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STABLE ISOT6PE SEPARATION RESEARCH -- 

AND C A ~ ~ ~ ~ R O N  OPERATIONS 

C . E. Normand, Department Head 

During the second quarter of fiscal year 1952, the Isotope Production 
and Process Development Department placed primary emphasis an the 
collection of lithium, iron. and calcium isotopes. 

Three elements w e r e  processed and twelve isotopically enriched 
samples were collected. 

Lithium, S ~ B P ~ ~ S  F l - x k ~ X  ----- (L. 0. Love,W. A .  kiel1,C. V.  Kctron, G. J. Fishes, R. L. Caldwell, 
K. A. Spainhour, and operating personnel) 

Lithium isotopes (Lib and Li5) have been collected in the Alpha chan- 
nels. There have been no changes in the equipment as reported in 'p rogress  

1 1  Report, Stable Isotope Research and ProcPilction Division, Y -82 1 .  

Innage was reduced during a two-"week period while the pumping system 
w a s  being modified. Small water leaks also developed that w e r e  extremely 
difficult to locate. 

The lava anode insulator disintegrated during operation with the use 
of the mixed type of charge material (lithium bromide and lithium metal). 
Lithium fluoride insulators, prepared in the ceramics laboratory of Y- 12 
plant, were substituted for the lava a~zd these proved satisfactory under 
operating conditions. 



Iron, Series -- FN.- X'EIX --- ( L .  0. Love, W. A .  Belt, C.  Y. Ketran, G. J. Fisher, R. L,  Caldwel'l, K, A .  
Spainhour, and operating pers oanel) 

This collection of iron isotopes (Fe54, F e 5 6 ,  Fe57, and Fe58) was 
started in June in the Beta chaaznels and w a s  completed in November. Main 
efforts were  directed toward enllecting a sample containing a high percent- 
age of Pe58 in relation to F e 5 4 .  No changes have been made in equipment 
or  operating techniques since last reported. ' Keceiver pocket erosion was 
the major collection problem throughout this series.. Persistent electrical 
shorts between the pockets w a s  another source of trouble. 

Sixty of the 110 runs  made during this series w e r e  terminated for fila - 
ment failure. The average innage time for these runs was 34.6  hours. 
Innage time for the remaining 50 rrzt-ns averaged 21.9 hours. This figure in- 
cludes 12 runs in which no innage w a s  obtained. The total i~lxiiage for the 
entire series w a s  3173 hours. Tl ie  average total monitored beam received 
during this time w a s  100.7 ma. Sixteen separate samples w e r e  submitted 
to the Isotope Chemistry Department anel the total collection estimated from 
monitored currents w a s  as follows: 

30.86 grams 
621.82 grams 

12 .79  grams 
2.00 grams ---- 

6 6 7 . 4 5  grams 

Calcium, Series FO-XBX ..-- 

The collection of calcium isotopes (Ca40, Ca42, Ca43, Ca44, Ca46, and 
Ca4R) w a s  started in November in the Beta channels and is being continued. 

A medium temperature Beta source was used, embodying a deep floating 
anode type ionization chamber with a 311 6-inch zero degree faced, stainless 
steel ion exit slit. The fiiament was made of ]I 70-mil tantalum. Calcizlrn 
metal was used as the charge material. The operating temperature range 
was 650"-800°C as in.dicated by the therrnshrn, with best operation at ap- 
proximately 700°C. This temperature is near the upper li.mit of the medium 
temperature source; therefore stainless steel. heat shielding was added to 
both the charge oven and manifold castings to reduce heat losses. 

----- --.-- ---.- 
1. 'I&uartr?rly Progress R e p o ~ t ,  Stable Isotope 'Research and Production 

I 1  Division, July 1, 1951 toSeptember-30, 1951, Y-821. 



All the beams were collected in water-cooled copper pockets placed 
behind 1/8-inch defining slots milled in the graphite defining faceplate, The 
slot at the mass 40 position was enlarged to 114 inch for the collection of 
the high natural abundance (96.95 per cent) Ca40 beam. 

The formation of nitrides along with carbides within the ionization cham- 
ber a s  the run progressed created unstable a rc  conditions and lowered the 
output. By using helium instead of nitrogen as  a support gas, deposits with- 
in the ionization chamber were reduced and both output and run stability 
were improved. The greatest difficulty at the present time ar ises  from e-  
lectrical shorting of the reflecting anode by deposits of calcium on nearby 
cold surfaces. 

Electrical shorts at the Ca40 pocket were prevalent and were caused by 
the peeling off of material from the back of the defining faceplate in such a 
way as  to touch the pocket. This peeling off was retarded by a number of 
holes drilled half way through the back of the faceplate around the Ca48 de- 
fining slot. 

At this time 49 runs have been completed with an average innage time of 
23 hours. Twenty-eight of these runs were terminated because of open fila- 
ment s . 

