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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefuiness of any
information, apparatus, product, or process disclosed, or represents that its use would not ,
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not :
necessarily constitute or imply its endorsement, recommendation, or favoring by the

United States Government or any agency thereof, or the Regents of the University of

California. The views and opinions of authors expressed herein do not necessarily state or

reflect those of the United States Government or any agency thereof or the Regents of the

University of California. '
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N October 3, 1966 : v
B INTRODUCTIdN
’ fRecent;inbrovenents in the energy resolution performance'of photOn
detectors:nade of lithiumedrifted silicon and gernaniumlsemiconductors has .
fmade possiblezthe construction of‘an improved non—dispersive X-ray emission
'vspectrographi A recent article by Bowman, Hyde, Thompson, and Jaredl discusses
the capabilities and usefulness of such-a system. A later report by Hyd
‘ Bowman, and Qisson2 discusses some details in the quantitative analysis of
certain eiements. The present report is an extension of these studies with
the intent of exploring the feasibility of rapld analysis of uranium- or thorium—
'icontaining solutions. A study of the analysis of such solutions has been carried
out before by Forburg and De Ruvo3 by non-dispersive X-ray fluorescence analysis
but these workers used scintillation counters for analysis of the uranium and
- thorium X-rays. The work was done at the Lawrence Radiation Laboratory under
a National Science Foundation Summer Research Grant for Undergraduate Students.
The basic principles of the analysis and the equipment were the same as
1used by Bowman et al.:L and ﬁyde et al.2 and will rot be discussed in detall
4here. In this’preliminary study of thorium and uranium analysis the sllicon

detector rather than the germanium detector was used and L X-rays rather than

X X-rays were excited and measured,.since the sensitlvity for excltation and
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recording,offthevL X-rays was érester;. The study was‘restricted'toAsimple
solutions invwhicn tnekresolutions_of the L X-rays'of these heayy“elements
from the X X-rays of light elements was not a problem.

The 60}2-dey‘I125 was used as the primary source.of radiationlfor excits-i
tion of the L Xjrays oi'thorium or uranium. This isotote decays by electron
capture to a 35-keV level in Te125-which inlturnvdecays to the'ground_state
by a highly eonverted transition£' Hence the major radiations in an 1+
source are the X-raVs_of tellurium': Te K 27.5 keV. and .Te KB 31.0 keV.
These X—rays are. well suited to the ex01tation .of ‘the K X- rays of elements
below tellurium or of the L X-rays of heavy elements For these purposes
Ilgj is superior to the Am hi sources used in the previouslyicited papers.

u

. When I 25 *s substituted for Am the background radiations in the energy
gion below 20 keV are greatly reduced.v-The 60—day half life is a disadvanf
'tage, but the preparation of new sources’at 2 or 3 month 1ntervals is not
particularly_troublesome: - We are indebted to Dr Barclay Jones of the
_Teohnical Measurements_Corpor&tion, Menlo Park, California, for pOinting

125‘

dout to us tne superior merits of I

EXPERIMENTAL PROCEDURE

Preparation of Solutions'

:'Solutions were pretared from welghed amounts of reagent-grade uranium
nit“ate, UC (NO 6H 0, and thorium nitrate, Th(NO )h hH 0. The original
solutions, called standard soWutions, had concentrations of ~ 0.26 gm/ml
“uranium in the uranium standard soluticn and ~ 0.026 gm/mi thorium in the
“thorlum standard solution. These solutlons were later found to eontain

0.2552 * 0.1% gm of uranium per ml and 0.02604 * 0.1% gm of thorium per ml
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by precipitating the corresponding oxalates, ignlting them to the corresponding
oxides, U 3 8 and ThO o and welghing
Other solutions were made by taking aliquots of the standard solutions

(or allquots of subsequent dllutlons) and dilutlng to the required volume in

' Class A volumetrlc flasks with distilled water. The range.of solutions was

about lO to 10 4 grams of uraniwn or thorium;per ml of solution.

