPARATIONS PROCESS 

The development of a scheme for p rocess ing z i r con ium-ma t r ix fuel 
alloys containing enr iched uran ium has continued. This method cons i s t s of 
dissolution of the al loy by hydrogen fluoride in a sodium f luor ide-z i rconium 
fluoride mel t a t 600 C. The uran ium is then removed from the mel t by a 
fluorine or bromine pentafluoride spa rge , which conver ts it to the hexafluo­
r ide . The final decontamination and purification a r e accompl ished by f r a c ­
tional dis t i l la t ion. 

Additional co r ros ion t e s t s have been made on graphi te , which shows 
good r e s i s t ance to chemica l a t tack during the dissolut ion p rocedure . F u r t h e r 
t e s t s have a lso been made on meta l s which may se rve a s backing m a t e r i a l s 
for graphite v e s s e l s , or as p r i m a r y m a t e r i a l s themiselves. Carbur iza t ion 
exper iments have been per formed to de te rmine whether var ious me ta l s would 
suffer from exposure to the graphite in this type of application. 

F u r t h e r work was done on the behavior of plutonium in the fused 
fluoride p r o c e s s . Exper iments were c a r r i e d out on the volati l ization of plu­
tonium (fluorination to the hexafluoride) in which fluorine and bromine 
pentafluoride were used to fluorinate the me l t . Studies have been continued 
on the possibi l i ty of a fluoride volati l ization p roces s capable of handling both 
uranium and plutonium. Specific exper iments were performed to es tabl ish 
the degree of fluorination requ i red by nickel equipment for the t rans fe r of 
plutonium hexafluoride without excess ive reduction on the walls of the 
equipment. 

More invest igat ions were made on the fluorination of crude uran ium 
te t raf luor ide produced from ore concent ra tes by reduct ion and hydrofluo­
r inat ion in fluidized-bed r e a c t o r s . It was found that uranium, te t raf luor ide of 
suitable par t i c le s ize could be fluidized and fluorinated sa t is factor i ly in a 
1-inch fluidized-bed r e a c t o r . 

P r e l i m i n a r y exper iments have been performed in o rde r to elucidate 
the behavior of vanadium in o r e - p r o c e s s i n g schemes involving fluorination 
r eac t ions . 

Iodine pentafluoride and iodine heptafluoride have a l so been inves t i ­
gated, with par t icu la r emphas is placed on thei r ro le in fluoride methods of 
fuel p rocess ing in which iodine i s p resen t a s a f ission product . The kinet ics 
of the reac t ion between iodine pentafluoride and fluorine to form iodine 
heptafluoride was de te rmined . Severa l observat ions were made on the r e ­
act ions of the iodine fluorides with iodine, b romine , bromine t r i f luor ide and 
bromine pentafluoride. 



During this quar te r shakedown t e s t s of the fused sal t equipment were 
made . Frac t iona t ions of bromine pentaf luor ide-uranium hexafluoride m i x ­
tu res were c a r r i e d out to a high degree of uranium hexafluoride purity in 
the pilot plant co lumns . Sma l l - s ca l e t e s t s made of the ignition of 1020 s tee l 
in fluorinating a tmosphe re s showed it to be unsuitable a s a construct ion 
m a t e r i a l for the f luor inator . 

M r . A . F lo r in of Los Alamos Scientific Labora tory visi ted Argonne 
on Novem.ber 20 to d i scuss fluoride volat i l i ty. On November 30 Mr , O.Roth 
of AEC visi ted Argonne to d i scuss fluidization and volati l i ty p rocess ing , 

A. Labora tory Investigations 
(R. K. Steunenberg) 

1, Fused Salt P roces s ing of Enr iched Reactor Fue l s 

a . Cor ros ion Investigations 
(W. B , Seefeldt, S, Vogler, R. L . Breyne , L , Hays) 

Cor ros ion tes t ing of s eve ra l m a t e r i a l s in fused fluoride 
sys tems sparged with hydrogen fluoride and with bromine pentafluoride has 
been continued. Unless o therwise noted, a l l the t e s t s r epor t ed were con­
ducted at 600 C in equlmiolar sodium, f luor ide-z i rconium fluoride mel t s 
sparged with hydrogen f luor ide . 

During the quar t e r the emphas i s in the p rog ram of test ing 
meta l s was placed on the exposure of nickel to hydrogen f luor ide-sa tura ted 
mel t . Prev ious ly , the exposure had been to the m o r e s e v e r e a l t e rna te con­
tacting of gaseous hydrogen fluoride and l iquid-phase naelt. P r e sumab ly a 
d isso lver could be designed so a s to i so la te the gaseous hydrogen fluoride 
from the meta l l ic ve s se l wall , possibly using graphi te . The information r e ­
ported can be placed in the following four ca t ego r i e s : 

(1) The potential use of graphi te a s a m.aterial of 
cons t ruc t ion . 

(2) Additional information on the life t e s t s of me ta l s 
r epor t ed previously (ANL-56338 page 18). The 
exposure in these t e s t s was a l t e rna te gas- l iquid 
( two-phase exposure) . 

(3) Inform.ation on the co r ros ion of me ta l by hydrogen 
f luor ide -sa tu ra ted mel t in the absence of a gaseous 
phase (one-phase exposure) . . 

(4) Data from t e s t s that were conducted to determ.ine the 
degree of ca rbur iza t ion of me ta l s in contact with g raph­
ite in the absence of me l t . These t e s t s were d i rec ted 
to the possible use of these me ta l s a s back-up m a t e r i a l s 

i'% 'II I "A i 'I' ".' I'i f o r ' g r i p f i t e l i n e r s . 
e e e e e « e e ee s e e s e e 



Graphite 

The co r ros ion invest igat ions of graphite in the two-inch 
furnace have been completed. The data Indicate that in 
molten equimolar sodium f luor ide-z i rconium fluoride at 
600 C with hydrogen fluoride passed through the mel t , 
graphite displays ve ry good co r ros ion r e s i s t a n c e . There 
i s , however, some var ia t ion in the permeabi l i ty of the 
graphite by the me l t . Fo r exanaple, a highly dense 
graphite (National Carbon Type CCN, apparent density 
1.90 g/cc) allowed la rge amounts of mel t to pass through 
the wall, whereas a l e s s dense var ie ty (National Carbon 
Type CS, apparent density 1,68 g /cc) contained the 
molten sa l t . 

Two additional runs a r e r epor t ed to complete the data 
repor ted in ANL-5633, page 16. In the f i r s t run. Type 
CCN graphite was the crucible m a t e r i a l . After th ree 
days of operat ion, it was noticed that the hydrogen fluo­
r ide was no longer pass ing through the mel t , so the ex ­
per iment was t e rmina ted . Examinat ion revea led that 
sufficient mel t had penet ra ted the graphite to fill the 
space between the graphite and the supporting nickel 
conta iner . The resu l tan t lowering of the mel t level had 
exposed the sparge tube, so that the gas was no longer 
passing through the me l t . An examination of the g raph­
ite crucible and sparge tube showed no dimensional 
changes . 

The second run was made to de te rmine the effects of 
therm.ally cycling Type CS graphite with hydrogen fluo­
r ide pass ing through the me l t . Each s ix-hour cycle was 
equally divided between heating the sys tem to 600 G and 
cooling it to 75 C. The flow of hydrogen fluoride was 
36 g /h r , and the t e s t continued for two weeks . The i m ­
pingement plate holes showed a d iameter i nc r ea se of 
one mi l , slightly g rea te r than the prec is ion of the m e a s ­
u remen t . Channelling of the gas through the mel t was 
suspected because the im.pingement plate holes showed 
uneven a t tack . 

The complete s e r i e s of co r ros ion t e s t s indicate that, 
chemical ly , graphite i s a suitable m a t e r i a l for contain­
ing the fused fluoride me l t s sparged with hydrogen fluo­
r i d e . The pr incipal l imitat ions on the use of graphite 
which might exist a r e the mechanica l effects of t h e r m a l 
cycling and the penetrat ion of mel t through the graphi te . 
An effort i s being made to clarify these effects. 
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Outer 
Wall 

2. Metals : Two-Phase Exposure 

Run 731 Monel - A 32-mil Monel l iner was used in the 
l iner- impingement plate configuration descr ibed in 
ANL-5494, pages 33 and 34. The tes t was terminated 
after 1188 h o u r s . The average hydrogen fluoride 
sparge ra te was 46 g / h r . Three sparge a s sembl ie s 
were used. The f i rs t plugged after 300 hours ; the 
second f ractured above the impingement plate after 
768 hours ; the thi rd was used for the remaining 
120 hour s . The l iner suffered severe copper depletion 
through i ts ent i re c r o s s sect ion, A representa t ive 
c ro s s section of the l iner is shown in Figure 1. The 
Monel apparently was not weakened by in te rgranular 
effects. 

Area of 
Severe 

Depletion 

Wall Exposed 
to Melt 

F igure 1 

Section through wall of Monel l iner showing copper 
depletion after exposure to hydrofluorinated fused 
fluoride mel t (Run 73, 1188 hours at 600 C), 40OX 
Unetched. 

Copper depletion was also evident in the sectioned 
sparge tubes , (Data on the f i rs t spa rger a r e repor ted 
in ANL-5633, page 21.) The second sparger appeared 
to have f ractured due to severe at tack of the meta l on 
the in ternal surfaces above the impingement pla te . An 
effect s imi la r to this had been noted previously with 
nickel sparge tubes used for bromine pentafluoride 
cor ros ion t e s t s at 600 C, 

se eee « eee e ee ee e e e eee e 
e a ee e ee e e e a e a e ee a 
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Run 911 A" Nickel and Low"Carbon Nickel - A single 
l iner was fabricated from ver t i ca l s t r ips of " A " nickel 
and low-carbon nickel to de te rmine differences in b e ­
havior , if any, toward a common environment . The 
t e s t s were conducted for 327 hours at an ave rage hy­
drogen fluoride sparge r a t e of 43 g / h r . 

The l iner was sectioned at two locatlonsi one-quar te r 
inch above the bottom, where l i t t le two-phase contac t ­
ing was expected, and one inch above the bottona, where 
the two-phase contacting was expected to be at a m a x i ­
m u m . Neither meta l appeared to be embr i t t l ed . In the 
upper section the surfaces of both.metals were rough­
ened by select ive a t tack at the grain boundar ies . The 
depth of such at tack was no g rea t e r than two gra in 
d i a m e t e r s . Some deposits were evident, none of them 
being cha rac t e r i s t i ca l ly sulfurous. The surfaces of the 
lower section, where one-phase a t tack predominated, 
were considerably smoother . In te rgranula r effects 
were noted to a depth of two or t h r ee gra in d i a m e t e r s , 
but these again were not sulfurous in na tu re . The 
gra ins in the ''A* nickel were somewhat l a rge r than 
those in the low-carbon nickel , but this was probably 
cha rac t e r i s t i c of the s tar t ing m a t e r i a l . The d imen­
sional changes did not exceed 1.5 mi l s in ei ther 
m a t e r i a l . 

In summary , no g ros s differences existed between the 
two types of nickel , pa r t i cu la r ly with r e g a r d to i n t e r ­
granular effects. 

Meta ls ; One-Phase Exposure 

The previous co r ros ion t e s t s had been d i rec ted toward 
determining the behavior of nickel under ex t remely 
severe conditions where the me ta l was subjected to the 
gas and liquid a l t e rna te ly . A number of one-phase t e s t s 
were begun to de te rmine the c h a r a c t e r i s t i c s of nickel 
exposed to m o r e modera te conditions, i . e . , to hydrogen 
f luor ide-sa tura ted mel t only. F igure 2 shows the con­
figuration used . In addition, data from ea r l i e r runs 
were r e - examined to de te rmine the dimensional changes 
in l iner walls near the bottom, where the two-phase con­
tacting was believed to have been low. 

Run 92; "A*^ Nickel - The configuration shown in F i g ­
u re 2 was used with a nickel l iner and spa rge r and a 
Monel draft tube. The tes t period was 96 hours at a 
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LEVEL OF MELT 
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DRAFT TUBE - PREVENTS 
DIRECT GAS IMPINGEMENT 
ON LINER WALL. 

SLOTS ™ ALLOW 
CIRCULATION OF MELT. 

GAS ENTRY TUBE - GAS 
MAINTAINS SATURATION OF 
MELT, AND PREVENTS MELT 
FROM STAGNATING. 

li 

Figure 2 

Configuration used for one-phase cor ros ion test ing of meta l l iners 
(Provis ions can be made for exposing coupons in annular space) 
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sparge r a t e of 38 g / h r . The maximum dimensional 
change occur r ing in the mel t zone was 2.5 m i l s , while 
the interface penetrat ion was 6 m i l s . The c h a r a c t e r ­
i s t ica l ly severe l iner a t tack usually evident opposite 
the impingement plate was lacking. No in te rg ranu la r 
effects were found. 

Run 93: "A" Nickel - The draft tube in this run was 
a l so "A" nickel . The t e s t was te rminated after 
996 hours without fai lure of the l iner or draft tube . 
Evaluation has not yet been s t a r t ed . 

Run 94: "A" Nickel - This t es t was identical to Run 93, 
except that 10 volume per cent hydrogen was added to 
the hydrogen fluoride spa rge . Cer ta in thermodynamic 
evidence suggests that the hydrogen addition should r e ­
duce the co r ros ive a t tack of n ickel . The hydrogen 
fluoride used in the two runs was from different s o u r c e s . 

The tes t was t e rmina ted at 419 hours by a nea r ly c o m ­
plete embr i t t lement fai lure of a l l the components - the 
l iner , spa rge r , therm.ocouple well and draft tube. A 
meta l lographic examination of the l iner revea led sulfu­
rous deposi ts in gra in boundaries near the point of 
l iner f r ac tu re , about 2^ inches from the bot tom. Con­
tributing to the fai lure was excess ive grain growth, 
which probably resu l ted from a. t empe ra tu r e runaway 
due to a cont ro l ler f a i lu re . Microscopic m e a s u r e m e n t s 
of the wall showed uniformly smal l dimensional changes 
of 1 to 1.5 m i l s . F igu re 3 shows a sulfurous inclusion 
in the m e t a l wall near the point of f r ac tu r e . Samples of 
the hydrogen fluoride a r e now being taken routinely for 
sulfur a n a l y s e s . 

Extrapola ted One "Phase Cor ros ion Data from E a r l i e r 
Tes t s - The data in Table 1 show the dimensional changes 
of l iner walls near the bottom, where the two-phase a t ­
tack should be very low. Data from the recen t runs a r e 
a lso included. Dimensional changes of l iner walls sub­
jected to one-phase exposure appear to be l e s s by factors 
of five to ten than walls subjected to two-phase exposure . 

Carbur iza t ion Tes t s 

These t e s t s a r e a continuation of those r epor t ed e a r l i e r 
(ANL-5633s page 21). A summiary of the r e su l t s to date 
i s given in Table 2. F igu re 4 shows the appearance of 
ca rbur iza t ion in th ree of the me ta l s t e s t ed . 
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Figure 3 

Embr i t t lement of Nickel Liner by 
Combined Grain Growth and 

Sulfidation 

Single grains have grown to 
occupy ent i re wall th ickness . 
(Run 94, 419 hours , 600C) 
lOOX. Cyanide-persulfate etch. 

Continuous sulfurous deposit 
extending from wall to wall 
along grain boundary. 

Table 1 

CORROSION OF A" NICKEL LINERS IN HYDROGEN FLUORIDE-
SATURATED MELT WITH AND WITHOUT IMPINGEMENT^ 

Most of the non-impingement data are extracted from earlier rxins 
and are calculated from the dimensional change of liner walls 

near the bottom where gas impingement should be very low. 

Melt: Equimolar NaF-ZrF4 

Rate of Penetration, mils/day 

Run No. 

64b 
73= 
7 8 ^ 
26 

28-28A 
35 
92 
93 
94 

Sparge Gas 

H F 
H F 
H F 
BrFs 
BrFg 
B r F j 
H F 
H F 

10% Hj-HF 

Sparge 
Ra te , g / h r 

32 
46 
52 
18.1 

6 
15.4 
38 
20 
35 

T e m p e r a t u r e , 
C 

600 
600 
600 
700 
700 
600 
600 
600 
600 

Max Rate 
with 

Impingement 

1.2 
0.33 
1.9 

10.4 
3 .6 
1.4 
-

0.48 
-

No 
Impingement 

0.46 
0.05 
0.06 
3.6 
0,6 
0.5 
0.6 

0.02-0.14 
0.08 

^Tests with impingement are two-phase exposures; without impingement one-phase 
exposures. 

' L " Nickel used in these runs. 

''Monel used in this run. 



Table 2 

RESULTS OF CARBURIZATION TESTS 

Samples packed in powdered graphite 
under helium a tmosphere at 600 C. 

Total Exposure Time 
(weeks) 

Metal 

SS 347 
Monel 
Inconel 
SS 330 
Nickel 
SS 3 04 
Hastelloy B 
SS 309 
SS 310 

Total Depth of Attack (mils) ' 

3 

0.4 
1.1 
1.0 
1 3 
0.7 
0 3 
0.05 

No Exposure 
No Exposure 

4 

„ 

„ 

a a 

» 
-
_ 

<0.05 
0,2 

7 

0.9 
0.8 
0.9 
3 
0.7 
0 3 
0»2 

esa 

„ 

8 

-
«mt 

„ 

-

=. 
„ 

<0.05 
0,2 

11 

1»7 
Id 
0.9 
3 
0.7 
0 3 
0 3 
_ 
. 

Slices were cut from exposed samples and evaluated; samples 
were then re tu rned to t es t for additional exposure . 

b . Behavior of Plutonium During the Volatil ization of Uranium 
Hexafluoride 
(S. Vogler) 

In the fused fluoride p r o c e s s for the r ecove ry of uranium 
from enr iched r eac to r fuels, bromine pentafluoride can be used to volati l ize 
the uran ium from the mel t at 600 C as the hexafluoride. As repor ted p r e ­
viously (ANL-5633s page 24), i t was found that about 0.03 per cent of the plu­
tonium presen t was col lected in the cold t r a p s under these condit ions. 

A further exper iment has been performied to de te rmine the 
effect of fluorine gas under conditions s imi la r to those used with bromine 
pentafluoride vapor . An alloy of uranium containing 0.92 weight per cent 
plutoniumL was dissolved by fluorine sparged through an equimolar sodium 
f luor ide-z i rconium fluoride mel t at 600 C at a fluorine flow r a t e of 45 cc/m.in. 
The off-gases were passed through cold t r a p s , which consis ted of 3 /4- inch 
nickel tubes at tached to the sys tem by f lare connec to r s . The t r a p s contained 
copper m e s h packing to aid in t rapping the plutonium. These t r aps were 
maintained at =40 C and the l ines from the furnace to the t r a p were held at 
250 C in o rde r to minimize the deposition of plutonium before it r eached the 
t r a p s . This equipment i s shown in F igure 5 . At the completion of the 



Figure 4 

Carburizat ion Effects in Several Metals after Contact with Graphite 
for Eleven Weeks at 600C 

All Photos Show Transve r se Sections 

_ 1 _ 

X 

m 

5 
CD 

Type 347 Stainless Steel show­
ing genera l carbide formation 
to depth of 1.7 mi l s . Attack 
appears to be p rog re s s ive . 
400X Unetched. 

OS 
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Carburizat ion in Inconel along 
grain boundar ies . Rate of 
at tack is decreas ing . 
400X Unetched. 

m 

u 

4) 

Detachment of grains from s u r ­
face of Type 330 Stainless Steel 
following in tergranular c a rbu r ­
ization. Rate of at tack is de­
c reas ing . 400X Unetched. 



FIGURE 5. 

SCHEMATIC 
LINE 

Dissolver 
(in furnace) 

DIAGRAM 
WASHES. 

OF 

Trap I 

Trap 2 

exper iment , the t r aps and the 
mel t were sampled and a s ­
sayed for uranium and pluto­
nium. The nickel t r aps were 
washed with hot 4 M ni t r ic acid 
containing 0,05 M aluminum 
n i t r a t e . The copper mesh was 
completely dissolved during 
the washing. The lines from 
the furnace to the t r aps were 
also washed with hot 6 M 
ni t r ic ac id . 

The distr ibution of the 
plutonium and uranium in the 
t r a p s , mel t and lines is given 
in Table 3 . As indicated in 
F igure 5 the line washes were 
collected in four f rac t ions . 
The table a lso contains for 
comparison s imi la r data ob­
tained with bromine pentafluo­
r ide as the oxidizing gas . 

Table 3 

VOLATILIZATION OF PLUTONIUM AND URANIUM FROM EQUIMOLAR SODIUM 
FLUORIDE-ZIRCONIUM FLUORIDE MELTS WITH 

FLUORINE AND BROMINE PENTAFLUORIDE 

Source of Plutoniums U-Pu alloy (0.92 w/o Pu) Melt: 40 g equimolar NaF-ZrF4 
Temperature: 600 C Gas Flow:^ ~18 g/hr bromine penta-
Time: 2 hours fluoride 

Sparge Gas 

Location 

Melt 
Line Section 1 
Line Section 2 
Trap 1 
Line Section 3 
Line Section 4 
Trap 2 

F2 

P u 

110 
0.14 
6,5 
3.9 
0,14 
0,02 
0.0004 

U 

0.02 
0,03 

12,5 
30,0 

8,0 
5,5 
0.9b 

Per Cent Found 

BrFs 

P u 

167 
_ 
-
0.02 
_ 
-
0.004 

U 

0.7 
_ 
_ 

85.9 
» 
_ 

4.7 

BrFs 

P u 

168 

0,04 

0.03 
_ 
_ 
0.002 

U 

0,3 

0.8 

105 
-
-
6.8 

These flow ra tes a re approximately equal. 

''Uraniuna mater ia l balance low due to poor t rap design. 



The data show that with fluorine sparging a smal l amount 
{^4%) of the plutonium was found in the f i r s t t r a p . The bulk of the pluto­
nium found in the washings appeared in line sect ion two, probably a s a r e ­
sult of the lower port ion of this section being cooled by the cold t r a p . Litt le 
plutonium was found in the washings from line sect ion one which was kept 
hot throughout the exper iment . 

F o r compar i son , after the exper iments with bromine penta­
fluoride had been completed, washings of the l ines corresponding to line s e c ­
tions one and two showed only 0.04 per cent of the plutonium and 0,8 per cent 
of the uran ium (based on the m.aterlal p resen t in one exper iment ) . In both 
cases the high plutonium m a t e r i a l balances a r e believed to a r i s e from poor 
mel t sampling due to solidification of a port ion of the me l t on the cooler 
a r e a s of the d issolver wal l . 

Qualitatively these data indicate that fluorine volat i l izes 
seve ra l per cent of the plutonium from the mel t , whereas bromine pentafluo­
r ide volat i l izes negligible amounts , if any at a l l . In view of the differences 
in plutonium behavior in the p re sence of these two fluorinating agents , a 
second exper iment appea r s to be war ran ted in the case of fluorine to con-
firmi the r e s u l t s . 

The uran ium data indicate complete r emova l from, the mel t 
by ei ther of the fluorinating agen t s . 

2. P rocess ing of Uranixim-Plutonium Fue ls - The Stability of 
Plutonium Hexafluoride 
(M. D. Adams , D. V. Steidl) 

Conditions affecting the handling of plutonium hexafluoride as a 
gas in nickel equipment a r e being studied. Plutonium hexafluoride has gained 
a reputat ion for ins tabi l i ty . When handled a s a gas i t is difficult to prevent 
par t i a l decomiposition. A smal l amount of this decomposit ion is due to r a d i ­
ation damage, but the g rea t e r amount is due to the react iv i ty of the plutonitim 
hexafluoride. It i s apparent ly a bet ter fluorinating agent for some me ta l s u r ­
faces than f luor ine . Fo r example , it will decompose on a surface at a lower 
t e m p e r a t u r e than that a t which the surface was pref luor inated. As a r esu l t 
of the work presented i t was found that under seve re conditions of p re f luor i -
nation much of the plutonium hexafluoride decomposit ion previously found 
could be prevented. 