The average total ion current received during innage was 88 ma. The 
estimated total collection is as follows: 

Ca48 143.39 grams 
42 0.6 1 grams 
4 3 0.25  grams 
44 2.41 grams 
46 9. 01 grams 
48 0. 17 grams 

Total- 146.84 grams 

PUBLICATIONS ISSUED AND IN PROCRESS 

During the quarter, 11 reports appeared in the unclassified literature 
in which enriched stable isotopes had been used; 6 were university reports, 
3 AEC project reports, and 2 jointly issued by university and AEC. Since 
stable isotopes were first distributed, 138 university reports, 66 project 
reports, and 36 reports from this division have been published in technical 
journals, all having used stable isotopes in their research. 



Reports  Issued 

1 1 - Stable Isotope Research and Production Division, P r o g r e s s  
I I Report of Lithium Activities, July 1 ,  1951 to October 3 1,  195 1, 

ORNL-1166. 
1 1  2. A Survey of Calutron Charge Materials f o r  Stable Isotope 

I I Separations, by C .  P. Keim, Y-822. 

1. Stable Isotope Separations in Y- 12 .  



STABLE ISOTOPE CHEMISTRY, RESEARCH 
& ----- 

AND PRO-DUC TION ---.---- 

Boyd W e a ~ e s ,  Department Head 

The chief production functions of the Isotope Chemistry Research and 
Production Department a r e  the supply of suitable charge materials for iso- 
tope separation by the calutrons, chemical refinement of enriched isotopes 
and the preparation of materials for their mass  analysis. Chemical services 
and unusual compounds a r e  also supplied to other departments of the Stable 
Isotope Research and Production Division. 

The department ca r r ies  on research activities in various fields related 
to isotope production and use, with recent interest centered around the ele- 
ments lithium, zirconium, hafnium, and tC.3 r a r e  earths. 

All refined isotopes a r e  stored iri the chemistry depositories, and the 
preparation of all. samples for shipment is performed by personnel. of this 
department. Unused portions and many processed residues of isotopes a r e  
returned by research ilistitutions for restoration in the laboratory' s stock 
of isotopes. Some of these require reprocessing to make them suitable for 
reuse; others a r e  too small quantities for further handling. 

QUARTERLY SAMPLE SUMMARY 

Isotope samples on which refinement was completed 2 1 
Samples in process of chemical refinement, Dec. 3 1 14 
Samples awaiting chemical refinement , Dec . 3 1 9 
Samples submitted to Mass Analysis  Laboratory 29 
Mass Analyses reported 19 
Samples awaiting mass analysis, Dee. 31 32 
Stable Isotope shipments made 77 



PRODUCTION O F  CHARGE AKATERULS 

Preparation and Purification (C . W. Sheridan and C. F .  Haprison) -- 

Charge materials of litlziutn, iron and cszlci~am were prepared for calu-  
tron operations. Various chemir--al services were also supplied in those 
operations. 

Because of difficulties in purchasing pure cerous chloride, crude cerium 
oxide was purFfied by crystallizatioxr. sf arnmoriiurn hexanitrato cerium and ex- 
traction of cerium (valence of 4) nitrate from nitric acid with diethy1 ether. 
Botki methods gave excellent separation from all  the other r a r e  earths. Re-  
peated extractions w e r e  required because of reduction of cerium (4) in solu- 
tion, 

ISOTOPE R E  FINE WENT 

Special Projects (W. C. Davis, R. L. Bailey, F. B .  Thomas, K. A .  Allen, and F. M. Scheitlin) 

The major efforts of the department were devoted to special production 
and research projects which will be reported in a special report* 

Iron (P. B. Thomas and F. M. Scheitlin) -..- 

Refinement of all samples of Fe58 in a prolonged separation project w a s  
completed. 

Strantiurn (K. A. Allen) 

Refinement of one of a ser ies  of strontium isotopes w a s  completed. 

ACTIVITIES ASSOCIATED WITH MASS ANALYSIS 

Compound Preparation (F. M, Scli~eitlin) 

Isotopes of s ix elements w e r e  prepared in suitable form for mass anal- 
ysis.  The elements and the forms in which they were submitted to the Mass 
Analysis Laboratory w e r e  a s  follows: 



Element 

Lithium L i3: 
Boron H 3 8 0 3  
Iron Feel3 
Sulfur C dS 
Cerium C t?02 

C alc ium CaCO, 

Extraction - for Nitric Acid by Tsibutxl ---.-.- Phosphate - (F .  A. Kappelmdnn) 

Work w a s  continued on the separation of gadolinium from the other r a r e  
earths by the process described in Y--821, pp. 16 and 17. All. of the neo- 
dymium and nearly al l  of the samarium have been separated from the other 
earths in a gadoliniunv concentrate with only srnal.1 gadolinium loss. The 
next step will be to split gadolinium from yttrium and the heavier earths. 
At present a pseudo-countercurrent batch system with 9 stages on each side 
of the double reflux is being used. The only difficulty encountered with the 
process comes from the fact that separation factors a r e  dependent on r a r e  
ear1.h~ concentrations. Therefore more stages are necessary than were 
anticipated, but not a prohibitive number. 

