J

i

WTErETY

wn
(=}
o
S
@
o
«
—
™
=}
S
N
)

308

Mineralogic

Scientific Notebooks No. 075:

Samples

and Chemical Analyses of Nopal |
(04/26/1993 through 12/20/1996)

IIRTAN Y.

49

31

a

W

e A0




s&7s | QCCOU n’r
ook
5149

' Available in 150 and 300 pages

/%/Ué’o@ﬁ # L
ey

CNWRA
CONTROLLED
COPY 075

No Units
Record Ruled, 27 Lines

Reorder number stamped

Wilsonjones o on backbone of this book
Chicago, lllinois 60648




Ll

?p

?f IWZ{:\%Q %/O‘(:V'\é‘,é st mude o P 5.

HRD a»dj»lb oF wvewmdla —
becur;%j Semple  Svom pcpal-]:

So«wple. 2 nom EcP-30

,,:P'"“l‘—\M 0?‘ SﬁwP\C— was . ?voc.ee,seg

Sov XRD Mﬂ%

5ubsw~\>le : UonECP 20- xRD3

Swﬁﬁwffc» A)OPI"!:.(P'..SO xP-M
T s M[e coln Al P"‘"'L’"

gov ta(lﬁvwhwv

ID: NOPI-ECP-30-XRD3
File: XXX.DIF Scan: 2-70/.01/1/4#6801, Anoue.CU Zero=0 0

cPs

T

s bt
30 40 50 60 70 ‘
2-Theta

50 ‘ o e -
ol %@L.J%.ﬁ_ ) _LMWL.E,L_L‘ ;
10 20



1D: NOPI-ECP-30-XRD4

CO« m:cvasco‘p\l <t -'t‘l,\e, Ce—»."GZJ $ov .
' ‘Hlak 2890[\»(:\% ‘Ele’a&vm M\cwscofb\(

a_‘h’ A‘\/\W .

D"\( e s
an E'Ebé

Stte UMWM%

ead:' cQ 1)

 micvod Samctin ff

——

File. UXAD4 DIF Scan: 2-70/.01/1/#6801, Anod (:U Zer0=0.0

250 g e ——— -
200

150

7

100

50

45 8
0
10 20

2-Theta

@: Poak Listing

Pri May 07 1993 @2:31lpm

File:

3J0XRDA.DIF> NOPI-ECP-30-XRD4

A Phillps
T g '

oPevo:bﬂQ te:.. ez

\

FEG— 40057‘ was v.saQ

5\rc-w{ ons

" 5€s Mp BV I
Mavi&, Gva\aw Sy a,sslsTe«Q W‘Q

-

w\f\m

>

Scan 1 Search 3
Radiation = CU_1.540598 11 Filter length(pts) = 9
Scan Range = 2 - 70 1l Noise lavel(sigmas) = 5.0
Step Size = .01 il Intensity cutoff(%) = .5-100
Count Time = 1 sec 1 2-Theta Zero {(degs) = 0

Peak-Position Centroid-Position Peak & Arsa ars without Bkgrd

# 2Theta 4a 2Theta d Bkgrd Peak I% Area I% FWHM*

1: 11.480 7.7019 11.479 7.7025 S 27 10.7 118 2.7 ©0.039
2: 11.801 7.4929 11,803 7.4919 1 18 7.1 92 2.1 0.046
3: 20.620 4.3039 20.637 4.3025 1 12 4.7 167 3.8 0.135
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18: 65.157 1.4306 65.152 1.4307 1 is 5.9 74 1.7 0.044
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20: 68.980 1.3603 68.977 L3604 2 10 4.0 150 3.4 0.135
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@2/7& /A/-t‘—klce