In previous exper iments , such a s Runs 89, 93, 95, and 97 in 
Table 4, the stabili ty of plutonium hexafluoride in a cu r r en t of helium was 
being studied a s it was passed through a heated sect ion of tubing packed with 
nickel wool (ANL-5602, page 32). Analyses of the contents of the var ious 
sect ions of the appara tus indicated a g rea t deal of plutonium hexafluoride was 



Table 4 

E F F E C T OF PRE FLUORINATION ON COMPLETENESS 
OF VAPORIZATION OF PLUTONIUM HEXAFLUORIDE 

FROM A COLD TRAP""" 

Plutonium hexafluoride p repa red by passing fluorine over plutonium 
te t raf luor ide at 500 C and condensed in a cold t r a p prefluorinated 
under conditions shown below. 
Fluor ine flushed out of appara tus with helium at 100 c c / m i n . 
Cold t r a p warmed to t e m p e r a t u r e s indicated. 
Diagram of equipment shown in ANL-5602, page 32. 

Exp. 
N o . 

89 
93 
95 
97 
99 

101 
103 
107 
109 
105 
113 
111 

Pu Used 
(mg) 

14.3 
11.8 
16.14 
11.98 
17.4 
10.4 
19.1 
15.0 
20.85 
19.3 
16,7 
16.7 

Pref luorinat ion 

Time 
(min) 

15 
15 
15 
60 
30 
30 
60 
30 
90 
30 
30 
90 

Temp. 
(C) 

280 
280 
300 
330 
420 
420 
420 
450 
450 
490 
560 
560 

Trap 
T e m p e r ­

a tu re 
(C) 

30 
90 
90 

125 
90 
90 
90 
90 
70 
30 
70 
90 

Pu 
Remaining 

in T r a p 
(mg) 

14.3 
9.66 

11.45 
8.35 
8.20 
9.20 

15.27 
10.45 

1.82 
5.44 

1 1 3 5 
0.73 

Pu 
Remaining 

in T r a p 
(per cent) 

100 
81.8 
71.0 
69.7 
47.1 
88.5 
80.1 
70.0 

8.73 
28.2 
69.2 
4 3 7 

being lost because of decomposit ion in the condensing t r a p . Therefore , the 
effect on the decomposit ion of plutoniumi hexafluoride of var ious pref luor ina-
tions of nickel equipment in which condensation i s to be effected was 
invest igated. 

A U-tube of s /S - inch nickel tubing was cons t ruc ted and placed 
in a sys tem between a furnace for making plutonium hexafluoride and a cold 
t r a p . The U-tube was heated by a r e s i s t a n c e wire winding. It was p re f luor i ­
nated by heating it to a p rede te rmined t e m p e r a t u r e in the range of 350 to 
560 C and passing fluorine through the sys tem at flow r a t e s varying from. 
25 to 50 c c / m i n . After the r equ i red prefluorinat ion t ime , the t r a p was cooled 
by i m m e r s i o n in liquid n i t rogen. 

Plutonium hexafluoride was then p repa red by passing fluorine 
over plutonium te t raf luor ide at about 500 C in the furnace tube . As it was 
produced it was c a r r i e d by the fluorine s t r e a m into the nickel U-tube, where 
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it was condensed. Helium, which was purified by passing it through a c h a r ­
coal t r a p at -196 C, was used to flush the fluorine from the sys t em. The 
U-tube was warmed^ usual ly to about 90 C^ and the plutonium hexafluoride 
was c a r r i e d into a cold t r a p by a helium s t r e a m which was regulated to 
100 c c / m i n . 

After about one hour the appara tus was d i sassembled and the 
contents of the t r a p were washed out with n i t r ic ac id . The solid ma t t e r was 
dissolved and the resul t ing solution was analyzed for plutonium. 

The r e s u l t s of s eve ra l exper iments a r e l is ted in Table 4 . Both 
the t ime and t e m p e r a t u r e of the prefluorinat ion t r ea tmen t appeared to have 
an effect upon the r ecove ry of plutonium hexafluoride. For examples when 
the prefluorinat ion was per formed at 450 C for 30 minuteSj 70 per cent of 
the plutonium remained in the U- tube . When the U-tube was p re t r ea t ed with 
fluorine for 90 minutes at 450 C^ howevers l e s s than 10 per cent of the plu­
tonium remained behind. 

It is planned to extend this invest igat ion to include passing plu­
tonium hexafluoride through var ious commonly used valves and other fittings 
in both fluorine and hel ium a t m o s p h e r e s . 

3 . Feed Mate r i a l s P r o c e s s i n g - The Convers ion of UraniumL 
Tetraf luor ide to the Hexafluoride 
(O. Sandus, W. A. Shinn) 

Fluor inat ion studies of u ran ium te t raf luor ide in a fluidized bed 
r eac to r have been continued. The uran ium te t raf luor ide used in these ex­
pe r imen t s was produced by the s emi -works fluidization group (page 37) by 
reduction and hydrofluorination of South African Rand o re concentra te in a 
fluidized bed r e a c t o r . 

The exper imenta l work repor ted previously (ANL-5633j page 31) 
has shown the possibi l i ty of using a solid i ne r t diluent, ca lc ium fluoride, 
during the fluorination of u ran ium te t raf luor ide in a fluidized bed. As a r e ­
sult of difficulty in obtaining ca lc ium fluoride of the des i r ed puri ty and p a r ­
t ic le s ize (+100 mesh ) , an a t tempt was made to use magnes ium fluoride a s 
the solid diluent in the bed. Observat ions in a g lass sys tem showed that the 
magnes ium fluoride and uran ium te t raf luor ide mix tu re tended to segrega te 
with the u ran ium te t raf luor ide at the bot tom. This effect was caused by the 
low bulk density of the 100-mesh magnes ium fluoride, which was about half 
that of the c rude uran ium te t ra f luor ide . 

The second batch of crude uran ium te t raf luor ide was rece ived by 
the labora tory group for further s tud ies . The par t ic le size was l a rge r and 
the proport ion of ve ry fine pa r t i c l e s was much sma l l e r than the f i r s t batch 
(see Table 5) . The bet ter par t ic le size dis t r ibut ion made unnecessa ry the 

•J!-8 1 - ! i L-S-I LJ-Z : 



Table 5 

PARTICLE SIZE DISTRIBUTIONS OF TWO BATCHES 
OF CRUDE URANIUM TETRAFLUORIDE 

Source: South African Rand o re concentra te reduced 
and hydrofluorinated in a 3-inch fluidized 
bed at 450 C. 

Method: Screen ana ly s i s . 

P e r Cent 

Sieve No. 

+20 
-ZO, +40 
-40 , +60 
-60 , +100 

-100, +200 
-200, +325 

-325 

Batch 1 

2.1 
29,5 
11.5 
12.2 
13.8 

9.3 
21.6 

Batch 2 

0.1 
46.1 
29.0 
14.0 

8.0 
1.3 
1.5 

addition of an iner t diluent (such as calcium, fluoride) to improve fluidization 
c h a r a c t e r i s t i c s . Although the presen t studies were made with the undiluted 
uraniuin te t raf luor ide , it i s possible that the solid diluent may be n e c e s s a r y 
in future work in o rde r to handle the m o r e finely divided gangue element 
f luor ides . A par t ia l analys is of the second batch of uranltim te t raf luor ide is 
shown in Table 6. 

Two exper iments have been, completed in which the second 
batch of uranitim te t raf luor ide was fluorinated in the absence of a solid di lu­
ent . The r e su l t s a r e shown in Table 7. These data indicate that under the 
conditions of the runs the concentrat ion of fluorine in the gas s t r e a m does 
not affect the efficiency of the reac t ion . When the fluorine concentrat ion was 
doubled, the r a t e of u ran ium hexafluoride production a l so i n c r e a s e d twofold. 
The difference between the values for fluorine efficiency is within the e x p e r i ­
menta l uncer ta in ty . In both exper iments som.e caM.ng was noted in the m a t e ­
r i a l remaining in the r e a c t o r . 

Since solid gangue element f luorides would be expected to 
accumulate in the fluidized bed a s the u ran ium i s removed, future work will 
be n e c e s s a r y to es tabl i sh the na ture of these r e s i d u e s . 

4 . P r o p e r t i e s of Vanadium FluoVides 
(L. E . Trevor row, H. D, Tyler) 

Exper imenta l work on the p roper t i e s of fluoride com.pounds of 
vanadium, has been ini t iated to clarify the behavior of vanadium in the p r o c ­
ess ing of uranium o re s by fluoride volat i l izat ion me thods . The f i r s t 
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T a b l e 6 

URANIUM C O M P O U N D C O N T E N T O F 
C R U D E URANIUM T E T R A F L U O R I D E 

P R O D U C E D F R O M O R E C O N C E N T R A T E 

S o u r c e s Sou th A f r i c a n R a n d o r e c o n c e n t r a t e 
r e d u c e d a n d h y d r o f l u o r i n a t e d i n a 
f l u id i zed b e d r e a c t o r a t 450 C . 

A n a l y s e s ; A v e r a g e v a l u e s b a s e d on two s a m ­
p l e s f r o m we t c h e m i c a l m e t h o d s . 

U r a n i u m Compot ind P e r C e n t 

UF4 90.7 
UO2F2 0.9 
UO3 1.7 
UO2 1 J 

I m p u r i t i e s C o n t a i n i n g 5.6 
No U r a n i u m 

T a b l e 7 

F L U O R I N A T I O N O F C R U D E URANIUM T E T R A F L U O R I D E 
IN A F L U I D I Z E D B E D R E A C T O R 

C h a r g e : 75 g c r u d e UF4 (71 .8% U) 
F2 A d d e d : One s t o i c h i o m e t r i c e q u i v a l e n t 
T e m , p e r a t u r e : 450 C 

— F l o w R a t e ( c c / m i n ) _ . _ . ^ —^^. . % 
E x p , i—L '— R a t i o T i m e Fg Eff ic iency* 
N o . N i t r o g e n F l u o r i n e F2/N2 (min) (per cen t ) 

20 2665 481 0,18 30.0 81 
21 2310 836 0.36 17.3 79 

ap, , . p r r . . a m o u n t of f l u o r i n e u s e d to p r o d u c e UF^ 
t o t a l a m o u n t of f l u o r i n e a d d e d 

'SU 



compound of vanadium to be invest igated i s vanadium pentafluoride. P r e ­
vious work at Argonne National Labora tory suggested that this compound 
i s m o r e volatile than indicated in chemical l i t e r a t u r e . 

Vanadium pentafluoride was f i rs t p repa red by the d i spropor t ion-
ation of vanadium, te t raf luor ide by Ruff and Lickfett-'- who indicated that r e ­
action of the e lements was unsuitable for prepara t ion of the pentafluoride. 
These worke r s desc r ibed vanadium pentafluoride a s a white solid with a 
sublimation point of 111,2 C and a mel t ing point above 200 C, Emeleus and 
Gutmann^ p r epa red vanadium pentafluoride by reac t ion of the e lements at 
300 C, and a lso by the reac t ion of vanadium meta l with bromiine t r i f luor ide . 
However, they gave no descr ip t ion of the p roper t i e s of the pentafluoride. 

Exper ience in the p resen t p rog ram has shown that the reac t ion 
of fluorine on vanadium meta l in nickel appara tus at 300 C produced a vola­
t i le liquid which dist i l led out of the reac t ion s i t e , A green solid a lso formed 
and remained in the hot reac t ion s i t e , Emeleus a l so observed the production 
of this green solid,which he identified a s vanadium t r i f luor ide . 

The p roper t i e s of the volati le compound observed thus far in this 
work do not ag ree well with those descr ibed by Ruff for the vanadium penta­
f luoride. When the product i ssuing from, the nickel appara tus was collected 
in a Fluorothene ves se l , it was a da rk reddish=brown liquid at roOHi t e m p e r ­
a t u r e . Sim.ple dist i l lat ion of this product gave a pale yellow, a lmos t co lo r l e s s , 
d is t i l la te . P r e l i m i n a r y vapor p r e s s u r e m e a s u r e m e n t s indicate that the n o r ­
m a l boiling point of the liquid m.ay be in the neighborhood of 5 0 C. 

5, Kinetics of the Reaction of F luor ine with Iodine Pentafluoride 
to Form. Iodine Heptafluoride 
(J , F i schers R, K. Steunenberg., W. Lechnick) 

The r a t e at which iodine pentafluoride i s oxidized to the hepta­
fluoride by fluorine is impor tan t in fuel r ep roces s ing by fluoride volati l ization 
methods . Iodines which i s a major f ission product activi ty in shor t -cooled 
fuel e lements , i s conver ted to iodine pentafluoride by strong fluorinating 
agents such as bromine t r i f luor ide . F o r schemes in which uranium is d i s ­
solved in brom.ine t r i f luor ide , fluorine is usually added after the dissolution 
to r egene ra t e bromiine t r i f luoride from bromine produced by the dissolut ion 
reac t ion . Therefore , the possible convers ion of iodine pentafluoride to the 
heptafluoride during this fluorination step is of i n t e r e s t . Iodine heptafluoride 
i s one of the miost volatile f luorides produced (b.p. 4 C), while the pentafluo­
r ide (b.p, 100 C) is only slightly m o r e volatile than bromine t r i f luor ide . 

Ruff, 0 „ and Lickfett, H., Ber . , 44, 2539 (1911) 

'Emeleus , H. J „ and Gutmann, V,, J , Chem. S o c , 2979 (1949) 
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The r a t e of the vapor -phase reac t ion of fluorine with iodine 
pentafluoride to form iodine heptafluoride was invest igated from 55.6 C to 
95 C. The r a t e was found to be second o rde r with r e spec t to the reac tan t 
p r e s s u r e s . The r a t e constants showed an Arrhen ius t empe ra tu r e depend­
ence, with an exper imenta l act ivation energy of 14 k c a l / m o l e . The reac t ion 
was homogeneous, suggesting that the r a t e -de t e rmin ing s tep i s a bimolecu.-
lar col l is ion. 

The p repara t ion of iodine pentafluoride^ and iodine heptafluoride^ 
had been descr ibed by O. Ruff. The authors suggested that the reac t ion of 
iodine pentafluoride with f luorine, in the region of 100 to 270 C, resu l ted in 
an equil ibr ium mix tu re of the pentafluoride and the heptafluoride. E x p e r i ­
menta l l imi ta t ions prevented them from observing whether complete conver ­
sion of the pentafluoride was poss ib le . 

This invest igat ion was undertaken to es tab l i sh the s toichiometry 
and kinetics of the reac t ion , and to obtain some insight of the mechan i sm 
involved. The m a t e r i a l s , appara tus and procedure will be descr ibed in de ­
tai l in an a r t i c l e recent ly accepted for publication by the Journal of the 
A m e r i c a n Chemical Society. The iodine pentafluoride was p repared by the 
d i rec t combination of fluorine and reagent, grade r e sublimed iodine in a 
reac t ion vesse l a t 0 C. Very l i t t le iodine heptafluoride was formed at this 
t e m p e r a t u r e . The appara tus and exper imenta l technique were s imi la r to 
those descr ibed in connection with the r a t e study of bromine t r i f luoride and 
fluorine in the previous quar te r ly r epo r t (ANL-5633, page 38). 

The r a t e of the reac t ion was obtained from the change in total 
p r e s s u r e , with t ime , after known par t ia l p r e s s u r e s of the reac tan t s were 
mixed in the reac t ion v e s s e l . Iodine pentafluoride vapor was added to the 
vesse l f i r s t , and i t s p r e s s u r e was m e a s u r e d . F luor ine was then added frona 
a mete r ing ves se l and i t s par t i a l p r e s s u r e in the reac t ion vesse l was ca l cu ­
lated from the p r e s s u r e d e c r e a s e in the me te r ing v e s s e l . The volume 
factors between the two v e s s e l s were m e a s u r e d , using both fluorine and 
helium individually. 

Since the m e a s u r e m e n t s were a l l based on p r e s s u r e data, i t was 
n e c e s s a r y to show that the concentra t ions were re la ted to the p r e s s u r e s by 
the ideal gas law. Vapor dens i t ies of iodine pentafluoride and iodine hepta­
fluoride were de termined by measur ing the p r e s s u r e s of weighed amounts 
of the m a t e r i a l s added to a ves se l of known volume at a fixed t e m p e r a t u r e . 
Iodine pentafluoride at t e m p e r a t u r e s around 80 C and p r e s s u r e s of 200 to 
250 m m gave an ave rage value of 224.3 ± i .5 g/G.M.V. (Formula weight: 
221.9 g /mole . ) The heptafluoride at 28 C and over a p r e s s u r e range of 129 

3 
Ruff, O., and Braida , A. , Z . anorg.-u , a l lgem. Chem. , 220. 43 (1934) 

^Ruff, O., and Keim, R., ibid, 193, 176 (1930) 

. . . . . « . \ 'IS, •#. 



to 258 m m gave a value of 260.9 ± 2 , 0 g / c . M . V , (Formula weight: 
259^9 g/mole . ) The same cylinder of fluorine had been shown previously^ 
to exhibit ideal behavior . (Gas densi ty: 38.00 ± 0.15 g /o .M.V. ; Fo rmula 
weight: 38,00 g /mole . ) Thus, a l l th ree gases were considered ideal within 
the ove r - a l l accuracy of the i n e a s u r e m e n t s . 

Before meaningful r a t e de terminat ions could be made , the 
s to ichiometry of the reac t ion had to be demons t ra t ed . The data in Table 8 
indicate that the formation of the heptafluoride occurs quantitatively within 
the t e m p e r a t u r e range of these m e a s u r e m e n t s . Physica l separa t ions or 
chemical ana lyses of the r eac tan t s and products in this sys tem a r e difficult. 
In o rde r to confirm the quantitative nature of the reac t ion , an additional 
exper iment was perform.ed. At the conclusion of the second exper iment in 
Table 8, the mix ture in the reac t ion vesse l was cooled with liquid ni t rogen, 
and the sys tem was evacuated to rem.ove the res idua l f luor ine . When the 
sys tem was warmed to 75.3 C, an observed total p r e s s u r e of 103.6 m m was 
in good ag reemen t with the theore t i ca l yield of 101.2 m m of iodine 
heptafluoride. 

Table 8 

STOICHIOMETRIC BEHAVIOR OF THE REACTION IF5 + Fg —-IF7 

Initial P r e s s u r e s . 
F inal Elapsed 
res su re Time 

(C) F2 IF5 (mm) (min) 
Temp . ^ '- P r e s s u r e Time 

55,7 562.1 99.4 563.6 1402 
75.0 575,2 101.2 574.2 197 
85.7 560.2 102.4 561,5 1098 

Therefore it was possible to calculate the par t ia l p r e s s u r e s of 
the reac tan t s at any t ime during the reac t ion from the difference between 
the total ini t ial p r e s s u r e and the total p r e s s u r e at that t i m e . 

The reac t ion under study may be expres sed a s 

IFs + F z — ^ I F , . (1) 

If the product r e su l t s from the homogeneous bimolecular in terac t ion of i o ­
dine pentafluoride and fluorine molecu les , the r a t e of reac t ion will be s e c ­
ond o rde r with r e spec t to the par t ia l p r e s s u r e s of the r e a c t a n t s . Graphical 
methods were employed to obtain the r a t e cons tan ts . 

^Steunenberg, R. K., and Vogel, R. C , J . A m . Chem. Soc. , 78, 90 (1956) 

.!%• OS 9 6 9 
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The ra t e data obtained froaai the exper iments a r e given in Table 9. 
The ini t ia l pa r t i a l p r e s s u r e s of the r eac t an t s a r e given to show the var ia t ions 
in the ini t ia l p r e s s u r e s used . The p r e s s u r e s were a s sumed to be re l iab le to 
± 0 ,2mm and the t e m p e r a t u r e s to ±0.05 C. The r a t e constants , in dimensions 
of (mm"^)(hr~'^), were computed frona the slopes of l ines drawn through the 
plotted da ta . 

Expt . 
N o . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

SECOND-

Tem.p. 
(C) 

55.6 
55.6 
55.6 
55.7 
55.7 
65.0 
65.0 
65.0 
65.0 
65,0 
65,0 
69.8 
75.3 
75.3 
75.3 
75.3 
80.3 
85.1 
85.1 
85,1 
85.1 
95.0 

Table 9 

•ORDER RATE CONSTANTS FOR THE 
REACTION IF5 

Init ial P r 

+ F2 —*- IF7 

a s su re s 

(mm) 

Fz 

99.5 
106.0 

99.8 
562.1 
560.8 
100.8 

99.7 
299.0 
299,5 
569.0 
568.7 
100.2 

99.6 
100.8 
298,3 
575.0 

99.8 
100,5 

99.7 
100,1 
299.8 
100.6 

IF5 

98.8 
99.4 
99,6 
99.4 
99.5 

100.1 
100.0 

99.6 
99.5 

100.0 
99.6 

100,0 
99.8 

100.2 
99.5 

101.0 
99,8 

100,4 
99.8 
99.7 
99.4 

101.1 

Rate Constant, k 
(mm-^ hr-*) 

2.02 X 10-* 
2.02 
2.01 
2.01 
2.07 
3.86 
3.97 
3.75 
3.77 
3.63 
3.65 
5.03 
6.94 
6.79-
6.93 
7.09 
8.57 

10.5 
11.9 
12.1 
10.6 
18.9 

In Exper iment 7, the surface a r e a of the reac t ion vesse l was 
inc reased by a factor of about five by placing nickel wire m e s h in i t . The 
volume change was negl igible . In Exper iments 3, 5 and 9̂  another reac t ion 
vesse l of approximately twice the or iginal volum.e was used . The fact that 
var ia t ions in the surface and volume had no effect on the r a t e indicates 
homogeneous behavior of the reac t ion . 

e e e « a » 9 s e 9 e o »» » 9 e « 9 « 99 
9 a 9 6 9 9 9 9 9 « 9 9 » 9 99 9 9 
9 9 9 9 9 9 9 9 99 9 9 S 9 9 9 

9 9 9 9 »9S„ •« . 

" " " ? JT « "> » ^ u . ± - « —£ .̂L.J!, .^:^ UL. 



The activation energy for the react ion was determined by plot­
ting the logari thm of the ra te constant against the r ec ip roca l absolute 
t empera tu re as shown in F igure 6, The activation energy calculated from 
the slope of the line was 14 kca l /mo le . This activation energy is a r ea son ­
able value for a homogeneous bimolecular reac t ion . The l inear nature of 
this plot i s a lso in accord with a react ion of this type. 

DETERMINATION OF THE AOTIVaTION ENERGY 
FOR THE REACTION I Fg + F a - ^ I F ^ . 

2.70 2.75 2.S0 2.85 2.90 2.95 3.00 3.05 

6. 

-1222. (K) 

The Reactions of the Iodine Fluor ides with Iodine, Bromine 
and the Bromine Fluor ides 
( j , F i s che r , R. K. Steunenberg, W. Lechnick) 

The importance of the react ion of iodine pentafluoride with 
fluorine was discussed in the previous sect ion. For s imi lar r ea sons , the 
react ions of iodine pentafluoride and iodine heptafluoride with iodine, 
bromine , bromine tr if luoride and bromine pentafluoride may also be p e r ­
tinent to fluoride volatilization p r o c e s s e s . Several exper iments were 
perfornaed to outline in a genera l way the chemical react ions which may 
be expected in these s y s t e m s . 

A study of the visible and ul traviolet absorption spect ra of 
bromine t r i f luoride, broinine pentafluoride, bromine , iodine pentafluoride 
and iodine heptafluoride indicated that spec t ra l absorpt ion in the gas phase 
would be useful in a study of their in te rac t ions . Serious in te r fe rences in 
the absorption curves prevented their exclusive use , however. Iodine has 
an absorption peak in the region 5010 to 5020 A, but the molar absorbency 
index has not been determined sat isfactor i ly . Iodine tended to condense 
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on the cell windows in these exper iments , but t r ace amounts ( less than 
1 mm pres su re ) were easi ly detected in the 10-cm cel l . The apparatus 
and procedures for the spectrophotometr ic determinat ions have been de ­
scr ibed previously. 

The iodine pentafluoride was prepared by the di rect combina­
tion of fluorine gas and reagent grade, resubl imed iodine at 0 C, The 
res idual fluorine was removed by evacuation of the system at -196 C. 

Iodine heptafluoride was prepared by the react ion of iodine 
pentafluoride with excess fluorine at 100 C, The excess fluorine which 
remained after the react ion was dist i l led from the react ion mixture at 
liquid nitrpgen t e m p e r a t u r e . The iodine heptafluoride was separated from 
the unreacted pentafluoride by dist i l lat ion at -25 C . 

FIGURE 7. 

BEER'S LAW BEHAVIOR OF 
IODINE HEPTAFLUORIDE. 

Optical Path of Cell 
Tgmpsratur®; 25 C. 

10 on 

d 
d 

o m m 

Z.5 

2.0 

1.5 

1.0 

0.5 

1 1 . 

