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E. D. EARLE

Acrylic Mass Spect. Results durihg 1989. .

Summary of mass spectrometry measurements made at NRC by Jim
McLaren and at CRNL by Floyd Miller. All acrylic evaporations and
washings were done by Ron Deal at CRNL. Numbers are usually recorded
in ng and to get the acrylic concentrations one must divide by the acrylic
weight. In some cases the wash was divided into two samples which were
then measured by NRC and CRNL mass spec.

Set 1

This set was measured at NRC. The tube was washed with HNO3 only. The
acrylic was Polycast 1" material supplied to us several years ago.

Sample NRC (May 26/89) ppt
Th U
Water 0.1 0.02
Acid 0.1 0.02
1 st blank 0.1 0.05
2 nd blank 0.1 0.02 X
3rd balnk ' 0.21  0.06 .
4th blank , 0.1 0.02
P2 0.88 kg 1" material - 0.94 1.44 0.95/1.6
Rinse 0.1 0.04

..........................................................................

NRC (Jun 21/89)

Sample Th in ng U in ng ppt

1 #5 twbe 0.25 0.36

2 P2 0.88 1" material 1.26 . 0.53 1.1/0.4
3 #5 tube ‘ 0.43 0.08

4 #5 tube 0.49 0.05

5 P2 0.90 1.55 0.41 1.1/0.4
6 #5 tube - 0.54 0.08

7 #5 tube 0.40 0.02

8 P2 0.87 1.38 0.41 1.1/0.4
9 #5 tube 0.35 0.12 ‘
10 #5 tube 0.34 0.45

11 P2 0.89 0.93 1.92 0.7/1.8
12 #5 tube 0.24 0.18

----------------------------------------------------------------------------




sample
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unopened clean bottle
tube bkgd rinse
P2 acrylic rinse 0.89 kg
tube bkgd rinse
cleaned bottle (pyrex)

reagent blank Jim evap.
reagent blank Ron evap.

cleaned bottle (plastic)
bottle left standing

cleaned (days) bottle
tube bkgd rinse

NRC (Aug 17/89)

Th in ng
<0.1
0.37
1.45
0.47 -
<0.1
0.39
0.55
<0.1 °
0.52

<0.1
0.30

U in ng
0.05
0.35
0.44
0.12
0.05
0.10
0.11
<0.05
0.11

<0.05
0.09

ppt

1.1/0.2



Set 2.

These were measured by both NRC & CRNL and the acrylic is 2.5" materal
thermoformed in Calif. before it was shipped to CRNL. We looked at both

Polycast and Rohm material.

Bottle ID Contents CRNL

Th U

Tube #1 Aug 30 0.35 0.45
1 Acid from a new bottle 0.06 0.44

H20 0.09 0.37
2" delivered Mar 88 ng ng
RIC-A Bkgd wash of tube #1 0.06 0.18
R1C-B 1.2 kg Rohm 1 C acrylic 2.02 2.38
RIC-C 2nd rinse after R1C-B 0.49 0.30
2" delivered Oct 88 .
R1D-A Bkgd wash of tube #1 0.76 0.39
R1D-B 0.87 kg Rohm 1 D acrylic 1.1 2.16
R1D-C 2nd rinse after R1D-B 0.28 0.52
2" delivered Oct 88
R2A Bkgd wash of tube #5 0.08 0.27
R2A-B - 0.71 kg Rohm 2 A acrylic 2.46 ?
R2A-C 2nd rinse after R2A-B 0.45 1.58
R3 was thermoformed on metal 2" Oct 88
R3A Bkgd wash of tube #1 0.33 0.27
R3A-B 0.82 kg Rohm 3 A acrylic 67 71
R3A-C 2nd rinse after R3A-B 20.6 9.2

The concentrations of Th in these four samples would appear to be 2 6,

4.5 and 110 ppt if the rinsings are successful.

