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REVIEW OF RADIOISOTOPES PROGRAM, 1964

J. H. Gillette

RADICISOTOPE APPLIED RESEARCH

Reactor-Produced Isotopes

Copper-67

Copper-67 (61 h), useful in medicine and metallurgy, was produced by ir-
radiating ~26 mg of 92.3% ®7Zn for seven weeks in a partial fuel element
in the ORR. The effective threshold energy for the 67Zn(n,p)67Cu reachbion
is 4.7 Mev.t A solution of the zinc target in 5 M HCl was placed on a
Bio-Rad 1, X-10, anion-exchange column equilibrated with 5 M HCl; 5.4 me
of carrier-free ©“Cu was obtained by elution with 2.5 M HCl. Low-energy
gamma, radiation ranging from 0.091 to 0.184 Mev associated with the beta
decay of ®“Cu can be readily shielded and collimabed for handling and
counting.

Phosphorus-33

Specific uses for S%p include autoradiography, studies of recoil energy,

synthesis of complex organophosphorus compounds, and double labeling of
phosphorus in complex molecules. In comparison to 32P, S5P has a longer
half-1ife (25 d as compared to 14.3 d) and a lower maximum beta energy
(0.25 Mev as compared to 1.7 Mev). Highly enriched 233 or 261 must be
used to produce millicurie quantities of *%P by the 225(n,p) °P or

2801 (n,0) 3P reaction, since ®2P from the associated 328(n,p)32P or
9501(n,0) **P reaction is also present. The effective cross sections of
the four reactions in optimum positions of the ORR and the neutron flux
are given in Table 1.

Table 1. Effective cross sections
for optimum reactor positions in the ORR

Neubron flux Effective cross
Position, ORR Thermal Fast Reaction section, mb
Tsotope 2.2 x 10%% L.k x 10*3 325(n,p)°%p 9.2
stringer No. 1 0.2 x 10%% .4 x 103 33S(n,p)33P 11.3
) .5 x 10M% 1.2 x 10%* 35¢1(n,q)Ep 1%.2
NI stringer -
2.5 x 10** 1.2 x 10**  38¢1(n,a)>%p 10.2

Millicurie quantities of ®SP have been produced by the %8C1(n,a)3%F reaction
using reactor-produced 3607,



Rubidium-84

Rubidivm-84% (33 d), one of the more widely used isotopes as an indicator
of a dynamic system, is important in heart studies. This isotope is usu-
a1ly produced by the S%Kr(p,n)®*Rb rcaction, but contaminating “°Rb (83 d)
produced by the 84Kr(p,2n)83Rb and 83Kr(p,n)gSRb reactions 1s also present.

The reactor production yields of 84Rp by the BéSr(n,p)84Rb rcaction in an
ORR partial fuel element using botn natural and enriched 845y targets are

~

given in Table Z.

Taple 2. Reactor production of rubidium-8k

Irradiation Yield,
Target time, day mae

48 mg 85r(N0s)s

) .
83.3% enriched 9 2.05

271 mg natural SrCOs e 0.103

he effective threshold cnergy for this reaction is 6.1 Mev. Carrier-
free ®%*Rb was recovered by placing a neutral solution of the target on

a Duolite CS-101 cation-exchange colwmm in the ammonium form and eluting
with 0.15 M NH4AC.3 No ©%Sr could be detected in the ®*Rb product (limit
of detection, ~0.5 pc of 895¢).

From the extrapolation of the results in Table 2, yilelds for the enriched

and natural targets are 12 and 8.4 mec, respectively, of ®*Rb per 100 mg
of enriched 2%*Sr under identical irradiation conditions.

Manganese =54

The reactor yields of “%Mn, vproduced by the “*Fe(n,p) *Mn threshold reac-
tion, for various positions of the ORR and LITR are given in Table 3.

Table 3. Manganese-5 reactor yields¥

Relative fast Thermal Tlux, Yield ®*Mn per

Position neuvtron fliux n/cn® . sec 100 mg Fe, pc
ORR
Isctope stringer No. 2  low b8 x 1012 L20
NF stringer intermediate 2.1 x 1014 780
Hydraulic tube No. 1 intermediate 2.6 x 10%% 960
Partial fuel element high 3.2 x 10t* 1500
LITR
Partial fuel element very low 2. x 1013 80

*Yield data normalized to 539-hr irradiation time.



he effective threshold energ; (Eﬁﬁ for this reaction is reported as

S B = yovreff . g-12 :
4.3 Mev* and 5.1 Mev.” According to published data, < the cross section
for this reaction vanges from 40 to 76 mb.

Carrier-free ~*Mn was separated from the iron targets by passing a 12 M
HCL solution of the tarzet through a Dowex-1, X-10, anion-exchange column

el
and eluting the manganese with 8 M HC1.'?

Reactor Neubron Cross Sections for (n,7) Reactions

The reactor neutron cross gection for the production of 1090y by the
10804(n, 7)1°%0d reaction is 0.22 * 0.03 barn (confidence limit, 95%). The
cross section was determined from two irradiations of enriched 08¢ and
from three irradiations of natural silver. The 107Ag was converted to
10904 by the 297ag(n, ) 0%s-E1%8Cq(n,7)*0%Cd reaction. In addition
to the reactor neutron cross section for the lOSCd(n,7)IOSCd reaction,

the reactor cross sections Tor the following reactions, calculated from
the daba obtained in the silver irradiations, are given in Table k.

Table 4. Comparison of reactor and literature cross sections

Product Cross section, barns
Reaction half-1life Measured Literature
OTng(n,7) 0% 1%y =5y, 2.3 n 33.8 30
F7he(n,7) Prg =5y 0.4 *
107pg(n,y) 0% Ay 2.3 1 33 L 30
109 g(n,y)tr0r 1100 2k g, 270 4 99.1 1153
1090 6(n,y) 110 oh s 96.9 110
10985 (n, ) 1My 270 4 2.2 2.8
198¢a(n, y)19%Ca 1.3y 0.22 2.7 + 0.9
110cq(n,y)t1*ca b9 m =1.7 3.1

*¥No data available.

Cyclotron-Produced Isotopes

Nickel-57

The two readily available nickel radiolsotopes (8 x 10%-y S9Ni and 92-y
©5Ni), which decay by electron capture and weak beta emission, present
formidable problems in analysis as well as inconvenient half-lives.

Nickel-66 (55 n) can be produced in the reactor by the 64Ni(n,7)65Ni(n,7)66Ni
reaction; however, calculations show that for a 58~mg isotopically enriched
43 target only 300 pe may be made from a week's irradiation in the ORR.

Of the two remaining useable nickel isotopes, 6.4-d “°Ni is produced by



the 54Fe(a,2nfoj reaction and %6-h ®"Ni by the “BNi(p,pn)®"Ni and the
S8Ni(p,2n)~"Cu ~devay sy reactions.

Nickel-57 was produced by irradiating 0.007-in. high purity normal nickel
foil in the window target facility of the ORNL 86-Inch Cyclotron with an
80-90 pa, 23-Mev proton beam. After irradiation, the nickel Toil was dis-
solved in concentrated HCL and passed throush a Bio-Rad AG-1 ion-exchange

column which effectively removed manganese, cobalt, and copper. The yicld
of P7Ni for a 0.306- -g nickel target was 9.7 mc/hr w1uh a specific activity
ofr 31.7 mc/g

Cobalt-57

Cobalt-57 (267 d) was formed in the above target by the S8 (p,pn) SN
@*~>”7Lo S84 (p, 2n) 57 Cu decay, s7y; B >57Co, Z8Ni(p,2p)°7Co, and ®°Ni(p,x)
S7Co reactlons Tne amount of 27Co obtained was 148 we/hr which is in
fair agreement with a previous rate of ~500 uc/hr since the target foils
were wrapped in 0.002-in. aluminum foils which degraded the beam encrgy.

Lithium metal was irradiated for 3.25 hr with a 210-pa beam of 17.7-Mev
protons to produce a ‘Be yield of ~36 mc/hr by the following procedure.
After the short-lived isobopes had decayed, the targel was dissolved in

0.5 M IHC1 and ~j mg of iron carrier and NH4O0H were added to coprecipitate
"Be along with ¥ (OH) After three such precipitations, the Fe(OH
precipitate was extracted three times with bis- (B cnloroetnyl)ethef to
remove the iron carrier. After evaporation of the agueous phase to in-
ciplent dryness and treatment with 15 M HNOCs to destroy organic matter,
the product was converted to the chloride with 12 M HCL.

Yt rium-86

A 100-mg sample of 97.6% isotopically enriched 885y as SrC0s was irradiated
for 6 hr by a T9-ua beam of 12-Mev protons to produce Y by the

863 (p, )88Y reaction. After dissolution of the target and nickel con-
tainer in concentrated HC1l, radiocolloidal separation (with the iron con-
tent of the nickel tube acting as scavenger) was followed by elution of
yttrium while the iron was retained on the ion-exchange columa. The fol-
lowing yttrium radioisotopes were observed in the product: 63%.0 mec of

86y, 0.96% ®%Y, and a fraction of a percent of 27Y.

A cooperative study of the decay of 88y was initiated with Prot. J. I
Hamilton and his group at Vandcerbilt University and N. R. Johnson, Chemistry
Division, ORNL, to clarify the proposed ©€Y deccay scheme®® with regard to
intensities and multipolarities of the transition. Internal and external
conversion measurements were made in an lron-free double focusing spec-
trometer at Vanderbilt and a lithium-drifted germanium solid state spec-
trometer at ORNL. Gamma spectroscopy measurements with NaI(Tl) crystals
were made at both laboratories.



Yitrium-97
Carrier-free 27Y (80 h) was produced by the 87Sr(p,n)87Y regction from
2h g of >95% isotopically enriched 873y using the 80-90 pa internal beam
and irradiating for 4-6 hr. To optimize the_(p}n) reaction and to reduce
he (p,ﬁn) reaction (which would contribute BﬁY), the proton energy was
egraded to 12 Mev by the use of aluminum absorbers. After irradiation,
he nickel tube and barget were dissolved in hot concentrated HCL. A
few milligrams of iron and NH4OH were added to coprecipifate the yttriun
with,Fe(OH}g. After friltering and washing, radilocolloidal preciplitation
gave >99% yield.

£
a
t

Yttrium and iron were separated on a Dowex-1, X-8, ion-exchange column; the
iron was retained and ythirium passed through. After evaporation and puri-
fication with HWNOs, HCL was added to form the chlorids. The yield was

8.4 me/hr.

YEtrium-88

Yebrium-88 (108 4) was produced by a 2-hr irradiation of 2.4 g of SrCOs

in a nickel capsule by the BBSr(p,n)BBY reaction, using 235-Mev protons
degraded with aluminum absorbers. Small quantities of sheort-lived 86y

and 27Y were also produced from the 863y and ®7Sr present in the natural
strontium target (59Sy = 82.56%). The chemical separation, isolation, and
purification procedures for 80Y were essenbially identical to those used
for 28Y and 87Y. Analysis of the ©%Y product was based on the cbservation
of the 1.845-Mev photo peak, using a 2 by 3 in. NaI(Tl) crystal gamma
spectrometer. The yleld was 2.3 mc/hr with no radiocontaminants 1n excess
of ~107°4%,

Promethium-144

Carrier-free *4%Pm (380 4) was produced by the #*Nd(p,n)***Pn reaction
using 100 mg of 97% enriched ***Nd as the oxide. A beam current of 84 pa
was used Sn the 10-hr irradistion. Promethium-I144 was separated and
purified by ion exchange using a Blo-Rad 50W column and eluting with 0.4 M
a-hydroxyisobutyric acid. A yield of ~10 mc/hr was obtained.