-

-

- / 

^ 

1 ' 1 ' 1 

2600 

/ 

/ / / 

^ ^ y ^ 

1 . 1 < 1 

A 

/ 

/ 

/ 

1 • 

2 7 0 0 A 

/ -
2800 A 

2900 I 

3000 S~ 

1 1 

20 40 60 80 

PRESSURE, mm 

100 120 

The absorpt ion spectra of the 
iodine fluorides were investigated in 
the visible and ul traviolet reg ions . 
Posit ive absorpt ion regions were 
found for both compounds in the u l t r a ­
violet. The absorpt ion at various 
wavelengths of iodine heptafluoride 
as a function of p r e s s u r e at 25 C is 
shown in Figure 7. The B e e r ' s Law 
behavior* per in i ts the calculation of 
molar absorpt ivi t ies of iodine hepta­
fluoride from the slopes of the l ines 
in Figure 7. 

The values of molar absorpt iv­
ity for iodine pentafluoride at 2300, 
2400 and 2500 A were calculated in a 
s imi lar manner from absorption 
measu remen t s at 78 C using p r e s ­
su res of 100 and 200 m m . 

The effect of t empera tu re on the absorpt ivi ty of iodine hepta­
fluoride is indicated in F igure 8, where the molar absorptivi ty is plotted 
as a function of wavelength for t empe ra tu r e s from 25 C to 87 C. 

*aj^ = A/dc ••M 

where i-y. = molar absorpt ivi ty (extinction coefficient), 
(nnoles/liter)"^cm""^ 

A = absorbency (optical density) 
d = cell path, cm 
c = concentrat ion, m o l e s / l i t e r 
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FIGURE 8. 

ABSORPTION SPECTRUM OF 
IODINE HEPTAFLUORIDE. 
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The curves of molar absorpt ivi ty 
for iodine pentafluoride and iodine hepta­
fluoride a r e shown in F igure 98 along 
with the curves determined previously 
for bromine, bromine tr if luoride and 
bromine pentafluoride. It is evident that 
iodine heptafluoride can be determined 
quantitatively in the presence of the other 
subs tances . 

The react ions l is ted in Table 10 
were studied at 77 C by mixing the com­
ponents, in the vapor phase, in a nickel 
vesse l at known par t ia l p r e s s u r e s and 
observing any change in the p r e s s u r e 
with t ime . The mixed vapors were ex­
panded into a 10-cm absorpt ion cell which 
was heated to 77 ± 2 C. The absorpt ion 
was deterro.ined from 2400 to 6000 A^ 
using the Gary recording spect rophotome­
t e r . The absorpt ions in the visible and 
ul traviolet regions were then used for 
qualitative and quantitative detection of 
the gaseous components p resen t . 

The exper imental observat ions 
a r e summar ized in Table 10, No r e a c ­

tions were observed between iodine pentafluoride and bromine pentafluo­
r ide or between iodine pentafluoride and bromine t r i f luor ide, as indicated 
under react ions 1 and 2. 

In react ion 3, i o ­
dine pentafluoride and iodine 
vapors were mixed to d e t e r ­
mine whether any i n t e r m e ­
diate compound would be 
formed. No change was 
noted in the p r e s s u r e or the 
spect ra , indicating that no 
react ion takes place, 

A mixture of io ­
dine heptafluoride and b r o ­
mine tr i f luoride showed no 
change in p r e s s u r e in a 24-
hour period. The par t ia l 
p r e s s u r e of the iodine hepta­
fluoride, calculated from the 
optical absorpt ion, did not 

FieURE 9. 

ABSORPTION SPECTRA OF Bfg , B r F j , B r F j , I Fg , AND IF.,,. 
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9 C 

9 a 
9 e e 
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9 9 a 
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9 9 9 
9 « 9 
9 9 

9 9 

9 

9 9 
9 9 9 9 

9 9 
9 9 9 

9 0 9 9 
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React ion 

1 

2 

3 

4 

Table 10 

VAPOR-PHASE REACTIONS OF IODINE PENTAFLUORIDE AND IODINE HEPTAFLUORIDE 

R e a 

A 

IFs 

IF5 

IFs 

I F , 

ctants 

B 

BrFs 

B r F j 

h 
B r F j 

Ini t ial 
P a r t i a l 

P r e s s u r e 
(mm) 

A B 

69.8 

54.9 

40.3 

101.3 

70,0 

55.5 

13.5 

50.1 

T e m p . 
(C) 

77 

77 

77 

77 

Change in Total 
P r e s s u r e (mm) 

None 

None 

None 

None 

Observat ions of Absorpt ion Spectra 

Ul t raviole t 
(2400-4000 1 ) 

No IF7 formed 

No IF7 formed 

-

Very slow d e c r e a s e in 
IF^ concent ra t ion in 
absorp t ion ce l l . 

Visible 
(4000-6000 1 ) 

-

-

Iodine p resen t 

— 

I F , 

I F , Br , 

101.6 12.0 

124 21 

IF7 Bra 119 20.8 

IF^ B r F j 102.6 51.0 

77 

77 

77 

100 

113.1 to 126.5 (Very 
r ap id - l e s s than 
1 min . ) 

145.0 to 167 (slow 
reduct ion) 

None 

D e c r e a s e in IF7 
concen t ra t ion . 

D e c r e a s e in IF7 
concen t ra t ion . 

D e c r e a s e in IF7 
concen t ra t ion . 

Slow d e c r e a s e in I F , 
concen t ra t ion . 

Iodine absent 

Bromine concentra t ion 
dec reased with t ime , 
d isappeared in 5 h r s . 

Broinine concentra t ion 
dec reased with t ime , 
d isappeared in 5 h r s . 

Slow d e c r e a s e in BrF^ 
concent ra t ion . 

• 



change after 24 h o u r s . When the mix ture had been in the spect rophotometer 
cel l for 90 minutes , however, the absorpt ion curve indicated a d e c r e a s e in 
the par t ia l p r e s s u r e of iodine heptafluoride, corresponding to 9 m m in the 
react ion v e s s e l . This i s l is ted under reac t ion 4 , 

Reaction 5, between iodine heptafluoride and iodine, was ob ­
served to occur rapid ly . A spect rophotometr ic observat ion, made 20 m i n ­
utes after mixing the r eac t an t s , indicated no iodine. The d e c r e a s e in iodine 
heptafluoride, a s shown by the spec t ra and the total p r e s s u r e change, ind i ­
cated that the reac t ion proceeds s to ichiometr ica l ly according to the equation 

5 IF7 + I2 ^ 7 IF5 . (1) 

Iodine heptafluoride and bromine reac ted at a slow ra te ( r e a c ­
tion 6). The i n c r e a s e in total p r e s s u r e with timie is given below as an 
indication of the r a t e of the-react ion at 77 C. 

Time After Mixing Total P r e s s u r e 
(minutes) jaxxn) 

0 145 
2 150 

23 161 
60 165 

126 167 

The final total p r e s s u r e for the complete convers ion of bromine to bromine 
t r i f luoride is 166 m m , according to the reac t ion 

3 IF7 + Brz ^ 3 IF5 + 2 BrFg . (2) 

The optical absorpt ion due to bromine dec reased slowly until it was below 
the l imit of detection at 5.5 hours after mixing. 

In a s imi la r exper iment , 7, the iodine heptafluoride and bromine 
were admit ted to the cel l soon after mixing. If the reac t ion had proceeded 
according to equation (2), the final par t ia l p r e s s u r e of iodine heptafluoride 
in the reac t ion ves se l would have been 56.6 m m . The final iodine heptafluo­
r ide suggests that some of the iodine heptafluoride may have been converted 
to iodine pentafluoride by oxidizing some of the bromine t r i f luoride to b r o ­
mine pentafluoride. This is in ag reemen t with the r e su l t s of reac t ion 4, 
indicating that , at 77 C, iodine heptafluoride i s capable of oxidizing bromine 
tr i f luoride to the pentafluoride at a slow r a t e . 

Reaction 8 was performed at 100 C in o rde r to r each a m o r e 
easi ly m e a s u r e d r a t e . At this t empe ra tu r e the broitnine t r i f luoride was 
slowly oxidized to the pentafluoride by iodine heptafluoride: 
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B r F j + IF7 >. BrFs + IF5 

In a 24-hour period, approximate ly one-half of the or iginal bromine t r i f luo­
r ide was converted to b romine pentaf luoride. 

B. Pilot Plant Operat ions 
(W. J . Mecham, R, C. Ldimatainen, R. W. Kess i e , G. J . Vogel, 
G. E . Goring*) 

1, Fused Salt P r o c e s s for Dissolution of Fue l Alloys 

a . Equipment Development 

Work is continuing on the instal la t ion and test ing of equip­
ment for fused sal t dissolut ion of z i rconi t im-uranium fuel a l loys . Initial 
melt ing and t rans fe r of salt in the fused salt sys tem has been made with 
helium as a sparge g a s . The fused sal t samipler was ins ta l led . 

An examination of the fused sal t make -up tank which 
failed was made by the meta l lography sect ion of th« Metallurgy Division. 
Extensive c r a c k s apparent ly were produced in the forming of the dished 
heads . Sulfide deposi ts were identified in the c r acks and on the inner s u r ­
face of the nickel wall which was in contact with the molten f luoride. 

b . Tes t s on the Ignition of 1020 Steel in Fluorinat ing 
Atmospheres 

Since 1020 s tee l has been under considerat ion a s a cheap 
m a t e r i a l of const ruct ion for a disposable f luorinator in the fused sal t 
p r o c e s s , it seemed des i rab le to de te rmine whether or no t ' the re was a 
possibi l i ty of ignition at t e inpe ra tu re s in the range of 500 to 700 C, 

One-half- inch long samples of l / 4 - i n c h OD x 0,030-inch 
wall 1020 s tee l tubing were cleaned and d r i ed . In each run two samples 
were placed in a horizontal 3 /4 - inch OD nickel or copper tube which was 
heated by a r e s i s t a n c e furnace . In a l l but one of the runs the unit was 
brought up to t e m p e r a t u r e in a hel ium a t m o s p h e r e . The fluorinating agent 
was then introduced continuously at a slow r a t e (^^100 cc /mln ) without the 
hel i iun. 

In a l l runs ignition was evident f rom the rapid r i s e i n 
t e m p e r a t u r e . Also , the s tee l was complete ly f luorinated into a powder. 
In Run 4 (Table 11) a nickel sample of the same size a s the s teel was . 
placed between the two s tee l s a m p l e s . The nickel sample remained intact 
although it was covered with a heavy fluoride f i lm. 

*Special Scientific Employee on loan f rom Union Carbide Nuclear 
Company. 



Table 11 

IGNITION DATA ON 1020 STEEL 

Tes t 
Num.be r 

1 

2 
3 
4 
5 

(Steel completely fluorinated to a powde 

Fluorinat ing 
Agent 

Fz 

Fz 
BrFa 
BrFs 
Fz 

Temp. 
at which 

Fluorinat ing 
Agent 

wa's In t ro ­
duced (C) 

650 

650 
670 
655 

22 

Max. Temp . 
Reached 
During 

Reaction (C) 

1100 

960 
775 
760 

1400 

r in a l l runs . ) 

Furnace 
Tube 

Copper 

Nickel 
Nickel 
Nickel 
.Nickel 

Condition of 
Fu rnace Tube 
after Reaction 

Melted and 
Fluor inated 
Intact 
Intact 
Intact 
Melted 

In Run 5 fluorine was introduced continuously, s tar t ing from 
room t e m p e r a t u r e ; the t e m p e r a t u r e r o s e approximate ly 10 c/taln until the 
s teel ignited at 570 C; the t e m p e r a t u r e then inc reased at approximately 
100 C / m i n . This t e m p e r a t u r e was m e a s u r e d by a thermocouple wired to the 
furnace tube near the sample posit ion, A s u m m a r y of the ignition data i s 
given in Table 1 1 . These data indicate that 1020 s tee l i s not a suitable m a ­
t e r i a l of construct ion for a disposable f luor inator . 

2. Frac t iona t ion of Uranium Hexafluoride-Bromine Pentafluoride 
Mixtures 

In previous fract ional dis t i l la t ions involving uran ium hexafluo­
r ide , bromine pentafluoride and bromine t r i f luor ide , the puri ty of uranium 
hexafluoride appea r s to have been l imited by side reac t ions r a the r than by 
the re la t ive volat i l i t ies of the above components . With bromine t r i f luoride 
present the re i s always the possibi l i ty of i t react ing to form b romine . 
Since broinine t r i f luoride can be fluorinated with fluorine to bromine penta­
fluoride, it was decided to invest igate the fractionation of the uran ium 
hexaf luor ide-bromine pentafluoride binary s y s t e m . 

The st i l l pot of a 16-foot column was charged with 48.2 lb u r a -
niu33i hexafluoride and 336 g bromine pentafluoride. Three runs were 
c a r r i e d out on this c h a r g e . Initially fluorine was introduced to a total 
p r e s s u r e of approximately 40 psia with the s t i l l pot t e m p e r a t u r e maintained 
slightly above the melt ing point of uran ium hexafluoride and was left in con­
tact for over 50 h o u r s . The column was then opera ted for 54 hours on total 
reflux (Run C-3); in a l l runs the boilup r a t e was 46 lb uran ium hexaf luor ide/hr 

9 9 9 9 9 9 » » « 9 « 9 9 e 9 0 9 » e 9 » 
9 9 9 9 9 9 9 « 9 9 9 9 9 9 9 9 9 
9 9 9 9 e « 9 « 9 9 9 9 9 9 9 

9 9 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

http://Num.be
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and the p r e s s u r e 3 a t m . The column was isolated from the st i l l pot and the 
column hold-up was removed from the sys tem as product . A s imi la r second 
run (C-4) was made for 56 hr on total reflux using the remaining st i l l pot 
m a t e r i a l . Again the column hold-up was removed and, after a fluorination 
s imi la r to that following the ini t ia l cha rge , a th i rd run (C-5) was made at 
total ref lux. The data obtained a r e shown in F i g u r e s 10, 11 and 12, 

During the f i rs t two runs a light yellow or pink color could 
be seen in some of the overhead samples (par t icular ly toward the end of the 
run) . Thus it appea r s that co r ros ion of nickel i s producing some elemental 
b romine . Also , the data in the second run suggest that some bromine t r i ­
fluoride was a l so formed. A fourth run (C-6) was made (see F igure 13) with 
continuous, slow fluorine sparge in an effort to e l iminate the bromine p rob ­
l e m . No bromine color was observed in the samples from this run . The 
final sti l l pot liquid from Run C-6 showed <1 ppm bromine pentafluoride! 
thus , the specifications on the bromine impur i ty were me t . 
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FIGURE 10. 

URANIUM HEXAFLUORIDE-BROMINE 
PENTAFLUORIDE DISTILLATION. Run C - 3 

FIgURE I I . 

URANIUM HEXAFLUORIDE-BROMINE 
PENTAFLUORIDE DISTILLATION. Run C - 4 

10' 

3 a . 
0 8 

10° 

I0- ' 

10-2 

10-' 

^Ov8 i 

T 1 r 
rhead Vapor 

o o 
o 

s ^ -s t i l l Pot Vapor 

xo o 
o '-^ 

I I I I I o I 
10 20 30 40 50 60 70 

OPERATING TIME, hours 

I0« 

10' r 

:i '̂^ 

3.? 

g 10-̂  r 

F 

^ 

-

° 

-

• 

1 

o__ 

o— 

1 

0 

- O u 

1 1 1 1 

^ O w r h t a i 

s t i l l Pot Vaper 

t i l l 

1 

Vopor „ 

-

• 

-; 

1 
10 20 30 40 SO 

0PERATIN8 TIME, hours 

SO 70 

FIGURE 12. 

URANIUM HEXAFLUORIDE-BROMINE 
PENTAFLUORIDE DISTILLATION. Run C-S 

FI6URE 13. 

URANIUM HEXAFLUORIOE-BROMINE 
PENTAFLUORIDE DISTILLATION. Run C-
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III. FLUIDIZATION 

(A. A. Jonke) 

Work during this qua r t e r was d i rec ted p r i m a r i l y toward the in­
stal lat ion and shakedown of new fluidized-bed equipment. More complete 
analyt ical data were obtained on the crude green sal t produced from ore 
concentra tes in runs made in tiie previous q u a r t e r . 

The green sal t pilot plant, consist ing of two m.ultistage fluidized-bed 
r e a c t o r s with assoc ia ted equipment, was completed, and seve ra l shakedown 
runs were m,ade with refined uranitim. oxide feed. Operabi l i ty was genera l ly 
sa t is factory , although some minor modifications a r e n e c e s s a r y . No caking 
was observed and green sal t of good appearance was produced. Some dif­
ficulty was encountered in maintaining downcomer sea l s in the hydrofluo­
rination r e a c t o r , but this condition is bel ieved to be capable of co r rec t ion . 

Instal lat ion of the shielded ca lc iner for converting radioact ive waste 
solutions to solid oxides was about 90 per cent completed, and ini t ial rtms 
a r e planned for the next qua r t e r . 

The fundam.ental study of pa r t i c l e s iae dis tr ibut ion in fliudized beds 
was concluded. 

Mr . H. Neumark of Allied Chemical and Dye vis i ted Argonne 
October 30 to d i scuss f luidized-bed p rocess ing of uran ium ore concen t ra tes . 
On November 30 W. Burkhardt , H. Muhlhauser and C. Fe tne r of National 
Lead d i scussed fluidization. A conference was held with R. Walton, J r . of 
AEC office, Idaho a n d D . Pa ige , Idaho Chem.ical P r o c e s s i n g Plant , on Dec­
ember 13 to d iscuss waste calcinat ion. Mr . R. Stahl of Allied Chemiical and 
Dye vis i ted Argonne from Decemiber 10 to 19 for an exchange of informiation 
on fluidizsed bed p rocess ing of u ran ium o re concen t ra t e s . 

A. Crude Green Salt F r o m Uranium Ore Concentra tes 
(N. Levi tz , T. Cannon) 

In the p r o c e s s under development for the purif ication of uran ium ore 
concentra tes by fract ional dist i l lat ion of crude uran ium hexafluoride, the 
init ial p r o c e s s s teps involve the production of crude uran ium tet raf luor ide 
by reduct ion and hydrofluorination of the o r e concen t ra tes , The use of the 
f luidized-bed technique for crude green sal t production is being invest igated. 

P rev ious studies with s ix different o re concent ra tes , one South 
African and five domest ic , yielded encouraging r e s u l t s . A feed p repara t ion 
s tep consist ing of crushing and screening was n e c e s s a r y to convert the con­
cen t ra tes to a fluidlzable powder. In some cases an init ial agglomerat ion 



step, which could be accom.plished by continuous briquetting, was also 
necessary. Satisfactory conversion to crude green salt was obtained in 
batch, fluidized-bed experiments, and in several continuous runs. 

The results of the series of batch experiments on five dom,estic 
ore concentrates were partially reported in. the previous report (ANLi-5633, 
page 63). Additional analytical data have since been obtained on the crude 
green salt product and are reported in Ta^le 12, together with the analyses 
of the starting concentrates for comparison. 

The analytical procedures for tetravalent uranium and unhydro­
fluorinated uranium in the crude green salt a re incompletely developed at 
present, and the accuracy of the reported values is somewhat uncertain. 
The procedures developed for refined uranium compounds are not directly 
applicable because of the presence of impurities and the uncertain nature 
of the uranium compounds present- Development of improved analytical 
methods is being carr ied out. 

The data in Table 12 substantiate flie previously reported conclu­
sions. The reactivity of the concentrates, as denoted by the percentage of 
unhydrofluorinated uranium in the crude green salt, appears to be a function 
of the method by which the concentrates were produced. The two Bluewater 
concentrates, made by diuranate precipitation and drum drying at moderate 
tem.peratures, were the most reactive, the crude green salt containing about 
2 per cent of unhydrofluorinated uranium. The Uravan and Rifle concentrates, 
produced by diuranate precipitation and roasting at 600 C, were slightly less 
reactive, the crude green salt having about 8 per cent of unhydrofluorinated 
uranium. The Durango material , which undergoes a high temperature fusion 
in the final step, was least reactive, the product hamng 27 per cent of unhydro­
fluorinated uranium. 

The sulfur impurity was substantially reduced by the reduction and 
hydrofluorination treatm.ent, but the residual sulfur was sufficiently high to 
constitute a possible corrosion problem in nickel alloy equipment. The 
phosphorus content was substantially unchanged by the treatment. Silicon 
and boron were reduced to very low values, and vanadium and molybdenum 
were partially removed. 

No additional runs were made during the past quarter because ef­
forts were concentrated on completing the green salt pilot plant. It is 
planned to continue process development on crude green salt production 
on a pilot scale during the next quarter. 

B. Green Salt Pilot Plant 
(N. Levitz, E. Petkus, M. Jones, T. Cannon) 

Installation of the green salt pilot plant was completed during the 
quarter and several shakedown runs were made. 



Table 12 

ANALYSES OF CRUDE GREEN SALT PRODUCED FROM ORE CONCENTRATES 

(Batch F l u i d i z e d - B e d R u n s . See A N L - 5 6 3 3 , page 61 for d e t a i l s . ) 

A n a l y s e s (W/O) 

To ta l U r a n i u m 

U (IV)= 

Unhydrof l u o r i n a t e d 
U r a n i u m ^ 

To ta l F l u o r i d e 

Sulfur 

P h o s p h o r u s 

S i l icon 

V a n a d i u m 

Molybdenum 

B o r o n 

B l u e w a t e r 
Ac id L e a c h 

O r e 
Conc^-

72.6 

-

-

_ 

0.63 

0.09 

_ 

0.03 

0.01 

0.0005 

C r u d e 
UF4b 

68.0 

65.2 

2 .3 

20 .6 

0.21 

0.1 

0.02 

-

-

<0.0001 

B l u e w a t e r 
C a r b L e a c h 

O r e 
Conc^-

63.2 

_ 

_ 

-

0.06 

0.06 

-

0.53 

0.01 

0.0002 

C r u d e 
UF4b 

59.6 

45 .6 

1.8 

24 .5 

0 .0035 

0.02 

0.02 

0.12 

0.0012 

<0.0001 

D u r a n g o 

O r e 
C o n c ^ 

71.0 

-

-

-

0.75 

0 .013 

_ 

0.067 

0.01 

<0.0001 

C r u d e 
UF4t» 

64.6 

63.2 

27 

24.2 

0.06 

0 .015 

0 .05 

. 

-

<0.000 i 

U r a v a n 

O r e 
Conca 

64.8 

_ 

_ 

-

0.64 

1,22 

-

1.99 

0.07 

0.014 

C r u d e 
UF^^ 

60.1 

52.6 

8.1 

-

0.06 

0,80 

0.01 

1.07 

„ 

<0.0001 

Rifle 

O r e 
Conc^-

66.0 

_ 

-

_ 

2.41 

0.20 

_ 

1.62 

0.03 

0.012 

C r u d e 
UF4b 

62.2 

60.4 

7.0 

-

0.20 

0.15 

0.02 

1,2 

0.0052 

0.001 

3-Analyses by G r a n d Jxmction O p e r a t i o n s Off ice . 

" A n a l y s e s by ANL C h e m i c a l E n g i n e e r i n g D i v i s i o n . 

^ D e t e r m i n e d by r e d u c i n g p o w e r a n a l y s e s . 

" •Dete rmined by a n a l y s i s for u r a n i u m con ten t of a m m o n i u m o x a l a t e i n s o l u b l e . 
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1. Descr ipt ion of the Pi lot Plant 

A photograph of the equipment p r io r to instal lat ion of the t h e r ­
m a l insulat ion is shown in F igure 14, and a schemat ic drawing of the facility 
i s shown in F igure 15. 

The pilot plant consis ts of two mul t i s tage r e a c t o r s , together 
with f eede r s , f i l t e r s , and a s soc ia t ed equipment. The two r e a c t o r s a r e 
s imi l a r except for s ize and m a t e r i a l of construct ion, the s ta in less s tee l 
reduction r e a c t o r being five inches in d iameter with four s t ages , and the 
Monel hydrofluorination r eac to r being s ix inches in d iameter with five 
s t ages . Each stage consis ts of a fluidized bed 10 inches deep supported 
by a per fora ted p la te . The la t t e r was dr i l led with 60* conical holes spaced 
on 1-inch cen te rs and taper ing to a 5/64-inch d iameter opening at the bottom. 
The conical holes prevent stagnant solids (which might cake during react ion) 
from collecting on the surface of the d is t r ibutor p la te . To prevent downflow 
of solids through the perfora t ions during shutdown a thin, per fora ted baffle 
plate i s fixed one-fourth inch below the gas d is t r ibutor p la te . A photograph 
of a bed support and downcomer is shown, in F igure-16 . 