- For the uranium and thorium mixtures, solutions of approximately.eQual
coneentrations (0. 00265° gn/ml of U and O. 000604 gm/ml.of Th) were pipetted
into three volumetric flasks to give mlxtures w1th the ratio of uranium to
thorium of '3/1, l/l,‘and-l/3.

To estimate background effects some measurements were also made with

blank solutions which con51sted of nitric acid °olutions with the same nitrate

ion concentration as that of the’ uranium solutions._ Tests were also made

with'pure distilled_water and no appréciable difference from the nitric acid

solution was observed.-

Source Preparation-.
Two 1225 sources;of.approxiﬁatelyké-millicurie and 4-millicurie strength
were prepared from-stock‘solutionsfobtained from the New England Nuclear Corpora-
tion, Boston, Massachussttsgl,Appropriate amounts of solution were evaporated

in the bottom of & depression drilled in & plece of 5-mm thick tin stock

- lem X 4 cm and covered with Epon cement. Tin was chosen because of its

strong absorption of tellurium X-rays. In-the experiments the unshielded -

- .slde of the I 2 mount was placed to face the liquid sample holder. The tin
“metal base_faced the detector housing and.served as a shield of the detector

. from the tellurium X-rays..
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Solution Sample Cell

'l Samples of the solutions to be analyzed were placed in plastic cells
designed for use. in conventional X—ray emission analy51s. We used the G.E.
" ldiquid sample cell kit, Ah960 GB, which lb 8 plastic cell 30 cm 1n dlameter,
“0.8 cm deep, with a vo]nme capacity of ~ 7 ml._ An allquot of the sample
_solution was pipetted intojthe.cell, a'qparter-mil sheet of Saran plastic
was placed on top and an outer retaining ring was slipped over the top and
‘ pressedrdown., This ring held the baran sheet in place and’ stretched it to
form a, flat cell face The-thin cover sheet does not contribute unwanted
X-rays to theerecorded Spectrum nor does it scetter any appreciable number

of the incident radiation'backvinto the detector.

Countihg Procedure

When the sample cell was filled it was placed vertically in a simple
cardboard holder and positioned with 1ts front surface about 2 cm away from
‘the front surface of the semiconductor detector housing. ' The _[l2> source in
:its tin mounting wa, 8 fastened directly to the lower front surface of- the
detector housing withvthe shielded side fac1ng the detector. The cell holder
vo lwaé'stewhat crﬁde butvexperiments showed'that theicell could'be repeatedly
repositioned‘to give readings.reproducible withio-an error of ahout 2 percent‘v
" The geometric relationship of Il?5 source,'sample cell, and semiconductor
detector 1s sketched in Fig. l:‘.

The radiations excited in or scattered from the solution were measured
by the detector for periods of 2 to 10 minutes and recorded as lOO-channel
energy spectra in one portion of'a RIDL 400~channel analyzer Typical spectra
', are shown in Fig. 2. Suitable gain_and bias settings-on~the‘amplifier were

chosen by preliminary calibration runs in the same manner as described in
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Ref. 2. The 100-channel spectra were printed out 6n vaper tdape and the

integratéd counts under the La and L, X-ray peaké‘of thoriuﬁ'or uranium

_ p
vere determined. From this was subtracted the background count rate in
the same energy region when a nitric acid blank solution was substituted

for the heavy element solution. The corrected count was then reduced to a

" value in counts pér minute.