Optimum Target Thicknesses

In the ORNL 86-Inch Cyclotron, where protons of 17-23 Mev energy are avail-
able at beam currents up to ~3 ma, the thick target yield of a particular
igotope will increase with incressing proton energy. This increase 1s due
to the fact that the reaction cross section does not drop to zero after
peaxing (but decreases to ~10% of the peak value with an increase of %=l
Mev in proton energy). For (p,Zn) reactions, the yield per kilowatt-hour
or per milliampere hour rises with increased energy — at least to 23 Mev.
For (p,n) reactions, however, there is an optimum energy at which the
yield per kilowatt-hour starts to decrease, even though the yield per
milliampere hour is still rising. Since the ability of the target to
withstand irradiations at high beam currents, the targelt material costs,
the specific activity, and the general operation of the cyclotron are



dependent on optimizing the target thickness for both (p,n) and (p,Qn)
reactions, a study was undertaken to determine the penetrability of the
beam into flab-plate targets.

Stacked-Toil targets were placed at an incideat angle of 6° to the deflected
beam at a probe position in the deflected-beam pipe. A 0.375-in. water-
cooled, graphite collimator (Fig. 1) was used to center the beam on the

stack of ten 0.001 x 0.5 x 3.75 in. foils. The center 3.0 in. of the foils
was exposed to the bveam (~0.2 ps-hr) and then set aside until the short-

lived radioisotopes decayed to negligible levels. 7To eliminate scattering
effects, an additional 0.250 in. was cut from each end of the 3.0 in. sections.

Ansalyses were performed with gamma spectrometers using (1) a 3.0 by 3.0 in.
NaT(Tl) crystal with a 0.732 g/ecm® Iucite absorber and (2) a 1.5 by 0.080
in. NaI(TLl) or 3.0 by 0.080 in. Nal(Tl) crystal with beryllium windows.
Data were collected with a 512 channel analyzer.

Results of the penetration studies are shown in Table 5. For (p,n) reactions
studies, the optimum thickness (i.e. minimum thickness required to produce
>95% of the desired activity which would be produced in an infinitely thick
target) appears to be ~0.006 in. For (p,pn), (p,En), or (p,}n) reactions,
the optimum thickness for the reacticns studies appears to be =0.,003% in.

Table 5. Results of 23-Mev proton penectration studies

Product Detected Min thickness
Reaction half-life photon, Mev mils mg/cm2
Cpe(p,n)?5Co 773 4 0.845 2.0 60
®"Fe(p,2n)>5Co
58pe(p,3n)°Co
“ONi(p,pn)> ML %6.0 h 1.38 <2.0 L5
Z8Ni(p,2n) 7 Cu—>""Ni,
5851 (p,o)?5Co 18.0 n 0.930 3,2 e
58yi(p,2p)>7Co B+ 267.0 4 0.122 0.5 57
5?Ni(p,pn)?7Ni-“>5iCo Bt s
ZENi(p,on)  Cu—>" Ni+—>2"Co
>SMn(p,pn)>*Mn 314 4 0.8h0 2.0 37
5cu(p,n)®>2n ohs g 1.119 6.0 135
TO%Rh(p,pn) *°%Rh 206 4d 0. 475 2.5 7
1.08
0% (p,n) t9%pg 17 4 20.2 kev* 6.0 190
9% 0(p,n)°%%Cq 1.3y 88.0 kev ~5.0 13%
196pt (p,n)*°%au 6.2 d 0.356 P.5 136
0.331
297pp(p,n)= "B 30y 1.77 3.5 100
208pp(p,on)E°7Rs

*22.5 kev reported by independent analysis group.
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Radioisotove Generstors

Short-lived isotopes can be conveniently obtained by separation [rom a
long-lived parent which is fixed in a matrix. Usually, the parcat radio-
isotope 1s isolated and adsorbed on an ion-exchange resin; the carrier-free

decay product (daughter) is then eluted from the ion exchanger or "genera-
tor" for convenient use on location.

Prevaration of 2.8-h Strontium-87m Generator

High specific activity ©7Y was produced by the 87Sr(p,n)87Y reaction Irom
130 mg of 95.4% enriched ©78r as SrCOs, which minimized ®8Y production
(only 0.96 mc *8Y as comparcd to ~19 mc using normal strontium). After
chemical separation of the parent 87Y, the solution (of 87Y) was evaporaled
to incivient dryness and taken up in 10-20 ml of 0.01 M (Ni,)=COs which
wags then transferred to a Blo-Rad AG-1, X-10, 100 to 200 mesh, iocn-exchange
colunn (Fig. 2) previously equilibrated with 0.01L M (NH4)2CO0sz. The column
was rinsed with 25 ml of 0.01L M (NH4)2C03; then the 2.8-h Mgy daughter
was eluted, as needed, by passing more 0.01 M (NH4)2003 solutbion through
the column. The elution curve is shown in Fig. 5. No radiocontaminants
were detected in the 879y prepared by evavorating the (NH4)2C03 (limit

of detection, 5 x 107° pe, corresponding to 5 x 1077% with a 10-mc
generator) .

Preparation of 6.0-h Technetium-99m Generator (Model I)

An armmonical solution of reactor-produced %Mo was evaporated to dryness

and 0.0L M hCl was added. The solution was passed through an HCl-acidified
ion-exchange colwmn of Alcca alumina, F-20, which adsorbed >99% S0 After
the column had been rinsed with 30 ml of methyl ethyl ketone M was
eluted with 20 ml of methyl ethyl ketone (5 vol % 0.01 M HClS and both
solutions were discarded. After sufficient ¥Tc had accumulated, the
column was eluted with 20 ml of methyl ethyl ketone (5 vol % 0.01 M HC1)
which removed >75% of the FIMpe in ~5 min. Generators charged witﬁvfiﬁoo
ne 9o (~200 mg molybdenum) had <3 x 107%% molybdenum as the only radio-
contaminant in the Z°"Tc product and no alumina or other solids.

Preparation of 6.0-h Technetium-99m Generator ﬁModel I1)

A 0.01 M HCL solution of reactor-produced %Mo was adsorbed onto a Bio-
Rad Z0-1, 50 to 100 mesh, inorganic exchanger and >98% 9o was eluted
with 20 ml of methyl ethyl ketone containing 5 vol 9% 0.01 M HCL. A dual
experiment using ~60 me of Mo for cach column demonstrated that the
product Trom the zirconia column was ~10 times purcr than that using the
alumina column; some 2o leaked through the alumina column.

Preparation of 6.0~-h Technetium-99m Generator (Model III)

Fission product %Mo was used in the Bio-Rad HZOwl/methyl ethyl ketone
system. To prevent large losses of 2FMhp during evaporation, the acid
solution was initially made ammonical. After the column was charged and
cluted, 1OSRu and *?'I were detected in the eluate. An inert diluent
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(hexane) was added to the organic solvent and the 2ANe yas extracted into
the agueous phase, achleving a o9y, 1917 separation factor of ~10°. Com~
parisons using 60 mc each of fission-product and (n,y) reactor-product Mo
showed no radiocontaminents in the reactor-product generator and in the
Tisslion-product generator a progressive decrease in the amount of sy

snd O%Ru (150 pe 121 and 40 pe *9PRu in the Tirst milking) in the first
three milkings. After the third milking, there were no detectable radio-
conteminants (limit of detection, ~107%% of Fqe).

Preparation of 1.7-h Indiwm-11%m Generator

. S A 1180 s
The separation of the 113My daughter from 118-4 11251 was accomplished

using Bilo-Rad HZO-1, 50 to 100 mesh, inorganic exchanger Lo retain the
parent and elubing with methyl ethyl ketone containing 5 vol % 0.0L M HCL.
The first 5 ml of the eluate contained >90% of 1+%™In. Twenty milkings
over a period of one month did not reveal the oresence of any radiocon-
taminants.

Half-life of Cesium-137%°

An accurate half-life value is necessary to determine the decrease in
radiation or power output of 18705 radiation or heat sources with respect
to time. The half-life of *37Cs was determined from the following methods
using a 9—1/2~yr—old 1500 -curie CsCl source: (l) change in the 137C3/135Cs
and 19705 /13305 ratios determined by mass spectrometry; (2) determination
of '37Ce and 1°7Ba content by welght and mass spectrometry; and (3) deter-
mination of specific activity of *°7Us by weight, curie content, and mass
spectrometry. The half-life measurements as found by the three methods
are summarized in Table 6 with the limits of precision given.

Table 6. Half-life debermination of cesium-137
Number Half - Standard Limit of error
Method  of meas-  1life, deviation of at 99% confidence
nureber urements years the mean, years limit, years
1 6 30.55 £ 1.55 £ h,06
2 3 29.78 * 0.14 * 0.6L
3 20 30.72 * 0.12 T 0.25

Distribution Coefficlents

Distribution coefficients involve the extraction of a desired element and
the non-extraction of undesired elements and enable the prediction of sepa-
ration, purification, and decontamination coefficients. 1In the extraction
of radioactive nuclides, the distribution coefficient, Ky, is defined as:

Radiolsctope in organic phase
& P

Ky =
d Radioisotope in aqueous phase
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Extraction of ITron from HCl Solutions with Bism(5~chloroethyl)ether

To separate iron from Be which is coprecipitated with Fe(OH)B, bis-(p-
chloroethyl)ether was used since ibs high density (lower vhase) enables
multiple cxtrachions using the game separatory funnel. Ferric chloride
solutions ot 500, 100, 10, 1.0, 0.10, and 0.010 mM in varying concentra-
tions of HCL were extracted at 22°C with equal volumes of bis-(p-chloro-
ethyl)ether (previously equilibrated with acid of the same concentration).
The analysis was made by counting the 1.097-Mev and 1.289-Mev photo peaks
using a % by 3 in. NaI(Tl) gamma, spectrometer. The results are shown in
Fig. b, where the distribution coefficient of iron in bis—(e—chloroethyl)«
ether is plotted as a function of the concentration of iron and the con-
centration of HCl. It 1s evident from these results that the distribution
coelficient (i.e., the extraction of iron by the organic vthase) increases
with an increase in HCl concentration and a decreasc in iron concentration.

Extraction of Indium from HCL Solutions with n-amyl and n-octyl Alcohol

Approximately 1.0 pc of 130T in 100 A of methyl ethyl ketone contalining
<107*% tin was used to obtain the distribution coefficients. To simulate

a cyclotron target, 34 mg of carrier indium was added. Distribution data
were obltained by shaking 10 ml of the organic extractant (g—amyl or n-octyl
alecohol) with 10 ml of the aqueous solution (2-10 M HC1) containing the
1130y activity. After the solutions were shaken and the phases allowed

to separate at 22°C, 200 )\ aliquots of each phase were taken for counting.
Results from the 0.3935 11801y photo peak counfted on a 3% by 5 in. NaI(TL)
gamma spectrometer are shown in Fig. 5. Data with n-amyl alcohol and 8 M
and 10 M HCL could not be oobalined since the phases did not separate.

Effect of Hexane on Digtribution Coefficients of Technetium-99m
and Todine-13%1

From 200 to 1000 pe of generator-produced 29Mpe in metnyl ethyl ketone

(5 vol % 0.01 M HC1) was used to obbain distribution coefficients (Fig. 6)
by shaking equal volumes of hexane-diluted methyl ethyl ketone with Hz0
or 2 M NH4O0H. After 20 min of contacting time and phase secparation,
samples were analyzed by counting of the O.1k-Mev photon with a 3 by 3 in.
NaI(Tl) gamma spectrometer. Distribution coefficients (shown in Fig. 7)
were obtained from 25-125 pc of 1317 51g0 in methy! ethyl ketone (5 vo1 %
0.01 MVHCl) by the same extraction procedures and analyses using the

0.364 ~Mev photo peak.

Extraction of Manganese-54 from HCL Solution with Bis-(B-chloroetiyl)ether

Cyclotron-produced carrier-free 54Mn, in varying concentrations of HCl, was
extracted with bism(Bvchlorocthyl)ether by shaking 20 ml of the agueous
solution containing 80 pc of “*Ma with an equal volume of the organic solu-
tion for 5 min. After a settling time of 30 min, the solutions were cen-
trifuged and 1.00 ml aliquols of each phase taken for counting; distribution
coefficients obtained are shown in Fig. 8. A 3 by 3 in. well-type NaI(Tl)
and a 5 by % in. solid NaI(T)) gemma spectrometer were used bto detect the
0.840-Mev photo peak.
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Fig. 4. Effect of HC1l Concentration on Distribution Coefficients
of Iron in Bis-{B-chloroethyl)ether.