The r e a c t o r s a r e const ructed of 2 foot long, flanged, pipe s e c ­
t ions , bolted together , with the bed support and downcomer unit c lamped 
between the f langes. Any number of s tages can thus be connected together . 

Each stage of the r e a c t o r s i s heated by th ree 1000-watt tubular 
h e a t e r s bonded to the r eac to r wall by sp rayed copper m e t a l . In addition 
the top stage of the hydrofluorination r e a c t o r i s provided with a cooling 
coil , a l so bonded to the wall, to remove some of the heat genera ted in the 
reac t ion . Both r e a c t o r s a r e insula ted with t h r ee inches of p re formed, 
a sbes tos insulat ion. Thermocouples a r e ins ta l led in each fluidized bed 
and at other appropr ia te points to m e a s u r e hea t e r and wall t e m p e r a t u r e s . 
P r e s s u r e taps and manome te r s indicate the amount of m a t e r i a l on each 
s tage . 

In s ta r t ing the empty r e a c t o r s , i t is n e c e s s a r y to charge enough 
m a t e r i a l into each stage to sea l the bottom of the downcomers , since the 
fliiidizing gas would flow up the downcomers r a t h e r than through the beds 
if no sea l were provided. F o r this init ial charging operat ion a l /Z - inch 
pipe nipple i s welded into the wall of each stage into which solids a r e 
charged from a smal l conta iner . Once filled, the r e a c t o r s can be shut 
down and r e s t a r t e d at wil l . 

In operat ing the pilot plant, u ran ium tr ioxide is fed from a 
hopper to a s c r e w feeder , then to a gas=lift conveyor where ni t rogen gas 
c a r r i e s the solids through a S/S-inch OD tube to the top s tage of the r e ­
duction r e a c t o r . The oxide p a s s e s downward by overflow through the 
downcomers , leaving at the bottom. A prehea ted hydrogen-ni t rogen m.ixture, 

s e « e e e s a e e ee a ee 
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FIGURE 15 

SCHEMATIC DIAGRAM OF FLUIDIZED-BED 

GREEN SALT PILOT PLANT 
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\ 

Figure 1 6 

Bed support and downcomer of r eac to r in the 
fluidized-bed green salt pilot plant 
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simulat ing dissocia ted am.monia, flows upwards co imtercur ren t to the solids 
flow, and, after leaving the r e a c t o r , p a s s e s to a f i l ter chamber containing 
four porous , s ta in less s tee l f i l t e r s , then to an a i r je t which dilutes the hyd ro ­
gen before exhausting i t to the ventilation s y s t e m . The product u ran ium di ­
oxide is col lected in a standpipe from which i t i s fed by s c r e w feeder to a 
second gas-l i f t conveyor and c a r r i e d to the top stage of the hydrofluorination 
r e a c t o r . Liquid anhydrous hydrogen fluoride, cooled to about 5 C in a r e ­
f r igera ted box, i s m e t e r e d by a diaphragm pump to a vapor i ze r , then to a p r e -
hea te r before entering the bottom of the r e a c t o r . The off-gas is f i l tered 
through porous Monel f i l t e r s , then condensed, and the uncondensed gas i s 
finally scrubbed with caust ic in a packed tower . The green sal t product 
overflows from the bottom stage of the r eac to r and is col lected in a hopper . 

The p r e h e a t e r s for the reac tan t gas a r e cons t ruc ted of 2-inch 
s tandard pipe, packed with Raschig r ings and heated by tubular hea t e r s 
bonded with sp rayed copper . The hydrogen fluoride vapor ize r i s a sjaiall 
nickel tank heated by an e lec t r i c man t l e . The r a t e s of flow of hydrogen 
fluoride a r e de te rmined by weight i neasu remen t s of the s to rage cy l inders , 
and by orifice m.eter. The r a t e s of flow of solids a r e de te rmined by the 
m e a s u r e m e n t s of the t ime r equ i r ed to feed a m e a s u r e d amount from a sight 
g l a s s , and by weight m e a s u r e m e n t s on the g reen salt product . 

2 , Design Considerat ions 

Before the r e a c t o r s were completely a s sembled , t e s t s were 
made to de te rmine the p r e s s u r e drop a c r o s s the gas d is t r ibu tor p la tes at 
var ious gas ve loc i t i es . When the pla tes were dr i l led with seventeen 
l / l 6 " i n c h d iameter openings a t the bottom of the cones , the p r e s s u r e drop 
was found to be about 39inches of water for an a i r flow of 0 .6- f t / sec supe r ­
ficial velocity in the 5-inch d iameter r e a c t o r . This value was higher than 
des i red , s ince i t would cause the level of solids in the downcomers to be 
very high and might prevent downflow of so l ids . The holes were therefore 
enlarged to 5/64 inch in diameteT, after which the p r e s s u r e drop a t 0 .6- f t / sec 
velocity was de te rmined to be about 16 inches of wa te r . 

Since the p r e s s u r e drop a c r o s s a 10-inch deep bed of fluidizsed, 
high-densi ty uran ium oxide i s about 24 inches of water , the d is t r ibutor p r e s ­
sure drop was about two- th i rds of that of the fluidized bed itself. Under these 
conditions i t i s bel ieved that good gas dis t r ibut ion should be obtained, and i t 
i s l ikely that adequate gas dis tr ibut ion Would be obtained with even leas p r e s ­
sure drop a c r o s s the p la te . 

With a total p r e s s u r e drop a c r o s s the plate and the bed of 40 in ­
ches of water , the nominal level of solids in the dov/ncomer for a solid whose 
fluidized density i s 3 g / cc would be about 13 Inches above the upper surface 
of the bed into which the downcomer feeds . However, momen ta ry i n c r e a s e s 
in gas velocity in the downcomer, such a s might occur if a l a rge pocket of 
gas entered the downcomer, could cause the solids to spur t considerably 
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above the nominal level. Moreover, the natural tendency for slugging or 
surging to occur in fluidized beds of large height-to-diameter ratio, such 
as exists in the downcomers, would also cause the level of solids to r ise 
substantially at t imes. These considerations emphasize the need for ade­
quate spacing between stages in order to maintain downcomer seals at all 
t imes. 

It is worth pointing out that for solids of lower density (such 
as uranium ore concentrates), it may not be possible to maintain down­
comer seals with the present design unless the pressure drop across the 
plates is reduced'to maintain about the same plate-to-bed pressure drop 
ratio as with the high-density oxide, or unless the depth of bed on each stage 
is reduced. Moreover, if the operating gas velocity is greatly increased 
above the design velocity of approximately 0.5 f t /sec, the pressure drop 
across the plate will increase, causing the level of solids in the downcomers 
to r i s e . Thus any mal-operation which causes the gas flow to surge momen­
tarily to two or three times the normal flow rate may cause a loss of down-
comber seals . These considerations point to the need for additional research 
to determine the minimum plate pressure drop suitable for adequate gas 
distribution. If it is possible to use a low plate pressure drop, then a con­
siderably greater flexibility in operating conditions could be tolerated. 

By direct geometric scale-up of the design of the prototype, 
3-inch diameter, m.ultistage reactor, a bed depth of 10 inches was obtained 
for the pilot-scale reactors . It was decided, however, to test the reactors 
with a 12-inch bed depth first, and then to reduce the depth if necessary. 

3. Shakedown Runs 

The columns were first loaded with refined uranium trioxide 
having an untapped bulk density of approximately 4.0 g/cc and were oper­
ated with continuous solids feed to study the "hydraulic' ' behavior and 
solids flow character is t ics . It was found in several test runs that, after 
a short period of satisfactory operation, the solids would cease to flow 
through one or m.ore of the downcom.ers and the levels of solids on these 
stages would continually increase as long as solids were fed into the unit. 
Lack of solids flow could be caused either by bridging in the downcomers 
or by the loss of downcomer seals . The operating behavior indicated the 
latter condition to be the more likely. 

Since the levels of solids in the downcomers coiild be reduced 
by decreasing the bed depth, it was decided to shorten the downcomers to 
give a 10-inch deep bed. At the sam.e time the downcomers were shortened 
by one inch on the discharge end, so that the distance from the bottom of 
the tube to the next lower distributor plate was increased from 2 inches 
to 3 inches. 



With these changes the reactors were satisfactorily operated 
for periods of 4 to 6 hours with uranium trioxide as the solid and air as 
the fluidizing gas. Tests were made at both room temperature and at 
operating temperatures. 

Following these tests the uranium trioxide was removed from 
both reactors; uranium dioxide was charged into the reduction reactor and 
uranium tetrafluoride into the hydrofluorination unit. Two shakedown runs 
were then made under representative operating conditions; the first run 
was for a period of about 3 hours and the second for a period of IZ hours. 
The uranium trioxide used as feed was produced by fluidized-bed denitra-
tion, and represented an accumulation of oxide produced under a variety 
of conditions. Therefore no attempt was made in the shakedown runs to 
obtain data representative of the conversion to green salt which could be 
expected in the pilot plant. Some samples were taken, but these have not 
yet been analyzed. Visually, the product had the appearance of good green 
salt. 

The following observations on tnechanical operability of the 
equipment were made. 

(1) Downflow of solids was not entirely satisfactory in the 
hydrofluorination reactor, since the levels of solids occasionally rose 
above the downcomers on one or another of the stages, and the solids 
ceased to flow to the next stage. This could be corrected by vibrating the 
column briefly with several mallet blows» but it indicated that the problem 
of maintaining downcomer seals was not completely solved. This condition 
was not observed in the reduction reactor, however, probably because of 
the higher density of uranium dioxide as compared to uranium tetrafluoride 
and because the pressure drop across the plates of this \init was lower than 
for the hydrofluorination reactor . The lower pressure drop was due to the 
lower volume flow of gas in the reduction reactor, which has the same num­
ber of holes per plate as the hydrofluorination reactor. It appears, there-
forcj that a slight additional enlargement of the holes in the plates of the 
latter reactor miay be desirable. 

(Z) A large amount of heat was generated by chemical reaction 
in the second reduction stage and very little in the first stage. This indi­
cates either that an induction period was required before the reaction oc­
curred or that the solids feed was largely bypassing the first stage. The 
latter could occur if the solids flowed over the top of the inlet baffle in 
stage one rather than under the baffle. 

It should be noted that the heat generated in the hydrofluori­
nation reaction was almost entirely in stage one^ 
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(3) The tem.peratures in the bottom stages of the reactors were 
not quite as easily controlled as in the other stages. In addition, the solids 
occasionally did not flow freely from the bottom stage discharge pipe. It is 
possible that these effects were due to a low gas velocity in this stage -
insufficient for complete fluidization - because the inlet gases were only 
partially preheated (400 C) and therefore not completely expanded before 
entering the fluidized bed. This condition shoiild be readily corrected by 
preheating to a higher temperature or by using a slightly higher gas velocity. 

(4) The uranium trioxide feed rate varied from 15 to 30 Ib/hr 
due to variations in rpmi of the feed screw. This will be corrected by r e ­
placing the variable speed drive with a more reliable unit. 

(5) The heat input to the hydrogen fluoride vaporizer was 
insufficient to evaporate the liquid at the desired rate of 9 Ib/hr. An addi­
tional heater will be installed on the bottom, of this vessel . 

The results of the shakedown runs indicate that satisfactory 
operability of the pilot plant should be obtained after slight modifications 
are completed. It is planned next to test the equipment with uranium ore 
concentrates which have bulk densities about one-half that of the refined 
uranium, oxide used in the previous tes ts . After satisfactory mechanical 
operation is achieved, several runs will be made to study crude green salt 
production on a pilot scale. 

C Calcination of Reactor Fuel Processing Wastes 
(J. Loeding, W. Pehl, K. Pelletier) 

Work during this quarter has been spent in the construction of a 
shielded fluidized-bed calciner for experimental studies on diluted r e ­
actor fuel processing wastes. Installation of this unit is about 90 per cent 
completed, and shakedown operations are scheduled to begin early in the 
next quarter. 

Initial studies will be directed toward wastes of the type being pro­
duced at the Idaho Chemical Processing Plant. It is planned to obtain data 
and operational experience with radioactive wastes to aid in the design of 
a production-scale calciner for the ICPP. The first "hot" runs will be made 
with t racer- level solutions; these will be followed by work with increasingly 
higher activity levels, up to the maximum permitted by the 18-inch thick 
concrete shielding of the cell. 

D. Fundamental Studies 
(H. Katz) 

The study of particle size distribution in fluidize'd beds was con­
cluded, and a final report on this work is in preparation. No additional 
fundamental studies are planned for the immediate future because of a 
shortage of personnel. 



IV. REACTOR CHEMISTRY 

A. Metal Oxidation and Ignitions 
(H„ A. Porte , J. G. Schnizlein, R. C. Vogel, J . Single, D, Fischer, 
A. Por ter) 

The frequency and severity of ignitions and explosions involving 
uranium, zirconiiim, thorium and plutonium are great enough to constitute 
a serious hazard. Increased efforts to understand the factors governing 
their pyrophoric nature are denaanded by the increased use of these metals . 
It is likely that conditions which accelerate their oxidation will lower the 
ignition temperature and increase the possibility of spontaneous ignition. 
Thus, an understanding of the kinetics of oxidation and the mechanism of the 
reaction should help to predict when these metals will be unusually sensi­
tive to spontaneous ignition. The great variation of reported rates of oxi­
dation of pure uranium was previously pointed out. The reasoning behind 
the experimental approach for this program is outlined in ANL.-5494, pages 
104 to 109. 

Although the data available on zirconium oxidation do not show as 
great a variation as those for uranium, there a re still several xmresolved 
disagreements. A summary of the literature data for zirconimn has been 
presented in ANL-5602, pages 77 through 86. Experimental work on z i r ­
conium has just started. 

A li terature search on the oxidation kinetics of thoritim and plutonium 
is now underway. 

1. Uranium 

The major effort this past quarter has been devoted to the e s ­
tablishment of the base line data in order to appraise critically the influ­
ence of specific variables on the oxidation and pyrophoric properties of 
uraniiim metal . 

a. Apparatus Modification and Standard Run 

After comparison of data of the first stage of uranium oxi­
dation given in ANL-5633, page 81, with m.ore recent data, the presence of 
a factor due to the apparatus was suspected. Blank r\ms without a metal 
sample present were naade early in the investigation. These showed that the 
apparatus was giving dependable data. However, more recent blank runs 
showed that the apparatus (described in ANL-560Z) behaved incorrectly and 
indicated that a small amount of oxygen was consumed during the first few 

%mith, R. B,, "Pyrophoricity, A Technical Mystery Under Vigorous 
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minutes of a run. Various exper iments demons t ra ted the cause to be cen­
t e r e d in the s lant - tube m e r c u r y manomete r used as a p r e s s u r e regu la to r . 
The difficulty was probably caused by m e r c u r y e r r a t i ca l l y "sticking" to 
the g lass wall in the slant tube. 

Because no meta l oxidation r a t e i s sufficiently well defined 
to be used as a s tandard , a s tandard type of TUB. was achieved by the use of 
a leak. This leak was cons t ruc ted by sealing a 19-gauge copper w i re , about 
five cm long, ins ide a P y r e x tube. On cooling, the difference in coefficients 
of expansion of copper and P y r e x caused the appearance of a very smal l 
annu la r - shaped space which allowed gas to escape at a slow r a t e . The leak 
was a t tached to the appara tus in place of the sample chamber and the other 
side of the leak was connected to a vacuum pump. Such a home-made leak 
gave var iable r a t e s , but the leak woiild be l inear with t ime . When the leak 
was used with the ve r t i ca l tube m e r c u r y p r e s s u r e regula tor i t was demon­
s t r a t ed that the appara tus was behaving p rope r ly . The same kind of leak 
has been used on th ree different se t s of appara tus and has given identical 
leak r a t e s within the e r r o r s of m e a s u r e m e n t . 

b . Base Line Oxid4tion Data 

As r epor t ed in ANL.-5602, pages 71 to 77, and ANL-5633, 
page 81 , the oxidation of uranitun has been found to take place in two s tages . 
At t e m p e r a t u r e s below 200 C and at a l l p r e s s u r e s the second stage i s l inear . 
Above 200 C it appea r s that the r a t e of the second s tage r eaches a maximum 
and then falls off. This i s shown in F igure 23, page 77, ANL-5602. During 
the ea r ly phases of the invest igat ion the r a t e law of the f i r s t s tage was in 
doubt. However, when runs were made with a ve r t i ca l tube p r e s s u r e regu­
la tor i t became apparent that the f i r s t s tage was a l so l i nea r . These runs 
were c a r r i e d out over the ranges of p r e s s u r e s from 20 to 800 m m and of 
t e m p e r a t u r e s from 1 2 5 t o 2 5 0 C - a total of fourteen addit ional runs under 
eleven se ts of condit ions. This fur ther study showed that the e r roneous 
data col lected during the f i r s t few minutes of the ea r ly ba se line runs made 
with the s lant tube p r e s s u r e regula tor could be c o r r e c t e d . This has been 
done and an essent ia l ly complete se t of the data for u ran ium oxidation is 
p re sen ted in Tables 13, 14, 15, and 16. F igu re 17 shows a graphical p r e ­
sentation of a typical run with an i l lus t ra t ion of the manner of calculating 
the data. 

The oxidation behavior of uran ium at var ious t e m p e r a t u r e s 
and p r e s s u r e s can be fur ther defined by indicating the t ime and amount of 
oxygen consumed by the sample when the t rans i t ion occu r s from the f i r s t 
s tage to the second s tage . The method of se lect ion of these data i s somie-
what a r b i t r a r y . The method which s e e m s mos t reasonable a t the p r e s e n t 
t ime is demons t ra ted in F igure 17. The data for the b reak weights and 
break t ime a r e a l so p re sen ted in Tables 13, 14, 15, and 16. It i s a l so 
thought l ikely that the b reak weight, which is r e l a t ed to film thickness i s 
the m o r e fundamental quantity. 



Table 13 

OXIDATION OF URANIUM IN 20 mm OXYGEN PRESSURE 

Analytical, metallurgical , and surface preparation data given in ANLi-5602, pages 67 to 71. 

F i r s t Stage Rate Second Stage Rate Break Weight* Break Time* 

jLtg Avg Dev No. of jj-g Avg Dev No. of jJ-g Avg Dev No. of Avg Dev No. of 
Temp (C) sq cm Mean (%) Runs sq cm Mean (%) Runs sq cm Mean (%) Runs min Mean {%) Runs 

125 

150 

200 

250 

0.026 

0.073 

0.31 

1.1 

38 

34 

23 

9.3 

2 

3 

5 

3 

0.11 

0.47 

3.5 

10^ 

12 

8.3 

18 

17 

3 

3 

4 

3 

30 

27 

42 

82 

40 

37 

7.1 

6.1 

2 

3 

4 

3 

1180 

384 

148 

77 

4.6 

7.8 

30 

13 

2 

3 

4 

3 

^Intersection of extrapolated first and second stage rate (see text). 

"Rate decreases near the end of the run. 

Table 14 

OXIDATION OF URANIUM IN 50 mm OXYGEN PRESSURE 

Analytical, metallurgical , and surface preparation data given in ANLi-5602, pages 67 to 71. 

F i r s t Stage Rate Second Stage Rate Break Weight* Break Time* 

jUg Avg Dev No. of ij, g Avg Dev No. of fXg Avg Dev No. of Avg Dev No. of 
Temp (C) sq cm Mean (%) Runs sq cm Mean (%) Runs sq cm Mean (%) Runs min Mean (%) Rtms 

125 

150 

200 

250 

0.029 

0.086 

0.39 

1.4 

6.9 

28 

25 

4.4 

2 

5 

5 

4 

0.13 

0.59 

5.1 

18^ 

4.8 

4.6 

3.5 

11 

3 

5 

6 

4 

18 

29 

35 

69 

17 

24 

17 

23 

2 

5 

5 

4 

630 

320 

90 

52 

13 

16 

7.8 

21 

2 

5 

5 

4 

*Intersection of extrapolated first and second stage r a t e s . 

Rate decreases near the end of the run. 



Tab le 15 

OXIDATION O F URANIUM IN 200 m m OXYGEN PRESSURE 

Ana ly t i ca l , m e t a l l u r g i c a l a n d s u r f a c e p r e p a r a t i o n da ta given in ANLi-5602, p a g e s 67 to 7 1 . 

F i r s t S tage Ra te Second Stage Ra te B r e a k Weight^ B r e a k Time^-

T e m p (C) 

125 

150 

175 

200 

225 

250 

275 

295 

Mg 
sq c m 

0.032 

0.11 

0.25 

0.49 

1.1 

3.2 

7.0 

10 

Avg Dev 
Mean (%) 

31 

18 

26 

6.9 

12 

47 

11 

32 

No. of 
Runs 

3 

5 

3 

8 

2 

7 

3 

3 

sq c m 

0.11 

0.60 

1.8 

6.6 

14^ 

32b 

55b 

7 l b 

Avg Dev 
Mean (%) 

15 

8.5 

19 

9.7 

9.9 

13 

23 

3.4 

No. of 
Runs 

3 

6 

3 

9 

2 

8 

3 

3 

Mg 
sq c m 

19 

38 

28 

57 

58 

62 

145 

170 

Avg Dev 
Mean (%) 

21 

21 

14 

28 

10 

31 

20 

22 

No. of 
Rtms 

3 

5 

3 

8 

2 

7 

3 

3 

m i n 

570 

360 

120 

120 

46 

25 

21 

19 

Avg Dev 
Mean (%) 

25 

23 

14 

25 

22 

32 

10 

16 

No . of 
Runs 

3 

5 

3 

8 

2 

7 

3 

3 

^ I n t e r s e c t i o n of e x t r a p o l a t e d f i r s t and s e c o n d s t age r a t e s . 

"Ra te d e c r e a s e s n e a r the end of the r u n . 

T a b l e 16 

OXIDATION O F URANIUM IN 800 m m OXYGEN P R E S S U R E 

Ana ly t i ca l , m e t a l l u r g i c a l a n d s u r f a c e p r e p a r a t i o n data g iven in A N L - 5 6 0 2 , p a g e s 67 to 7 1 . 

F i r s t S tage R a t e Second Stage R a t e B r e a k Weight^ B r e a k Time^-

T e m p (C) 

150 

200 

250 

295 

Mg 
sq c m 

b 

0.81 

5.8 

b 

Avg Dev 
Mean (%) 

36 

25 

No . of 
Runs 

3 

2 

Mg 
s q c m 

0.54 

8.2 

40= 

225*^ 

Avg Dev 
Mean (%) 

4 .4 

3.4 

1.8 

No . of 
Runs 

2 

4 

2 

1 

s q c m 

b 

62 

80 

b 

Avg Dev No. of 
Mean (%) Runs 

8.1 3 

48 2 

m i n 

b 

89 

15 

b 

Avg Dev 
Mean (%) 

26 

33 

No . of 
Runs 

3 

2 

^ I n t e r s e c t i o n of e x t r a p o l a t e d f i r s t and s e c o n d s t a g e r a t e s . 

' 'Unable to d i s t ingu i sh s a t i s f a c t o r i l y to d a t e . 

'^Rate d e c r e a s e s . 



Temperature Dependence of the Linear Fi rs t Stage Rate: 
Arrhenius plots of first stage rate a re shown in Figures 18, 19, and 20. 
The data points denoted by circles indicate the mean value of the first 
stage rate and the bar represents the average deviation from the mean. 
It is not appropriate to present an Arrhenius plot for the experiments at 
800 mm since data a re available for only two temperatures. The data for 
the first stage rates at the various pressures were fitted to an Arrhenius 
equation of the type log k = log A - ( A E / 2 . 3 0 3 R T ) by the method of least 
squares. The measured values of the rate and temperature for each run 
were used in the least square calculations, whereas averages of rates and 
rounded-off temperatures a re presented in Tables 13, 14, 15, and 16. The 
resulting eqiiations, in which k is the linear rate constant for the first stage 
are as follows: 

log k = 5.2260 - 2.719 x 10^ ( 1 / T ) for 20 mm 

log k = 5.3825 - 2.747 x 10^ ( l / x ) for 50 mm 

log k = 6.7234 - 3.288 x 10* ( I / T ) for 200 mm 

From, these data the activation energies AE with their standard deviations 
and the constants. A, are the following: 

AE = 12.4+0.9 kcal ; A = 1.7 x 10* (J-g/sq cm-min for 20 mm 

AE = 12.6 ± 0.7 kcal ; A = 2.4 x 10* Mg/sq cm-min for 50 mm 

AE = 15.0 1 0.6 kcal ; A = 5.3 x 10*' fig/sq cm-min for 200 mm , 

It is clear that the activation energy has a pressure dependence. The theo­
retical significance of this is not clear at this t ime. 