NRC
Th

0.1

ng

2.64
0.17
1.15

U

0.05

ng
3.17




Label Comments

225/8" Oct 88

P6A-A Tube Bkgd

P6A-B 0.92 kg T. #5

P6A-C 2nd rinse

P7 was thermoformed on rubber(Oct 88)
P7A-A Tube Bkgd

P7A-B 0.82 kg T. #1

P7A-C 2nd rinse

P8 was thermoformed on metal(Oct 88)
P8A-A Bkgd

PSA-B 0.85 kg T. #5

P8A-C 2nd rinse

2 5/8" delivered Jun 88

P4C-A Bkgd

P4C-B 0.92 kg T. #5

P4C-C 2nd rinse

CRNL
Th

ng

- 0.38

5.5
3.2

NRC (Oct 25/89)

Th
ng
0.42
10.5
3.2

3.8
20.9
14.5

W O\ Lh

1.3
55.9
20.5

U2
ng
4.65
60.2
1.4

2.5
17.0
1.4

[ IV T (S
W Lh OO

0.2
11.6
1.2

The concentration of Th in these samples would appear to be of the order
of 12, 40, 8 & 68 ppt if the rinsings are successful

Boutle #1  Bkgd of suprasil boat

to be used for liquid moner vaporization

Bottle #2 2nd rinse of boat.

0.27 0.12

0.32 <0.05

Following these measurements we became concerned about the
completeness of the rinsing proceedures and so we embarked on a
program to check the effectiveness of the proceedure. Since we were about
out of Polycast material we used Cyro material, of which we had plenty.
In the notes that follow we are concentrating on the history of the tube in
which the evaporation was done so as to track the cleaning effectiveness

and we have relisted the results of the analysis of the thermoformed

material.



Tube #1 History

July 17
Aug 30

Sept 12

Sept 18

Sept 20
Sept 21
Sept 26

Oct 2

R1B
bdg

RIC

R1D

R3A
Spiked run

R4A

P7A

Qct 24 HF introduced.

Oct 24

Oct 30

Nov 2

Nov 7

Nov 21

Th ng
CRNL-NRC

21-17

in tube #2

?

?

?

14 -3.8
11.2-20.9
11 - 145

71
46
19
29
18
14
12
10
2

1
2.19
1.03
0.57

U ng
CRNL-NRC
8.72 kg
0.45
0.18-3.17 Bottles mixed up here?
2.38-0.05 2.42 kg total weight
0.30-0.16
0.39-0.07
2.16-2.65 1.75 kg
0.52-0.31
0.27-1.01
71 - 92 1.64 kg
9 -13
?
? 1.73 kg
?
35 -25
12.7-17 1.65 kg
09 -14
HF here

longer. rinse & heat

18 hr rinse & heat

1.25

- 0.96

1.25
0.96
0.22

20 mins

20 mins

1 hr

1 hr

after 96 hr soak to clean

Where did the 71 ng obtained on Oct 24 come from? How long was this Th
in the tube? Are all the earlier results suspect? Or was the Th. introduced
during or after the Sept 20 vaporization?



History of Tube #5

Sept 19
Sept 27
Oct 3
: Oct 6

Oct 18

Dec 6
Dec 15

Dec 20

R2A

P6A

P8A

P4C

P2G

Bkg

Bkg

Th in ng

W b
o s

O W
o0 O

U in ng

CRNL-NRC

0.27-0.05
? -9.18
1.58-5.16
5.9-4.65
7.8 -60.2
1.2 - 14
22 - 28
5.23- 5.5
0.4 -03
03 - 0.2
8.64-11.6
13 -1.2

?

—_
o

-

O -
[3%)

1.6
0.65

| 1.42 kg
1.84 kg
1.78 kg
1.85 kg

0.66 kg to McLaren

HNO3,HF 3 heat lamps

HCl, HNO3, & HNO3, HF .

-HNO3, HF

HNO3, HF, HCI 1 hr
l-INO3| I'{F

As with tube #1, when was the 85 ng measured on Dec 6 introduced? On or
after Oct 6 or before that date? '