2 x10~

101

1072

Fig.

14

ORNL—DWG 653294

) Aw“”ﬂﬂQ
[

|

—

-

O p—AMYL ALCOHOL
0 p,-0CTYL ALCOHOL

2

4

S}

8

HYDROCHLORIC ACID CONCENTRATION (A7)

of Indium in n-Amyl and n-Octyl Alcohol.

10

12

Effect of HCL Concentration on Distribution Coefficients



15

ORNL~DWG 65-326R

1
3 x40 | |

| AQUEOUS PHASE: ]
® H,0
O 2 NHuOH

!

A

fd
N

1074 /

O T

'\\\

0 20 40 60 80 100
METHYL ETHYL KETONE IN HEXANE (%)

Fig. 6. Effect of Hexane-diluted Methyl Ethyl Ketone Concentration
on Disztribution Coefficients of Technetium-99m.



16

ORNL-DWG 65-327

102
5
/,_,—-
2 /"/ AN
o
Tok ¢
AQUEOQUS PHASE :
> ® H,0
’, O 2M NH,4O0H
2
10° »
0 AI!’
Ao =
5 So s o
t ‘\\ 4”,
\ g
\ 7
\\ ,”/
2 Yo
107"
0 20 40 60 80 100

METHYL ETHYL KETONE IN HEXANE (%)

Fig. 7. Effect of Hexane-diluted Methyl Ethyl Ketone Concentration
on Distribution Coeffleclents of lodine-131.



o4 ORNL-DWG 65-2622

1078

0 2 4 6 8 10 12
HYDROCHLORIC ACID CONCENTRATION (M)

Fig. 8. Effect of HCLl Concentration on Distribution Coefficients
of Manganese-54 in B;’LS—(B-chlo:v:oe‘thyl)ether-



Blution of Carrier-Free Indium

A Bio-Rad AG-1, X-8, 50 to 100 mesh anion-exchange colurmn (0.5-in. dia by
5-in. long) in the chloride form was charged with ~280 pc of 118-d *5sn.
The 1.75-h 1LaM0y,, daughter was eluted with various concentrations of HCL
at a rate ot 1.0 ml/min for ~60 min, during which time 60 1-ml samples of
effluent were collected and counted by observing the 290-kev isomeric
transition photo peak with a 3 by 2 in. NaI(T1) crystal gamma spectrometer.
Small significant quantities of *7°8n were found in the C.1 to 1.0 M elu-
tion samples scveral wecks later. The L30T elution data, corrected for
the 133n content, are shown in Fig. 9.

The (n,y) Burnup of Promethium-146 in Promethium-147

Promethium-146 was detected in small amounts among the uranium fission
products by Roberts, Wheelwright, and wvan Tuyl,le who pointed out the
possible shielding problems this could introduce with very large (mega—
curie) **7Pm power sources.

The 1600-d half-1ife of **%Pm precludes complete decay or decay to negli-
gible levels within a reasonable period. To determine it the 48P content
could be depleted or reduced by re-irradiation of 147Py in a reactor, it
was necesgary to determine if the effective (n,y) cross section were suf-
ficiently large. The effective cross section Tor the l46Pm(n,7)l47Pm
reaction was estimated as =8400 barns from the following data.

146p 148

High specific activity m was prepared by the Nd(p,n)l46Pm reaction
in the ORNL 86-Tnch Cyclotron from 100 mg o 1%8Nag (96% isotopically en-
riched as Ndz0s) which produced a yield of 15 uc per 8-hr irradiation.
The 23-Mev protons (from the 8L4-pa beam) were degraded to ~12 Mev by the
use of aluminum absorbers to reduce the production of other promethium
isotopes and to optimilze 14Spy production.

After decay of the short-lived radioisotopes, 148py was separated and
purified by elution with 0.4 M a-hydroxyisobutyric acid using a Bio-Rad
50W column. A gamma-spectrometric determination showed 146Py with no
other radioisotopes present. The ratio of the prominent 0.460- and O.T4O-
Mev lines, used as an index of the radiochemical purity at cach step, was
essentially constant (e.g. 2.0%5 at one step and 2.037 af another step).

A 2.10-uc sample of "*%Pm was irradiated for T2 hr in hydraulic tube No. -
of the ORR in the following neuvtron flux:

Thermal 1.22 x lOlf n/cmf.sec
1.5-2.0 Mev 8.35 x 10™® n/cr”.sec
5.0 Mev 3.8 x 1012 n/em” . sec

The gamma spectrum of the irradiated 148py was foliowed for several weeks
until the vrominent 11.1-¢ 1*7Na radioisotope [produced by the (n,y) reac-
tion on the inactive neodymium present] had decayed to negligivle quantities.
The gamma-specbrometric assay showed 1.54 pe of 146Pm, hence a loss of
0.5 pe.



ORNL-DWG 85-2167

counts,/min (x10%

Fig. 9. Effect of HCl Concentratiocn on Elution of Indium-117m.

61



20

Preliminary analyses have been made on the system shown in Fig. 10 using
the TISOCRUNCH Program®” which was converted to the CDC-1604-A computer.

The compubations, shown in Table 7, were made for the LITR, ORR, and HFIR
to determine the reduction of **®Pm by (n,y) burnup, assuming an aged

T47py source (i.e. no l48um) and an irrvadiation in a well~thermalized flux.

Table 7. Reduction of promethium-146 by (n,7) burnup
in the LITR, ORR, and HFIR

147Pm/

Flux, Irradiation Atoms - 1%6py  Increase
n/em® . sec time 148y, 1480y 14%pn ratio  in ratio
0 0 0 1 1 x 10° 108 -

2 x 103 166.0 days 2.%54x10%°  0.8%6x107* 0.8%%x10° 107 10.0
2x10"®  333.0 days 1.08x10% 0.689x107% 0.695x10° 10° 99.4
2 %10 499.0 days 0.901 x10%® 0.576x107°% 0.578x10% 107 996.5
2 x 10t 16.% days 3.32x10%  0.932x107* 0.927x10° 107 10.1
2 x 101 %0.5 days 3%.08x10%  0.881x107% 0.859x10° 107 102.6
o x 10 49.0 days 2.85x10%  0.798x107°% 0.795x10° 107 992.5
2><10lf %9.0 hr 3.5 x 10° O.945><10:l 0.9%6 x 10% 107 10.1
2 x 101> 78.0 nr 3.23x10%  0.893x107% 0.877x10% 10% 101.8
2x 10"  117.0 nr %2,020x10%  0.843x1073% 0.821x10° 10° 1026.8

To achieve, by decay, a ratioc of l4Bmljm/l[mljm which is <1, the number of
half-lives of *%&%pm (41 d) which must be expended is shown in Table 8.

Table 8. Number of half-lives of promethium-148m
necessary to reduce **®Pm/**CPym ratio to <L

14Ty /140py Decay periods of

Reactor ralio L48Mpy - half-lives
LITR 107 15
10° 18
10° 21
ORR 107 15
108 19
10° 20
HFIR 107 15
108 19

10° op
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The specific gamma-ray emission (F); in r/mc.hr at 1 em, is given in
, . e . g n . ) . B

Table 9. The specific gamma emission of 1480p, is about twice that of

146pn, so that an additional half-1ife must lapse when one considers the

relative dose rates.

Table 9. Specific gamma-ray emission (I')
of promethium-146 and promethium-148m

A;(d), IxrT,
Photon, Intensity (I), »r/mc.hr  r/mc.hr
Miclide kev quanta/decay at 1 em at 1 cm
1asp (a) 98 0.07 0.46 0.0%
188 0.01 1.00 0.01

286 0.10 1.64 0.16

309 0.05 1.80 0.09

hi2 0.18 243 0.k

L3 0.08 2.58 0.21

ho8 0.07 2.95 0.21

548 0.91 %.30 %.00

627 0.94 .70 3.48

723 0.31 .30 1.7

Q1% 0.18 5. 30 0.95

1011 0.20 5.80 _1.16

11.07

146p, (D) 460 0.69 I .10 2.8%
Tho 0.49 2.90 1.ho

k.25

zaop,(e) 5% 0.65 5.86 2.51
s 0.30 4,40 1.32

Tho 0.35 bk 1.55

a

C. W. Reich, R. P. Schuman, J. R. Berrethn, M. K. Brice,
and R. L. Heath, Radiocactive decay of promethium-148 and
promethium-148m, Phys. Rev. 127: 192-204 (1962).

bI. M. H. Pagden, R. Jakeways, and F. C. Flack, The decays

of vpromethium-14%, promebhium~14L, and promethium-146, Nucl.
Pays. 48: 555-60 (196%).

“m. ®. FPunk, Jr., J. W. Mihelich, and L. ¥. Schwerdtfeger,

Radioactive decay of promethium-143, promethium-14, and
promethium-146, Phys. Rey. 120: 1781-9 (1960).

dJ- J. Pinajian, Ph.D. Thesis, Purdue University, 1955
(unpublished) .



Computer Programming for Isobtopes Caleulations
1 £ &

The calculation of reactor yields or thermal cutpubs of isotopes usually
requires lengtbhy and often repetitive computations which can be readily
accomplished using a compubter program. Yields for different flux values
and irradistlion times can be obtained in a few minutes of computer time
whnile calenlation by hand may take weeks. Also, compilabtions on yields or
power oubnuts of isotopes can easily be kept up to date by changing the
necessary inpub data as better cross-section values, half-lives, etec.
beconme available.

Two compulber programs developed to handle reactor yleld calculations are
ISOTOPES and ISOCRUNCH. Progr PEST® was developesd Lo calculate
the oplbimum Lime of neutron irradiation for maximum yield, the specific
activity of the product isotope in curies per gram of target material,

and the combined specific activity of the target and product isotopes

for any general Tirst-order reactbion or decay problem. The program was
writbten in FORTRAN-=5% language for the Control Data 1604-A Computer.
Program ISOCRUNCH was developed by adding optional programs to the basic
CRUNCH® code and modifying the inpul and outpul data formats. TIOCRUNCH
can be used to compube the amount of each iscotope in a reaction and decay
halin for any speclfied neubtron flux and time, to sum the conbributions

of variows chaing to the ssme igsotope, to plot the yield of an isotope vs
time for a given flux, and to [ind the optimum time for meximum yield of
an Llsotopre in a chain. The basic theory and use of ISCCRUNCH has been re-
portedl? with sample problems and the FORTRAN calling program included.

Computer program ISCFOWER was developed to calculate the power output of
radiocisotopes in different units (watts/g, watts/cmg, and curies/g)~ The
program will sum the coatributions to the tobal power output from all
izotopes in a decay chalin and from different chaing of a mixed radioiso-
toplc power source. The results can be printed out and plotted as power
output vs time curves on asn assoclated plotter. The program will be
described in a report Lo be published with a sample problem section and
a listing of the FORTRAN 1T calling program.

o . Fay . 1 ]
Two computer programs“o hiave been written; one of which calculates the
fraction of a radiocactive lsotope rewmaining after a speclfied period of
time in different units (sec, win, hr, days, and years). A single out-
out page contains the necessary decay factor corvections for all the
radiolsotopes listed in the ORNL Radio and Btable Isotopes Catalog. The
other compubter program was written to calculate the growth of the radio-
active daughter and decreasge of parent. The exact solution to the equation,
AN, T / :
ATATA - Tn ~ Th)ant J/T
el (KT [(Tg - Ta)rgtl/Tp
A B
where
NA and NP = pnumoer of parent and daughter atoms, respectively,
D
rpoand Ap = decay constant of parent and daughter, respectively,
Tp and Ty = half-life of parent and daughter, respectively, and
t o= time,

was programmed to give the output in two forms — graphic and tabular —
[Sis . .
e.g., the output for I8l 4y Fig. 11.
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RADIOILSOTOPE TECHNOLOGY

Process Improvement

Carbon-14

The ¢ process was reviewed to determine yields from irradiated BeasNo
and isotopic purity of L4 produced under counbtrolled conditiong. The
principal #C compound evolved during dissolution of the Beslls in HoB04
was methane, indicating that the o produced by the l‘1‘1\1(1'1,;0)146‘ reaction
in the Begls target is in the form of BezC. Forms of carbon in the target
other than carbide are released as CO and COn. These gases can be sepa-
rated from the “C methane by reaction with cobalt oxide at high tempera-
ture before the “*C methane is converted to COz. After a caustic scrubber
was installed in the process gas stream ahead of the high temperature con-
verter and the converter medium was changed from copper oxide to cobalt
oxide, the *C yield increased ~50%.