Pressure Dependence of Linear F i rs t Stage Rate: The 
influence of pressure on the rate during the first stage is shown in Figure 21. 
If one assumes a dependence of the data on pressure according to the equation 

F i r s t Stage Rate = k P ^ 

the values of a a re : 

0.09 at 125 C 
0.18 at 150 C 
0.21 at 200 C 
0.5 at 250 C 

It is apparent that the effect of pressure is greater at higher temperatures. 
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F.GURE £i 

E^iRSl STAGE 

PRESSURE DEPENDEriCE. 

of 
do 

Tempera tu re Depend-
ence of the Break Weight: In ea r l i e r 
r epor t s i t was indicated that the break 
weight was independent of the run t e m ­
p e r a t u r e . Carrying out m o r e runs and 
obtaining the r a t e law for the f i rs t stage 
has permi t ted a m o r e exact evaluation 
of the data. It i s now clear that the 
break weight is not constant, but in­
c r e a s e s from about Z5 / ig /s^ cm to 
70 Mg/sq cm as the t empera tu re in­
c r e a s e s from 125 to 250 C. Perhaps 
the break from the f i rs t to the second 
stage is due to a cracking or b l is ter ing 
of an oxide film. If this i s eventually-
proven to be t rue , the t empera tu re de ­
pendence of the break weight may be 
re la ted to the variat ion of the strength 

the oxide with t empera tu re and ra te of formation. The break weight 
es not appear to be a function of p r e s s u r e . 

Tempera tu re Dependence of Second Stage Rate: At t em­
pe ra tu re s of 200 C and less the ra te of the second stage is l inear for a 
considerable per iod of t ime . At t empera tu re s over 200 C the ra te goes 
through a maxim.um after approximately 1000 / ig / sq cm oxygen a r e con-
sximed and then d e c r e a s e s . At 295 C in 200 m m oxygen a second mi.axi-
mum is observed. The t rend of these data i s shown in A N I J - 5 6 0 2 5 page 77, 
F igure 23 . Exper iments conducted at 200 C or l e s s , for unusually long 
periods of t ime showed a slight dec rease in ra te after approximately 
1500 Mg/sq cm oxygen was consumed. 

Arrhenius plots of the r a t e s for the l inear portion of the 
second stage a r e shown in F igures 22, 23, and 24. The data points de ­
noted by c i rc les indicate the mean value of the f i rs t stage ra te and the 
bar r ep resen t s the average deviation from the mean . The maximum ra te 
i s a lso shown in these figures at the higher t e m p e r a t u r e s , but these data 
were not used in the determiination of the activation energy. The data for 
the second stage ra tes at the var ious p r e s s u r e s were fitted to an Arrhenius 
equation of the type log k = log A - ( A E / 2 . 3 0 3 R T ) by the method of leas t 
s q u a r e s . The m e a s u r e d values of the ra te and t empera tu re for each r\in 
were used in the leas t squares calculat ions, whereas averages of ra tes 
and rounded-off t empera tu re s a r e presen ted in Tables 13, 14, 15, and 16. 
The resul t ing equations in which k is the l inear ra te constant for the 
second stage a r e as follows: 
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log k - 8.3184 - 3.678 x 10^ ( 1 / T ) for 20 m m 

log k = 9.1290 - 3.979 x 10^ ( 1 / T ) for 50 m m 

log k = 10.0126 - 4.353 x 10^ ( l /X) for 200 mm 

F r o m these data the activation energies A E with thei r s tandard deviations 
and the constants , A, a r e as follows: 

AE = 16.8 ± 0.7 kcal ; A = 2.1 x 10* jJ-g/sq cm-min for 20 mm 

AE = 18.2 + 0.3 kcal i A = 1.4 x lO' Mg/sq cm-min for 50 m m 

AE ^ 19.9 t 0.5 kcal ; A = 1.0 x l o " Mg/sq cm-min for 200 m m 

It is c lear that there is a var iat ion of the activation energy with p r e s s u r e 
s imi la r to that for the f i rs t s tage . 

FIGURE 22. 

ARRHENIUS PLOT OF SECOND STAGE 
RATE «3. INVERSE TEMPERATURE 

20 mm OXYGEN PRESSURE 
(Average deviation from the mean ore 
indicofed b» the bars above ond below the 
average point) 

A E ( „ , ) = 16.8 + 0.7 keol 

FIGURE 23. 

ARRHENIUS PLOT OF SECOND STAGE 
RATE »s. INVERSE TEMPERATURE 

SO mm OXYGEN PRESSURE. 
(Averoge aeviations from the mean ore 
indicated by tbe bors above ond below the 
overage point) 

AE = 18.2 ± 0.3 kcal 

1.6 
1000 

1.8 2.0 2.2 2.4 

T IN DEGREES KELVIN 

1.6 1.8 2.0 2.2 2.4 

1° ° ° , T IN DEGREES KELVIN. 

P r e s s u r e Dependence of Second Stage Rate: The influence 
of p r e s s u r e on the second stage ra te is shown in F igure 25. If one a s s u m e s 
a dependence of the data on p r e s s u r e according to the equation 

Second Stage Rate - kP' 



it can be seen that a has the following approximate values: 

Temp(C) a 

125 
150 
200 
250 

0 
0.04 
0.19 
0.4 (Maximum ra tes ) 

It can be seen that at 125 and 1 50 C the p r e s s u r e dependence is smal l , 
while at 200 C it is considerably g r e a t e r . For l inear ra tes at 200 C and 
the maximum ra tes at 250 C the p r e s s u r e dependence is very near ly the 
same for both f i rs t and second stage r a t e s . 

FIGURE 24. 

ARRHENIUS PLOT OF SECOND STASE 
RATE vs. INVERSE TEMPERATURE 

200 mm OXYGEN PRESSURE 
(Average deviation from the mean are 
indicoted by the bars obove and below the 
overage point) 

AE,35, , = 19.9 ± 0.5 kcal 

FIGURE 2 5 . 

SECOND STAGE 
PRESSURE DEPENDENCE. 

40 60 100 
80 

PRESSURE, MILLIMETERS 

°600«%0 

2.0 2.2 2.4 
DEGREES KELVIN 

Metallurgical Variables 

Samples of the same base meta l with different me ta l l u r ­
gical h i s to r ies were avai lable . These were: (1) cast , (2) rol led (less than 
50% reduction of c ros s - sec t iona l a r e a ) , (3) high-alpha quenched and (4) beta 
quenched. All the base- l ine data have been collected using the beta-quenched 
meta l . The data from exper iments per formed on these samples at a few 
t empera tu re s and p r e s s u r e s a r e p resen ted in Tables 17, 18, and 19; they 
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Table 17 

OXIDATION RATE DATA OF URANIUM WITH VARIED METALLURGICAL HISTORY 
IN 200 mm OXYGEN PRESSURE AT 150 C 

Analytical and surface preparation data the same as for base line 
beta-quenched metal which a r e given in ANL-5602, pages 67 to 71. 

Metal­
lurgical 
History 

Cast 

Rolled 

a Quenched 

F i r s t Stage Rate Second Stage Rate Break Weight*^ 

_Hi_. Avg Dev No .of Mg Avg Dev No. of _Mg___ Avg Dev No. of 

Break Time^ 

Avg Dev No. of 
sq cm Mean (%) Runs sq cm Mean (%) Runs sq cm Mean (%) Runs min Mean (%) Runs 

0.074 

0.087 

0.081 
/i Quenchedl* 0.11 

9.5 

4.0 

5.6 

18 

0.32 

0.43 

0.37 

0.60 

20 

2.1 

22 

8.5 

35 

36 

39 

38 

2.9 

0.0 

9.1 

21 

481 

413 

485 

360 

12 

4.6 

11 

23 

^Intersection of extrapolated first and second stage ra tes . 

l>See base line data. 

Table 18 

OXIDATION RATE DATA OF URANIUM WITH VARIED METALLURGICAL HISTORY 
IN 200 mm OXYGEN PRESSURE AT 200 C 

Analytical and surface preparation data the same as for base line 
beta-quenched metal which are given in ANL-5602, pages 67 to 71. 

Metal­
lurgical 
History 

Cast 

Rolled 

a. Quenched 

j3 Quenched" 

F i r s t Stage Rate Second Stage Rate Break Weight^ Break Time^ 

Avg Dev No. of pg Avg Dev No. of /i g Avg Dev No. of Avg Dev No. of 
sq cm Mean(%) Runs sq lnn Mean(%) Runs sq cm Mean (%) Runs min Mean (%) Runs 

Mg 

1.01 

0.50 

0.57 

0.49 

0.5 

32 

25 

6.9 

5.0 

6.2 

5.9 

6.6 

1.8 

0.3 

9.5 

9.7 

2 

2 

3 

9 

70 

49 

50 

57 

0.7 

20 

14 

28 

2 

2 

3 

8 

69 

102 

92 

120 

1.4 

14 

16 

25 

2 

2 

3 

8 

^Intersection of extrapolated first and second stage ra tes . 

''See base line data. 

Table 19 

OXIDATION RATE DATA FOR URANIUM WITH VARIED METALLURGICAL HISTORY 
IN 200 mm OXYGEN PRESSURE AT 250 C 

Analytical and surface preparation data the same as for base line 
beta-quenched metal which a re given in ANL-5602, pages 67 to 71. 

Metal­
lurgical 
History 

Cast 

Rolled 

•J. Quenched 

p Quenched'' 3.2 

F i r s t Stage Rate 

/Jg Avg Dev No. of 

Second Stage Rate Break Weight^ 

Avg Dev No. of jUg Avg Dev No. of 

Break Time^ 

Avg Dev No. of 
sq cm Mean (%) Runs sq cm Mean (%) Runs sq cm Mean (%) Runs min Mean (%) Rxms 

2.5 

4.4 

3.7 

0 

43 

47 

23<: 

26== 

38"= 

32"= 

6.4 

27 

13 

86 

135 

112 

62 

14 

8 

31 

34 

30 

37 

25 

15 

32 

32 

^Intersection of extrapolated first and second stage ra tes . 

''See base line data. 

Rate decreases . 



show very l i t t le o r no system.atic difference. Because the "as ro l led" sample 
had not been subjected to a l a rge enough reduction of a r e a to achieve max i ­
mum orientat ion, a new sample will be p r e p a r e d with a very high degree of 
roll ing or ienta t ion. 

d. P roposed Studies 

P lans a r e underway to study ( i ) the influence of hydrogen 
in the me ta l , (2) the influence of ce r ta in alloying agents in sma l l concen t ra ­
t ions , and (3) the ignition t e m p e r a t u r e d i rec t ly . 

Equipm.ent which will make i t poss ible to obse rve the sam.-
ple direct ly with a mic roscope while measur ing the oxidation r a t e s has been 
o rde red . It i s hoped that these and other types of observat ions will lead to 
an understanding of the change in oxidation r a t e from the f i r s t s tage to the 
second s tage . 

2. Zirconitim. 

The appara tus which will be used in the study of the r a t e of 
oxidation of z i rconium has been completed. It i s essent ia l ly the sanae type 
of appara tus which has been used in the uranitimi oxidation s tudies ( A N L J - 5 6 0 2 , 

pages 65 to 77). 

One of the impor tan t phases of the z i rconium p r o g r a m will be 
the deternaination of the effect of impur i t i e s on the r a t e of oxidation. In 
this r ega rd , an o rde r has been placed for a s e r i e s of b inary z i rconium 
a l loys . 

At p resen t , a s e r i e s of runs has been ini t ia ted on pure z i r con i ­
um (arc mel ted , grade I c rys t a l ba r ) to es tabl ish base line data a t var ious 
t e m p e r a t u r e s and p r e s s u r e s with which the alloys may be compared . Since 
the l i t e r a tu re data a r e in reasonable ag reement , it is hoped that a l e s s ex­
tensive s e r i e s of exper iments than for uran ium will suffice. 

3 . Thoritim 

On September 22, 1956, a spontaneous f i re o c c u r r e d in a sh ip ­
ment of 1-inch d iameter , half- inch thick, thor ium pe l l e t s . The pel le ts were 
contained in a plas t ic bag which was sealed at the top and then had been 
placed in a r a the r heavy gauge me ta l d rum. 

A chemical and spec t rochemica l analys is has been made on 
\indamaged thor ium s imi la r to that which burned. These data a r e given in 
Table 20. 

A l i t e r a tu r e sea rch on the kinet ics of thor ium oxidation is being 
made to aid p r o g r a m planning. 

file:///indamaged


Table 20 

ANALYSIS OF THORIUM P E L L E T S 

Elemei 

Ag 
Al 
B 
Ca 
Ca 
Cu 
F e 
y a 

Mg 

i t b ppm 

2 
2000 

100 
2100 

400 
5 

500 
396 

30 

Element 

Mn 
N^ 
Na 
Ni 
Oa 
P d 
Si 

ppm 

20 
247 

50 
5 

4900 
200 
800 

^Chemical analys is for CjO, N, H; a l l other 
e lements analyzed by spec t rochemica l 
ana ly s i s . 

"The following e lements were l e s s than 
the i r l i s ted l imit of detection: 
As 10, Ba 5, Be 1, Bi 1, Ce 1000, Co 5, 
Dy 200, E r 200, Eu 100, Gd 500^ Ho 1000, 
K 20, L i 1, Lu 100, Mo 20, Nd 500, P 50, 
P r 1000, Sb 1, Sc 50, Sm 1000, Sn 5, 
Sr 100, Tb 1000, Ti 100, Tm 500, V 20, 
W 200, Y 50, Yb 50, Zn 50. 

B. The Yield of Cesium-137 in F a s t Neutron F i ss ion of Uranium-235 and 
Plutonium-239 
(C. Crouthamel , P . Kafalas , D. Stupegia, R. R. Heinr ich , B . Tani) 

The yield of cesixim-137 for fast f ission of uranium.-235 and 
plutonium-239 has been de te rmined and the r e su l t s have been wri t ten in 
final manusc r ip t form which is being reviewed in our Division p r io r to 
being submit ted for publication in the Journa l of Inorganic and Nuclear 
Chemis t ry . 

C. Determinat ion of Alpha, the Ratio of Capture to F i s s ion Cross Sections, 
in EBR I 
(P. Kafalas, M. Levenson, C. M. Stevens,* D. C. Stupegia, M. Homa, 
G, McCloud, F . F e r r y ) 

The deter ininat ion of alpha for u ran ium-235 and plutonium-239 in 
EBR-I has a l so been completed. A manusc r ip t will be submit ted to Nuclear 

*Special Mate r ia l s Division, responsib le for m a s s spec t rome t r i c ana lys i s . 



Science and Engineering for publication. The determination of alpha for 
uramum-238 in EBR-I is in progress . The burn-up determinations are 
completed and the only remaining work is the determination of the capture 
events (plutonium-239). It was necessary to prepare plutoniuna-236 for 
use as a t racer in the alpha pulse analysis of plutonium-239. This has 
been accomplished by a deuteron bombardment of a target of enriched 
uranium-235. Sufficient plutonium-236 has now been isolated to complete 
this work. 

Samples of urani-mn-233 which were also exposed throughout the 
EBR-I are now being analyzed to obtain the burn-up patterns in the r e ­
actor for this isotope. No capture data will be obtained on these samples 
because of the original high uranium-234 content. This will then complete 
the analysis of samples irradiated in the last EBR-I run. 



V. CHEMICAL-METALLURGICAL SEPARATION PROCESSES 

A study of the kinet ics of u r a n i u m - c e r a m i c oxide reac t ions i s being 
c a r r i e d out with high puri ty u ran ium and u ran ium a l loys . Studies have 
been made of be ry l l i a -u ran ium and z i r con ia -u ran ium s y s t e m s . The r e ­
action of beryl l ia with u ran ium shows that the r a t e of bery l l ium pickup in ­
c r e a s e s with exposure t i m e . Zirconium pickup in u ran ium is too smal l to 
pe rmi t kinetic s tud ies . Additional t e s t s of the effect of adding alloying 
agents on the co r ros ion of alumina, beryl l ia and thor ia by u ran ium have 
been m a d e . 

Exper iments to de termine the removal of ce r ium from "fissium" 
al loys by mel t refining have been made in c e r a m i c oxide c ruc ib le s . The 
"fissitim'" alloys contained ce r ium, ruthenium, molybdenum, palladium 
and zirconium, in var ious combinat ions. Various degrees of c e r i um r e ­
moval were accompl ished in the c e r a m i c oxide cruc ib les t es ted . Mag­
nes ia r emoves ce r ium effectively and shows the best r e s i s t ance to 
cracking by t h e r m a l shock or chemical reac t ion . 

A se s s i l e drop method i s being used to m e a s u r e the physical 
p rope r t i e s of liquid urani tun, including i t s density and surface tens ion. 
The surface tension of u ran ium at about 1250 C is 825 ± 83 dynes / cm 
and i ts work of adhesion to five stable c e r a m i c m a t e r i a l s having close 
packed oxygen anion sur faces i s 240 ± 50 e r g s / s q cm. 

The p repara t ion of the coinpound 2CaO'3BeO in the l ime-be ry l l i a 
sys tem was studied. 

The va r i ab les affecting extract ion of plutonium from uran ium 
powder produced by hydriding were further studied. 

Data on the par t i t ion of var ious f ission product e lements between 
liquid magnes ium and u r a n i u m - c h r o m i u m eutect ic alloy (5 per cent 
chromium) have been obtained. Zirconium, molybdenum and ruthenium 
strongly favor the u ran ium phase , while rhodium, palladium, s i lver and 
cadmium favor the magnes ium phase . 

A fu l l -sca le u ran ium melt ing furnace, a prototype of the one to be 
used in the EBR-II pyrometa l lur gical pilot plant for fuel purification, was 
rece ived and ins ta l led in the las t q u a r t e r . Shakedown test ing was begun. 

Uranium ingots, purified by mel t refining, will have equi l ibr ium 
t e m p e r a t u r e s of the o rde r of 600 C as a resu l t of f ission product heating. 
It was shown that at this t e m p e r a t u r e essent ia l ly no at tack of the u ran ium 
by the ni t rogen in the a rgon cell gas (5 vol per cent nitrogen) will occur . 



A la rge number of m a t e r i a l s have been sc reened with r e g a r d to 
their efficacy in t rapping meta l s volat i l ized at high t e m p e r a t u r e s during 
the mel t refining p r o c e s s . Surface-act ive m a t e r i a l s have been found to be 
effective. Three m a t e r i a l s : act ivated alumina, an act ivated charcoal , and 
"Molecular Sieves ," have been selected for further study. 

Work on purification of u ran ium by fractional c rys ta l l iza t ion f rom 
zinc was continued. The individual solubil i t ies of u ran ium and a number 
of fission product e lements in zinc have been determined a s a function of 
t e m p e r a t u r e . 

The f ive -k i logram-sca le batch extract ion xmit of the magnes ium 
extract ion p roces s for plutonium has opera ted sa t i s fac tor i ly in inactive 
runs using magnes ium and a 5-w/o ch romium-uran ium alloy. A m a g ­
nes ium dist i l lat ion unit has opera ted ve ry well with a sodium-cooled con­
denser . A magnes ium "freeze" valve has been developed. 

A, Labora to ry Studies 
(H. M. Feder ) 

1. Control of Dross in Melt Refining 

(N. Chellew, C. Gushing, J . Schilb, D. Finucane) 

a. Kinetics of U r a n i u m - C e r a m i c Oxide React ions 

(1) High Pur i ty Uranium 
Data f rom two additional exper iments have been added 

to the study of the k inet ics of the beryl l ia-uranium. reac t ion . These ex­
per iments were per formed under the conditions of 1330 C and 5 and 6-hour 
mel t pe r iods . The data f rom these exper iments and those previously r e ­
ported (ANL-5633, page 95) a r e shown in F igu re 26, The observat ion that 
the co r ros ion ra te i n c r e a s e s with t ime i s in agreement with the two-s tep 
mechan i sm postulated previously . 

The kinetic study of the zirconia-uraniurr i reac t ion 
has been t e rmina ted . Analyses of z i rconium concentrat ion in the ingots 
produced from nine me l t s at t e m p e r a t u r e s as high a s 1325 C and for mel t 
t imes a s long as 4 hours indicated an upper l imit of 5 ppm for the z i r c o ­
nium concentrat ion. The inaccuracy of cur ren t ly available methods for the 
analys is of z i rconium in u ran ium at these low concentrat ions l imi ts the 
value of the r e su l t s obtained in these expe r imen t s , 

(2) Uranium Alloys 

The effects of alloying e lements in u ran ium on the 
cor ros ion behavior of alumina, beryl l ia and thor ia have been summar ized 
in F igures 27 and 28 in which contamination of alloyed uran ium by aluminum, 



beryl l ium or thor ium is compared with the contamination of unalloyed 
uranium under s imi la r melt conditions. (The weight per cent of the al loy­
ing consti tuents a r e indicated in the figures.) These char ts summar ize 
the data from 16 me l t s , four of which were made this quar te r . Data for 
essent ia l ly duplicate runs have been averaged in this presenta t ion. The 
base corros ion ra t e s for uranium were taken from plots of the relevant 
kinetic s tudies . The var ia t ions in corros ion r a t e s due to alloying have 
been discussed in previous quar te r ly r epor t s (ANL-5633, page 96 and 
ANL-5602, pages 95 and 96). 

The accumulated data on the corros ion of ce ramic 
oxides by uraniura and i ts alloys will be presented in a topical repor t to be 
issued short ly . 

FIGURE 26. 

CONTAMINATION OF URANIUM BY BERYLLIUM 

BERYLLIA CRUCIBLE MELTS AT 1330 C 
Charge: MOKimum impur i t ies - 39 ppm carbon, < 10 ppm nitrogen, 

8 ppm oxygen and < ! ppm btryl l ium. 
Conditions: Hslium atmosphere. Uranium charges l iquated in 

crucible. 
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b. Removal of Cer ium from Uranium and Uranium Alloys 

A p r o g r a m of exper imenta t ion on the removal of alloying 
e lements from uran ium by mel t refining (ANL-5633, page 96) has been 
continued with emphas is on the behavior of ce r ium because of i t s impor ­
tance in the p rocess ing of nuclear fuels. The purpose of the present study 
was to de te rmine appropr ia te mel t conditions for removal of ceriuna at 
about the one per cent level by react ion with a c e r a m i c c ruc ib le . Crucible 
m a t e r i a l s invest igated were alumina, magnes ia , thor ia , beryl l ia and z i r ­
conia. The init ial work was done with u ran ium-ce r iu ra al loys and re su l t s 
from these exper iments a r e r epor t ed in Table 2 1 . F r o m these p re l imina ry 
r e su l t s and from ea r l i e r work on crucible co r ros ion the following con­
clusions were drawn. The remova l of ce r ium by react ion with thor ia is 
too slow for p rac t ica l u s e . Removal of c e r i um by react ion with alumina 
appears to be poss ible , but the high cor ros ion ra t e of alumina ru les 
against i ts use in p rac t ice because of contamination of the u ran ium by 
a luminum. Liquation of c e r i u m - u r a n i u m alloys in magnes ia was a c ­
companied by considerable agitat ion of the mel t due to volati l ization of 
n iagnesium from the molten m e t a l - c e r a m i c in ter face . Although bubbling 
gradually subsided, the mel t surface never appeared free f rom d i s tu rb ­
ance . Mefallographic exairdnation of spec imens of m a t e r i a l re ta ined in 
the crucible after Runs 128 and 126 indicated the react ion layer to be 
f ragmented. Based on the hypothesis that bubbling causes dislodgement 
of the ce r ium oxide from the crucible surface, it was concluded that in 
future exper iments with magnes ia a downspout should be used to re ta in 
floating d ros s during the top-pour . 'Accordingly, in subsequent expe r i ­
men t s with magnes ia an a lumina cylinder of sma l l d iameter was cut 
longitudinally and a half -sect ion was t ied with molybdenum wire to the 
crucible to fo rm an inside sk immer tube extending from the pouring edge 
to approximately one-quar te r inch above the bottom. 