constents Sor Mo DQJ

Pile: 1XRD5.DIF> nopi-ecp-1-xrd5 “&C‘
S scan . . | o (AUW wede w VOM
Radiation = CU_1.540598 1 Filter length(pts) = 9 T
Scan Range = 2 - 70 {l Noise level{sigmas) = 4.0
Step Size = .01 Al Intensity cutoff(%) = .5-100
B o Count Time = 1 sec. il 2-Theta Zerc (degs) = 0 o Da. C.ON> a,t” [ Nq Al
e f
x-Position ition Pesk & Area are without Bkgrd : % "m :J
-— # 2Theta 4 2Theta a Bkgrd Feak IX Area Ix FWEM® BRBESS - L "5 l LY (o w nM.‘\ V o
I
1: 11,198  7.8949 11.198  7.8950 2 s8 3.5 1562 7.5 0.304 !
2: 13.420  7.7622 11.426  7.7381 2 44 8.7 5708 21.8 0.357 , ‘ (' ‘ S O .& S
R, e 3: 11,489  7.6956 11.486  7.6976 2 161 9.7 4148 15.8 0,232 1 o _ vl \) gﬁs' M L S
4: 11.861  7.4556 11.861  7.4556 2 51 3.1 2868 10.9 0.506 R
5: 12.142  7.2836 12.141  7.2841 2 46 2.8 832 3.4 0.175
: 13.889  6.3712 13.887  6.3719 1 105 6.4 1556 5.9 0.133
_ 7: 18.237  4.8605 18.241  4.8596 1 48 2.9 613 2.3 0.115 \DVO v OMN l‘)("@_z l o< a\p V ‘JA_A‘
8: 19.332  4.5877 19.327  4.5889 2 15 7.0 1782 6.8 0.139 T es
9: 20.710  4.2855 20.71¢  4.2856 1 316 19.1 4390 16.8 0.125
10: 23.271  3.8193 23.276  3.B186 1 L 2.5 881 3.4 0.193
11: 24.676  3.6050 24.675  3.6050 1 79 4.8 1416 5.4 0.161 W ‘ B M ?C ™
-1 12: 26.523  3.3579 26.522  3.3581 4 1653 100.0 26201 100.0 0.1d3 T e ,v 4
13: 26.937  3.3073 26.936  3.3074 2 25 1.5 152 0.6 0.055
14: 27.228  3.2726 27.228  3.2726 2 61 1.7 1529 5.8 0.226 I T
15: 27.618  3.2272 27.616  3.227¢ 2 57 3.4 3426 13.1 0.541 5 e’_
16: 27.952  3.1895 27.957  3.1889 4 34 2. 202 0.8 0.053 ———— C el h‘ M,
17: 28.282  3.1530 28.287  3.1524 3 374 22.6 10295 39.3 0.248
18: 28.331  3.1476 28.330  3.1478 3 376 22.7 10445 35.9 0.250 - ~
19: 29.717  3.0039 29.714  3.0042 1 9 2.4 404 1.5 0.093
20: 32.821  2.7266 32.821  2.7265 1 176 10.6 5275 20.1 0.270 o C‘F P Ornr—tn L’M) YV& Qm— S \DDd‘
21: 35.365  2.5360 35.370  2.5357 1 22 1.3 201 0.8 0.082 —— 1]
22: 36.034  2.4904 36.034  2.4504 1 35 2.1 966 3.7 0.248 , -~
23: 36.465  2.4620 36.461  2.4623 1 126 7.6 1600 6.1 0.114
24: 38.443  2.3397 38.438  2.3401 1 167 10.1 2539 9.7 0.137 - . AM
25: 39.399  2.2852 39.401  2,2851 1 109 6.6 1311 5.0 0.108 - |
26: 40.241  2.2353 40.231  2.2398 2 71 4.3 702 2.7 0.089 0
27: 42.372  2.1315 42.374  2.1313 1 95 5.7 1299 5.0 0.123 ; <
28: 44.652  2.0270 44.665 2.0272 2, 53 3.2 752 2.9 0.128 i [ m M kut
—_— R 291 44.749  2.0236 44.736 2.0241 2 68 4.1 €08 2.3 0.080 ————— e [ wmn A Ve ‘5 -
30: 45.706 1.9834 45.713  1.9831 2 69 4.2 1014 3.9 0.132
31: 47.142  1.9263 47.151  1.9260 1 11 6.7 4248 16.2 0.344
32: 47.352  1.9183 47.349  1.9183 1 151 9.1 5089 15.4 0.303
) 33: 47.661  1.9065 47.657  1.9067 1 28 1.7 S01 1.9 0.161 T o W\ [’ ) 3 V'IM\ { N&\,
34: 48.759  1.8661 48.758  1.8662 1 23 1.4 244 0.3 0.095 T
35: 50,085 1.8198 50.091 1.8186 1 230 13.9 2759 10.5 0.108
53.609  1.7082 53.613  1.7081 1 15 0.9 141 0.5 0.085 (4
54.796  1.6740 56.795  1.6740 1 49 3.0 371 3.7 0.178 - - X R & Ce M
. - 54.855  1.6723 54.856  1.6723 1 100 6.0 1336 5.1 0.120 — b - ——
56.739  1.6479 55.739  1.6478 1 28 1.8 709 2.7 0.220 ~
56.140  1.6370 56.138  1.6371 1 18 7.1 4480 17.1 0.342 . M
56.422 1.6295 56.421  1.6295 1 33 2.0 563 2.1 0.154 ‘}7 ,
S N 58.810 1.5689 53.806  1.5690 2 31 1.9 410 1.6 0.119 e ]
59.927 1.5423 59.931  1.5622 1 120 7.3 1909 7.3 0.143 ]
R . . . - _ $o¢ uw u_s/pq A2
B S M»CL NOL - ECP-|~RRDS
S y rrmera 4  omheta 4 mhgzd sk T4 - - v ovw, S (2} c [~ X
- - 33 2.0 311 1.2 0.085
G4: 64.025 1,4531 64.032  1.4530 i B 3% 2.4 0.2
45: 65,135  1.4308 €5.145 1.4308 B 78 4.8 1340 5.1 0.153 'Jopl E (P._So xw L‘—
- - 46: 67.750 1,3820 67.752 1.3820 ! RN 3760 10.5 0.220
47: 66.180 1.3743 68,177  1.374¢ : B 127 1.6 0.124
48: 69.175  1.3570 69.176  1.3569 -