Isotopic purity of **C increased to an average of 90% from ~80% before the
process change. Slnce any normal carbor present as BeosC in the barget
mzterial cannot be separated in processing, future gains in isotoplc purity
can be made only by target purification or increased neutron irradiation
time.

Phogphorus-3:2

An interfering precipitate which hindered various 3P tagging procedures
was observed when the HCL solution of orthophosphoric zecid was adjusted

to pH 8. Chromatographic analysis revealed the presence of orthophosphoric
acid and interfering metal phosphates.

Similated “P process runs using unirradisted sulfur failed to yield a
precipitate when the residual solution (HC1) was adjusted to pH 8-9, which
indicated that the interfering precipitate was introduced by the irradis-
tion of containers or reagents used in procesgsing. The procedure was
modified by ringing the aluminum irradiation can with wolten sulfur rather
than treating it with concentrated HNOs, and by substituting s quartz dis-
tillation vessel for the platinum vessel previously used during the distil-
lation procedure. Since initiation of these two process changes, the
occurrence of precipitate at pH 8 has been reduced below limits of detection.

Xenon

As uses of 13%e increase, especially in medical diagnosis, product purity
becomes more important. Reduction of atmospheric gas contamination and
oxides of nitrogen to ~lO% of’ total xencn present was accomplished by
increased vacuum integrity and the addition of a high temperature calcium
trap. Prior to this improvement, the atmospheric gases were present to

the extent of 80-90% on a routine basis. New process equipment is being
designed to reduce contamination to <5% on routine products.
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Xenon-131m (12 4) has been produced by the 1297 () 18072 5180x¢ (5, 7) 130y e
resction. The usual method for the preparation of 1%M{e 4is by collection of
the beta decay product ol 13115 however, the irradiation of 1297 i3 less
costly. In some applications, P8 e can be used in place of 15%%e.

Tritium

Loading °H on uranium traps to remove SHe has been done without controlling
the efficiency of uranium tritide conversion. Since this purification step
represented ~50% of the °H loading and processing efforts, any improvement

in the loading efficiency has a large effect on cost associated with the Sy
process. Installation of a monitor in the discharge line from the traps per-

=)

mits uranium to be lcoaded to near capacity without loss of SH by overloading.

Todine-131

Designs for modifying the present 1317 processing cells to make them more
adaptable Tor the changing 18y production reguirements have been started.
Prototype equipment for two proposed 13ly production methods was Tabri-
cated and tested. The I'irst process, called the dry process, involved
melting the uranium-aluminum btarget and recovering the 1311 and 12%e from
the gases given off during melting. A quartz vessel placed in an REF heat-
ing coil was used to make several experimental runs with simulated and
actual target rings. During initial runs, >90% of the iodine released
during melting plated out on the walls of the melfing vessel and did not
reach the recovery traps. Flowing helium through the vessel during melt-
ing to carry the iodine improved the recovery ~75%, but the precise con-
trol needed for a satisfactory recovery was not desirable for production
operation; therefore, equipment develovment for this process was discon-
tinued. During three of the test runs, experiments were conducted to
ovtain an idea of the losses that might be expccted due to the plating of
iodine on the stainless steel process lines. The iodine in the carrier
helium was passed through a trap containing type 316 stainless steel
raschig rings of known surface area on which 81T had plated Lo the ex-
tent of 0.1h curie/in.2 of cxposed surlace.

The second propesed process required a pressurized dissolver in which the
targel ring is dissolved in a closed system. Afler complete dissolutilon,
the gas is bled off slowly to recover *®Xe and the solution is processed
to recover TSMI. A prototype dissolver was designed and fabricated and
several test runs with simulated target rings were made at pressures up

to 1400 psig to determine btemperature and pressure data for different
dissolving conditions.

Dissclution of Noble Metals by Alternating Current

A simple procedure has been developed for the dissolution of the noble
metals in HCL by using half-wave and full-wave alternabting current elcc-
trolysis. The rates of solution for Au, In, Ir, Pd, Pt, and Rh were
investigated along with those of several other metals resistant to HCL.
Tests were also conducted on the dissolution rate of gold to determine
the cffect of varying the fregquency of the alternating current.



The equipment 1s easily constructed from two 10-amp variacs, a 1Z2-amp
silicon dicde, and electrical leads. Only the primary windings of the
second variac are used. Three burns of No. 6 copper wire are wound around
this coil to produce 0-10 volts as a supply to the electrodes. The sili-
con diode is connected in an alternate leg of the system and cupplies

half-wave instead of fTull-wave current. The metal to be dissolved forms
one of the electrodes and graphite the other.

Dissolution rates are a function of acid concentration, current density,
and frequency of applied current. In most cases, the fastest rate will
be produced by the most concentrabted acld, the highest curreant density,
and a low cycle of alternation. The dissolution rates in 9 M HCL using
€60 cps full-wave and half-wave current and current densities are listed
in Table 10.

Table 10. Rates of dissolution for various metals in 9 M HCL

using 60 eps alternating current and current densities
Dissolution rate, Current density,
mg/hr.in.= amo/ cn=
Metal Full~wave Half-wave Full~wave Half -wave
Gold 10% G983 G.62 0.46
Cadmium 2550 5172 0.62 -
Copper 2he6 2078 .77 0.33
Indium 2657 2070 0.62 0.62
Tridium 22 0 0.46 -
Palladiunm Thly 1596 0.5k 0.31
Platinum 66 0 0.69 -
Rhodium 172 0 0.46 0.31
Tungsten o2 25 0.46 -

The acid concentration of the electrolyte has a marked effect on the rate
of dissolubtion. Ivery metal except iridium dissolves at a faster rate in
12 M than it does in 3.2 M HCL. A number of metals dissolved at a greater
rate when half-wave instead of full-wave current was applied. The use of
hal{~-wave current increased the dissolution rate for gold in 9 M HCL by a
factor of 10. Cadmium and palladium dissolution increased by a factor of
2 and copper, indium, and tungsten dissclved at approximately the same
rate. Platinum, iridium, and rhodium did not dissolve in HC1 using the
half-wave method.

The effect of wvarying the frequency of the alternations in the current
supplied to the electrodes was studied. The dissclubtion rate of gold

in 9 M HCY was investbigated using alternating currents of b5, 60, and
100 eps. At 45 cps the dissolution rate was 1872 mg/hr.in.®. The rate
dropped to 998 mg when the frequency was increased to 60 cps and dropped
further to 235 mg when 100 cps current was applied.
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Agitation during dissolution became necessary a8 the metal 1n solution
approached stoichiometric guantities. Melals that dissolved slowly ex-
hibited very litile change in the rate of solution due to agitation.

Metals that had a fast rate of solution definitely dissolved at even Taster
rateswhen the electrolyte was agitated. Without agitation, depletion of
the acid in the immediate vicinity of the retal being dissolved slowed

the rate.

The rates of dissolution for some of the metals were increased by the
addition of flucride to the bath. A solution of 1.4 M HF in 3 M HCL was
sufficient to increase the rate for iridium metal from 3% to 42 mg/hr.in.2
The rate for platinum increased from 17 to 27 mg and the tungsten rate
increased [rom 62 to 397 mg/hr-in.z.

Tantalum metal did not dissolve in HCl. The addition of 1.4 M HF, however,
enabled the dissolution to proceed at a rate of 82 wg/hr.in.=.

Crystallization of Cesium Tetraoxalate®r

esium tetraoxalate proved to be a useful intermediate compound for con-
verting cesium alum and other cesium concentrates Lo useful chemical com-
pounds from which many other compounds can be readily prevared.=< eslum
tetraoxalate was crystallized from cesium-rich solutions with >90% yield
undey optimum conditions. In converting the cesium alum to tetraoxalate,
a yleld of T70% was achieved with <1% cocrystallization of the A15T. Any
cesium remaining in solution was recycled and over-all process losses were
low. Cegium tetraoxalate is sufficiently stable under radiation to be
used as an intermediate in processing fission product 370g.

Cesium betraoxalate was calcined at 450°C to CsoC0s which was readily con-
verted to cesium glasses or cesium salls. The process was demonstrated at
FPDL and accepted for routine use for preparing multikilocurie quantities
of 137CsC1 and cesium glasses. The FPDL fission product cesium recovery
and purification process in which cesium tetraoxalate was used is shown

in Fig. 12.

During 1963 and 1964, ~700,000 curies of *°7Cs as cesium alum was con-
verted to useful source compounds by the cesium tetraoxalate process.

During continuous operation, cesium alum has been converted to cesium

chloride at a rate >0.05 megacurie/week. All 370501 products made in
1963 and 1964 were prepared by this process.

Radioisobope Fuels Bnvironmental Test Laboratory

The conceptual design has been completed for a facility to test isotopic
power supplies under simulated space and deep ocean conditions. The
proposed building, called the Radioisotope Fuels Environmental Test Labo-
ratory, will have ~25,000 ft% of floor space and will contain a 15-ft-dia
by 25-ft-high vacuum chamber for full system tests, [our smaller vacuum
chambers for component testing, and a 4-ft-dia by 10-ft-long pressure
chamber capable of handling pressures eqgulvalent to ocean depths of

50,000 ft. The proposed building will also contain a hot cell for fueling
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experimental devices, and facilities for handling both shielded and un-
shielded isotopic power units. Tests required for Tlight approval and
facilities for developing new conversion devices and handling techniques
willl also be provided in the new laboratory.

Cooperative Programs

Cooperative Test of Cobalt-60-Powered Thrustor*

A 6OCo—powered space Thrustor prototype was tested in a hot cell in coop-
eration with Marquardt Corporation and U. S. Air Fcrce personnel. Heat

is produced in heat exchanger plates by absorption of The gamma radiation
from 50,000 curies of 896 metal in the form of T4 fuel pins. The heat is
then transferred to hydrogen gas flowing betwecn the plates and exiting
through a rocket nozzle. The maximum temperature achieved during the
tests was 1280°F under no-Tlow conditions at the exit nozzle. The fuel
pins operated at only 50°F lower than the heat exchanger exit temperature
due to inadeguate insulation.

Cooperative Test of Strontium-90-Powered Thermoelectric Unit

The largest 9OSrTiOS pellets ever prepared were fabricated for an RCA
thermoelectric gencrator test device which required 85,000 curies in a
single unit. Green pellets of 4.06-in. dia were pressed from calcined
9051 Ti0s powder and sintered at 1400°C. The pressed pellets had diameters
of ~%.5 in. and densities averaging 3.8 g/ml. Eight pellets of ~15,000
curies each were prepared; six of them were used in the final source.
After storage the pellets developed cracks from internal thermal stress
but none were damaged beyond use. The pellets were doubly cncapsulated
in welded capsules to supply power for the converter. The fuel capsule was
loaded remotely into the generator which operated in a vacuum chamber

for >1400 hr at a surface temperature of 1100°C. The over-all thermsl-
to-electrical efficiency of the thermoelectric generator was 4.6% and
there was no degradation of converter efficiency during the test.

Krypton-85 Enrichment System

Work has started on the installation of a thermal diffusion process for
isotopically enriching ®°Kr. The system will have six 36-tube electrically
heated columns arranged in two 3-column cascades, a shielded loading-
unloading station, a cooling tower for column heat disposal, and remotely
operated valves, pumps, and controls. With ~5% feed material about 56 days
will be required for batch operation through the two cascades to give an
annual production rate of %000 curies of 45% 85Ky or correspondingly
greater amounts of lesser enrichments. Installation of the equipment in

an existing cell block with 2 £t of concrete shielding will be completed
during the first quarter of 1965.

* ) .
Marguard?t Corporation tradensme.