A second s e r i e s of exper iments to survey the remova l of 
ce r ium from "f iss ium" al loys was then conducted using magnes ia , be ry l ­
lia and zirconia c ruc ib l e s . The synthetic " f i s s iums" contained ceri tmi, 
rutheniurn, molybdenum, pal ladium and z i rconium in var ious com­
binations in the concentrat ions shown in the footnotes to Table 22. 
The r e su l t s of these exper iments a r e given in Table 22. Although 
the l a rge number of var iab le^ prevents the drawing of sound con­
clusions about the effect of each var iab le , it i s apparent that with 
optimum select ion of t ime and t e m p e r a t u r e adequate removal of ce r ium 
can probably be a t ta ined with any of these crucible m a t e r i a l s . However, 
in a J a r g e number of the runs l i s ted in Table 22 it was found that the 
crucible was cracked at the end of the run . By duplicate exper iments 
with and without fissium. cha rges i t was shown that the cracking was due 
to chemical reac t ion r a the r than to t h e r m a l shock. Of the crucible types 
invest igated magnes ia showed the best r e s i s t ance to cracking from ei ther 
cause , so that further exper imentat ion on the kinet ics of c e r i um remova l 
will concentra te on this crucible m a t e r i a l . 



Table 21 

REMOVAL OF CERIUM FROM CERIUM-URANIUM ALLOYS 
BY MELTING IN OXIDE CRUCIBLES 

Alloy: Maximum impur i t ies in p repara t ion-carbon 39 ppm, oxygen 
10 ppm and nitrogen 10 ppm. 

Conditions: Helium a tmosphere . Ingot separa ted from dross by top-
pour technique unless otherwise indicated. 500-gram 
charges . 

Melt Conditions 

Crucible 

Alumina ^ 
( recrystal l ized) 

Run 

'138^ 
137a 
130 

[.125 

Magnesia f̂ ^̂  
(slip cast) 1126 

l l 3 6 

Thoria r ^9 
(slip cast) \ 122 

Ll23 

Beryll ia 
(slip cast) 

131 
111 

1 4 E , I S E ^ 
127 

Zirconia ^129 
(slip cast) 1 124 

w/o Ce 
in Alloy 

1.02^ 
1.08b 
1,04b 
1.06 

0.75 
0,75 
0.98b 

0.98 
0.97b 
0.60 

0.96b 
1.49 
1.70 
0.79 

0.78 
0.76 

Nominal 
Temp, C 

1170 
1170 
1200 
1300 

1200 
1300 
1330 

1200 
1200 
1300 

1200 
1300 
1300 
1300 

1200 
1300 

Total 
Time, 

min 

6 
19 

180 
180 

60 
60 
60 

120 
180 
180 

180 
120 
122 
180 

180 
180 

Ce Remaining 
in Ingot, 

P e r Centc 

85 
78 

6 
29 

68 
96 
81 

100 
100 
100 

81 
71 
72 (avg) 
68 

2 
5 

3-Melt liquated in crucible . Dross separa ted from ingot with cutting 
wheel. 

bCer ium added to molten uranium at 1170 C. All other exper iments 
employed p re - fo rmed ce r ium-uran ium al loys, 

CEstimated accuracy ± 10%, 
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Table 22 

REMOVAL OF CERIUM FROM FISSIUM ALLOYS BY MELTING IN OXIDE CRUCIBLES 

Conditions: Helium atmosphere. Ingot separated from, dross by top-
pour technique except for Run 146. Metal poured at 
1300 to 1330 C unless otherwise indicated. 

Crucible 

Magnesia 
(s l ip cast) 
(s l ip cast) 
(sl ip cast) 
(dry p ressed) 

Bery l l ia 
(sl ip cast) 

Zi rconia 
(sl ip cast) 

Run 

149 
153 
155 
157 

159 
161 

151 
1 4 4 
146C 
145 
142 
140 

143 
150 
139 

Alloy Charge 

Alloy 
Composition^-

Ru, Mo. Zr , Pd, Ce 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 

Ru, Mo, 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 
Ru, Mo, 

Ru, Mo, 
Ru, Mo, 
Ru, Mo. 

Zr . Pd, Ce 
Z r . Pd, Ce 
Z r . Pd, Ce 
Zr , Pd, Ce 
Zr , Pd, Ce 

Z r . Pd, Ce 
Zrb , Pdb. Ce^ 
Z r b p d b Ce^ 
ZT^, Pdb. Ceb 
Pd, Get 
Pd. Ceb 

C e b 

Zr , Pb, Ce 
Pd, Ceb 

Initial 
w/o Ce 

0.91 
0.58 
0.76 
1.06 
0.43 
0.88 

0.61 
0.88 
0.95 
0.98 
0.99 
1.04 

1.13 
0.61 
1.08 

Conditions 

Nominal 
Temp, C 

1200 
1200 
1250^ 
1300d 
1250d 
1250^ 

1200 
1330 
1330 
1330 
1330 
1330 

1200 
1200 
1330 

Total 
T ime , 

m i n 

180 
180 
180 
180 
180 
330 

180 
2 4 4 
2 4 4 
2 6 4 
337 
362 

126 
180 
184 

Ce R 
i n 

P e ] 

emaining 
Ingot, 

r Cent® 

36 
30 
37 
22 

9 
3 

41 
18 

9 
7 
6 

9 

54 
36 
34 

^When present the concentrations of alloying elements in weight per cent were: 
Ru, 2.5-3.5; Mo. 3.0-4.1; Zr, 1,3-2,1; Pd, 0.2-0.3. 

bAdded, with shaking, to molten alloy at 1170 C, 

cMelt liquated without pouring. Dross separated from ingot by cutting. 

d-Poured at nominal temperature shown, 

^Estimated analytical precision ± 10%. 

2 . P h y s i c a l P r o p e r t i e s of Mol t en U r a n i u m 
(C, L . R o s e n , R. U. S w e e z e r ) 

a. D e n s i t y of L iqu id U r a n i u m 

The v o l u m e e x p a n s i o n of u r a n i u m on nnelt ing i s be ing de­
t e r m i n e d by m e a s u r i n g , on p h o t o g r a p h i c n e g a t i v e s , t he h e i g h t s and d i a m ­
e t e r s of the p r o f i l e s of s e s s i l e d r o p s of u r a n i u m on t h o r i a p l a q u e s . 

e » e e e e 9 e e e e e e e s e e e 
e e s e e e e e e e e e e e e 

A f t e e e e e e e » e e e 



The rat io of the dimensions of the liquified and solidified 
drops a r e approximately 

U = 1.024; ^ = 1.048; f l = 1.0 
rg Zg x s 

where r (one-half the maximum diameter) , z, and x a r e defined in the fol­
lowing sketch (the subscr ip ts i and s refer to the liquid and solid s ta tes 
respect ively): 

One of the difficulties in determining the volume ex­
pansion on melt ing from these data is the fact that the drops do not expand 
and contract isotropical ly and the base a r e a of a drop does not change. As 
a rough approximation one may consider the drop to be a cylinder with 
radius r and height z. In this case the volume expansion would be 
{T\ zf/r^gZg)^/^ or 3 per cent from the above data. Since the assumption 
of cylindrical geometry is probably not ve ry sat isfactory, a better value 
of the volume expansion will be obtained from new measu remen t s of the 
negatives using a cal ibra ted eyepiece marked with both radia l and co­
ordinate units so that one can obtain values of "y," as well as of " r" and 
"z ." The tables and equations of Bashforth and A d a m s ' will a lso be used 
to obtain the volumes as functions of the measu red coordinates . 

Bashforth, F . and Adams, S. C , "An Attempt to Test the Theor ies of 
Capil lary Action," University P r e s s , Cambridge (1883). 



b. Surface Tension of Liquid Uranium 

Using the re la t ion developed by Dorsey° a surface tension 
of 825 ± 83 dynes/cmi has been obtained for liquid uran ium drops on thor ia 
and stabi l ized zirconia at t e m p e r a t u r e s in the neighborhood of 1250 C. 

While it has been a s sumed that the liquid uraniuna drops 
used in these calculations take the form of un re s t r a ined se s s i l e drops 
(data in ANL-5602, page 100 showed that the geometry of the original in­
got had no la rge effect on the shape of the final drop), cer ta in exper iments 
have indicated that l a rge h y s t e r e s i s effects may occur after the liquid drop 
is formed. These exper iments were as follows: 

(1) Uranium was mel ted in the right angle of an " L " -
shaped cut in s tabi l ized z i rconia . Some of the 
u ran ium dripped over this groove and it was found 
that the u ran ium adhering to the bottom of the plaque 
wet it while the u ran ium remaining in the angle didnot . 

(2) It was found that above 1600 C the contact angle on 
thor ia r e c e d e s from 135° to below 90 ' but it does not 
i n c r e a s e again on cooling. 

(3) It was found that if molten u ran ium is dropped from a 
height onto a z i rconia plaque the contact angle is much 
c loser to 90°. 

(4) If par t of the u ran ium from a frozen sess i l e drop is 
removed, the remaining uranium, on melt ing, wets 
the same base a r e a as did the l a rge r quantity of 
u ran ium. 

Two a l ternat ive explanations fit these observa t ions . In the 
f i rs t it is a s s u m e d that the s m a l l e r contact angle is the equi l ibr ium value, 
but that some activation energy mus t be supplied to overcome a l a rge initial 
value of the interfacia l tension so that the drop may spread . In the second 
it is a s sumed that the l a rge r contact angle is the equi l ibr ium value, but 
that activation energy must be supplied to pe rmi t the molten u ran ium to 
r e t r a c t f rom a once-wet ted a r e a . Since the la t te r phenomenon has been 
c lass ica l ly observed in many c a s e s , it is the m o r e likely explanation. 

F r o m simple considera t ions of the equi l ibr ium forces at 
the interface one can de termine the re la t ion 

7s = 'ysu + 7u cos 0 (1) 

^Dorsey, N. E., J . Wash. Acad. Sci., 18, 505 (1928). 



whfre 

7g = solid surface energy 

7su - in terfacial tension 

7-u. = liquid u ran ium surface tension 

and 6 = the contact angle . 

The work of adhesion, o r the i n c r e a s e in free energy, 
needed to separa te the u r a n i u m - c e r a m i c interface into clean surfaces 
i s given by the Dupre equation: 

WAd = 7u + 7s - 7su • (2) 

Combining (1) and (2) we get 

W A d = 7 u ( l + COS0) . (3) 

Therefore , the work of adhesion is dependent only on the u ran ium surface 
tension and the contact angle . Using the m e a s u r e d value of 825 dynes / cm 
for the surface tension and the observed init ial contact angles one finds 
that the work of adhesion is approximately 240 ± 50 e r g s / s q cm for thor ia , 
a lumina, beryl l ia , l ime-s t ab i l i zed zirconia and magnes ia . The approximate 
agreement for all five subs t r a t e s indicates that this work of adhesion is 
cha rac t e r i s t i c of the interface between liquid u ran ium and a surface of 
closely packed oxygen ions . 

3 . React ions of Uranium with Container Mate r ia l s 
(C. L. Rosen, R. U. Sweezer) 

An effusion appara tus for measur ing the vapor p r e s s u r e s 
of tanta lum bor ides , or of other m a t e r i a l s which may possibly be used to 
construct conta iners , has been built and is now being tes ted , 

4. Phase Diagram Studies of Oxide Systems 
(M, Ader , D. Fredr ickson) 

L ime-Bery l l i a Sys tem: During the pas t qua r t e r effort was 
concentra ted on the study of the p repara t ion of the compound 2 CaO'3 BeO 
(ANL-5602, page 107) in high pur i ty in o rder that some minor d i s c r e p ­
ancies in i t s formulation might be c l ea red up and to obtain single c rys t a l s 
sufficiently la rge for X - r a y study. 

A recent patent s ta tement9 that "calc ium bery l la te" may be 
prec ip i ta ted from an alkaline solution of beryl l ium hydroxide by the ad­
dition of ca lc ium chloride was invest igated. The outlined p rocedure was 

Derge, G. and Monet, G, P . , U.S.A. Patent 2,743,173, Apr i l 24, 1956. 



followed, mixing the reac tan t s in the mole ra t io of calcium to bery l l ium of 
2 :3 . The solid obtained has not been identified as yet . On drying by heating 
to 500 to 900 C the m a t e r i a l gave X - r a y pa t te rns of l ime and beryl l ia only. 
On heating to 1450 C the compound 2 CaO»3 BeO with a smal l amount of ex­
cess ca lc ium oxide was formed. It is apparent that the int imacy of mixing 
of calcium and bery l l ium compounds that can be obtained by simultaneous 
precipi ta t ion is conducive to ready reac t ion on heating. 

Numerous exper iments now completed show that the formation 
of the compound depends cr i t ica l ly on the react iv i ty of i ts const i tuents . 
Thus, when the grade of calc ium carbonate (Baker and Adamson, 1540, 
Reagent Special) used in the ea r l i e r , successful exper iments was r e ­
placed by a slightly pu re r and lower density grade (Mallinckrodt, 4071, 
P r i m a r y Standard), no compotind was formed in repea ted exper imen t s . 
The same batch of beryl l ia was used throughout. The va r iab les that were 
tes ted were a s follows: 

(i) Magnesia was added to s imula te the major impur i ty in the 
Baker and Adamson calc ium carbonate; 

(2) Pla t inum, graphite and tanta lum were used a s c ruc ib les ; 

(3) The mix tu re s were the rma l ly cycled above and below the 
eutect ic t e m p e r a t u r e ; 

(4) The me l t s were cooled slowly and rapidly; 

(5) The a tmosphere of un t rea ted a i r was rep laced by dry air 
or hel ium. 

The coinpound was finally produced from this batch of calcium 
carbonate by seeding the mel t at about 1400 C with a few smal l c rys t a l s of 
previously p r epa red compound. It was observed that the extensive supe r ­
cooling of the mielt usual ly 30 to 40 degrees below the eutect ic t e m p e r a t u r e 
of 1385 C was marked ly dec rea sed . This information will be of value when 
the e a r l i e r t h e r m a l analys is exper iments a r e repeated . The exact nature 
of the difference in react iv i ty is s t i l l \inknown, but it i s likely that the fail­
u r e of e a r l i e r inves t iga tors to notice the formation of a compound in the 
l ime-be ry l l i a sys t em is connected with the i r use of unreact ive s ta r t ing 
m a t e r i a l s . 

The prepara t ion f rom the above-ment ioned seeding exper iment 
contained 58 mole per cent bery l l i a . In o rder to obtain the com.pound free 
of excess l ime this m a t e r i a l was powdered and washed with cold, dilute 
hydrochlor ic acid . The washed prepara t ion failed to show any X- r ay powder 
diagram, l ines of ca lc ium oxide; thereby an upper l imit of 2 to 3 miole 
per cent i s set for i t s calcium, oxide content. The density (by pycnometer) 
of th is samiple was 2.66 g / m l . 

file:///inknown


The analytical techniques requ i red to establ ish the ra t io of 
beryl l ia to l ime in the coinpound a r e being re -examined because it is s u s ­
pected that a small sys temat ic e r r o r due to the p resence of alumina a s an 
impuri ty may have occur red . At p resen t it can only be stated that the 
lower l imit of this ra t io is 1.442. 

5. Magnesium Extract ion Studies 
(E. Greenberg, M. W. Nathans, K. E . Anderson) 

a. Extract ion of Plutonium from Liquid Uranium or i t s Alloys 

In the previous quar te r ly repor t (ANL-5633, page 107) data 
were repor ted on a number of runs with uranium-chromium-plutoniuixt 
alloy as the heavy meta l phase . It was shown that 10 to 30 per cent of the 
plutonium had concentrated in a finely divided residue which remained 
after dissolving the magnesium phase away from the heavy meta l phase . 
In order to determine whether this effect was caused by ei ther an in­
c reased ra te of react ion between the charge and the alumina crucible, or 
by inadequate cleaning of the surface charged metal , two additional runs 
were made at about 1000 C with a tantalum crucible in one and an alumina 
crucible in the other . The cleaning of the surface of the heavy-meta l 
charge was c a r r i e d out to a much higher degree than in the ea r l i e r runs . 
The resu l t s a r e shown in Table 23. Run 39, which has been repor ted p r e ­
viously, has been included for compar ison. It is c lear from these data 
that neither the crucible nor the condition of the meta l charge surface was 
p r imar i ly responsible for the concentration of plutonium in the r e s idue . 

Tab le 23 

DISTRIBUTION OF PLUTONIUM B E T W E E N MAGNESIUM AND 

Run 
No. 

39^' 
44 
45 c 

T e m p a 
(C) 

1055 
1070 
1070 

T i m e a t 
T e m p 

(hr) 

3 
3 
3 

URANIUM-

in Mg 
(mg) 

90.1 
54,3 
58.7 

CHROMIUM E U T E C T I C ALLOY 

P lu ton ium Found 

in U 
(mg) 

24.4 
31.9 
38.7 

in 
R e s i d u e 

(mg) 

35.3 
30.8 
19.9 

Tota l 
(mg) 

150 
117 
117 

Alloy 
Charge '^ 

(g) 

19.3 
13.5 
14.9 

P u 
Cha rged 

(mg) 

160 
112 
123 

P u 
R e c o v e r e d 

(%) 

94 
104 

95 

Pu in 
R e s i d u e 

(%) 

22 
27 
16 

a T e m p e r a t u r e s a r e r e p o r t e d to the n e a r e s t 5 C. 

^ P r e v i o u s l y r e p o r t e d (ANL-5633 , page 107). 

CA t a n t a l u m c r u c i b l e was u s e d in t h i s r t in. Morgan i t e a l u m i n a c r u c i b l e s w e r e u s e d in 
the o ther r u n s . 

"•Magnesium c h a r g e was owl 8 g in each run ; a l loy was a n o min a l 1% p lu ton ium - 5% 
c h r o m i u m - u r a n i u m a l loy . 
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It i s l i ke ly tha t the o r i g i n a l ingot con t a ined o c c l u s i o n s a n d 
i m p u r i t i e s which f o r m e d s t ab l e p lu ton ium c o m p o u n d s . T h e s e would s u b ­
s e q u e n t l y c o n c e n t r a t e in the m e t a l - m e t a l a n d m e t a l - c r u c i b l e i n t e r f a c e s 
and be d i s l o d g e d when the m a g n e s i u m p h a s e was d i s s o l v e d . B e c a u s e of 
t h i s p o s s i b i l i t y a n e w b a t c h of u r a n i u m - c h r o m i u m - p l u t o n i u m a l loy has 
b e e n p r e p a r e d with s p e c i a l a t t e n t i o n devo t ed to k e e p i n g c o n t a m i n a t i o n to a 
m i n i m u m . In add i t ion , e q u i l i b r a t i o n e x p e r i m e n t s a r e c u r r e n t l y in p r o g r e s s 
in which the p l u t o n i u m i s i n i t i a l l y in the m a g n e s i u m p h a s e . 

b . E x t r a c t i o n of P l u t o n i u m f r o m P o w d e r e d U r a n i u m 
(R. Nut ta l l , J . Set t le) 

S e v e r a l a d d i t i o n a l e x p e r i m e n t s have been m a d e in which 
p lu ton ium was e x t r a c t e d f r o m p o w d e r e d u r a n i u m - one weight p e r cen t 
p l u t o n i u m a l loy wi th l iqu id m a g n e s i u m . A n a l y t i c a l r e s u l t s f r o m five r u n s 
a r e g iven in T a b l e 24 . The e x t r a c t i o n ob ta ined in t h e s e r u n s can be c o m ­
p a r e d wi th r u n s u s i n g t r a c e r a m o u n t s of p l u t o n i u m (ANL-5602 , p a g e 110) . 

T a b l e 24 

E X T R A C T I O N O F P L U T O N I U M F R O M P O W D E R E D URANIUM 

Run 
No. 

24 
25 
26 
27 
28 

C r u c i b l e 
M a t e r i a l 

A l , 0 3 
AI2O3 

G r a p h i t e 
G r a p h i t e 
G r a p h i t e 

C h a r g e (g) 

Mg 

10.47 
11.44 
14.26 
15.6 
19.2 

1% P u in U 

51.10 
29.25 

3.02 
34.7 
49.2 

T e m p 
(C) 

800 
800 
900 
900 
800 

Contac t 
T i m e 
(hr) 

1 
3 
1 
1 

1/4 

P e r Cent 
in Mg 

M a t e r i a l 
B a l a n c e (%) 

P u U P u U 

48.0 0.001 94.0 98.2 
60.3 0.05 99.0 97.0 
14.6 0.03 91.3 97.1 
24.9 0.03 98.6 98.8 

4.6 0.05 96.7 92.6 

T h e r e a r e a s ye t insuf f ic ien t a n a l y t i c a l da ta f r o m which to 
d r a w c o n c l u s i o n s c o n c e r n i n g the effect of con tac t t i m e , t e m p e r a t u r e , c r u ­
c ib le m a t e r i a l , a n d r e l a t i v e a m o t m t s of u r a n i u m a n d m a g n e s i u m . 

E x t r a c t i o n of F i s s i o n P r o d u c t s f r o m U r a n i u m Al loys 
(G. R, B . E l l i o t t , R . U. S w e e z e r ) 

Work h a s con t inued on the d i s t r i b u t i o n of f i s s i on p r o d u c t 
e l e m e n t s b e t w e e n m o l t e n m a g n e s i u m and low m e l t i n g u r a n i u m a l l o y s . The 
e q u i l i b r a t i o n s have t e s t e d the ind iv idua l p a r t i t i o n coef f ic ien ts of z i r c o n i u m , 
n iob ium, m o l y b d e n u m , r u t h e n i u m , r h o d i u m , p a l l a d i u m , s i l v e r and c a d m i u m 



between uran ium - 5 w/o chromium and magnes ium. This r epor t p r e sen t s 
p re l imina ry r e su l t s on al l the e lements mentioned above with the exception 
of niobium. In addition further r e su l t s from las t q u a r t e r ' s equil ibrat ions 
of ruthenium and pal ladium between magnes ium and u ran ium- i ron eutect ic 
a r e l i s ted . 

(1) Exper imenta l 

The equipment and procedure have been desc r ibed in 
detail in the previous quar te r ly repor t (ANL-5633, page i l l ) . Briefly, a 
weighed charge in an iner t container i s encapsulated in an iner t a tmosphere 
and shaken in a con t ro i l ed - t empera tu re furnace. After t h r ee hours equil i­
brat ion with agitat ion and five minutes settl ing to allow phase separat ion, 
the capsule is removed from the furnace and allowed to quench in a i r . The 
ingot is cut and pol ished to provide samples for ana lys i s . 

Analyses for zirconium., molybdenum, ruthenium, pa l ­
ladium, chromium, uranium, and magnes ium were per formed by the ana­
lyt ical group using s tandard techniques . If the ana lyses showed complete 
dissolution of the t es ted element into the meta l l i c equi l ibr ium mix tu re , and 
if the dis tr ibut ion s trongly favored one phase, then only the phase contain­
ing the minor amount of f ission product was analyzed in succeeding runs . 
Only the magnes ium phases were analyzed when the solute me ta l was 
rhodium, cadmium or s i lver . The rhodium analysis consis ted of a d i s ­
solution of the cleaned magnes ium sample in ace t ic acid and weighing of 
the dr ied r e s idue . The r e s idue , which in each case weighed only a few m i l ­
l i g r ams m o r e than would be expected from complete extract ion of the 
charged rhodium into the magnes ium phase, was then submit ted for X - r a y 
analys is and magnes ium ana lys i s . 

Cadmium in magnes ium was analyzed by weighing as 
cadmium sulfide. 

Silver in magnes ium was analyzed by separa t ion of 
the bulk of the magnes ium by acet ic ac id dissolution, dissolution of the 
s i lver res idue in n i t r ic acid, and precipi ta t ion and weighing a s s i lver 
chlor ide . 

Eighteen exper imenta l equil ibrat ions were c a r r i e d out 
with u ran ium-chromium-magnes ium- f i s s ion product element sys tems to 
tes t distr ibution behavior . The r e su l t s a r e shown in Table 25 . 

Table 26 gives information on the ru then ium- i ron-
u ran ium-magnes ium sys t em which was not available for the las t quar te r ly 
repor t (ANL-5633). It belongs in Table 42, page 113, of that r epo r t . 
Table 26 a l so indicates the dis tr ibut ion of pal ladium in the sys tem 
pa l l ad ium-uran ium- i ron -magnes ium. 



T a b l e 25 

T H E DISTRIBUTION O F FISSION P R O D U C T E L E M E N T S B E T W E E N 
MAGNESIUM AND URANIUM - 5 w / o CHROMIUM 

Run No. 