* Intensity values are bn-d on counts

per sacond.
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o W0, 15 (Qﬂlcw@% © C/Qow&@;g e /
/o ASBEPY,  COLLEGE OF NATURAL SCIENCES - T
- ID\/ XF ke — l> Noaecon o e ¥\ THE UNIVERSITY OF TEXAS AT AUSTIN
R R Ve P(S/sz L)&;Qx}éﬁ,@ﬁ_ (CA)\ A A [N Conter for Maserials Chamisivy * Welch Hall 3.310
I Depariment of Chemistry - Anstin, Texas 78712-1167+(512)471-3704
. H% sw_& Lo ,'t’m«&Q R A N
X Center for Nuclsar Waste Regulatory Analyses
(\U\&P(‘/\X«Qh,g/ﬁ)\( - GMQ"\ S,,},,ﬁ LA e e
s . P. O, Drawer 28510
- —F San Antonio, Texas 78228-0510
—¥ Dear Mr, Prikryl,
_ TR The preliminary XPS analysis you requested on 11/29/93 of the UOx powder is as
. REIIY ollows:
~ [ 1. The as received powder was pressed into a one cm dismeter copper analysis
""" - stub. The pressed powder was then loaded into UHV and pumped down to 2x10-10 torr.
= Photo-ionization was accomplished with an Aluminum Kot x-ray source (hv = 1486.6
eV),
i . . 2. A survey analysis from 0 to 1000 eV binding energy revealed only U, O, and
- T aliphatic carbon. '
) T B 3. High resolution XPS of the as is powder ( see figures 1-3, "before" spectra)
showed multiple oxidation states for the U but due to differential charging individual
B B ) i = oxidation states are unresotvable. It appears that clusters of oxides/organics lose
) clectrons to the vacuum space through the photo-ionization process but are electricaily
_ e k» e 9 isolated from ground. Thus the binding energies of elements in the clusters are shifted
higher due to the localized acewmulution of charge. If this is the case thea cach core-
e ¥ R orbital should give rise to two peaks; a charged and uncharged peak with intensities

proportional to the charged and uncharged sampling volumes. The C 1s, U 4f72, and O
1s spectra (figures 1-3 labeled "before™ ) all reveal a twin peak or structure at ~ 3.3 eV
higher binding energy. And each charge shifted structure is roughly the same percent
- SR intensity of its lower binding encrgy twin. Finally, the comresponding lowest binding
energy peaks in figures 1-3 agree well with literature reference values.