SPECIAL COMPOUND PREPARATION 

For investigation of response to nuclear induction it w a s  desirable to 
have approximately 388 rnilligsams of V50 in the form of the compound 
vanadium oxytsichloride (VOC13). This volatile liquid is produced by chlo- 
rination of vanadium trioxide (V2Q3). Since about one-third of the vanadium 
is converted to vanadieirr~ pentoxide (V205) in a side reaction, the process 
must be repeated to obtain a high yield. After experiments with natural 
vanadium, the enriched isotope was converted to the desired compound 
wi th  a yield of 92 per cent and no detectable loss. 



ISOTOPE SHIPMENTS AND REQUESTS 

P r e ~ a r a t i o n  for  Sh i~men t  

Seventy-seven individual samples were prepared for  shipment to labo- 
ratories within and outside of the Atomic Energy Commission. Several 
saniples returned by users  were also processed for further usage. Details 
of the shipments during the quarter  and the present status of requests for 
isotopes a r e  given in Table I. 

Sta.hle Isotope Sales (Fees)  - 
On the basis  of the nominal charge of $50.00 made to most use rs  of 

stable isotopes far individual shipments, the following summary has been 
conxpiled: 

J u l y  1 to October 1 to 
Sept. 30, 1951 Dee. 31, 1951 

Transfers w itkin AEC $ 3,600,OO $ 2,250.00 

Cash Sales (fees) 1,250.00 1,600.00 

Total Sales (fees) and 
Transfers to Date $66,150.00 $I0, 000.00 



TABLE X 

Request 
Serial No. 

Shipments of Stable Isotopes during October, November 
December, 195 1 

Requestor ------ 

Kansas State College 
Los Alanlos Scientific Laboratory 
University of California 
University of Rochester 
University of  Roehesrcr 
University of Rochester 
Rutgers Universiry 
University of Wisconsin 
University of Illinois 
University of Illinois 
Univer~ity of California 
Yale University 
Yale University 
Bale University 
Yale University 
Yale Univcrsiq 
Oak Rldge National Laboratory 
Brookbaven Narional Laboratory 
Naval Research Laboratory 

Uitiqeraity of Wisconsin 
Uni-~ersitjj of Michigan 
Ames Laborsto~yQreshipinent) 
Princeton TJniversity 
Argonne National Laboratory 
Argonne National Laboratory 
Rutgess University 
Argonne National Laboratory 
Argonne Natianal Laboratory 
Washingtola TInive.~sity 
Northwestern Umverdty 
Oak Rldge National Laboratory 
Oak Ridge National. Laboratory 
Oak Ridgc National Laboratory 
Oak Ridge National Labaratory 
Oak Rldge National Laborato~y 
Oak Ridge N'ttional Laboratory 
Oak Bdge National Laboratory 
Oak Ridge National Laboratory 
Oak Ridge National Laboratory 
Oak Ridge National I,abaratory 

Series 
No. - 

Sample Quantity 
No. Shippcd(m& 

663{ a) 10.1 

667( rn) l,r. 

5971 a) 10.4 

62% u) 10.5 
536( a) 150.0 
w 4 50.0 
525ga) 251.8 
51% a) 500 -0 
Q7% a) 11.3 
379( a) 2,001.0 
187tar) 75.8 

57qa) 301.3 
216( ar) 86 -3 
5781 4 502.0 
579(3) 100.4 
219( as) 75.8 

4 4 w 3  200.0 
53qa)  2,220.5 
66 7( a) 20.4 

e7q a) 10.3 
53Q as) metal 800.0 
597( a) 208.8 
53q as) metal 508.2 
667qa) 50.7 
66 7( a) 100.0 
53q a) metal 251A 
48q a) 103.7 
667[ a) 100.1 
26 .q ar) 504.9 
667(a) 100.1 

44J4 dl 100.2 
60q  a) 76.2 
61% a) 20.3 
477( a) 2,000,l 
40qf) 2,000,O 
29qa) 100.6 
42% a) 700.9 
423C a) 40.5 
42% a) 22 .o 
2ls(ar) 99.8 

Date 
Shipped 



Request 
Serial N o  --- Requestor --.--.. 

Series 
Isotope No, 
P 

Oak Ridge PIaMsmal Laboratory T i48 EN 
Oak Ridge Natioml Laboratory Ti50 EN 
Oak R i d g ~  National Laboratory Fe5R FN 
Oak Ridge National 1,aboratory Fe58  FN 
Los Alamos Scienrific Laboratory Cdl'E6 CE 
Los Alamos Scientific Laboratory Sa 224 metal EC 