History of tube #6
Th in ng U in ng
CRNL-NRC CRNL-NRC

Nov 8 0.25 0.95
0.26 25.6
0.08 0.21
0.10 0.29
0.11 0.52 Tube heated in oven for 30 hrs
0.10 0.45
Nov 16 0.15 0.52
CIF 20l kg 91.3 40.1 1 hr
18.3 0.62 1 hr
10.8 - 0.31 2 hr
Nov 23 3.5 0.71 1 hr
1.4 0.42 1 hr
Nov 30 Bkg 0.65 28.1
CIG 2.05 kg 40.7 28 HNO3,HCl
16.5 0.8 "
15.3 0.9 HNO3,HF
2.3 7.0 " .
0.8
History of tube #7
Nov 20 Bkg 0.11 0.07
Dec 7 . Bkg 0.15 0.68 HNO3, HF 3 heat lamps
ClH 0451 kg 1.8 1.4 HNOQO3
0.62 0.74 HNO3
0.70 1.2 HNO3, HF
Dec 13 0.22 0.59 HNO3, HC1




History of tube #8

Th in ng U in ng Measurements at CRNL
Nov 22 Bkg 0.11 0.19
Dec 8 Bkg 0.15 0.67
CII  0.440 kg 1.7 1.9 HNO3, HCl
2.7 1.4 HNO3, HF
0.16 0.75 " '
~ History of tube #11
Dec 3 Bkg 0.71 0.78
0.05 0.14
Dec 22
15.55 kg CIF 73 © 130 HNO3 HCLHF
Bgd 0.77 2.7
Solution bkgs:
Dec 22 Bldg 115DDD  0.016 0.53
Bldg 107 DDD 0.063 0.61
DD H20 0.06 0.58
4

isopropo 0.01 0.5
Boat

Dec 14 Bkg 0.41 0.68 HNO3, HF 1/2 hr
0.40 2.3 "



Results on Cyro material: .

Over the period of 1 1/2 years there have been a number of
measurements done on some Cryo material which we have on hand. Four
of these as itemized on the previous two pages but three more
measurements were done in 1988. A complete list of the Th in these eight
measurements is as follows in pg/g: '

Th U

CRNL NRC CRNL NRC
Jul 26/88 i1 : 15
AUG 10/88 6 - - 10
Sept 21/88 6
Nov 16/89 62 20
Nov 30/89 36 27
Dec 7/89 7 6
Dec 8/89 10 7.5
Dec 22 4.7 8.3




Preliminary Conclusions:

1) Within a factor of two the ICPMS and TIMS results on a common rinse
agree.

2) At CRNL there continues to be a U background level of about 0.5 ng.

3) The results suggest that rinsing with just HNO3 is not very successful
and that at least several times a lot of Th may have been left behind. Extra
effort with HF and heat lamps appears to be more successful then just
HNO3. It would appear that the first rinse may remove about 50% of Th
and over 90% of the U. The recovery efficiency has not yet been quantified
and may have vary from time to time.

4) The thicker acrylic from both Rohm and Polycast seems to have much
higher levels of Th and U then the 1" Polycast. The Rohm material seems to
be better than the Polycast. Additional measurements are required to
verify these conclusions however.

5) A significant variation was found in Cyro material. The results from five
pieces of the same sheet varied from 5 to 62 ppt of Th and from 5 to 20
ppt of U. : : '

Significant uncertainties remain in this analysis method. The
fact that we have to rinse out a large tube expecting to find less
than ng quantities of Th and U may be a continuing problem. We
are unable to state at the present time that this is a reliable
method of measuring the Th in the acrylic by mass
spectromotry.

We now believe that rinsing the tube first with aqua regia and
then with HNO3 and HF may be successful but it will require
several more weeks of work to verify this belief.

Should we be looking into the Re filament TIMS method as done
by Kelly at NBS?
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E. D, EARLE

PROCEDURE FOR THE RADIGCHEMTCAI MEUTRON ACTIVATTOMN ANALYSTS .

OF LUCITL FOR URANIUM AND THORTUM

Sumnmary

The radiochemical neutron activation analysis (RNAA) of poly-
nethylymethacrylate is carried out by first irradiating the sample
w;th slow neutrons to a total douse of about 3x1017 neutrons/cm2 to

form the activation products 239

Np and 433pa. This is followed by
+drszolution of the sample in a mixture of Perchloric and Nitric
acids (Liguid Fire Reaction) and then precipifation of the
activatlon products as fluorides with HF, using lanthanum as a
ce-precipitant. The precipitate is converted to the sulfate,” and
vasced through an anion exchange column in HCl solution ta retain