4. In order o resolve the charging probleen the sample was heated to 673 K at
1x10"9 torr for one hour. Baking the sampie ar high temperature ought to drive off any




.

[ -

A

residual water, hydroxides, and organic contributions to the substrate which give rise to
the insulating clustess.

5. Figures 1-4 reveal the affects of baking on the UOx powder. The C 1s peak
area is decreased by 3.73 times compared to the pre-bake spectra and contains only onc
aliphatic component. The O 15 peak area remains constant and the shape is consistent
with & predominate single metal axidation state with a small higher oxidation state
thoulder. The U 4f spectra are concomimnt with the O 15 observations. Figure 4 was
generated by first assuming & single oxidation smte (U4+) with a peak center acquired
from literature. The single oxidation state fit consistently failed to give the same shape
envelope or area as the original data envelope. Using lteranme acquired positions for
UO7 and UO3 the fit envelope in figure 4 agrees with the data eanvelope to withiin 0.4%.
Also, from the fit data the stoichiometric ratio of U/O = 0.47 which agrees well with the
value (U/O = (,44) generated by dividing the spectrometer corrected uranium peak area.
by the spectrometer corrected oxygen peak area.

Please let me know if you need further assistance or you have more experiments in

mind,
Sincerely, j
~ Mark F, Arendt
Res. Sci. Assc.
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ALPHA SPECTROMETRY ANALYSIS OF NOPAL I ROCK SAMPLES USING
SAMPLE DIGESTION

Written by: J. D. Prikryl
Date written: 12/29/94

Obijective: Determine the distribution and concentration of U and Th series
isotopes in powdered rock specimens from Nopal 1

Equipment: = EG&G Alpha Spectrometry System

-576A dual spectrometers or 676A single spectrometers with ion-
implanted-silicon particle detectors
-Model 920-16 multichannel buffer
-ALPHAMAT analysis software for acquistion control
-MAESTRO II muitichannel analyz emulation software for analysis
of spectral data

CEM Model MDS-2000 microwave digestion system

Teflon PFA vessels

Analytical balance

Hot plates

Fisher Marathon 21K centrifuge

Ultrasonic bath

Supplies: Powdered rock samples from Nopal I
Glassware as needed (beakers, volumetric flasks, funnels, etc)
BIO-RAD anion exchange resin AG 1-X8 100-200 mesh chloride form
BIO-RAD glass columns 1.5 cm diameter
BIO-RAD glass columns 0.7 cm diameter
232y/2281h spike solution prepared previously
Fe carrier solution prepared prevxously
Weighing paper and boats
PP bottles
50 ml PP and polycarbonate centrifuge tubes
25 mm membrane filters
50 ml polysulfone filter funnel
1 inch stainless steel planchets

Reagents: Conc HCI HCLO4 NH4O0H
9 M HCI 0.1 M HC1 1 M HC
Conc HNO3 Conc HF 8 M HNO3
0.1 N HNO3 0.05 M EDTA solution -

Cerous nitrate (0.5 mg/mi Ce)

25% hydrazine dihydrochloride

10 M NaOH

80% ethanol )

Ceric hydroxide (10 ug Ce/ml) substrate
10% sodium hydrogen sulfate

20% titanium trichloride

Cerous fluoride (~10 pg Ce/mi) substrate

Procedure: The digestion, separation, and source preparation procedure shown below
is used to process samples.




U/Th Digestion (Nopal rock samples)

Sample L. D. #

Date

‘Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note =

2. Record dry weight of sample = g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 2?U/25Th spike to the PFA vessel.
221J/228Th spike # Reference Date
Reference Activity pCi/g Spike wt. g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOy4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 m1 PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.