Oak Ridge National Laboratory Cel4O DW 
Oak Ridge National Laboratory Nd142 EQ 
Oak Ridge Natitlonal Laboratory Ndl44 EQ 
University of C aliforuia Nd1.15 EQ 
Vanderbilr University Cc136 FK 
Brookhaven National I.,abor,nforg Ca48 FF 
Oak Ridgc  National Laboratory Sn124 metalEC 
Bartol Research Folmdation Sn124 me'talEC 
Indiana I Jniversity Ge31 BD-BE 
Brookhaven National Labor atory K41 FA 
Argonne National Laboratory Mg204 DR 
Argonne National Laboratory Mg26 DZ 
Argorrne NaTional Labor arory W186 EL 
Argonne National Laboratcay Si30 A1 - AJ 
Argonne National Labrarosy T150 EN 
Argome National 1,aboratory Cd116 C E 
Argonfie National LahoFatory HfS.80 ET 
Argorlne Nariona! Laboratory C a48 FF 
Naval Research Laboratory Cr53 EU 
Naval Research Laboratmy Fe5 7 EN 
Yale University S n 1 2 4  metal EC 
Harvard TJniversity Medical School Cr50 CD 
Brookhsven Narional Laboratory CrS4 EU 
Airfor.cr Ca;ol-v dye P.t7 - 3  c7- C -r. 2- TI265 BU -3 
A x  Force f:  ambridge kcsearch Center Cd114 CE 
Air Force C, amfmajdge IPcs?arch Center Hg198 DR 
Air Force Cambridge Rezarch Center Hg202 DR 

Sample 
No. -- 

50% 
5 8  Ti( a )  
58Ra) 
53 [t( a) 
67ya)  
6S:qa) 
53qds) 

536( 
208 -21.3(a3 

63qa) 

49 10 b) 
5 2 w  a) 
5 6 q  a) 

105-10&ba) 

580(a) 
321(ar) 
607( a) 

65%a) 
61Y a) 
47N a) 
536( as) 
30qar) 

6 l q  a) 
277( a) 
32 at) 

486( a) 
49q 9 

Quantity 
Shipped( mg) - 

Date 
Shipped 

Un,filled Requests  on Hand December 3 1 ,  195 1 

Requests for isotopes which have not been separated: 

Request 
Number Date --- Requestor .------- Isotope Quantity Desired (mg) 

S -148 10-24.-47 Asgonnc-, National Eaborarnsy Ir 19 1 20-30 
S-148 10-21-47 Argonne I\ratiorral Laboratory Ir 193 300 
S-297 10-2 -49 Argonne National Laboratory Pd102, 104, 105, 

106, 108, 110 200 ea. 



Request 
Number Date - Requestor 

S -342 3-3-49 Oak Ridge National 1,aboracory Cdl58, 160 
S -343 3-3-49 Oak Ridge National. L,aboratory Dy158, 160 

Quantity Desired (ma 

10 ea ,  
10 ea, 

Reclluests requiring replenishment s f  inventory (quality or  quantity insufficient) : 

S-325 3-2-49 Oak Ridge National Laboratory C 13'7 
S -328 3-2-49 Oak Ridge National Laboratory E l l  

Reques ts  awaiting purchase orders :  

8-849 8 -26 -49 Ohio State University 
B-1603 1-2-51 Ohio Srate University 
B-1604 1-2-51 Ohio State University 
8-2035 6-26 -51 Massachusetts Institute of 

Technology 
13-2290 15-15-51 Ohio State University 
B-2373 12-17-51 Princeton University 

Requests wi th  Purchase Order awaiting replenishment of inventory: 

8-2058s 7-10-51 Los Alarnos Scientific Laboratory Li6 
B-2059s 7-20-51 Los Alamos Scientific Laboratory Li7 

Requests held by AEC Isotopes Division: 

Argonne National Laboratory 
Brookhaven National Labo-ratory 
Brookhaven National Labo~atory 
University of Wisconsin 
University of Chicago 
University of Ill~nois 
Kansas State College 
Princetoll IJaiversity 
University of Wisconsin 
A~gonne National Laboratory 
Argonne National Laboratany 
Brookhaven National Laboratory 
Naval Medical liesearch Laboratory 
Argonne National Laboratory 
Argonlle National Laboratory 
University of Illinois 
Brookhaven National Laboratory 
Vanderbilr University 



Request 
Nulrrbe~ 

Brookhaven National Laborator y 
Oak Ridge National Laboratory 
University of Pittsburgh 
University of Pittsburgh 
Princeton University 
University of California 
Washington University School 
of Medicine 
Ohio State University 
Argonne National Laborator y 
Argonne National Laboratory 

Isotope .- Quantity Desired pmg) -- 



ISO'I'OPE ANALYSIS METHCjDS LABORATORY - --.-- -- 
J .  R. McMally, Jr., Department Head 

NUCLEAR RESONANCE 

VZ3.TIadi~m. 2 3 ~ 5 0  (H .  E .  Walchli, W. E .  Leyshon, and P. M. Scheitlin *) 

An enhanced sample containing a n  estimated 25 rng of the odd-odd iso- 
tope 2 3 ~ 5 0  w a s  converted to vanadium oxylrichloride (YOCL3), distilled into 
a spherical glass vial, sealed off, and then immersed in normal VOCL3 a s  
shown in Figure 1 .  The total chemical. yield (three coxwersions) was 92 per 
cent efficient giving approximately 0.49 cc of VOCL,. The nuclear reso- 
nance of 2 ~ 5 0  was detected in this sample with a signal to noise ratio of 
greater  than 50 to 1 (see Figure 21,  and subsequently found in normal ma- 
terial  at about three times noise. Frequency measurements with respect 
to the deuterium resonance gave 

and 

the latter being uncorrected for nuclear diamagnetism. The Mayer shell 
model predicts both odd nucl.eons to be in 2 ~ 7 / 2  states. Jf  w e  assume the 
spins to be additive, the computed nuclear magnetic moment (corrected) 
becomes 

~(5,) = .-f. 3.9050 n. rn. , 

which may be compared to the Jj coupling value of 3.85 nuclear magmetons. 