2 2 - 2 - E 
2 3 - 1 - E 
2 7 - 2 - E 
2 8 - 2 - E 
2 1 - 2 - E 
2 4 - 2 - E 
2 6 - 2 - E 
2 2 - 1 - E 
2 5 - 2 - E 
2 7 - 1 - E 
2 5 - 1 - E 
2 8 - 1 - E 
2 1 - 1 - E 
2 4 - 1 - E 
2 6 - 1 - E 
2 9 - 1 - E 
2 9 - 2 - E 

E l e m e n t 
T e s t e d 

Z r 
Z r 
Z r 
Nb 
Mo 
Mo 
Mo 
R u 
Ru 
Ru 
R h 
R h 
P d 
P d 
P d 
Ag 
Cd 

C o n c e n t r a t i o n , ^ 
(Atom F r a c t i o n ) 

0.027 
0 .030d 

- d 
- d 

0.028 
0,034 
0.035 
0.042 
0,052 
0 .114 
0.0046 
0,0080 
0 .0064 
0.0071 
0.0030 
0.0023 
0.0034 

C r u c i b l e 

ZrOz 
T h o r i a Coa t ed G r a p h i t e 

ZrOg 
MgO 
MgO 
MgO 
ZrOz 
MgO 
MgO 
AI2O3 
MgO 
MgO 
MgO 
MgO 
ZrOz 
A l , 0 3 
AI2O3 

T e m p 
(C) 

936 
926 
936 
942 
937 
948 
930 
936 
944 
936 
944 
942 
937 
948 
930 
930 
930 

H e a t e d 
(hr) 

3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

P a r t i t i o n Ratiot* 
of E l e m e n t 

3,2 X 10-^ 
1.8 x l O " ^ ^ 

- d 
- d 

< 3 . 6 X 10-5 
- d 
- d 

1.7 x l O " * 
- d 
- d 

E x t r a c t s s t r o n g l y in to Mg® 
E x t r a c t s s t r o n g l y in to Mg® 

> 1000 
- d 
- d 

E x t r a c t s s t r o n g l y in to Mg® 
E x t r a c t s s t r o n g l y into Mg® 

^ C o n c e n t r a t i o n in t h e p r e f e r r e d p h a s e ; e a c h p h a s e w e i g h e d '^25 g. 

l^Ratio of a t o m f r a c t i o n in m a g n e s i u m to a t o m f r a c t i o n in u r a n i u m - c h r o m i u m . 

^ A p p r o x i m a t e v a l u e on ly . 

^ I n c o m p l e t e a n a l y s i s . 

®Only Mg p h a s e a n a l y z e d . E s s e n t i a l l y t o t a l e x t r a c t i o n in to t h i s p h a s e wi th 10 m o l e s of Mg p e r m o l e 
of U - C r . 



Table 26 

THE DISTRIBUTION OF RUTHENIUM AND 
PALLADIUM BETWEEN MAGNESIUM 

AND URANIUM-IRON EUTECTIC 

Run No, Par t i t ion Ratio^ 

Ser ies A: Ruthenium 

U - l - E <0,04 
12-1-E <0.004 
16-2-E 1 , 3 x 1 0 - ^ 
18-1-E 5 . 7 x 1 0 " * 

Ser ies B: Pal ladium 

20-2-E > 7 5 

3-Ratio of a tom fraction in magnes ium to atom fraction 
in u ran ium- i ron ; each phase weighed ~25 g. 

(2) Discussion of Resul ts 

The data of Table 25 show that, in the equil ibration of 
magnesium with u ran ium-chromium eutectic alloy, z i rconium, molybdenum, 
and ruthenium strongly favor the uran ium phase while rhodium, palladium, 
s i lver , and cadmium favor the magnes ium phase , A s imi la r distinction be ­
tween ruthenium and palladium is also exhibited when u ran ium- i ron eutectic 
alloy is used. It will be of some in te res t to determine whether the quali­
tative change in behavior which takes place as atomic number of the solute 
element i nc reases from ruthenium to rhodiuin can be understood in t e r m s 
of p a r a m e t e r s such as atomic rad ius , electronegativity, e tc . 

With respec t to quantitative determinat ions of the 
part i t ion ra t ios for rhodium, s i lver and cadinium it should be pointed out 
that the determinat ion of the concentration only in the strongly favored 
phase makes the value depend on a smal l difference between la rge num­
be r s and hence is subject to very l a rge e r r o r s . 

Determinat ions of the solubility of uran ium and 
chromium in magnesium and of magnesium in the u ran ium-chromium 
phase were c a r r i e d out during the course of the equi l ibrat ions. Difficulties 
were encountered which a r o s e from possibi l i t ies of physical occlusion of 
heavy-meta l phase in the magnesium and from interference of a manganese 



impur i ty in the magnes ium with the ana lys i s for chromium. F o r this reason 
the discussion of these r e su l t s will be de fe r red until they a r e a l l coUateds 
They will be published in the t e r m i n a l r epor t which will be wri t ten on this 
pro jec t . 

B. Semi-Works Studies of High T e m p e r a t u r e P r o c e s s e s 
(L. B u r r i s , J r . ) 

Evaluation and tes t ing of var ious equipment and p r o c e s s steps con­
s ide red for use in the EBR-II pyrometa l lu rg ica l pilot plant was continued. 

1. Design and Test ing of Components for Pilot Plant 
(G, J . Berns te in , V. N, Thelen) 

The pr incipal effort during this pe r iod was d i rec ted toward the 
instal lat ion and tes t ing of a mel t ing furnace, a prototype of one to be used 
in the EBR-II pyrometa l lu rg ica l pilot plant . The furnace was designed, 
using information of previous s emi -works and labora tory s tudies , in the 
Design Group of J . H. Schraidt by D. C, Hampson and a s s o c i a t e s . 

The furnace i s inductively heated by an uncooled copper coil 
using a tanta lum susceptor and will handle charges up to 10 kg of 
u ran ium. It will be opera ted under an a tmosphere of purified argon but 
will be capable of being evacuated for degassing of the in t e r io r . The 
equipment i s designed to pe rmi t r emote operat ion and se rv ic ing . Ma­
t e r i a l s of construct ion were se lec ted to withstand the high radiat ion field 
ant icipated in actual plant u s e . 

F igu re 29 shows the equipnaent with the be l l - j a r cover s u s ­
pended over the furnace pla t form. The crucible f rame and coil a s sembly 
can be seen with the c a s t - i r o n mold in posit ion. Surrounding the base i s 
the e lec t r ica l ly heated, fusible mietal s ea l . To the left can be seen, in 
o rde r , the two connectors for the induction coil, the connectors for the 
metal seal hea te r , the thermocouple conduit, t h r ee a rgon supply l ines 
(which were put in solid but would actual ly have disconnects) , an argon 
supply line with fusible couplings and a s imi l a r vacuixm l ine. The con­
nections on the left s imulate the connectors to be permanent ly mounted 
in the operat ing ce l l . All these contacts can be made or broken with a 
manipulator , thus permi t t ing r emote removal of the ent i re furnace a s ­
sembly. 

F igu re 30 shows the bell j a r sea led to the base and the p r o ­
tect ive cover over the e l ec t r i ca l l e a d s . F igu re 31 shows the furnace 
in te r ior with the flexible coil connectors and the fume t r a p mounted above 
the c ruc ib le . 
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Figure 29 

Uranium Melting Furnace - Bell Jar Partially Removed. 
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Figure 30 

Bell Jar Cover in Position 
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F i g u r e 31 

F u r n a c e In te r io r 
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Figure 32 shows the crucible in a par t ia l ly t i l ted posit ion. The 
fume t r a p is r a i s e d by i ts support r ing to allow the molten meta l to pour. 
The rack which dr ives the ti l t ing gear i s actuated by a shaft which passes 
through a sleeve in the base . Beneath the f rame can be seen the re fe rence 
thermocouple lead connector which makes contact with a chromel-alum.el 
thermocouple mounted beneath the tanta lum suscep to r . 

F igure 33 is a c lose-up of the furnace i n t e r i o r . The flexible 
leads a r e connected to the bus b a r s with sliding clips which can be d i s ­
connected with the manipula tor . Removal of the pin shown just in front 
of the gear p e r m i t s ra i s ing the ent i re asse inbly by the use of a c rane to 
engage the eyebol ts . 

The mold has two l / S - i n c h d iamete r by l / 4 - i n c h deep holes in 
the base to provide ingot s a m p l e s . The ingot i s dumped from the mold in 
the appara tus shown in F igure 34, It i s then moved with the manipulator 
into the sampling posit ion where a cut ter bar r emoves the p ro t rus ions a s 
shown in F igure 35, 

Tes t s a r e in p r o g r e s s to es tabl ish the operabil i ty of the v a r ­
ious components . A 10-kg charge of uran ium has been mel ted and poured, 
the ingot yield being 96.4 per cent, 

2, Remioval of Cerium, by Oxide Slagging 

A s e r i e s of exper iments i s in p r o g r e s s to de termine the ef­
fect iveness of c e r i u m removal fromt equi l ibr ium fission a l loys* by oxide 
slagging in magnes ia c ruc ib les . In the f i r s t run, ce r ium, init ially at a 
concentrat ion of 0.59 w/o , was reduced to 0,19 w/o by liquation at 1300 C 
for t h r e e h o u r s . 

3 . React ions of F i s s i u m in the EBR-II Cell Atm.osphere 
(A. CMlenskas, P . Kelsheimer) 

It is expected that fuel pins and ingots of f issium, which may 
at tain t e m p e r a t u r e s of 600 C, will have to be s tored in the cell a tmosphere 
for considerable per iods of t i m e . It i s , the re fore , important to know how 
much react ion might be expected when f i ss ium is exposed to an iner t cell 
a tmosphere containing va r ious levels of oxygen and ni t rogen impur i t i e s . 
The previous quar te r ly (ANL-5633, page 120) showed that the f iss ium in­
got in an a rgon a tmosphe re containing ni t rogen and oxygen and at 600 C 
was at tacked p r i m a r i l y by the oxygen and did not appear to be at tacked 
significantly by the ni t rogen. It was a l so found that the cor ros ion ra te 
was sensi t ive to the oxygen concentra t ion. 

*See definition of equi l ibr ium f i ss ium on page 64. 
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F i g u r e 32 

Crucible a s s e m b l y in P a r t i a l l y Til ted Posi t ion 
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Figure 33 

Close - Up of F u r n a c e In te r io r 
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Figure 34 

Ingot Remover and Sampler 



Figure 35 

Ingot Remover and Sampler 
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In order to determine the cor ros ion ra te of f i ss ium at 600 C by 
argon containing ni trogen and l e s s than 10 ppm oxygen and mo i s tu re , the 
tentat ive a tmosphere under which fuel pins will be s tored, two additional 
exper iments were pe r fo rmed . The ingot r ema ined unattacked by an ex­
posure of 23 hours to argon containing 1300 ppm (0.13 per cent) ni t rogen 
and by an exposure of 47 hours to argon containing 4.7 per cent ni t rogen. 

The data of Mallett and Gerds^^ for the react ion of uranium. 
with oxygen-free ni t rogen at 600 C for an exposure of 47 hours indicate 
that about 80 m.g nitrogen would r e a c t . Thei r data a lso show that the 
p resence of an oxide film strongly inhibits ni t r iding. It appea r s , t h e r e ­
fore, that the oxide film which was formed on cast ing and cooling the 
f iss ium ingot by impur i t i e s in the hel ium a tmosphere prevented any at tack 
by nitrogen under these conditions, 

4. Control of Volatile F i s s i u m Products 
(J . Wolkoff, P . Kelsheimer) 

Screening t e s t s of a l a rge number of potentially useful m a t e r i a l 
for t rapping volat i l ized meta l s have been essent ia l ly completed. Metals 
volati l ized in the slagging p r o c e s s a r e the fission products , ces ium and 
possibly bar ium, s t ron t ium and cadmiuin, sodium which adheres to the d i s ­
charged fuel pins , and magnes ium resul t ing from react ion of uran ium and 
fission products with a magnes ia c ruc ib le . Mate r ia l s have been evaluated 
to date on the bas i s of retent ion of vapor ized sodium. Out of ten m a t e r i a l s 
that have been found reasonably effective in retaining vapor ized alkali 
me ta l s (see ANL-5633, page 122), t h ree ("Molecular Sieves ," act ivated 
alumina, and an act ivated charcoal) have been chosen for further examina­
tion in o rde r to l imit the exper imenta l work. 

Using the method outlined in the las t quar te r ly repor t (ANL-
5633, page 122), the above th ree m a t e r i a l s were t e s t ed using l a r g e r 
quantit ies of sodium (up to 4.2 g r a m s compared with the 1 g r a m used in 
the screening t e s t s ) . "Molecular Sieves" sa t is factor i ly re ta ined 2 g r a m s 
of sodium (Run 40, Table 27), the max imum quantity t r i ed with this m a ­
t e r i a l to date . The ac t ivated alumina (Run 42) sa t is factor i ly held 4 gram.s 
of sodium, which i s equivalent to 0.1 g ram per g r am of bed or 1,4 g of 
sodium per cubic inch of bed. With a 4 - g r a m charge , the act ivated carbon 
(Run 39) operated sa t is factor i ly at t e m p e r a t u r e s up to about 750 C, but 
definite fuming of sodLura occur red at the upper t e m p e r a t u r e of 900 C. 

In the screening t e s t s and in the above th ree runs , a t e m ­
p e r a t u r e gradient exis ted a c r o s s the bed. TMs gradient will a l so exist 
in p r ac t i c e . T e m p e r a t u r e s quoted a r e those near the bottom of the bed. 
In o rde r to de te rmine the effect of t e m p e r a t u r e on the capacity and 

l^Mallet t , M. W., and Gerds , A. F . , J . E l ec t rochem. S o c , 102. 
292-6 (1955). 



Table 27 

TESTS OF GRANULAR BEDS FOR RETAINING VAPORIZED ALKALI METAL 

(All runs at atmospheric p ressure under argon; bed depth 2") 

Vaporization Conditions 

Run No. Bed Material 

38 AgCl on coconut 
Pa r t 1 charcoal* 

38 AgCl on coconut 
Par t 2 charcoal^ 

Max Na Crucible Top of Bed Cruc Temp when 
Degas Charged Temp Temp Deposits Noted 
Temp (g) (C) (C) (C) 

445 

440 

39 

40 

41 

42 

43 

Activated carbon 
CXA^ 

"Molecular Sieves" 
4AC 

Glass 7930«i 

Activated alumina 
FlOe 

Activated carbon 
CXA *̂ 

615 

605 

550 

510 

670 

1.2 550-900 280-430 

none 550-900 265-400 

4.1 550-900 390-620 

2.0 550-900 290-410 

550, 650. 750, 
880, 900 

550, 750, 880 
900 

650, 750, 900 

750. 840 

1.4 550-900 330-470 750, 880 

4.2 550-925 300-480 650, 880 

4.0 550-880 505-910 750. 880 

Remarks 

Only t race amounts of Na de­
tected; visual deposits of AgCl 

Control run for Par t 1; visual 
deposits of AgCl containing 
t race amounts of sodium 

Fuming at 900 C; t races of Na 
at lower temperatures^ 

Trace amounts of Na^ 

Trace amounts of Na^ 

Trace amounts of Na^ 

Strong fuming at 880 C; t race 
amounts up to 750 C^ 

a-6/l4 mesh coconut charcoal Impregnated with AgCl. 0.37 g AgCl/g charcoal 

154/6 mesh, 0.171-in. dia. pellets, activated carbon type CXA, "Columbia" Brand, National Carbon Co. 

'^l/S-in, dia. pellets, Molecular Sieves type 4A, Linde Air Products Co. 

•14/20 mesh glass type 7930, Corning Glass Co., a porous. 96 per cent silica glass 

6 I / 4 - 8 mesh, activated alumina type FIO, Aluminum Co. of America 

^Trace amount is less than 1 mg of sodium 



effeciency of the th ree selected m a t e r i a l s , new equipment is being built 
and will consis t , in par t , of a flow sys tem in which the bed t e m p e r a t u r e , 
c a r r i e r gas r a t e , and meta l concentrat ion in the gas can be va r i ed and 
closely control led, A scouting run (Run 43 of Table 27) has been made 
in the existing equipment to gain p re l imina ry information on operat ion of 
beds at essent ia l ly uniform t e m p e r a t u r e s . With the act ivated charcoal 
used in Run 43, only t r a c e s of sodiiam came through the bed at 750 C or 
below, but definite fuming occu r r ed at 880 C. F o r an act ivated carbon 
bed of uniform t e m p e r a t u r e , the maximumi operat ing t e m p e r a t u r e i s 
apparent ly around 750 C. 

As a windup of the screening t e s t s , a re la t ively pure si l ica 
m a t e r i a l in bead form, a porous g lass , was examined. This a lso proved 
effective in retaining the sodiuin.. Some fusion of the glass at the bed 
bottom occu r r ed . The retent ion mechan i sm appeared to be a chemical 
one. The effectiveness of this m a t e r i a l con t ras t s with the ineffectiveness 
of other high si l ica m a t e r i a l s tes ted , namely s i l ica gel and diatomaceous 
e a r t h . 

In the previous quar t e r , tes t ing of s i lver ch lor ide- impregna ted 
beds was c a r r i e d out. Although offering the possibi l i ty of i n c r e a s e d ef­
fect iveness through chemical react ion, they appeared to have no advantage 
over the sur face-ac t ive m a t e r i a l s . In a blank run with the s i lve r -
impregnated m a t e r i a l (Par t 2 of Run 38), deposits of AgCl containing t r a c e s 
of sodium appeared on the bell j a r , c lear ly indicating the bed itself to be 
the source of sodium in deposits formed at 750 C and below. Therefore , 
the s i lver ch lor ide- impregna ted beds a r e cons idered to be at leas t as good 
as the pure sur face-ac t ive m a t e r i a l s . They may have advantages over the 
l a t t e r m a t e r i a l s for high t e m p e r a t u r e u s e . 

5. Uranium Purif icat ion by F rac t i ona l Crys ta l l iza t ion f rom 
Liquid Metal Solution 
(J, B.Knighton,* A. CMlenskas, V, N. Thelen) 

This subject has been previously r epor t ed under the heading 
"Rem.oval of Noble Metals from Uraniuna" (see ANL-5633, page 125), The 
work was init ial ly pointed toward the remova l of noble me ta l s from a smal l 
fraction of fuel m a t e r i a l (drag-out) p r o c e s s e d by oxidative slagging, which 
p r o c e s s does not remove the noble m e t a l s . However, this work may have 
broader applicat ions, such a s d i rec t p rocess ing of d ischarged fuel of 
var ious kinds, and will henceforth be r epor t ed under the above heading. 

*Special Scientific Employee on loan from Amer ican Smelting and R e ­
fining Co, 
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In pr inciple , a fractional crysta l l izat ion p rocess would involve 
the following sequence of s teps : 

(1) Dissolution of uran ium fuel alloy in a low-melt ing metal , 
such as zinc, 

(2) Slow cooling to precipi ta te a uraniiim in termeta l l ic com­
pound involving the uranium and the metal solvent. It is 
hoped that f iss ion product e lements will r emain in solution, 

(3) Separation of the solvent meta l containing fission products 
from the uran ium in termeta l l ic compound by filtration or 
some other suitable method. 

(4) Recovery of uranium from the interrQetallic compotmd by 
disti l lation of the volatile solvent me ta l . 

A schematic of such a p rocess as envisioned for zinc is shown 
in F igure 36. 

FIGURE 36. 

PROCESS FOR URANIUM PURIFICATION BY 

FRACTIONAL CRYSTALLIZATION FROM ZINC. 
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a. Determinat ion of Uranium and F i s s ion Product Element 
Solubilities in Zinc 

Work during this per iod has been d i rec ted mainly toward 
determining the individual solubil i t ies of u ran ium and var ious fission prod­
ucts in zinc. The solubili t ies of u ran ium, ruthenium, z i rconium, palladium, 
and rhodium as a function of t e m p e r a t u r e have been de termined (see 
F igure 37). The solubility of molybdenum shown in this figure was de t e r ­
mined for a u r an ium-sa tu r a t ed zinc solution. 

The zinc solutions of the var ious e lements were sampled 
by drawing the liquid phase through a porous graphite f i l ter plug (33-micron 
average pore size) into a Vycor tube. The alloys were l iquated at 800 C, 
after which samples were taken at 50 C in te rva l s , the cooling ra t e being 
control led at 50 C /h r , 

It i s expected that the solubil i t ies of each element will be 
affected by the p resence of other e l ements . In a pa r t i cu la r f ission product 
solubili t ies a r e l ikely to be affected by u ran ium which is p resen t in con­
s iderably higher concentrat ion, TMs is i l lus t ra ted in F igure 38, which 
shows that the solubility of ruthenium is considerably dep res sed by the 
p re sence of u ran ium at sa turat ion concent ra t ions . At the lower t e m p e r a ­
t u r e s , where most of the u ran ium has c rys ta l l i zed a s UZn^, the solubility 
of ruthenium shifts toward the values expected in the absence of urani tun . 

The data of F igure 38 were obtained from a run in which 
a 97 w/o u r a n i u m - 3 w/o ruthenium alloy was dissolved in zinc at 800 C, 
F o r one -pass , two per cent burn-up fuel, the ruthenium concentrat ion 
(if the fuel were dissolved in zinc to sa tu ra te the zinc with u ran ium at 
800 C) would be ve ry smal l (0.0114 weight per c e n t - - see Table 28). The 
curve in F igure 38 indicates that even in a Saturated uran ium solution the 
ruthenium would not becom.e sa tu ra ted until the melt was cooled to about 
500 C. In cooling f rom 800 C to 500 C, 99+ per cent of the u ran ium would 
c rys ta l l i ze as UZn^. A fi l trat ion slightly above 500 C should, the re fore , 
separa te the ruthenium from the u ran ium. In o rder to verify th is con­
tentions a run was made using sufficient ruthenium to s imulate one -pass , 
two per cent burn-up condit ions. The r e su l t s f rom this run show that 
most of the ruthenium remained in solution, when 99+ per cent of the 
u ran ium had c rys ta l l i zed as UZn^. 

It i s informative to l is t the concentrat ions of the fission 
e lements which would occur for the dissolution of a two per cent burn-up 
fuel element in zinc to give 6,5 weight per cent u ran ium and to coifipare 
these with single solute solubil i t ies at 550 C (Table 28), (It i s a s s u m e d 
that the u ran ium is dissolved in the zinc at 800 C with subsequent con­
t ro l l ed cooling of the zinc to 550 C to c rys ta l l i ze out 99 per cent of the 
u ran ium as UZno.) As can be seen f rom Table 28, the f ission product 
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FIGURE 37. 

INDIV IDUAL SOLUBILITIES OF URANIUM AND 

VARIOUS FISSION PRODUCT ELEMENTS IN LIQUID 

ZINC AS A FUNCTION OF TEMPERATURE. 
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FIGURE 3 8 . 

RUTHENIUM AND URANIUM SOLUBILITIES 

IN THE SYSTEM URANIUM - RUTHENIUM - ZINC. 
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concentrat ions obtained from single solute solubility studies a r e cons ider ­
ably higher, with the exception of molybdenum, than the expected fission 
product concentrat ions from a dissolution of one-pass two per cent burn-
up fuel. There i s , therefore , considerable p romise that separat ion of these 
elements from uranium can be achieved. Runs will be made in the next 
quar te r to m e a s u r e the separat ion of fission elements from uranium when 
these a r e simultaneously present in zinc solution. 

Table 28 

FISSION ELEMENT CONCENTRATIONS REALIZED FOR DISSOLUTION 
OF EBR-II REACTOR FUEL IN ZINC AND COMPARISON WITH 

AVAILABLE SINGLE SOLUTE SOLUBILITIES 

(Fiss ion product concentration a r e those for 
one-pass , two per cent burn-up of fuel,) 

Element 

Cesium 
Total R a r e E a r t h 
Bar ium 
Strontium 
Niobium 
Zirconium 
Ruthenium 
Molybdenum 
Palladium. 
Rhodium 

Fis ision Product 
Concentration in 

(w/o) 

0.0184 
0.0497 
0.0063 
0.0058 
0.0010 
0,0194 
0,0114 
0.0172 
0,0013 
0.0021 

Zinc 

Single Solute 
Solubility in Zinc 

at 550 C 
(w/o) 

_ 
-
-
_ 

1,06 
0.045 
0.0135^ 
2,07 
0.21 

^Molybdenum curve determined in p resence of uranium. 