RESULTS AND CONCLUSIONS

Thévobse:ved coﬁn# rafes with La péaks for the yarious coqcentrations-
are given in Tables 1 and é and plotted in Figs} 3 and ﬁ. The figures repre-
seﬁt calibrétion-curves'which could be used for the analysis of solutions of
unknéwn concentration with our apparatus. ‘The curve is linear within the
counting statistics below a'cbhcentratioh of'abouﬁ 2.6 mg/ml. Below a concen-
tratibn of 0.1 mg/ﬁl the rétio 6f L X-ray count to background becomes ﬁoo
small.tg give dépendable resulfs without .a great increase in counting time.
Above 2.6 mg/ml the éurve.bends over bécausé of self absofption of uranium
or .thorium L X-rays in vhe heavy elément solutions. Somewhat greater sensi-

-

tivity and accuracy could be obtained by integrating under the Lg and LY

125

peaks as well as the La and by use of a somewhat larger I source .
The attempt to_analyzé mixed solutions of thorium and uranium were not
pronising owing to the closeness in energy of the X-rays. The resolution of
the detector sysﬁem used was 1.2 keV (full width at half maximum) while the
comparaﬁle X-rays are separatea by'only ~ 0.6 keV. This problem could be
attecked by use of the beiter detectofs now.aéailable with reSolﬁtion charac-
terietics of 0.6 keV or less (FWHM) or by use of critical absorption techniques.
Another approaeh would be to use a highervenergy pximary Y-ray source to'excité

the X X-rays of these elements which are separated by several keV in energy
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and hence easily resolved in the presént spectrometer. The main disadvantage

5T

of this choice is a loss in gensitivity. Preliminary trials with a Co

125

source of roughly the same strength as the I source indicated about & ten-

fold decrease in counting rate.
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Table 1. Count daéé on uranium ga X-rays:

1

mg uranium
per ml solution

(£ 0.1%)

265.2
106.1
26.52
10.61

2.652
1.061

0.5093-
.0.2652
0.1061
5-305
1.698

Count time
(min)

5.0
5.0

U
o

U Ut i o\
©C OO0 OO0 OO0

Uouou W
O O o ©

Mean counts/min-

in U L, peak

" above background?

44800
140600
29400

18100
18543

6320 .
6283
6140

2673
2673

1293 -
T o672
268
11329 -
hohT -

Statistical count error

b

Counts/min -

%5
90
o
60
61

36
35 -
35

23

16

11
7.3

e

29’

H OO0 OO0 OO
N O® ONONOY W

=

o o o -‘
w oo opl

SO o v o
N ¥

a. Mean background from blank run under U Ld peak = 1180. I

125

" source activity ~ 1.5 Mc.

b. Positioning error of approximately 2% is also present in each run.

*A9Y 99TLI-THON



Table 2. Count data on thorium L X—rays.,_'

5.

O W WO O E W DD

g Th/ml Solubion | Comnt time Mean counts/min :‘  Statistical cbunﬁ érrorf‘l'
(£0.1%) : (min) abéseTgag%giziida ' ) Couhts/min"' | } %i

26.0k4 5.0 59900 - 109 0.

10.42 5.0 W00 . 854" o.
5.208 5.0 2100 o 65.0 0.

" 2.60k 5.0 11580 : 48.2. 0.
1.042 5.0 hgs0 31 0.
0.5208 5.0 o505 225 0.

0. 260k 5.0 w67 - 15.3 1.
0.1042 (+ 0.2%) 5.0 529 - ©10.3 1.

a. Mean background from blank run under Th Qa peak = l900_c/min. I_C5 source activity = 1.5 Mc.

b. Positioning error of approximately 2% is also present in each run.

A4 99TLT-T¥ON
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FIGURE CAPTIONS

Fig.'l ' Sketch of geometrical relationship of silicon detector (in its

housing) with the 1+ exciting source, and the solution sample
holder.
Fig. 2 Uranium L X-ray spectra excited in urahium solutions of three

. 2 _ . ‘ ' .
concentrations, 264 mg/em® = 1.1 M, 26.k4 mg/cm2 = 0.11 M, and
2.6h.mg/bm2 = 0.011 M. Counting time = 2 minutes. Bottom curve
shows background fadiation excited or scattered by blank solution

‘of dilute nitric acid during 2-minute period.

Fig. 3 =~ Calibration curve for uranium analysis constructed from data in
Table 1.
Fig. 4+ Calibfatiqn curve for thdfium anélySis.constructed from data in

~ Table 2.
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X-radiation excited in U solutions
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or.provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