Technetium, q 3 c 9 9  ( H .  E. Walchli and R. ~ivingsron*') 

A sample co~ataining 156 mg of Tc99, as NH4Tc04 in aqueous solution, 
was investigated for the nuclear resonance of technetium. The following 
results w e r e  obtained: 

- -- --- - 
4 Stable Isotope Chemistry Research and Production Department. 
$4 Chemistry Division, X- 10 Area. 
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the latter value being corrected for nuclear diamagnetism. 

Miscellaneous (pi. E .  Walchli) 

New values of the resonance frequencies of Rb85 and C135 were also 
obtained and give, relative to the proton frequency (see Figure 2) 

Search for resonances in Si29, Se77, and U235 (as  solid UF6 only) has 
been unsuccessful so far. However, the sign and magnitude of the nuclear 
magnetic moment of P31 a re  currently being determined. 

MICROWAVE SPECTROSCOPY 

Microwave Spectrum of Vinyl Iodide (H. W. Morgan and I. H. Goldstein% 

Progress on the microwave spectrum of vinyl iodide has been slow be- 
cause of equipment breakdown. A coaxial line tripler system (270 mc to 
810 mc) employing a lighthouse tube has been put in operation in order to 
obtain useful reference frequencies in the 32,000 mc region. 

Quadrupole Absorption Studies (H.  W. Morgan) 

The possibility of utilizing direct quadrupole transitions for detection 
of isotopes is under study. A regenerative detector circuit was constructed 
and C135 signals observed visually on a CRO with signal six times noise and 
only wide band amplification. Preliminary studies with both frequency and 
amplitude modulation and narrow band amplification gave enormous gains in 
signal strength. At present, it is estimated that about 25 mg of C135 can be 
detected by this method. 

* Consultant, Emory University, Atlanta, Georgia. 



SPEC TRB-ISOTOPIC ASSAY 

Lithium (D. D.  Stnith, G .  L.  Grukenbroeker, and C .  E. Pepper) 

Approximately 100 standards and samples of lithium (as Li2S04) have 
been assayed using 98 ma hollow cathode current.  These show larger e r r o r s  
than previous experimental runs  at 35 ma. This is believed due primarily 
.to larger  and mare variable self -reversal  effects a t  the higher tube currents. 
The assay method is being eormvertsd to low current operatior1 and preliminary 
standards already show greater reproducibility. The working curve f o ~  both 
the 90 ma and fke 30 ~nn. current is shown in P i g ~ ~ r e  3 ,  the upward shift of the 
90 m a  calibration curve  being due  to greater  sel l--reversal  (intensity reduction) 
of the Li7 line. 

Photoelectric: Spectro-Isotopy (G. K. Werllea and 0. B .  Rudo11-rb) ..- 

Direct reading photoelectric techniques are being investigated for  ap - 
plication to assay problems. Although scanning techniques are simpler to 
operate, they a r e  in general less  accurate than simultaneous line intensity 
integrations. The optical components necessary for simultaneity of light 
integration of both isotope spectrum 1 ines consist of slit shifter , @ ylindrical 
mi r ror  for magnificatio~f, and image splitter. The isotope line separation 
of only 130 microns on the Rowlared circle has been magnified to about 1.5 
mm; also, the isotope components have been isolated wi th  the beam splitter 
and projected on sl i ts  of individual phototubes. A cox~verted Kellex ampli- 
f ier  has been used to observe phodotube currents,  dark  currents,  and in- 
tegrated line intensity ratios. Present lirnitatiol~s a r e  in the weak signal 
response af the phstot.ubes to the infrared. 

OPTICAL SPECTROSCOPY 

Electrodeless Discharge Sources (w. E. Leyshon and P. Id, Griffin) - ---. -.---. . . . . 

An experimental vacuum line has been constructed for production of 
electrodeless discharge tubes eontairling lithium and its compounds. Several 
tubes have been made using lithium hydroxide (LiOH), lithium iodide (LiI), 
and lithium chloride (EiCl) as sample material ,  and argon and krypton a s  
the car r ie r  gas. Excitation of the lithium spectrum at  1700 megacycles 
has been negative in a1.l cases. 





Echelle Spectroscop~ ( P .  M. Griffin) --------- - 

Echellograms of isotope spectra of uranium were obtained on 40 micro- 
gram samples at isotope concentrations of 25,  50, and 75 per cent U235 in 
U238 (see Figure 4). A plutonium source for handling high level activities 
is under construction. 