**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.

e —

o
1

%

Column Separation:

Resin: BIO-RAD .ﬁnion Exchange Resin AG 1-X8 100-200 mesh chloride form
(Lot # ) '

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HCI --> Th
Elute 4 volumes (~50 ml) 0.IM HC1 --> U and Fe

Separation Date

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0. i i in; i
o) (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soin 8M HNO;,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCI --> Th

REREN

Uranium Column (Bi X i i i i
o) n (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO, _
Dilute with about 2 m} DI water to approx 8M HNO, _
Load onto column in 8M HNO, _
Wash 2 vols (8-10 mI) 8M HNO; --> Fe _
Elute 4-5 vols 0.IM HCl --> U _




O

Source Preparation:

Thorium - OH" precipitation onto filter

o 1.

S 2.

oW

i
|
® N

10.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to
dryness. ‘
Add 6 ml 0.05 M EDTA: soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date

Uranium - F~ precipitation onto filter

1.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 100 pl puriified
cerous nitrate (0.5 mg/ml Ce, 50 pg of Ce carrier) and evaporate the solution until completely dry
and no more fumes are given off.

Add 2 ml of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substrate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date
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 STEP  OUTLINE

After weighing powdered sample, transfer sample into a 50 mL polypropylene (PP)
tube.
Sequential Phase Extractions o
Sample powders will undergo a series of phase extractions separating main mineral phases of
interest. o
1. Ion exchangeable phase: o
a. Add 50 mL of 1M magnesium chloride to powder in centrifuge tube. Shake
mixture for 1 hour on wrist shaker. -
b. Centrifuge mixture for 10 minutes at 10000 rpm.
c. Take out a 34 mL aliquot of supernate and transfer into a liquid scintillation vial. B
d. Return original mixture to wrist shaker and continue mixing.
once all kinetic experiments are completed with IE phase, residue is washed with ultrapure o
water. -
II. Adsorbed phase: o
a. To washed residue, 30 mL of Morgan's reagent and 0.3 mL of 0.02 M EDTA are
added to residue in 50 mL PP tube. .
b. Shake mixture for six hours on wrist shaker.
¢. Centrifuge for 10 minutes at 10000 rpm and take out a 3-4 mL aliquot of )
supernate. This solution is placed in a liquid scintillation vial.
d. Return original mixture to wrist shaker and continue mixing. -
.once all kinetic measurements are completed with AD phase, residue is washed with ultrapure
water. ‘
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II. Amorphous phase: : - \‘/
- a. To washed residue, add 50 mL of Tamm's reagent to 50 mL PP tube.
b. Mix solution in dark for four hours. To ensure no light hits sample mixture, PP —F
tube is also covered with aluminum foil. Check by opening cap to release any
pressure., —F
- ¢. Centrifuge mixture at 10000 rpm for 10 minutes,
d. Take out a 34 mL aliquot of supernate and place in a liquid scintillation vial. —F
- Return original mixture to wrist shaker and continue mixing.
- Y
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| METHOD |

Objective:

Method:

Equipment:

PHASE EXTRACTIONGS F‘,OLLO\N‘N@, 1S THE DESIGNATED

_| 3equential Phase Extractions of 13m transect samples from NOPAL I Uranium Deposit

Determine Uranium and Thorium content along with Uranium and Thorium

isotopic ratios in different mineral phases of samples collected from the
NOPAL I natural analog site.

Sequential phase extraction technique, Uranium/Thorium column separation,
deposition on filters, and alpha counting.

- ALPHA-KING Multi-Channel Alpha Spectrometer
" 576A dual spectrometer or 676 single spectrometer with jon
“ implanted silicon particle detectors
*Model 920 multichannel buffer
" APLHAMAT analysis software for acquisition control
*MAESTRO II multichannel emulation software for analysis of data
- Thermolyne drying oven
- Ohaus analytical balance
- Centrifuge
- SI Vortex Genie hand homogenizer
- Burrell wrist shaker
- Hot plate
- infrared lamp
- perchloric fume hood
- agate mortar and pestle

Materials and

Supplies:

- necessary glassware (e.g., petri dishes, beakers, volumetric flasks, etc...)
- necessary plastic ware (e.g., pp bottles, weighing boats, beakers)