Source Development

Technetium-99

. a 299 ) A e 4 . s
Oxide~free Tc metal was electrodeposited onto various metal foils from

a dilute aqueous solution of ammonium pertechnetate in acidic ammonium
oxalate with a yield of >99%. This procedure should be useful for large-

scale preparation of 99T metal because of high yield, high vurity, and
simplicity of operation, and for the preparation of beta gources which

are used in the medical profession23 to coagulate blood and inhibit the
formation of scar tissue from kelold-forming material. The 0.29-Mev bets
rays Crom R penetrate deep enough to stop blood flow dbut, becauge of
thelr low energy, do not cause significant radiation damage. Technetiuom-99
need not be recalibrated frequently because of its 10°-y half-life. It

has a simple decay scheme, decsying 1004 to the ground state by beba
emission.

Oxides of technetium have been electroplated from acid solution by Perrier
and Segre®? who first demonstrated many of its chemical properties, by
Glass and Bleidner®® in their work on electrochemistry, and by Motta,
Larson, and Boyd®® in their studies of tracer chemistry. Rogers®’ used
oxide deposition to separate technetium from molybdenun and rhenium.
Matsura and Yumoto=® prepared pure bechnetium oxide beta sources on thin
Tfoils by deposition Trom an zlkaline solution.

Motta, Larson, and Boyd26 prepared the metal by electrodeposition from a

1 M Hab504 solution contalning a small guantity of fluoride which increased
their yield from 25 to 75%. Although Bakins and Humphries29 were able

to plate the metal from 4 M HoS04, the addition of fluoride did not lwmprove
their yield and deposition stopped after ~25% of the hechnetium had been
plabted. This was dve to an accunulation of a brown-colored reduchion
product of the ammonium pertechnetate in the bath and required continuous
addition of peroxide to convert This compound back to the pertechnetate.

The acid concentration necessary for the depogition of metal rather than
oxide was interrelated to the oxalate conbtent of the electrolyte. If the
oxalate cencentration were reduced, the acid concentration had to be in-
creased for mebal deposition. Technebium-99 recovery on copper was >99%
complete with a metal purity of 99.0 and 99.%% as determined by polaro-
graphic and coulometric analyses, respecbilvely. Table 11 shows the HzpBS04
concentration required to produce an adherent 9T metal or oxide £ilm on
various metals from a 0.7 M oxalate solution.

. A . -~ .. b=
A satisfactory current density for deposition was 1.3 amp/cm . Current
densities >1.3 &mp/cm3 produced a metal deposit which did not adhere to
the cathode when dry.
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Table 11. ®Bulfuric acid concentration necessary
to plate technetium-99 metal and oxide

Hob804 concentration, molarity

Metal for metal for oxide
Copper 0.45 0.32
Nickel 0.87 0.58
Aluminum 1.1k 0.7L
Silver 1.4 0.87
Gold 1.0 0.87
Stainless steel 141 0.87
Platinum 1.90 1.1k

Examination of metallic deposits under a 750-power microscope showcd that
technetium was deposited on the surface of the foil in the form of micro-~
scopic spheres ranging in size from 0.00008 to 0.0007 in. in diameter
(Figs. 1% and l&). These spheres were bullt up in layers, with the lower
layer completely covering the foill and subsequent layers forming pyramids
of metal commonly called "trees." As the thickness of the deposit in-
creased, the voids were filled and new layers of pyramids formed. The
spheres were easily broken from the tops of the pyramids by paper wiped
across the surface of the deposit which picked up a reading of ~20,000
dis/min. Readings from subsequent wipes decreased until the fifth vead-
ing was <10 dis/min above the background reading.

The purity of 97¢ metal (produced by hydrogen reduction of the oxide)

was improved by lowering the reduction furnace temperature Trom 1000°C

to T00°C. Metal produced prior to this purification contained ~10% oxygen
and 1,000 to 100,000 ppm silicon. The cooling cycle after reduction was
changed to maintain hydrogen Ilow over the metal until room temperature
was reached. The new cycle produced >99% 99Tc metal with an oxygen con-
tent of <1%.

Americium-Beryllium-Curium

A method Tor fabrication of neutron sources composed of g nmixture of 2420m,
24']'Am, and beryllium was developed and tested. This unique system permits
fabrication of the source under low ncutron yield by cncapsulating a
pressed pellet composed of =41am oxide on prowdercd beryllium metal, fol-
lowed by neutron lrradiation in a reactor to produce 2420 by the

241Am(n,7)242A39§>242Cm.reaction. Neutron yields of 107 have been ob-
tained using 0.010 g of “*lAm. Some gamwa actlvity is associated with
the neutron yield due to fission producis from the 241 0m. Figures 15 and
16 show the energy curves of 241am-Be-242Cn gsources.

Lridium-192

. . e .. 192. . . .
High specific activity v radlographic sources were prepared by irra-
diating thin ~2-mil iridium metal ribbons and then lusing them into spheres
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13. FPhotomicrograph of Electrodeposited Technetium-99, Reduced 8%.
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Fig. 1%. Photomicrograph of Electrodeposited Technetium-99, Reduced 89,.
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of ~1/16-in.-die size. Iridiuwm-192 specific activities as high as 800
CUfle/? have been obtained by this method. Burnup of 1927y is of greater
gignificance than decay in long term irradistion to produce high specific

activity sources, thus the yields achieved by irradiation of ordinary
pellets in high neutron flux reactors are limited. By reducing the mass
of dridium to thin sections, one can obtain high utilization of the 1927,
produced at or near the surface of the target. 8Since the radiographic
spherical source is Tormed after irrsdiation,. a homogeneous concentration
of ¥2Ir in the form of a small point source is obtained (Fig. 17).

Ceramic Sources

A technique was developed, tested, and placed in operation for the prepara-
tion of fired ceramic forms containing various radioisotopes. TFabrication
of the ceranic into any geometric design is carried out before addition of
radioisotopes. Cold fabrication reduces cost and permits a greab deal of
latitude in the choice of fabrication methods. Adsorption of the quantity
of the element that will exchange with the ceramic can be controlled
precisely. Based on the welight of the ceramic and the known adsorption
capacity, the actbivity concentration can be varied to provide the desired
amount of radioisotope. The ceramic is then fired at its fusion tempera-
ture to form a stable glass structure. As a result of firing, the lon-
exchange properties are exchanged for increased chemical stability.

Promethivm-147

A TO-curie **7Pm source, Lo be used in determining the damage to solar
cells by ~80-kev electrons, was prepared for space-radiation simulations.
The energy spectrum obtained is shown in Fig. 18. The source was fabri-
cated fromAgotab31um gilicate and promethium oxide (wnwch was distributed
over ~25 cm™) reacting at ~1100°C to form a glass. A total pota sium
silicate and promethium oxlde weight equivalent to ~25 mg/om. was obtained.
A5 mg/cm Pyrex overlay was Tused to the surface to 1cducc swear con-
tamination to a low level. The electron flux above 25 kev was ~h.6 x 101°
ele Lfrons/cm..oec at a distance of 2 cm.

A low energy 147py peta source was prepared by sorbing 147py onto the sur-
face of a prepressed pellet of aluminum silicate. The pellet was then
fired to incorporate the promethium into the silicate as a glass. This
pellet was placed in an aluminum holder with an open window 5/16 in. in
diameter to measure the density of shock waves in air.

A 10-mc ¥7Pm beta source producing K x rays from tin was prepared as a

sandwich' source between 2-mil tin foil. After encapsulation in aluminum
with a 10-wil window, the K x-ray intensity was 2.08 x 10® photons/min at
1 cm. The characteristic x-ray peak was 62% of the tobtal bremsstrahlung
produced.

Phosphorus ~352

e . . . .
About 200 °FP sources (Fig. 19) were prepared to be used in a blood irradia-
tor to study the synergistic effect of zero gravity and radiation on white
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blood cells. Bince the experiment was designed for in-capsule gpace
flight, high integrity sources were requlred. To obtain uniform activity
over the surface of the source, B2p s incorporated inte filu-forming
media such as silicates and polyvinyl alcohol. This bechnique, while
providing a high degree of uniformity, vacuum integrity, and good adher-
ence, was not satisfactory under conditions of high moigture. A compromise
in the uniformity of ®%P distribution over the surface of the source
permitted fabrication of high integrity sources by bonding filter paper
to platinum plagues and then saturabing with P solution. After drying,
the paper wassaturated with dilute catalyzed epoxy whichn dried to form g
stable coating.

Beta Sources

Use ofl beta sources for dirvect conversion to electrical power is highly
dependent upon sources with high beta emilssion. Since gelf-absorption
within the active layer limits such sources to thin cross sections, our
experimental program has been directed toward ceramlc coating, cermetls,
and alloys which can be fabricated into forms weebing specific reguire-
ments. Dependence upon thick capsules Tor safety under all cconcelvable
conditions is not compatible with high output; at present, therefore,
sourcesmust be considered in relation to specific use and equipment.

Flame spraying the rare carth oxides produces coatings with many desirable
properties. These coatings are being considered for preparing large-area,
high-curlie electrostaltic propulsion sources; however, surface roughness
and low electrical conductivity may Limit their usefulness.

Strontivm~90

. DO e R . .
seventeen l-watt (160~cur1e) JOSTfLOB sources were prepared. Square
90511105 sinbered pellets (1L x 1 x L/4 in.) were also prepared with good

results. Test pellets were made from varying grades of auSrTiOg to inves-

tigate varistions in density as related to Ti0sz content.

A small 985rTi0s beta backgcabber source for measuring coating thickness

was developed. Approximately 30 millicuries of jOSrTlOB was placed in
the end of a source holder & in. long and 0.080 in. in diameter. Most of
t

he radiation was emitted laterally through the 0.002-in.-thick end window.
A s011d state detecltor at one side and slightly below the source received
backscatter beta radiation. A number of these szources were fabricated

and placed in operation.

Preliminary work during the last year indicated that beta process irradis-
tor concepbs may provide methods of high energy transfer to reaction mix-
tures. A pebble bed reactor loaded with 9 with the heta emitter fixed
in a ceramlic medium inert to the reagents involved in the conversion
process will be tested early in 1969 (Fig, 20.)

50:50 weight ratio of aluminum powder and 2°SrTi0s into a pellet, operated
for several days. When formed under a pressure of ~90,000 psgi, the pel-
let had good mechanical strength and electrical conductivity. This source

A converter powered with a 200-mc 2951 source, prepared by pressing a



42

PHOTO 68156




!

YL

was centered in a spherical cavity, ~1 in. in dia, machined from two
blocks of aluminum,(Fig. 21). Tt was held in position with a guartz bush-
ing ingulator through which an eclectrical connector was passed to the
outside of the assenbly. In a vacuum, currents of 107° amp ab 240 volts
were obbained from this device. A second converter, in which a quartz
insulator was placed between the source and the collectorn produced currents
of 1072 amp at 1350 volts at abmospheric pressure. When this device was
placed in a vacuum, the voltage dropped due to micro discharges caused by
poor geometry of the vacuum system components. Improvements in the vacuum
system and converter design to reduce micro discharge are under way. Ob-
jectives of this program are to obtain iInformation for designing converter
systems that will operate in the 50-100 kv range at low current.

Low Energy X-ray Sources

A number of low energy x-ray sources were prepared Tor analytical and
radiographic applications.

A fission-produced 1545m oxide source, encapsulated in aluminum with a
15-mil window, produced ~2l-kev gamma peak and an output of 9.7 x 108
photons/min at 1.0 cm.

A 60-mg P91 pressed pellet encapsulated in aluminum with a 15-mil window
produced, at 1 cm, 2.4 x 107 photons/min of the characteristic K & x ray.
Approximately 0.38% of the total beta disintegrations were converted.

A Ysandwich" source of 10 me of 1% Pm oxide between two 1.2-mil molybdenum
foils of T7.0-mm dia was encapsulated in an aluminum holder with 10-mil
window thickness. An estimated 98% of the beta radiation from the **7Pn
was abszorbed in the molybdenum 7oil. The conversion efficiency of the
source gt 1.0 cm was 0.15%. By using 2.0-mil wolybdenum foil without
aluminum encapsulabion, the efficiency was increased to 0.6%.