Automatic Cornpar~ator (G .  K .  Werner) - -- 

A photoelectric comparator scamxxing and setting device, identical with 
that designed by Tomkins and Fred of the Argonne Laboratory, has been 
construe ted and is being installed on the SAC (semi-automatic comparator), 

SPECTROCIIEMISTRY 

Trace Contaminants in Alkali Materials (J. A. Nsrris, N. K .  Skidmore, and E .  J .  Spitzer) -- - ---.- 

The awalysis of alkali materials for trace constituents presents a prob- 
lem in sensitivity limitation due to the large fraction of low excitation alkali 
atoms present in the discharge. Prior removal of the alkali has been ac- 
complished chemically and also by vacuum distillation. Calcium may be de- 
termined down to 0. 'I pg/ml by the copper spark technique with added strontium 
a s  the internal standard; vanadium is detectable to 0* 5 pg/rnl. The present 
sensitivity limits for other elements in 26 per cent lithium hydroxide (LiON' 
NzO) are as  follows: 

Element Limit --- 

~ i ~ c e l l a n e o r t s  (T. A .  Norcis, Z. Combs, C .  E ,  Pepper, and M .  R. Skidmore) 

Analyses of mercuric oxide (HgO) matrices have been successfully ac- 
coinplished to l ow limits by vacuum sublimation at  400°C of the HgO from 
the electrode crater. A sensitivity of 0 . 2  per cent samarium in neodymium 



FIGURE 4 ECHELLE SPECTROGRAM OF URANIUM 

ISOTOPES "235 AND U 238 



in a 1 mg neodymium oxide (Nd203) sample has been obtained and studies a re  
under way to reduce this to 0.01 per cent samarium. Studies of stainless 
steels using 5 mg samples burned in direct current a rcs  show that selective 
volatilization of tantalum and columbium occurs after iron, chromium and 
nickel have been removed. 

Analyses 

A total of 443 samples were analyzed for 6303 element determinations 
during this quarter. 

X-RAY SPECTROSCOPY 

X-Ray Spectra of Polonium (w. F. Peed) 

X-ray spectra of the L transitions in polonium a s  obtained with a 25 
centimeter Bragg spectrograph have been measured and preliminary data 
on both K and L spectra a re  now available. A reporduction of a portion of 
the L spectrum is given in Figure 5. Construction of the X-ray energy 
level diagram indicated a previous mis- identification of e4 and 86. Pre-  
liminary results a re  a s  follows: 

K Spectrum L Spectrum 

X-Ray Diffraction (H. w. Dunn) 

Compound identifications in support of ANP, HRE, and Building 9212 
research groups were made in sixty problems. Stainless steels which be- 
came magnetic after exposure to hot fluorides showed high concentrations 
of free iron indicating large scale removal of stainless steel components 
other than iron by fluoride attack. 



FIGURE ! L SPECTRUM OF P O L O N  I UM 

AND L E A D  



X-Ray Absorption (H. W. DUM and W .  F .  Peed) 

The method for determination for uranium in solutions by homochromatic 
X-ray absorption at the LIII edge of uranium has been investigated further. 
A series of solutions containing 3686 ppm of uranium and silver (charac- 
teristic of elements of atomic number near 47) in concentrations ranging 
from 14,700 ppm to zero has been investigated. No detectable e r ro r  was 
introduced by the silver, although differences a s  large as  1 to 2 per cent 
due to instability of the instrument at the time of measurement may have 
obscured er rors  of this magnitude. 

Counting rate e r ro r s  have been investigated and correction curves 
established up to counting rates a s  high a s  40,000 counts per second. At 
40,000 input counts, approximately 37 per cent a re  lost in the present sys- 
tem due principally to amplifier overload. 
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MASS SPECTROMETER LABORATORY - 

Russell Baldock, Department Head 

During the second quarter  of fiscal year 13.71, five investigations of a i r -  
craft fuels were made, and a sample of technetium oxide was studied. 

AIRCRAFT FUEL STTJDIES 

Uranium Trifluoride ( L .  0 :  Gilpatrick and J .  R.  Sites) 

Additional runs were made with the mass  spectrometer usiyg very pure 
uranium trifluoride (UG).  Using the intensity ratio of the UF3 ion to the 
IJF; ion, only one of five runs showed any difference from the usual ratio (13) 
fo r  uranium tetrafluoride (UF4) material.  During this run the ratio remained 
a t  22-23 until, at  higher temperatures, near the completion of the run the 
ratio decreased to 13. Uraniurn trifluoride dissociates at temperatures nec - 
essary  to produce a measurable ion beam. A U F ~  ion peak was present 
throughout every uranium ion reception, therefore no pure mass  cracking 
pattern of U F 4  material was obtained. Because sf this complication, further 
attempts to analyze possible radiation damage to UF4 material by setting up 
standard mass  cracking patterns for the uranium fluorides has been discon- 
tinued. 