239 232

the HD and Pa. which are later elutred from the cotunr,

A 30-35 g sample of lucite is sealed into a cvlindrical
npolvethylene helder. The holder has a cavity 3.8 cm in diameter
with a depth of 12.7 cm. The base of the cavity is sealed with a
3.2 cm polyethylene plug by heat welding. Above the éavjty the
holder continues about 3 e¢m as a solid cylinder with 312.54 cm
diameter polyethylene rod insarted into an axial blind hole and
held with an aluminum pin. Prior to assembly a second blind
nole is drilled in tha solid top of the sample cylinder parallel
to but off axis and clear of the support rcd.~ Two duplicate:

standards are placed in this hole. These standards are swall
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quartz tubes each loaded with about ) microgram of Uranium and one
microgram of Thorium ffom the evaporation of a few micro liters of
& SsStandard solution. Thase tubes have been flame-sealed and
Cleaned externally with a nitric acid wash before insertion., The
Cavity centaining the standards (about 0.6 cm diameter) is then
sealed with a heat-welded polyethylene plug.

Fig.il is a construction diagram of this container. fhe
support rod and sumple c¢ylinder are lowered intc a water-filled
irradiation facility of the NRU reactor and rotated to average tha
flux direction for 6 hours. Thé entire irradiation structure is
thus made of polyethylene except for the aluminum pin holding the
support rod to the sample cylinder. After the 6 hour ir;adiation
the assembly is retrieved and the cylinder containing the sample
and standards ceparated from the support rod by extracting the
aluminum  pin. The sample cylinder‘ is then returned to rhe

laboratory for opening and the support discarded.

Sarnl

Recovery and Dissolution

The irradiation container is washed and dried to remove any
external activity from the irradiation facility and cut open just
helow the sealed end. The holder is then emptied into a bealer
for weighing. A£ this point the sample has shattered into pieces
of a variety of .sizes from centimeter-sizéd chunkg te coarsa
powder. However there is very little (< 1%) loss in weiaht from
the etfect of the radiation on the methylmethacrylate. Any gas
that has formed from radiation decomposition remains trapped in
tre plastic, at the temperature of the irradiation facilitv (=

3.
Cj.

w

-
o]

[N

o cerT 1 1 &t



The weighed material is emptied into a 3 liter Bethge
reaction apparatus (see Fig. 2) containing the oxidation
solution.This solution is composed as foliows:

Perchloric Acid {70%)....210 mL

Nitric Acid (cenc.)...... 90 mL

Potassium Dichromate..... 1% mg

Vanadiun Pentoxide....... 10 mg
The vanadium is present as an oxidation catalyst while the
dichromate serves as a «c¢olor indicator of the oxidation
conpleteness.

With the Bethge apparatus set to return the refluxate to the
pot, heating of the miﬁture is begun at about 2% per minute,
continuing until the temperature of the solution reaches 140-145°C
2t which point the temperature increase stops. Gas is evolved
from the sample from about 110°C onward. This is not an oxidation
process but represents radiolytic gas formed during irradiation:
it does not occur with test samples of unirradiated material.

| The tempérafuré is held at the 145?& peint for about 15
ninutes after it is confirmed visually that all traces of solid
nave dicappeared and solution is complete. While the methacrylate
has been dissolved at this point it is not greatly oxidized and
would precipitate out if the solution were cooled and diluted.
The c¢olor of the solution has changed from the original orange
color of the dichromate to a deep green of the reduced chromium
ilon.

The upper stopcock on the apparatus is now closed so that the
refluxate cannot return to the pot (see Fig 2.). 7This permits the
temperature te continue rising as the low boiling components
distill away.‘ At about 170-180°C the reaction mixture begins te

foam strongly,accompanied by an increase in the rate ot

- T ~ror 4 4 a ¢ - e =




temperature rise from the exothermic oxidation reaction. The foan
is originally a slightly brownish color froum radiation degradation
products but turns colorless prior to the end of the reaction.
Heating is continued after the foam subsides until at about 200°¢
the ¢reen chromium is abruptly converted to a red chromate
solution indicating total owxidation of all organics. The full
temperature cycle is shown if Fig. 3.