After evaporating SSFe(NOB)g onkto platinum, decomposing the nitrate, and
reducing the oxide to metal by heating in a hydrogen atmosphere, iron

can be fused into the surface of the platinum to produce a source of very
thin zections which is useful in radiography to obtain the structure of
thin plant tissue in detail.

Welding Methods

Welding developrment work using both electron beam and tungsten-inert-gas
(TIG) methods has bheen carried out during the year. The depth of penetra-
tion of TIG fusion welds of intermediate temperature alloys (Hastelloy,
Tnconel, etc.) is limited to ~100 mils unless the weld is designed for

the addition of filler metal. The maximum penetration of refractory
metal alloys achieved without the addition of filler metal has been
~20-30 mils with this process

3]
{)

Uranium-232

232y . , . .
A total of ~100 mg of U was obtained from various ORNL sources. The
&2 - - - -
282U and the daughter products were converted to chlorides in HC1 and then
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separated by ion exchange. This process provided an adequate decontsmina-
tion Tactor (~7)) for ““8Th and other daughters from 22U with a yleld of
99% of the Z%¥U. & 1T70~mc 2287y evaporated source was prepared from this
separation. Two evaporated sources, one 10 mg and one 1 mg, were prepared
from another bateh of “°°U.

Tonization Chamber Calibration

Calibration of ion chambers used for routine assay of irradiated cobalt
netal and the validity of results have been investigated. Both sample

and measuring geometry were lmportant parameters in obtaining reliable
results. To obbain dependable secondary standards, a series of encapsulated
sources ranging from 1 to 205 curies (at encapsulation) have been built and
standardized.

The icnization chambers are fillled with hermetically sealed nitrogen.
They contain brass electrodes and a collecting volume of 100 ecm®. By
operating with a 150-vol®t potenftial across the electrodes and using 1 in.
of lead for attenuation, samples ranging from 1 tc 205 curles produce ion
currents from 6 x 107 to 2 x 107% amp which are measured with an ORNL
0-826 electrometer. This is an AC-powered vacuum-tube instrument com-
pensated for tube drift by placing carefully mabched tubes in opposite
legs of the bridge with a 0.Z2-velt sensitivity for full scale deflection.

A set of secondary standards for lon-chamber caLbeatlon was prepared
from drradiated cobalt with varying specific activities. A senszitive lon
chamber with potentiometric readout was used and was callbrated with NBS
89Co standard solubtions and checked with stenderds calibrated by 4 coin-
cidence counting.

The pieces used Tor standards were of three different types selected from
ion-~-chamber measurements made in duplicate. 8Bix palrs were 20 mm by

1w diges, two pairs were 10 mm by 2 mm discs, and one pair was 10 mm
by 10 mm right cylinders. The results of ten replicate measurements on
one piece indicated that the activity of palrs selected should not differ
by more than 3%.

Disintegration rates measured ranged from 5 x 10°% to 3.8 x 107 dis/min.
The results were converted to curie units uvusing dilution factors and
defined disintegration rate for a curie (3.7 x 10%° dis/sec). Duplicate
dilutiong were made and agreement was excellent. The maximum difference
between duplicate analyses was 2%.

ITon-chamber measurements were made in triplicate on each of the nine pairs
of secondary standard pieces. Data from the standards were used to draw
calibration curves Tor four electrometer sensitivity ranges. The maximum
activity that can be measured on each of the four ranges is 7.8, 23.9,
80.0, and 235 curies, respectively.

The ion-chamber reading for the cylindrical sample was 90% of the value
predicted by the calibration curves. Measurements on the 10 mm by 2 mn
dises, stacked to gimulate a cylindrical source, gave simlilar results
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which showed that source dimensions and measuring geometry must be con-
sidered when making ion-chawmber assays. The curves produced are valid
for discs up to 20 mm in dia and 2 mm thick, measured with a face toward
the ion chamber. However, correction factors can be established for
other geomelries and source dimensions.

Since oxidation of irradiated cobalt metal creates a contamination
problem and changes the activity of the source in an unpredictable way,
a series of stainless steel encapsulated sources ranging from 1 to

205 curies was built. Compensation for source dimensions and measur-
ing geometry was achieved by using the calibration curves to standardirze
the encapsulated standards. The activity content is ~20% higher than
the assigned value. As the source decays, the relationship between
true and assigned curie content remains constant, and conventional
decay corrections can be used.

To check the accuracy of ion-chamber assays for 6OCO, a large tele-
therapy source was bullt from twenty 20-mm-dias by 1-mm-thick discs.
Ton-chamber assay indicated that the activity ranged from 60 to 107
curies per piece. The total for the Lwenty pieces was 1672 curies.

A calorimetry method developed by Fosey, Butler, and Baxer®® was used
to determine the thermal oubput of the source (26.5 watts). This
corresponds to an activity of 1720 curies after using a conversion
factor of 15.36 watts/kilocurie reported by Arnold.®l The ion-chamber
value is lower than the calorimetric value by less than 3%. The good
agreement indicates that accurate °°Co assays can be msde rom ion-
chamber measurements.

F'ission Preducts Development Laboratory Operations

During 1964, 1,200,000 curies of P95rC05 was received. The vnloading
procedure was modified to remove >99.9% 903y in low acldity solution

ready for direct processing. Under the earlier procedure, up to 8%

29y had been recovered in highly acid sclution which required con-

siderably more processing. Total SOSrTiOS produced during 1964 was

1,175,000 curies. In a one-nmonth period of continuous S0g¢ process-
ing, 460,000 curies of “98rTi0s was prepared.

The first large-scale shipment (500,000 curies) of 1%4%0e in the form
of mixed rare earth sulfates was made from the HAPO to the FPDL in May.
The unloading procedure was identical to that of 9OSrCOB except for

the concentration of the acid used to rinse the cask. No problems were
encountered and the only significant difference between 903y ana *%Ce
handling was the lack of any detectable pressure buildup in the 14%0e
cask. Casks loaded with similar curie amounts of 9OSrC03 usually in-

crease in pressure at a rate of ~0.5 psi/day-

A shipment of fission product rare earth solution containing 49,000
curies of #7Pu was received. The **7Pm solution was accidently dis-
charged in a cell during transfer and drained into a waste holdup
tank. Temporary equipment was setl up to recover this material which
was processed by oxalate precipitation of the rare earths. Total
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amount of 1%7Pm that was eventually recovered in suitable Torm for
ion-exchange separation was 36,400 curies. About 18,000 curies was
purified by ion exchange and eluted with DTPA.

A total of 372,000 curies of 1870y was received in elght Shielded Transfer
Tank shipments. Mainstream *°7Cs crystallizations were conducted with
only two shutdown periods -— one for a falled agitator and the other for
major revisions in the crystallizer system.

Cesium-137 is retained when 3,000 gallons of Hanford fisgion-product
waste (9 M NalOs) is passed through a shielded transfer cask contain-
ing 400 gallons of Decalso.® Four transfer casks, each containing
0.05 megacurie of 13705, are then transferred to ORNL by rall. The
1870s is eluted Trom each cask wibh 1200 gallons of 5 M NH,NOs and
becomes feed material for cesium processing at the FPDL. The major
advantage of this method is that cesium can be concentrated in a solid
form Tor transporting from Hanford to ORNL.

A single order for 215,000 curies of encapsulatbed 137¢s sources in the
form of rectangular plates was completed for shipment to Brookhaven
National TLaboratory. FifTty-seven sources were prepared — U8 from
1970501 and nine from *®7Cs glagss. The sources, each doubly encapsulated
in welded stainless steel containers, will be used 1n a gamma irradiator.
Seven other ®7Cs gamms lrradiation sources were Tabricabted totaling

20,000 curies. Other 1870¢ shipments included 12 teletherapy units

(EL,OOO curieg), 109 miscellancous sealed sources (600 curles),_l9 un -
encapsulated pellets (2lOO curies), and 2% shipments of bulk L3 70s01

powder (35,000 curies).

One hundred ninety-nine 1370 sources, ranging in size Trom 20 to 500 me,
were prepared by sorbing 13705 on an inorganic ion exchanger (Decalso),
melting the Decalso into platinum cups, and then melting inert Decalso
on top of the active material.

General Maintenance

Routine building maintenance was carried out at a level comparable to
previous years. The servicing of manipulator arms and booting con-
tinved to be the largest single item needing maintenance. Wo major
structural changes were made. Panels were installed to partially
enclose the area over the cell block and the crane bay was painted to
improve visibility. Locker room facilities were expanded to accom-
modate more personnel .

No full plant shubtdown was necessary during 1964. During the crystal-
lizer system shutdown, an extra tank was modified to serve as a third
crystallizer in the primary crystallization stream, providing an extra
scavenging step on the 13705 waste sbream. During one shutdown, the
process control cell was opened for the first time since 1999 to be
repaired.
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An additional Shielded Transfer Tank was made available for '27Cs ship-
ments and provided significant advantages in scheduling. All of the
tanks were coated with a new types of protective paint which decreased
decontamination time.

Waste Disposal

Solid waste disposal continued Lo present a major problem. More than
2000 gallons of contaminated solid waste was removed from the manipu-
lator cells during the year. A method of sealing individual waste
packages in heavy plastic before removing was developed. This addil-
tional containment of radicactlive material lessens contacination on
the waste carricr and provides better protection during the burial
operation.

Muach of the cquipment from the 1570501 preparation cell was removed
rerctely. Entry to this cell for final decontamination and instailla-
tion of new eguipment is scheduled for the first quarter of 1965.
While this cell is out ol service, final processing of P00l is
being done in temporary eguipment in cther cells.

Both process contrcl manipulator cclls were decontaminated and repaired.
One was repaired in conjunction with the revisions to the 8708 system.
In the other, the inner pane of the shielding window cracked during a
routine hot o0il flush, so the cell had to be entered to repair the win-
dow. This cell had been operating for over four years since its last
decontamination.
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Source Classification System

The major accomplishments during 1964 have been the completion of the
Source Cla
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Table 13. Proposed ORNL source classification syster
environmental characteristics
Operating Operating Temperature-

temperature
. O
resistance, °F

temperature
o
range, I

Thermal shock
range, F

humidity
cycling

QO for 1 hr

750 for 1 hr

1700 for 1 hr

2550 for 1 hr

4500 for 1 hr

52 to 212

SHO to 212

-520 to 500

-76 to 1700

32 to 3000

212 to 32 then
to ~T76

212 to O then
to -T6

500 to 52 then
to =76

1700 to -76

3000 to -320

200°F —100% RH
to 35°F—5% RH
2 hr cycle

time for 48 hr

Same as A

No requirement

No reguirement

No requirement

One hundred twenty sources representing 37 commercial designs were classi-
fied according to the proposed Source Classification System to determine

if sources designed by different companies Tor similar applications would
give consistent results. These trial classification results, given in
Table 14, show that most (TO%) multicurie source capsule designs (tele-
therapy, radiography, and neutron sources) fell in the Class III strucbtural
category, while most (85%) gaging type sources, which normally contain

<1 curie, were In the less demanding Class LI.

Table 14. Trial classificabion of representative

commercial sources

Application Class Number of designs
Teletherapy IT1B 2
Teletherapy I11c 1
Gages ITIB 2
Gages IIc L
Gages ITB 5
Gages TTA 2
Radiography I1IC 9
Radiography ITIB 2
Radiography LIc 2
Radiography IIB 3
Neutron JIIIC 3
Neutron ITA 2




While these results are consgistent with the intended use of the capsules,
the temperature clasgses of the sources were less consistent. The same
wide varliation in temperature reslistance of sources intended Tor similar
applications was noted in earlier phases of the Source Bafety Testing
Program when >300 sources were tested to obtain values for the Source
Classification System.

Source Application Rating System

The inspection of old sources, particularly those which had been exposed
to accildents during use, was continued to obtain background information
for the Source Application Ralting System. The results of these investi-
gations follow:

1. A 1870sCl gage source in a stainless steel capsule with a back-
soldered threasded closure used to measure density of solid rocket
propellant was in a rocket propellant explosion and Tire. Examina-
tion of the source revealed thal the solder had melted, but the
screw closure remained intact with no transferable activity on
outside surfaces of the source.