The work to date can be briefly summar ized as follows: 

(l) Individual solubili t ies of u ran ium and var ious fission 
e lements in zinc have been de termined as a function 
of t e m p e r a t u r e . Such solubility data will a lso be ob­
tained for ceritim, ces ium, bar ium, s t ront ium, and 
plutonium. 



(2} The solubility of ruthenium in zinc is dep re s sed by 
the p r e sence of u ran ium, but approaches that of 
ruthenium alone in zinc at low concentra t ions of 
u ran ium. 

(3) Ruthenium of one -pas s , two per cent burn-up con­
centra t ion can be held in solution at the anticipated 
t e m p e r a t u r e of f i l t rat ion (500-550 C) for r ecove ry 
of the u ran ium. 

(4) The solubility of u ran ium in zinc is not affected by 
the p r e sence of ruthenium. 

The p resen t ly anticipated fuel for the EBR-II r eac to r 
contains ruthenium and molybdenum as alloying agents . Equi l ibr ium con­
centra t ions of these e lements a re much higher than one-pass concen t ra ­
tions and depend on the percen tage of fuel drag-out» The fuel composit ion 
resul t ing for a five pe r cent drag~out i s , for example , designated as five 
pe r cent "equi l ibr ium f i s s ium," and has ruthenium and molybdenum con­
centra t ions of about 2.5 and 3.3 w / o , respec t ive ly . If the en t i re fuel were 
p r o c e s s e d by the zinc c rys ta l l iza t ion p rocedu re , sufficient ruthenium r e ­
moval i s poss ib le to mainta in any des i r ed equi l ibr ium. Preliro.inary r e -
sxilts have indicated that the separa t ion between ruthenium and uraniumt 
(for drag-out ma te r i a l ) is enhanced by the addition of magnes ium. 

b . P r o c e s s Development 

The objectives of th is phase of the study a r e to demon­
s t r a t e : 

(1) The mechanica l separa t ion of UZn^ f rom the f ission 
e lements in zinc solution. 

(2) The quantitative r ecove ry of uraniumi in mass ive 
meta l l ic fo rm f rom c rys ta l l i zed UZn9. 

Recovery of Uranium, f rom UZn^. The phase d i ag ram for 
the u r a n i u m - z i n c ' s y s t e m i i indicates that at 1 a tmosphere and 947 C, UZn^ 
will decompose to gamma u ran ium and zinc vapor . Several p r e l i m i n a r y 
exper iments were pe r fo rmed to study the separa t ion of the u ran ium from 
zinc by vacuum dist i l la t ion. Dist i l lat ion of a u ran ium-z inc alloy charge , 
under a vacuum of 10"^ to 10~* m m m e r c u r y and a t e m p e r a t u r e of about 
600 C over a per iod of four hou r s , r e su l t ed in the format ion of a black, 
powdery res idue and grey , needle- l ike c r y s t a l s whose total weight c o r r e ­
sponded closely to the weight of the uranium, in the charge . About 99 pe r 
cent of the zinc was r ecove red as a single zinc b iscui t . F u r t h e r work is 
continuing in which the conditions n e c e s s a r y to produce meta l l ic u ran ium 
from. UZng will be es tabl i shed. 

l^Chio t t i ,P . , e t a l . , Uranium-Zinc System, ISC-656 (October 21 , 1955) 



Filtration of Molten Zinc. As illustrated by the process 
schematic (Figure 36), it is necessary to effect a clean separation of the 
molten zinc phase from solids at several points in the process . The ef­
ficacy of porous graphite of 33-micron pore size has been demonstrated 
in the sampling technique used in the solubility studies and suggests the 
use of porous graphite for filtration. Apparatus is being designed to study 
this material as a medium for separating molten zinc from crystalline 
UZn^ and insoluble residues such as molybdenum. 

6. Extraction of Plutonium with Liquid Magnesium. 

Semi-works equipment studies on the extraction of plutonium 
from uranium with m.olten magnesium and the subsequent distillation step 
have continued. The five-kilogram-scale batch extraction unit was tested 
using magnesium and uranium-5 w/o chromiumi alloy. A magnesium dis~ 
tillation unit with a sodium-cooled condenser has been teated aad operated 
satisfactorily. Work has begun on the development and testing of compo­
nents for a m.agnesiuxn. extraction process . 

a. Magnesium Extraction Studies 
•(I. O. Winsch, K. Olsen) 

The large scale batch extraction unit was previously de­
scribed in ANL-5633, page 128. A schematic of this equipment is again 
shown in Figure 39. This \mit has been put through several tests to de­
termine the efficiency of transferring metals from vessel to vessel by 
argon pressure . Pressure-equalizing lines which were incorporated into 
the system between the extraction vessel and the uranium and m.agn.esium 
receivers have provided excellent control over liquid metal transfer oper­
ations. It was observed that only a few seconds are required to transfer 
the molten magnesium (two to three kilograms) from, a vessel at a pressure 
differential of 5 psi . Heels of about 100 gm of magnesium remained in. the 
vessel from which the transfer was made. 

Runs 5 and 6 were made with charges consisting of a 
uranium-5 w/o chromium alloy and magnesium (Table 29). The miaterials 
were transferred in the m.olten state and without difficulty from, the charge 
vessel to the extraction vessel. The molten metals were agitated in the ex­
traction vessel for a period of one-half hour before separation of the phases. 
The heels consisted mostly of U-Cr alloy with a thin coating of magnesium 
(see Table 29}. 

Oi cooling, the metal heels remaining in the charge and 
extraction vessels froze to the transfer lines and prevented removal of the 
crucible. As a preventive measure, a screw mtechanism has been incorpo­
rated into the bottom flanges to provide a means of raising and lowering the 
crucibles within the vessels . Upon completion of a metal transfer, the cru­
cible is lowered to prevent the heel from freezing to the transfer line. 
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100 

Rim 
No. 

5 

6 

U-Cr 
(kg) 

4.5 

4.1 

Table 29 

SIMULATED MAGNESIUM EXTRACTION 

Mg 
(kg) 

2.5 

2.7 

P e r Cent Metal 
T r a n s f e r r e d to 

Extract ion 
Vesse l 

U-Cr Mg 

79 98 

71 99.5 

Separated 
Metal Phases 
Trans f e r red 

to Rece ivers 

U-Cr 
(kg) 

1.55a 

2.18b 

Mg 
(kg) 

2.16 

2.53 

Pe r Cent of 
Charged Metal 
T rans fe r r ed to 

Rece ivers 

U-Cr Mg 

43.8 87 

53.0 94 

3-0.26 kg of magnesitim. t r a n s f e r r e d with U-Cr phase 

1*0.16 kg of magnes ium t r a n s f e r r e d with U-Cr phase 

It has been observed that magnesixim would vaporize into 
and plug the vacuum-p re s su re l ines to the ves se l s in the extract ion t e s t s . 
In Run 6, baffles were used to cover the tops of the graphite crucibles 
which a r e par t of each ves se l . Excellent r esu l t s were observed in that 
only a fine film of magnesium was found in the vacuum-pres su re l ines . 
Vapor p r e s s u r e t r aps of the type shown in Figure 40 were added to the unit 
and have proved effective in keeping the l ines open. 
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Difficulty has been experienced in removing magnesium 
ingots and uranium heels from graphite crucibles used in the extract ion 
unit due to penetrat ion of the porous walls of the c ruc ib les . Aluminum 
oxide and magnes ium z i rconate-coated graphite crucibles have been t r i ed 
without success in eliminating this difficulty. "Graphiti te" c ruc ib les , which 
a r e repor ted to be impervious to liquid meta l s at high t e m p e r a t u r e s , have 
been o rdered and will be tes ted in the extract ion unit. 

Plutonium runs a r e planned for the next qua r t e r . 

b . Magnesium Distil lation 
(I. O. Winsch, K, Olsen, W. Walters) 

A sodium-cooled condenser has been incorporated into the 
magnesium distil lation unit, and a c ross - sec t iona l view of the unit is shown 
in F igure 4 1 . Five runs have been completed in the unit, and it now appears 
that sodium cooling will give a fairly uniform condenser t e m p e r a t u r e . 

Vacuum 
Pressure 

Calrod 
Htoter 

Vocyum 
Pressurt 

Sti l l Pot 

Sodium-Cooled 
Condenser 

Receiver 
Figure 41 

Magnesium Distil lation Unit with Sodium-Cooled Condenser 
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Disti l lat ion Run 22 consis ted of a charge of 1585 g of m a g ­
nes ium and 2.5 g of plutonium. Baffles were used to reduce entra inment of 
plutonium and c a r e was taken to prevent running the st i l l pot to d ryness . 
This was accompl ished by fixing the st i l l pot thermocouple well about one-
half inch above the bottom of the graphite c ruc ib le . A r i s e in the sti l l pot 
t e m p e r a t u r e during the course of the dist i l lat ion run indicated the liquid 
level was below the tip of the thermocouple well . 

A st i l l pot heel of about 300 g resu l ted . The magnesium, 
dist i l la te was ve ry clean in appearance and an analys is indicated about 
0.5 mg of plutonium. in the dis t i l la te due to en t ra inment . An analys is of 
the st i l l pot heel accounted for only 50 per cent of the original plutonium 
charge . A portion of the graphite crucible was leached with acid and an 
analysis indicated that only about 0.65 g of plutonium could be accounted 
for in the en t i re c ruc ib le . Based on an ana lys i s of a sample cut f rom the 
bottom, of the st i l l pot heel , it would appear that 3.85 g of plutonium was 
p resen t in the magnes ium heel . This indicates the possibi l i ty of plutonium 
segregat ion in the magnes ium. Additional ana lyses will be made in an 
at tempt to clarify this si tuation, 

c. Development of Components for Magnesiura Handling 
(G. Bennett, W. Kline, L . Weaver*) 

In designing a p r o c e s s for the extract ion of plutonium 
from, molten u ran ium with molten magnes ium, the necess i ty for develop­
ing var ious components to handle molten magnes ium has become ap ­
paren t . The p r i m a r y aim.s of the immedia te program, a r e the developm.ent 
of the following: 

1. a valve for controll ing the flow of magnesium, 

2. a l iquid-level indicator , 

3 . a sa t is factory sampling technique. 

In pursuance of this development, data will a lso be a c ­
cumulated on pumping methods , flow mete r ing , and cor ros ion r e s i s t a n c e . 

P r o g r e s s in this p r o g r a m may be sunxm.arized a s follows: 

(l) Work on the development of a suitable valve for con­
t rol l ing the flow of magnes ium has resu l ted in the 
type of "freeze" valve p ic tured in F igure 42. The 
chief design fea tures a r e the use of a sma l l e r di­
a m e t e r at the bottom (one inch as against two inches) , 
and a side exit path for the magnes ium at the top of 
the exit tube . The fo rmer anaakes it possible to effect 
a seal with a smal l quantity of magnes ium in the valve; 

•Special Scientific Employee on loan from Internat ional Harves te r Co. 
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the la t te r i s for the purpose of reducing "blow out" of 
magnes ium by gas pass ing through a valve after m a g ­
nes ium t rans fe r is completed. The valve is approxi ­
mate ly eight inches long and is constructed of black 
i ron . 

After init ial l eak- tes t ing under 50 lb of a i r p r e s s u r e , 
the valve was loaded with magnes ium and subjected to 
a s e r i e s of 10 a l te rna te melt ing and freezing cycles in 
an iner t a tmosphe re . During this operation the t e m ­
p e r a t u r e va r i ed f rom 625 to 700 C. The end of a t r a n s ­
fer operat ion was then s imulated by purging the valve 
for 15 seconds with argon under 5-psig p r e s s u r e . 

The valve was then rechecked under 38 lb of a i r p r e s ­
su re and found to be leakproof. No damage to the welds 
or pipe walls was d i sce rn ib le . Upon cutting open (see 
F igure 42), the magnes ium seal was found to vary in 
th ickness f rom 1 1/2 inches to 2 1/4 inches , depending 
on the posi t ion of the f reeze cavi t ies . 

Fu r the r exper imenta l work on this valve will involve 
invest igat ion of methods of cooling the valve for s ea l ­
ing. Other valve designs a r e a l so being considered. 

In cooperat ion with Gerhard t Weiss of the E lec t ron ics 
Division, a method for the determinat ion of the mag­
nes ium level inside a tank is being developed. This 
method involves the use of an induction coil and bridge 
circui t s imi la r to that used with liquid sodium. The in­
duction coil i s r a i s ed and lowered in a mi ld s teel or 
i ron pipe extending into the magnes ium, 

A t e s t tank made from 4-inch pipe with the bottom 
closed and a 3 /4 - inch mi ld s tee l tube extending from 
the upper flange to within severa l inches of the bottom 
has been const ructed and filled with magnes ium. The 
e lec t ronics c i rcui t has been able to locate the height 
of the solid magnes ium in the tank to within approxi ­
mate ly 1/32 of an inch. The next s tep will involve t e s t ­
ing this c i rcui t with molten magnes ium. 

Development of sampling techniques will rece ive e m ­
phasis in the next q u a r t e r . 
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7. Inert Gas Purif icat ion 
(A. Chilenskas, P . Kelsheimer) 

a . Nitrogen Removal f rom Argon 

Work has been completed concerning the remova l of ni t rogen 
from argon by the use of calc ium. As pointed out previously, it is not c e r ­
tain that ni t rogen remova l by chemical means is neces sa ry , since the 
ni trogen concentrat ion in the argon can apparent ly be high enough (5 per cent 
and perhaps g rea te r ) that s imple purging with pure a rgon would be an a t ­
t rac t ive method of ni t rogen control . However, ni t rogen removal by hot ca l ­
cium has been studied to provide for the possibi l i ty that lower ni t rogen 
concentrat ions in the argon blanketing gas may be des i r ab l e . 

It was shown in the previous quar t e r ly that sodium-act iva ted 
calcium* at 440 C had approximately the samie react ivi ty towards ni t rogen 
as pure calc ium at 650 C; a lso , that t h e r e was negligible reac t ion between 
ni trogen and pure calc ium at 440 C. It was a l so shown that sodium-act iva ted 
calcium continued to reac t with ni t rogen at a decreas ing ra t e until essent ia l ly 
al l the calc ium was converted to the n i t r ide . However, since the appara tus 
was of such design that thernaal cycling occur red many t i m e s and since 
other inves t iga to r s l2 have r epor t ed that t h e r m a l cycling has a beneficial 
effect upon the amount of conversion of calc ium to n i t r ide , four additional 
exper iments were per formed in a continuous flow sys tem in which no 
t he rma l cycling occu r r ed and in which the efficacy of sodium-act ivated 
calc ium at 440 C could be compared to that of calcium, at 650 C. The r e ­
sul ts of these t e s t s a r e shown in Table 30. 

Calculations for the four runs based upon the effluent 
ni trogen ana lyses for the f i rs t 5 hours of operat ion show that in the a c ­
t ivated calcium runs at 440 C, 54 and 47 per cent getter burn-up resu l ted 
while getter burnups of 35 and 65 per cent were obtained with calcium, at 
650 C. These r e su l t s ag ree fair ly well with the previous work, which in­
dicated that the reac t iv i t ies of these m a t e r i a l s would be approximately 
the s a m e . 

The f i r s t run was continued for a total of nine hours , 
after which the get ter charge was examined. The complete lack of mic-
ta l l ic res idue was indicative of achievement of a high percentage burn-up 
and suggests that t he rma l cycling may be unnecessa ry for achievement of 
high b u r n - u p s . 

•Ca lc ium to which a smal l luinp of me ta l l i c sodium is added. 

l^Pawson, R. L., Argon Purif icat ion for Metal lurgical Operat ion, 
AWRE-O-16/54 (April 1954) 
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Table 30 

THE EFFICACY OF SODIUM-ACTIVATED CALCIUM 
AND CALCIUM FOR THE REMOVAL OF 

NITROGEN FROM ARGON 

Argon-4.7 per cent ni t rogen mixture at a flow ra te of 
335 m l / m i n passed continuously over calcium getter 
(30 g r a m s , 46 ml , screened between 10 and 20 US Std. 
s ieves) . The argon was purified using a d r ie r and 
hydrogen-sa tura ted palladium catalyst and is es t imated 
to contain l e s s than 10 ppm oxygen and mo i s tu re . 

P e r Cent Nitrogen Removal by 

T ime\ 
(hr) 

0,5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 

Na-Activated Ca at 440 C 

VRun 1^ 

84.0 

88.5 

66.7 

76.0 

52.7 
51.0 

24.3 

3b 

82.3 

50.2 

53.2 

66.4 

53.6 

43.3 

Ca at 650 C^ 

2^ 

61.0 

39.0 

35.0 

30.5 

4 ^ 

100 

100 

100 

55.3 

27.6 

^-Nitrogen analyses by Orsa t - type ana lyzer . Inlet Ng 
analyses 4.70 per cent. 

bNitrogen analyses by Mass Spec. Inlet Ng analyses 
4.66 per cent. 

^Calcium does not reac t with nitrogen at 440 C. 

The resu l t s of exper iments which a r e repor ted here and 
in previous quar te r l i es may be summar ized as follows: 

(l) The react ivi ty of calcium towards nitrogen was shown 
to be highly influenced by the p resence of metal l ic 
sodium (oxide-coated) as the sodium rel iably inst igated 
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a vigorous react ion between calcium and ni trogen at 
about 370 C, whereas pure calc ium in an adjacent 
crucible would not r eac t even when heated to a much 
higher t e m p e r a t u r e . 

(2) The t e m p e r a t u r e at which the max imum ra te of r e ­
action between calc ium and ni t rogen occurs was not 
establ ished; however, it was shown that the react iv i ty 
of calcium at 440 C when act ivated by sodium was 
about equal to the react iv i ty of pure calc ium at 650 C. 

(3) High burn-ups (grea te r than 65 per cent) were achieved 
in a flow sys tem for sodium-act ivated calc ium at 440 C 
and pure calc ium at 650 C without t h e r m a l cycling. 
Burn-ups approaching 100 per cent were achieved for 
sodium-act ivated calc ium at 440 C in which the get ter 
was the rmal ly cycled many t i ines . Specific inves t i ­
gation of the effect of t he rma l cycling on a given get ter 
charge was not under taken. 

The r e su l t s of these t e s t s suggest tliat ni t rogen contami­
nation of a rgon can be effectively removed by a get ter of sodium-act iva ted 
calc ium operating at about 440 C a s well as by pure calc ium at 650 C. The 
use of a coun te r - cu r r en t contactor would pe rmi t essent ia l ly complete get ter 
bu rn -up . 

be Oxygen Removal f rom Argon 

The method used for measu remen t of the oxygen content of 
argon involves conversion of the oxygen to water and subsequent m e a s u r e ­
ment of the water content. An ins t rument which has been tes ted i s the 
General E lec t r i c Dew Point Meter and Recorde r (see ANL-5494, page 75). 
This has worked sa t i s fac tor i ly . 

Late in the las t quar te r , a Model W Elect ro ly t ic Water 
Analyzer (Manufacturers Engineering and Equipment Corp. , Hatboro, Pa.) 
was rece ived for tes t ing . In th is unit, the water in the gas s t r e a m is a b ­
sorbed and e lec t ro lyzed in a cell , and the cu r ren t which flows in an e lec ­
t r i c a l c i rcui t is a m e a s u r e of the water content of the gas . This unit has 
been ins ta l led and is ready for tes t ing . 



VI. ANALYTICAL RESEARCH 

(C. E . Crouthamel , C. Gatrousis) 

The need for m o r e effective methods of ta rge t analys is has been 
approached by the application of scint i l lat ion and alpha pulse analys is , 
as has been repor t ed in many previous r e p o r t s . However, it has been 
apparent that pulse analys is alone would not be sufficient for many m.a-
t e r i a l s . During the past quar te r we have tu rned our attention to paper 
chromatographic methods which, when coupled with pulse ana lys is , 
makes a m o r e sensi t ive and ve r sa t i l e approach to the va r i ed t a rge t and 
fission product ana lys is p rob l ems . 

The final manuscr ip t of the past q u a r t e r ' s work in chromatography 
is now being reviewed pr io r to being submit ted to the Journal of Inorganic 
and Nuclear Chemis t ry for publication. This manusc r ip t ("Ascending 
Pape r Chromatographic Analysis of I r r ad ia ted Uranium in a Hydrofluoric 
Acid Medium") is a compilation of work done at Harwell and Argonne and 
will be published jointly. 



VII. ROUTINE OPERATIONS 

(He G. Swope) 

A. Waste P rocess ing Operat ions 
(J . Haras t , K, B r e m e r , D. Raue, J , Pavlik) 

The total volume of liquid radioact ive wastes p roces sed f rom 
October through December , 1956, was 50,000 gallonse Of this amount 
46,000 gallons were evaporated, 3500 gallons were flocculated after 
adjusting the pH to 12 and 500 gallons were absorbed in ve rmicu l i t e . 
A s u m m a r y of the volume and method of p rocess ing the wastes for the 
year , 1956, i s shown in Table 3 1 . 

Be Gamma-I r rad ia t ion Faci l i ty 
( H . G . Swope, J . Haras t , A, Rashinskasj We Spicer, D. Turne r , 
J . Gates, R. Juvinall , N. Ondracek, Le DeGraff, A. Madsen) 

The year 1956 r ep re sen t ed the f i r s t full year of operat ion of the 
gamma- i r r ad i a t ion facility, which u s e s 12 spent fuel rods in a honey­
comb a r r angemen t as an i r r ad ia t ion sou rce . 

The total number of samples i r r a d i a t e d during the quar te r was 
6,148. 

On a year ly bas i s the source was used most by Argonne 
(7,506 units*), next by the Q u a r t e r m a s t e r Food and Container Insti tute 
(6,266 units) , and then by industry (5,284 uni ts ) . 

A new gamma rack was completed and insta l led in December , 
The rack provides eight MTR fuel rods a r r anged ra<iially around the 
sample u rn . The l a rges t cyl indrical u rn that can be accommodated has 
an effective inside d iameter of 19 1/2 inches and an effective height 
of 29 1/2 inches - - l a rge enough to contain a quar te r of beef. The fuel 
eleinents a r e a l t e rna te ly posit ioned at the bottom and half way up the 
side of the u r n . This a r r angemen t appreciably flattens the gamma flux 
so that the var ia t ion in flux is about ± 1 0 per cent . The nominal gamma 
fl-ux for the l a rge u rn is 100,000 r e p / h r . An i s o m e t r i c drawing of the 
new rack is shown in F igure 43 . 

*A unit i s 2 x 10^ r . 
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Table 31 

SUMMARY O F RADIOACTIVE WASTE PROCESSED DURING THE YEAR. 1956 

Gallons of Was tes T r e a t e d a s Shown 

30-Gal lon F l o c c u -
S t r u t h e r s - W e l l s E v a p o r a t o r Concen t ra to r la t ion F i l t r a t i o n 

Q u a r t e r l y Re t en - E v a p o r - Re t en - R e t e n -
P e r i o d t ion Decon Gamma Misc a to r t ion t ion D-34 

1956 Tanks Soln Facility^- Aqueous^ Bot toms Misc Tanks Tanks Sludge 

J a n - Mar 3,300 14,000 3,520 2,240 770 220 2.450 - 620 

A p r - J u n e 10,100 17,400 5.000 12,200 970 - 4,400 - 3,600 

Ju ly .Sep t 12,300 18,000 5,300 7,310 1,560 300 13,200 

Oc t -Dec 10,100 19,600 2,760 12,300 1,200 380 3,550 

A b s o r p ­
t ion in 

V e r m i ­
culite 

Misc 
Organ ic s 

240 

160 

50 

500 

Solvent 
Washing 

Misc 
Organ ics 

-

. 

300 

-

Concre te 
Works 

Misc 
Aqueous 

130 

120 

_ 

-

Total 
Voliime 

P r o c e s s e d 
Gallona 

27,490 

53,950 

58.320 

50,390 

Tota l s 35,800 69,000 16,580 34,050 4.500 900 23,600 - 4,220 950 300 250 190,150 

T h e s e include wate r f rom the c a r r i e r when new fuel r o d s a r e r e c e i v e d and the r e g e n e r a n t solut ions f rom the mixed bed ion-
exchange column. 

" T h e s e Include not only the s m a l l ba tches of l iquid ac t ive w a s t e s but a l so the effluent f r o m the E i m c o f i l ter , the r e s i d u e f rom 
f locculat ion. and wate r soluble o i l - w a t e r m i x t u r e s f rom the shops . 
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Figure 43 

Gamma Ir radia t ion Faci l i ty Rack M-2 