After cooling, the solution is decanted inte a
polytetrafluorethylens beaker and the flask washed with water
which 1is added to the same beaker. Sufficient water is added
{about 150 ml are lost during the 6xidation period) to bring the
volume back to about 280 ml., At this time 100 mg of Laz(NO3)3 is
addaed and the solution divided among 6 polythene centrifuge tubes.

Five ml of 48% Hydrofluoric Acid are added to eacnh tube and

the tubes cantrifuged to separate the LaF3 precipitate. The

~precipitate is collected and the precipitation repeated with fresh

lanthanum carrier. All the fluoride precipitates are combined and

233 239

washed with water. At this stage the recovery of Pa and MNp

is about 30:x10 %.

Evchange Separation

Ic

13

The fluoride precipitation provides some chemical separation

of the activation products from the more soluble active

contaminant.s such as 24Na, and also serves to concentrate the

activation products. However numercus other impurities, including
active lanthanides, are als¢ carried down. These other agtivities
interfere in the subsequent y-spectrometry and 1linit the

sensitivity of the method. To remove the impurities and leave
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zs?Pa and 239Np we employ a conventional icn

essentially only
exchanye technique for the actinides.

The fluoride pracipitate is first metathetized to the sulfate
torm by treatment with 0.25 ml of concentrated Sulfuric Acid in a
10 ml ‘Teflon’ beaker. The sample is heated to drive off
hydroflueric acid and convert the precipitate to sulfates. The
peaker can be heated sufficiently to fume off excess sulfuric acid
(EBOOOCJ but will not stand the temperatures required to break

down the sulfate salts to oxides. Tha converted salt is dissclved

in 3 1 of HCl with the concentration adjusted to leave a final HCI

conzentration of 9.5 mol/L.

An anion exchange column of approximately 1 ml volume and 15
¢m length was previously prepared from AGMPYl 200-400 mesh resin,
and converted to the chloride form with 9.5 M hydrochloric acid.
The HCl salt solution is added to the column and the various
cations eluted with 9.5 M HCl, while the protoactinium and
neptunium remain on the column as anionic chloride complexes.

Neptunium and Protcactinium are then eluted from the column
in dilute HCl/HF solution (=10% HCl-1% HF). The eluant is
collected in a 20 ml glass bottle and evaporated to dryness prior

to y-spectrometric measurements.

The Uranium and Thorium standards are removed, ctill sealed

in their quartz tubes, to anothar laboratery and added (in

separate runs) to a slightly smaller Bethge apparatus. A piece of .

unirradiated lucite is added to the perchloric mixture and the

standard is then processed exactly as the irradiated sample.
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SUMMARY OF LUCITE ANALYSES IN 1988 ' ﬁ
SAMPLE COMMMENTS Ur-238
CYRO Mechanically cut. Sllght water leak 21
observed
CYRO Better quality mechanical cut. No 32
leakage seen.
CYRO Laser Cut Material 15
Ion Exchange Secondary Separation for following
P2 One of 6 pieces supplied by R. Deal 8
(One piece irradiated and shipped to
Berkley and 3 irradiated and lost from
water leaks)(One returned to R. Deal,
unirradiated)
P2 Last of above pieces 4
277 Irradiated Cct 29/89. No I.D. 19
+*
CYRO Irradiated Dec 3/89 ) 76 (o)
Polycast Dec 10/89 irradiation. Sent to Queen’'s

i o

University for direct counting with a
Ccompton suppression spectrometer before
dissolving.

1/

13

16

48

20

34

/45 (/43)"'

* Calculated directly on the raw spectrum before chemical processing
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E'D. EARLE

Measurement of U and Th in Acrylic
via Neutron Activation Analysis

E. B. Norman, B. Sur, and K. T. Lesko
Lawrence Berkeley Laboratory

On October 17, 1989, Davis Earle had a 34.9-gram sample of acrylic
irradiated with a flux of about 2 x 103 neutrons/cm? /sec for a period of
six hours in a reactor at Chalk River. Two separate U/Th standards,
containing 1 microgram each of U and Th, were irradiated at the same
time and in the same flux as the acrylic sample.  Following the
irradiation, the samples were shipped to Lawrence Berkeley Laboratory
for gamma-ray analysis. | .