2. bEight ~l-curie 8%y sources (with non-threaded soldered closures)
which had been in use for ~5 years for gaging the melt level in
blast furnaces were sent to ORNL for inspection. The lead housings
and solder seal of four had melted from overheating and all four
were leaking. The other four showed no evidence of leakage. Photo-
micrographs of the capsule material did not show any interaction
between ©°Co wetal and stainless steel capsule.

3. Three 8900 gage sources, similar to those described above and used
in the same way for ~2—l/2 years, were returned by another steel
production company. The solder joint on one looked corroded, and fthe
source leaked when gilven the vacuum leak test; the other two did not.
No transferable activity was found on the outer surfaces of the three
sources by use of a standard smear test.

L. TFive beba gaging sources, each containing ~50 mec of QOSr, were re-
ceived after they had been in a fire. The source capsules were
1/2 in. in dia by l/u—in.—high stainless steel in aluminum housings
with 1.5-mil-thick brazed covper end windows. The seal on each
source was a threaded plug brazed with a silver-bearing braze mate-~
rial. The source compound inside the capsules was baked onto ceramic
discs. Three of the sources were completely separated from their
aluminum housings, one had only a glob of aluminum on one end, and
the remaining source wag still in the aluminum houging which had
partially melted around it. Three of the sources had cracked end
windows; however, based cn the amount of activity fouand in the rubble
around the sources, it appears that only a fraction escaped during
the fire.

5. A multicurie *27CsCl irradistion source was

received for inspection
after giving a pogitive swmear test. Examinatil

on did not reveal leaks
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but did reveal transferable activity on the source capsule. An
autoradiograph of the seal weld showed several spots of activity,
and successive radiographs made after thin layers of the weld area
were removed indicated that the weldment was contaminated with small
amounts of the source compound which were gradually causing leak
indications during the smear tests.

Tritium Evaluation

Tritium losses from titanium and zirconium foils at elevated temperatures
were determined. Titanium foils hold “H well until the 200-250°C range
is reached when °H is relecased at unpredictable rates. Zirconium foils
released °H at temperatures below 100°C. Results from °H activated
phosphor indicated that ~0.5% of total °H was released ab temperatures
up to 150°C. Above 200°C the ®H is given off al unpredictable rates.

Extended Test Programs

Certain sources are examined for aging and radiation exposure cffects
over an extended period by subjecting them to periodic tests, usually
once each year.

Water soak tests were conducted on 2-ycar-old alpha calibration sources.
The amounts of activity removed by these tests were insignificant as in
previous tests.

Soak tests on “H activated phosphor paints were conducted. The °H which
Jeached into the water during the soak tests increased in some cases three
times as much as one year ago. Some of the paints began to flake off the
aluminum backing wmaterial. Radium activated phosphor paint logses in-
creased by a factor of two; however, no flaking was observed. The paint
samples in both cases were two years old when tested.

Evaluation of Test Methods

The only criterion determining failure of a classification test is the
presence of a leak 1n the source capsule at the conclusion of the test
that was not evident prior to the test. A simple leak test has been
developed33 for use with the classification tests and for potential use
as a quality control procedure in source manufacture. The source to be
leak tested is immersed in ethylene glycol or lsopropyl alcohol and the
Pressure above the liquild reduced to about 125 mm of Hg absclute; a leak
is indicated by a streanm of bubbles rising through the liquid. The sen-
sitivity of the test was debermined by preparing a number of calibrated
leaks, measuring the hole sizes microscopically, and measuring the leak
rates. Under the test conditions described above, leaks as small as

% x 107% cn®/sec can be readily detected and leaks of 1 x 107 em®/sec
have been detected by subjecting the capsule to a higher gas pressure
immediately before the test. The relationship betweenthe leak diameter
(D), surface tension of the immersion liguid (T), and pressure differen-
tial required to initiate bubbling (AP) can be expressed by the empirical
equation, AP = AT/D- Either isopropyl alcohol or ethylene glycol can be



ed as the immersion liquid because of thelr relatively low vapor
pressures and surface tensions.

The vacuum leak Test can be used only if there is a free volume in the
capsule adequate to support a stream of alr bubbles in the event of a
leak. The test has been used successfully on samples having free volumes
a3 small as 0.1 cm®; however, this is considered the minimum volume at
which it should be used. In cases where there is not sufficient free
space in the capsule tor the wvacuum leak Lest, an albternative test can
be used. This test involves adding a small amcunt of an easily soluble
cesivm or Lithium salt (cesium or Lithium chloride) to the non-radiocactive
source compound in the orototype capsule being tested and submerging the
source 1in waber in a vessel which is alternately evacuated and vented to
atmogpheric pressure for a periocd of 20 minutes. The waber is then
analyzed by a photometric technigue capable of detecting cesium concen-
trations as low as 0.003 pg/omg. A soluble radicactive tracer (1370501,
24NaCl) can be substitubted Zor the non-radicactive tracer and standard
counting methods used for analysis.

In addition to the above tests, four other simple leak tests have bheen
investigated.

1. Smear Test

The source is wiped on all accessible surfaces WLLh an absorbent
paper disk 25 mm in dia. No attempt is made to "scrub' the source
vigorously, but it is thoroughly wiped, using moderate pressure on
the paper. Although both wet and dry smear papers are used, the
wel smears consistently vlck up a higher count than the dry smears.
In 21l cases in which a webt smear shows a leak, however, the cor-
responding dry smear also shows a leak

N
B

Hot -Water Bubble Tegt

The source at room temperature is quickly immersed in water that is
Just below the boiling point (~90°C). If a stream of bubbles emanabes
from the source due to the expansion of air in the source, a leak is
indicated. The gensitivity of this !

3. Air-Pregsure Bubble Test

This test is a variation of Test 2 above. The source is placed in
a pressure vessel at 540 cm Hg air pressure Tor 15 min and then is
guickly ftransflerred to the hot water. A leak ig vresent if a stream

of bubbles iz observed.

M. Weiszht-Gain Test

The source is first welghed to an accuracy of at least 0.1 g and is
then placed in a wabter- Plliwd pressure vessel at 1800 cm Hg pressure
for 1 hr. The source 1s removed from the pressure vessel and re
welghed. A gain in welight indicates thal water has entered the cap-
sule through a leak.

test is estimated to be NlO"4cmd/sec,



The following conclusions can be made from experience with these leak
tests:

1. The smear test does not always give indication of a leaking source
capsule.

2. The weight-gain test is unreliable, particularly when there are small
leaks or when there may be extraneous material on the capsule that
can be dislodged.

3. The air-pressure bubble test is only slightly more effective than
the hot-water bubble test. The scnsitivity of the alr pressure
test could probably be improved by increasing the pressure and
performing the entire test 1n a siangle vessel.

4. The vacuum leak test is the most sensitive and reliable of the tests
and detccted leaks when all other methods failed. The test 1s not
effective, however, when the free volume inside the source 1s too
small to support a stream of bubbles, e.g., interstitial theragpy
needles. This test may not be satisfactory in the case of a large
leak which permits the air to escape in one or two large bubbles
that might not be seen by the observer.

5. The value of a thorough visual examination should not be discounted,
for, in many Instances, examinatlion of scal arcas under moderate
magnification (5X-20X) clearly revealed porosity.

An attempt was made to define the hole size in a capsule containing water
soluble source compounds that leaked. A hole, 0.0015 in. in diameter, was
drilled in a typical 1370501 source capsule containing non-radioactive
CsCl equivalent to a 1500-curie source. The capsule was placed in water
to soak for 20 deys. Water samples, taken at periodic intervals, showed
cesium egquivalent to 160 + 50 pe from the total 1500 curies. Additional
experiments with other hole sizes and capsule arrangemcnts are planned.

Detection of “H activated phosphor contamination using the ultraviolet
light was evaluated. Material representing as little as 64 dis/min could

be easily detected.

Shipping Container Testing

Several tests have been conducted to improve the safety of ORNL radioisctope
shipping containers. An ICC Specification 3AA gas cylinder was dropped
from a height of 30 ft conto a concrete pad and continued to hold a vacuum
of <10 microns of mercury. A package, consisting of an ICC Specification
2R container surrounded with vermiculite for shipping 239Pu, successfully
withstood a 1/2-hr fire test but failed the l-hr test. Fire tests werc
conducted on various gasket materials to tind onc suitably resistant for
radicigotope ghipping containers. A Hastelloy-C asbestos spiral wound
gasket proved satisfactory although expensive. Work on the use of intu-
mescent paints appears encouraging.



Cesium~137 Thermoclectric Generator

] 18 o
or made of “®7Cs borosilicate

A 120~thermal-watt thermoelectric generat

glass was reburned to ORNL. The *27Cs gource was sealed in a ursnium
block insulated with multiple layers of 7 Llective insulation with the
thermoelectric converter unit on one end of the block. The block had
originally been nickel plated to protect it from oxidation, bubt disas-
sembly of the unlt showed several areas of oxidation where the plabing
had apparenbly failed. A new contaliner to protect the uranium block
from further oxidation has been Tabricated, and the conceptual desigm
for a new insulsabing container has been completed.
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ISOTOPES INFORMATION AND QUARTERLY REVIEW

The responsibilities of the Isotopes Information Center include: (1) pro-
ducing the quarterly Technical FProgress Review, Isobopes and Radiation
Technology, (2) establishing a library of accessioned material relevant
to Divigion of Isotopes Development interests (1souope applications and
production) sultable for rebrieval of documents and information, for
rublishing the Technical Progress Review, and for providing critical
state-of-the ~art reviews covering various subjects within the AEC areas
of interest, (5) writing short brochures dealing with production and
uses of isobtopes, and (L) carrying oub miscellaneous assignments appro-
priate to the Isotopes Division and Isotopes Development Center as well
as ARC's Division of Isotopes Development functions.

T

Isotopes and Radiation Technolom

During 1964, the first volumwe of Isobopes and Radiation Technology was
completed and three issues of Vol. 2 were published. Fifty reprinbs of
articles were made available to authors. Volure 2, No. 3, was based on

a comprehn Onsive coverage o isobope production and applications presented
at the 196L4 Geneva Conference. It covered ~40 papers, many of them in
cons 1d@fablc detail.

Information Center "Library"

During the year, ~1600 documents and several hundred microfiche were
accessioned. In addition, several thousand abstracts were placed on

5 by 8 in. cards for future accessioning. The Termabrex (peekwamboo)
systen was inaugurabted and most of the accessioned maberial has been
indexed by punching addresses on the Termatrez cards. The part that has
veen indexed is now avullable for promph retrieval.

Special Publications

The rough draft of a comprehensive brochure, "Isotopes in Industry," was
written for the ARC as part of their "Understanding the Atom" series. It
is now being edited in Washington. A nunber of translations of in-scope
foreign articles were made available as part of the ORNL translabion
series.
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Miscellaneous Activities

Miscellaneous activitlies have been quite varied.

1.

Foreign journal articles of interest to DID have been reviewed for
the Library of Congress contract. The contract (0ID) cards will be
discontinued and the Information Center will put out an expanded ver-
sion of "Radioisotopes in World Industry" according to our agreement
with DID.

About 20 Division reports were edited and published or submitted for
publication. Considerable time was spent on the ORNL Radioisotopes
Procedures Manual which was made availaple in Junc.

Submissions to Intern. J. Appl. Radiation Isotopes (JARIL) were re-
viewed and selected.

Six showings of the activation analysis exhibit have been handled
during the year.

Members of the Information Center participated at the Gatlinburg
Isotopes Conference as cochalrman, at the sccondary radlations con-
ference in Chicago on the program committee, at the National Federation
of Science Abstracting and Indexing Services Conference in Washington
on the discussion panel, at the American Society of Agricultural
Engineers Meeting in New Orleans as guest speaker, and at the DID

Sixth Annual Contractors Meeting in Washington on the advisory
committee.

Numerous letters have been written to provide technical information
and assistance in reply to letters of inguiry addressed to the Center.

A large number of forelgn letters have been translated [for the
Information Center and for the Sales Department.