Cyclotron Irradiated Samples (L. 0. Gilpatrick and J ,  R. Sites) 

Samples of a three -component fluoride eutectic of sodium fluoride, po- 
tassium fluoride (KF),  and uranium tetrafluoride (UF4) were irradiated in 
the 186-inch cyclotron. These irradiated samples and their corresponding 
control samples were studies in the mass  spectrometer.  ' One typical 

- - ----- .. - .-p 
2. 'Quarterly Progress  Report, Aircraft  Nuclear Propulsion Project ,  11 

period ending September 10 ,  1951. ORNL-1154,  page 159. 
3 .  'Quarterly Progress  Report, Stable Isotope Research and Production 

Division, July 1 ,  1951 to September. 30, 195 1 .  Y-821. 
4. '$uarterly Progress  Report, Aircraft Nuclear Propulsion Project ,  11 

period ending September. 10, 1951. ORNL-1154, page 155. 



control. sample had a amount of silicon tetrafluoride (SiF4), with a 
trace of sodium (Na) and UF4. (See Table 11). The corresponding irradiated 
sample showed a large amount, of SiF4 after a burst in pressure  near the 
melting point of the eutectic (450°@), Above 60QQC,  a medium amount of UF4, 
sodium, and potassium appeared, and the peak at  mass  32 greatly increased. 
Undoubtedly this peak is due to oxygen (O;), but there is a slight possibility 
that some of the peak inight be contributed by sulfur. 

Four-Component Fluoride Eutectic (1.. 0. Gi1patrlc.k and J. R. Sites) -- - ,  

Two samples of the four-compoazent fluoride euteetic of lithium fluoride 
(LiF) ,  sodium fluoride (NaF), otassiurrl fluoride (KF), and uranium tetra-- 
fluoride ( U F 4 )  were examined. !! The first sample was prepared by the Ma- 
ter ia ls  Chemistry Divisiori (MGD) of the Y- IL 2 plant by mixing and heating 
the components to form the eutectic, and then grinding the cooled mass  to 
a powder. The second sample was a dry mixture of the specified proportions 
of the fluorides from the bulk chemicals used by the AircrafkNucEear Pro-  
pulsion (ANP) Division. A small portion of this mixture was  heated in the 
source oven inside the mass  spectroineter to form the eutectic. 

The f i rs t  of these samples showcd a small amount of mercury which dis- 
appeared when the temperature was increased, and a medium amount of SiF4 
appeared above the melting point of the eutectic. There was a t race  of 
sodium and potassium, but no uranium o r  lithium peaks appeared. Above 
600°C a considerable amount of lead chloride (PbC12) of unknown origin 
showed up. The seeoald sample also had a medium amount of Sip4 and po- 
tassium, a small amount of sodium, but no urarliuzn o r  lithium peaks The 
mass  32  peak increased colasiderably at  the  higher temperatures. 

Above 460°C the sodium fluoride material alone gave a moderate Plat 
ion peak with no other noteworthy features. Potassium fluoride gave a me- 
dium K' ion peak above h30'C with a s m a l l  amount of SiF4 at  this high tem- 
perature. Prominent unidentified peaks appeared with this material ,  a 
pa i r  of peaks at  masses  9'7 and 99, and an  isolated peak at  mass  76 that 
rose  and declined in intensity apparently independent of any other peaks. 

The temperature of the lithium fluoride material alone was raised to 
730 "C , but no lithium peaks w e r e  found. A small  amount of hydrogen chlo- 
ride (HCl.) and sodiunz appeared, and a very small  amount of SiF4. At  the 
higher temperatures the mass  32  peak intensity increased over a factor 
of three. 

- - . . - - .- . . - - . --- - . . . . .. .-. - -- - - -- - P -- 
5 .  '$uarterly Progress  Report, Aircraft Nuclear Propulsion Project ,  " 

period ending .December 10, 1951. ORNL- 1170. 
-----*--.. 



TABLE I1 

MASS SPECTROMETER STUDIES OF AIRCRAFT FUELS 

p Present during entire run 
1 Present at low temperature 
m Present at medium temperatures 
h Present at high temperature 
o None reported 

t Trace amount 
i Iligh intensity 
u Intensity increases at  high 

tempera ~ I L " T ~ S  

d Intensity decreases at hjgh 
temperatures 



The UF4 material alone had a strong persistent UP5 pattern which changed 
to the normal UF4 pattern at the higher temperatures during the latter part 
of the run. 

In the fluoride runs,  the intensity of the carbon dioxide ( ~ 0 : )  peak at 
mass  44 went through a rather high maximum in the 350"-400°C temperature 
range, indicating the presence of dissociating carbonates. These runs w e r e  
also characterized by the presence of boron trifluoride (BF3), a s  indicated 
by the BF; ion peaks at masses 48 and 49, and by a small pair of peaks at 
10 a n d  I I .  A trace of HCI, appeared in several  of the runs. The prominence 
of the 97-99 pair of masses  in the M F  run may have been due to K ~ F '  ions. 
No N ~ F " ,  KF', o r  L ~ F '  ions were observed in any run w h e r e  they might have 
appeared. 