The samples arrived in Berkeley on the afternoon of Friday, October
20. The acrylic sample was gamma-ray singles counted using a
germanium detector. The total counting rate observed from the sample
was fairly low and almost all of the observed activity was from 24Na
(t;72 = 15 hours). The acrylic sample was removed from the plastic bag
in which it was shipped to us and placed into two plastic bottles for
counting. The U/Th standards were placed in similar plastic bottles in
order to count all the samples in as nearly the same geometry as
possible. The samples were allowed to cool over the weekend and then
were gamma-ray singles counted using a 110-cm® high-purity
germanium detector shielded with 5 cm of lead. Data was
accumulated in 16384 channels at 0.1 keV/channel and was recorded on
an IBM PC/AT. The full gamma ray spectrum observed in 2.45 days of




counting the acrylic sample is shown in Figure 1. Figures 2 and 3 show
expanded regions of this spectrum around the expected positions of the
strongest garuma rays from the decays of #?Np (produced by neutron
capture on 228U followed by the beta decay of 239U) and 233Pa (produced
by neutron capture on 232Th followed by the beta decay of 233Th).
Figures 4 and 5 show the same expanded regions of the spectra observed
from counting the U/Th standards. Clear peaks are observed in the
acrylic spectra at 106 and 228 keV attributable to the decay of 239Np.
Similarly, a clear peak is observed at 312 keV attributable to the decay of
#3Pa. The sample was counted several times over the course of about
two weeks. During this time, the 106- and 228-keV peaks were observed
to decay away at a rate consistent with the known 2.35 day half life of
23%Np. To address the question of whether the peak we observe at 312
keV could be the double escape peak of the 1332-keV line from 6%Co, e
placed a %0Co source on the front face of our detector and counted for
about 15 minutes. A clear peak did show up at 310 keV with an
intensity of 3.3 x 10" as compared to that observed in the 1332-keV
photopeak. Using this ratio and the number of 1332-keV gammas
observed from the acrylic sample, we conclude that less than two
percent of the gamma rays in the 312-keV peak could be due to ¢Co
decay. |

The net numbers of 106- and 228-keV gamma rays extracted from the
spectrum shown in Figures 1-3 are 483+108 and 244487, respectively.
The net number of 312-keV gamma rays observed in the same spectrum
is 203+89. Using the observed counting rates of these same gamma rays

from the U/Th standards and the measured masses of U and Th in



these standards, we then obtain the following results for the U and Th
contents of the acrylic sample:

(U= (12.5 + 0.5) x 1012 grams/ gram
(Th) = 2.8 £ 0.9) x 1012 grams/ gram,

These numbers appear to us to be encouraging. The relative ease in
being able to perform these Measurements is no doubt due in large part
to the cleanliness exercised in preparing the sample and in preventing
the sample from being exposed to the reactor water during the
activation. Note that all of the measurements reported here are simply
gimma-ray singles counting using modest passive shielding. We also
did some measurements with the acrylic sample and germanium
detector placed inside a nearly 4x Nal anti-coincidence shield. This
method reduces the Compton-background on which the 23'9Np and
233p, gamma rays sit by a factor of § - 10, and thus should prou.ide
sensitivity to subtantially lower levels of U and Th than those observed

here.
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Summary of Neutron Activation Results

Material Th

pPpt
Cyro 5
Cyro 13
Cyro 16

at this point Edwards introduced chemical

separation after

Poly 48

Poly 20

Poly 3

no ID 34

Cyro 143
149
182

Poly 174

in 1989

U  Comments

ppt

21 large error H20 leak
32 large error

15 large error laser cut
irradiation.

8 after chem. sep.

4 L1 ’" o n

12 Counted at LBL

19 after chem. sep.

60 before chem. sep.
76 after chem. sep.
<105 at Queen's aft. sep.
80 at Queen's bef. sep.

after chem. sep.



Ge counter backgrounds at 300 keV

counts/hour/keV
CRNL 15% with 4" Pb 21
LBL 25% with 2" Pb 7.4 |
with Comp. Sup. ? (about 2)
Queen's 18% in Comp. Sh. 7.8
with shield on 1

.8 .

Guelph 48% I 1
- with 6" special Pb, 2" Hg
and cosmic veto.

Considerations:

1) Is compton suppression sufficient so that
chemical separation is not required?

2) Do we need a well type Ge detector for
chemically separated samples?
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