Approximately a dozen trips were made to lecture to various groups
on isotope production and applications and technical writing. (This
included participation in the ORINS Traveling Lecture Program. )



1963 1964
Account Sales Fund cost No. of Miliicuries Fund cost of Sales Fund cost No. of Miiiicuries Fund cost
-No. Isotope _proceeds of sales shipments shipped production . proceeds of sales shipments shipped production
Inventory Items
3651 arbon-14 $ 209,662 $ 102,121 179 43,688 $ 96,078 $ 213,913 $ 124,228 155 53,981 $ 106,800
3652 Cesium-137 10G,239 Th, 267 210 37,579,432 509,592 306,8L6% 361,739 195 298,921,101 409, k27
2653 Cobalt-60 L1,180 59,392 16 49,410,900 57,298 110,113 148,396 18 207,4k2,017 52,738
2654 -104 Promethium-1L47 25,005 127,633 148 L 585,409 51,677 27,420 59,533 138 L, 602,306 38,342
%654 -106 Technetium-99 9,320 8,504 35 134,201 mg 126,840 51,927 L6, 587 45 1,225,223 mg 48,501
3654-107 Krypton-85 79,930 Ok, k59 172 6,983,833 12,576 80,126 78,937 168 5,455,505 13,041
3661-268 Chlcrine-36 17,439 13,078 13 54.9 5,026 23,954 18,611 127 7 11,402
3661-327 Nickel-63 19,287 7,054 59 2,204 6,575 10,7C8 4,821 69 1,599 7,667
3661-365 Thallivm-20k4 15,649 7,177 65 22,837 3,725 2,940 1,251 57 2,852 3,574
3662 Strontium-90 8,492 7,097 111 2,289,075 1,694,480 17,725 30,849 119 8,255,493 1,312,31k
3663 Tritium 119,162 82,217 171 101,121,678 91,417 111,165 91,197 182 99, 854,689 90, 541
134,201 mg ) 1,225,223 mg
Total Inventory Ifems $ 654,365 $ 582,98¢ 1,297 252,0%9,130.9 $2,655,284 & 976,847 & 966,1k9 1,273 62k, 539,620 $2,095,347
Major Product Items
3654-10% Cerium-~1bi $ 3,218 $ 1,795 80 45,252 $ 3,000 $ 2,272 66 73,258
3654-117 Xenon-133 8,815 17,049 101 290,890 14,854 24,899 166 711,522
3655 Todine-131 br,759 40, 362 1,577 225,800 33,606 40,796 1,254 146,907
3656 Iridium-192 37,445 29,981 96 5,664,650 10,157 10,783 5% 1,369,297
3660 Phosphorus-32 7,674 61,577 2,170 82,11 51,337 52,148 2,001 53,526
3661-278-9  Calcium-45 (P-1, P-2) 26,235 15,721 %02 2,684 22,085 14,373 301 2,391
3661-281 Calcium-45 (P-3) 18,898 11,312 151 k19 18,989 11,462 152 Lok
3661-26k Calcium-k7 hi,267 27,000 238 201 il 643 36,078 220 220
3661-296 Copper-64 7,918 6,186 11 6,252 4,392 6,227 147 3,383
3661-302 Gold-198 16,007 10,658 158 260,120 1,627 5,773 108 20,537
3661-315 Iron-59 57,647 37,043 48k 1,931 L9, 209 30,826 LeT 1,640
3661-33% Potassium-42 11,029 7,970 658 4,693 9,680 8,652 567 h,e2h
3661-355 Sodium-24 9,768 6,53 467 1,467 8, oklh 7,310 ko7 1,177
3661-358 Strontium-85 40,362 18,778 262 808 40,207 21,992 178 80k
3661-360-2  Sulifur-35 18, 74T 18,002 kg3 16,880 17,645 11,195 L2 14,008
3661-379 Chromiuwm-51 19,601 17,925 o4k 10,92% 3,996 5,176 85 2,115
3661-386 Phosphorus-33 (New) 2
Total Major Product Items $  Lho, 394 $ 328,712 7,622 6,615, 381 & %3%3,469 $ 289,962 6,656 2,405,433
Development Figsion Products
3654-105 Europium-155 $ 20 1 2 & 25 i 1
3654-108 Iodine-129 L,4Ls5 28 2,588 ng 21,877 41 27,133 g
2,888 ng 27,133 mg
Total Development Fission Products & 4,465 S 665 29 2 $ 21,902 $ 13,331 4o 1
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1963 1964
Account Sales Fund cost No. of Millicuries Sales Fund cost No. of Miilicuries
No. Isotope _proceeds of sales shipments shipped oroceeds of sales ghipments shippad
Minor Fission Products
3654-100 Barium-140 $ 2,753 120 1,242 $ L 387 101 1,674
3654-101 Strontium-389 6,337 126 1,79% 9,006 1k 5,542
3654-102 Cerium-141 515 Lo e 707 29 168
2654-109 Gross Fission Products 775 27 388 702 24 256
2654-110 Zirconium~Niobium-95 L, 033 127 2,400 6,673 133 3,868
3654 -111 Niobitm-95 2,631 58 264 2,054 40 506
3654-112 Praseodymivm-143 100 2 2 900 7 i8
2654113 Neodymium=-147 1,583 22 32 2,154 21 134
3654-11k Ruthenium-103 1,757 48 176 1,584 31 141
3654-115 Ruthenium-106 5,591 5% 810 b 7oy 58 580
3654-116 THtrium-91 2,29k bt 922 2,111 36 726
Total Minor Fission Products $ 28,359 $ 41,947 670 8,201 $ 35,002 $ 58,671 624 11,153
Miscelilaneous Development Items--Processed Materials
3661-250 Antimony-122 $ 129 9 43 $ 80 3 14
3661-256 Argon-T76 554 10 38 270 9 1
3661-260 Arsenic-T76 346 o2 175 440 26 209
3661-262 Arsenic-T7 0 0 0 100 Iy 8
3661-264 Barium-131 357 9 6 420 7 T
3661-266 Barium~133 7,967 59 82 13,720 68 136
3661-270 Bismuth-210 283 8 28 275 6 25
3661-273 Cadmium-109 1,872 35 24 4,898 35 64
3661-274 Cadmium~-115 100 9 29 562 13 164
3661~300 Gallium-T72 582 15 164 235 8 56
3661-303 Iodine-125 10,300 123 2,759 15,075 8 15,015
3661-30k Gold-199 1,763 29 362 L5 9 64
3661-305 Todine-130 812 48 688 1,212 L1 960
3661-317 Lanthanum-140 798 60 4=z 2,368 Lh 693
2661-321 Mercury-197 ThT 19 1,925 5,535 60 12,491
3661-325 Molybdenum-99 G33% 58 62h A2 52 602
3661-331 Palladium-109 131 9 132 225 15 174
3661-335 Praseodymium-142 153 5 52 115 3 35
3661-337 Rhenium-186 385 24 1ok 459 18 1hk
3661-343 Samarium-153 475 18 200 Los 13 157
3661.-350 Silver-111 175 11 5 225 8 oL
3661-36T7 Thulium-170 2,207 23 5,843 1,500 14 4,905
%661-370 Tungsten-187 195 7 35 50 2 2
3661-381 Selenium-T5--Eariched 16,662 53 666 34,887 98 1,398
3661-382 Argon-33 220 i 0.2 cc 3] 0 G
0.2 cc
Total Miscellaneous Development Items--Processed Materials $ 48,146 $ 38,80k 664 14,565 & 84,023 $ 73,050 564 37,361




1963 1064
Account ~ Sales Fund cost No. of Millicuries Sales Fund cost No. of Millicuries
No . Isotope proceeds of sales shipments shipped proceeds of sales shipments ghipped
Minor Processed Material ITtems
3661-252 Antimony-124 $ 681 %9 185 $ i,k11 L5 280
2661-254 Antimony-125 1,406 17 14 3,000 23 29
2661-272 Bromine-62 2,434 95 653 2,651 &0 713
3661-275 Cadmitm-115m 3,003 43 g1 2,619 26 103
2661-285 Cesium-134 829 L8 677 Th3 27 312
3661-293 Cobalt-58 3,Lkh1 45 i72 1,330 14 £9
3661-295 Cobalt-60 (HSA Processed) 2,822 12k 1,405 3,602 108 1,425
3661-298 Europium-152, -154 2,420 30 2ko S70 21 87
3661 -306 Hafnium-181 545 22 365 611 24 221
23661-308 Indium-114 34k 35 e 1,125 34 187
3661-311 Iron-55, =59 599 1% 17 385 8 il
3661-31k4 Iron-55 10,757 69 314 G,274 39 315
3661-323 Mercury-203 10,519 173 10,521 28,521 165 27,371
3661-329 Osmium-191 210 6 21 80 3 8
3661-339 Rubidium-86 1,43k 278 4,953 6,511 269 9,349
3661-345 Scandium=-46 828 61 3,314 1,183 49 3,59k
3661-347 Selenium-T75 HSA 426 39 346 8Ly 29 389
3661-348 Silver-110 853 5 655 1,349 55 h1s
3661-363 Tantalum-182 565 20 139 850 27 138
3661-366 Tin-113 2,519 53 T2 2,288 L6 6L
3661-368 Tungstern-185 382 27 94 710 20 149
3661-372 Votrium-g0 136 10 Le 973 ie 28
3661-37h Zinc-65 3,147 165 1,407 8,922 151 4, 410
Totsl Minor Processed Materials & 50,360 $ 52,081 1,470 25,304 & 80,242 $ 52,247 1,275 Lg, 723
134,201 mg 1,252,356 m
C.2 cc - 0O c
Total Radioisotopes $1,228,099 $1,0h6,099 11,752 258,70%,083.9 $1,531,485 $1,453 410 10, 43k 627,09%, %321
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196% 1964
Account Sales Fund cost No. of Millicuries Sales Fund cost No. of Millicuries
No . Isotope proceeds of salesg shiomeats shipped proceeds of sales shipments shipped
Service Irradiations

3558-190 86-Inch Cyclotron $ 106,279 $ 136,425 ihh 142 8.5 $ 173,381 $ 180,937 168 168 8.1
%655-193 Reactor Service Irradistions 51,1Lk0 36,878 5ik 511 8.I. 51,782 40,857 428 hih §.1.
3658-194 Cooalt-60 Gamma Lokl 1,597 6 68.I. L, 724 3,457 7 6 8.I.
3658-196 Naval Research Laboratory--LITR 76,7352 71,035 79,0117 87,115
3658-198 Naval Resesrch Leboratory--ORR 3,975 208 72
3658-199 NASA--0ORR 5,001
3659-200-1  Activation Analyses 5,180 3,510 9 8T Anal. 1,378 L87 2 2 Anal.
3559-20% Special Services ‘ 70,066 95,895 1 87,391 69,937
365G =204 Target Preparation--Radioisotopes 2,190 (1,451) 17,400 3L,318
3659-205 Cobalt-0C Source Selection 131,279 14, 8k6 18,9k9 10,451
3659-206 Cesium-137 Source Fabrication 40,130 25,179 49,115 38,991
3659-209 Incoming Transport Charges--Customer Service il 150 1,237 1,719
3663-521 Tritium and Deuterium Target Fabrication 16,825 14,128 g3 19,520 14, 71k 120

659 8.1. . 538 8.I.
Total Radioisotope Services $ 390,952 & 398,301 767 87 Anal. $ 503,888 $ L83,095 725 2 Anal.
3631 Packing and Shipping $ 267,885 $ 213,231 $ 2Lk6,05h $ 221,451
3640 Isotopes Sales Department $ 208,533 - $ 199,098

137,089 mg 1,252,356 mg
0.2 cc C cc
659 S.I. 5688 s.1.
57 Anal. 2 Anal.

TOTAL $1,886,936 81,866,164 12,519 253,703,08%.9 $2,281,427  $2,357,054 11,159 627,093, 321

1Tnecludes fund cost Lransfer of $225,843 from Brookhaven National Laboratory for 21&,994 curies of cesium-137.

ZFund costs only are billied.

S.I. = Service Insersions
Anal. = Analyses
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