Silicon Tetrafluoride - Observations - (L. 0. Gilpatrick and J .  R. Sites) 

Even though platinum charge material  containers were used, SiF4 still  
persisted a s  a major factor. in the fluoride runs. This stro~ngly indicated 
that silicon w a s  a contaminant in the constituent chemicals, o r  was introduced 
during preparation. In the event of very intense SiF4 peaks, ~ ~ i e a s u r a b l e  
amounts of metastable mass fragments from the most intense S~F; ion a r e  
formed. The singly ionized, doubly ionized, and the metastable mass  cracking 
patterns of SiF4 are presented in Figure 6. 

Sublimation Studies (L. 0. Gilpatrick) 

A preliminary sublimation study of the fluoride dutect ic components was 
slarted,  and some standard UF4 w a s  prepared by removing the UF5 found in 
commercial UF4 by vacuum decomposition. 

FISSION PRODUCT STUDIES 

"l'rehnetiurn (L.  0. Gilpatrick and 3 ,  R. Sites) . .. ---- . - - - . . . - 

R 20 rng sample of technetium in the form of arnmoniun~ pertechnicate 
(NEi4'FcO4) was obtained from Dr.  G. W e  Parker  of X-10 who separated the 
material from fission products. This sample was converted to an oxide by 
carefullyheating w i t h  HZ@ and NH40H. The mass cracking pattern indicated 

- - - -. .-- 
6 .  Parker ,  6 ,  W. , ~ a & ~ % s  Reed, and J . W. ~ u c h , ~ s o l a t i o n  of Milligram 

A~nounts of Element 43 From Uranium Fission. " AECD- 2043. 



FIGURE 6 MASS CRACKING PATTERN OF TECHNETIUM 
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a complex oxide structure, o r  mixture, a s  shown in Figure 7 .  Only tech- 
netium of mass  99 was observed. Upper limits on other possible isotopes, 
with respect to Tc99, were set in a previous investigation a s  1/30. Values 
set from the data of this study are :  Tc97, 1/3,000; Tc 100, 1/5,000; TclOl, 
l/5,000. The parent materials were technetium tetroxide (Tc04), and tech- 
netium heptoxide (Tc207), with indications of NH4Tc04 and of some acid ions 
such a s  HTc02. The corresponding oxides of rhenium were also found. This 
element was added a s  a ca r r i e r  in the fission product separation because its 
chemical behavior is very similar to that of technetium. In addition, some 
ions of selenium appeared: Sef , s~o', SeO i, and Se;. 

The appearance potential curve for Tc99 i s  plotted with the appearance 
potential curve of argon for this instrument in Figure 8. The onset value for 
argon is within one-half volt of the optical spectroscopy ionization potential 
of 15. 76 volts. However, any accurate onset value for technetium is lost in 
the long tailing off of the curve. The appearance potential from this data does 
not remotely approach the predicted optical spectroscopy ionization potential 
of about 7 . 5  volts. The curve presented can c ~ I y  indicate that the Tc99 ions 
a r e  due to fragmentation of more complex ions, and not by ionization of tech- 
netium atoms. With increased sensitivity of the mass  spectrometer electrom- 
e ter  the tail of the technetium curve might be followed to much lower electron 
voltages, and a more comparable appearance potential determined. 

7. Inghram, M. C. , David C .  Hess,  J r . ,  and Richard J. Hayden, '!Mass 
Spectrometric Study of Fission Element 43, " Physical ~ e v i e w  72: 1269, 
(1947). 



- 

SINGLY IONIZED DOUBLY IONIZED 

(s i  F:-F * Si 9 
METASTABLE IONS 

FIGURE f MASS CRACKING PATTERNS OF SiF4 FROM 

FLUORIDE EUTECTIC 



ION IZING ELECTRON VOLTAGE 

FIGURE 8 APPEARANCE POTENTIAL CURVES OF TECHNETIUM 
AND ARGON 


	3445603609398001.tif
	3445603609398002.tif
	3445603609398003.tif
	3445603609398004.tif
	3445603609398005.tif
	3445603609398006.tif
	3445603609398007.tif
	3445603609398008.tif
	3445603609398009.tif
	3445603609398010.tif
	3445603609398011.tif
	3445603609398012.tif
	3445603609398013.tif
	3445603609398014.tif
	3445603609398015.tif
	3445603609398016.tif
	3445603609398017.tif
	3445603609398018.tif
	3445603609398019.tif
	3445603609398020.tif
	3445603609398021.tif
	3445603609398022.tif
	3445603609398023.tif
	3445603609398024.tif
	3445603609398025.tif
	3445603609398026.tif
	3445603609398027.tif
	3445603609398028.tif
	3445603609398029.tif
	3445603609398030.tif
	3445603609398031.tif
	3445603609398032.tif
	3445603609398033.tif
	3445603609398034.tif
	3445603609398035.tif
	3445603609398036.tif
	3445603609398037.tif
	3445603609398038.tif
	3445603609398039.tif