- 50 mL polypropylene centrifuge tubes

- Eppendorf pipets and tips

- Teflon dish and lid for teflon bomb

- filters and filter funnels

- BIO-RAD 1.5 cm diameter columns

- stainless steel 1 inch planchettes

- 25mm membrane filters

- 50 mL polysulfone filter funnel



Reagents:

- concentrated HNO,, HCIO,, HCI, HF, acetic acid, and ammonia

-0.1M,1M,8M,9MHCI

-0.1M,7M, 8 M HNO,

-0.05 MEDTA*

- 0.05 M ammonia

- nanopure water

- Cerous nitrate (0.5mg/mL) substrate*

- 25% hydrazine dihydrochloride

- 10 M NaOH

- 80% ethanol

- Ceric hydroxide (10 pg Ce/mL) substrate*

- 10% sodium hydrogen sulfate

- 20% titanium trichloride

- cerous fluoride (-10 ug Ce/mL) substrate

- 0.3 M sodium citrate

- 1 MNaHCO,

- saturated NaCl solution

- acetone

- B2J/28Th spike

- sodium dithionite (Na,S,0,)

- 1 M magnesium chloride

- Tamm's reagent: ~ 28.4 g ammonium oxalate (MW = 142.1) dissolved in

distilled water and added with 5.25 g citric acid (MW = 210. 14) dissolved in

distilled water until total volume of solutionis 1 L.

- Morgan's reagent: ~ 82.04 g sodium acetate dissolved in distilled water with
pH adjusted to 5.0 using concentrated acetic acid.

- Fe carrier solution: 72.3 g ferric nitrate dissolved in distilled water to a
volume of 1 L.

- BIO-RAD anion exchange resin (AG 1x8, 100-200 mesh chloride form)

Procedure:

Sample LD, #
Date

Sample Preparation: Sample is obtained from bulk rock sample, crushed in an agate mortar
and pestle, dried ip oven, and cooled in dessicator.

Sample Mass g

g

After weighing, powdered sample is transferred into 50 mL
polypropylene (PP) tube.

Sequential Phase B -

Extractions: Sample powders will undergo a series of phase extractions,
separating the five main mineral phases of interest.

L. Ion exchangeable phase:
a. Add 50 mL of 1 M magesium chloride to powder in centrifuge tube. Shake
for 1 hour on wristshaker.
b. Centrifuge mixture at 10000 rpm for 10 minutes.
¢. Transfer supernate into a clean and labeled PP bottle. Label bottle as "IE."
d. Wash residue in PP tube with 30 mL of ultrapure water. Centrifuge for 10
minutes and decant supernate into labeled PP bottle.
e. Add appropriate amount of spike to saved supernate and record spike weight

(=10% total U in sample). Allow solution to equilibrate. Transfer half
of solution into a cleaned teflon beaker.

Spike #
Reference Activity

Reference Date
Spike weight g

f. Evaporate solution on hot plate. Add 2 mL each of concetrated nitric

and perchloric acids and evaporate solution until perchloric fumes.

g. Add 2 mL of concentrated HCL to dissolve residue and 8 mL of ultrapure
water to dilute to 2 M.

h. Transfer solution to a clean 50 mLcentrifuge tube. Add Fe carrier and allow to : ' o
equilibrate. Add concentrated ammonia to coprecipitate actinides. Centrifuge and

decant supernate. Wash precipitate at least twice with 0.05 M ammonia. ‘ T
1. Dissolve precipitate in 3 mL of concentrated HCI and then add 1 mL of

ultrapure water to dilute to 9M.

11. Adsorbed phase:
a. Add 30 mL of Morgan's reagent and .03 mL of 0.02 M EDTA to residue in 50
mL PP tube.
b. Shake mixture for six hours on wristshaker.
c. Centrifuge mixture at 10000 rpm for 10 minutes.
d. Label a cleaned PP bottle as "AD" and transfer supernate into o
this bottle.
e. To remaining residue, wash with 30 mL of ultrapure water and centrifuge EE—
for 10 minutes. Transfer supernate to the labeled PP bottle.
f. To supernate solution, add radicactive spike and record spike weight.

Follow with addition of 0.5 mL of Fe carrier solution and leave overnight to
equilibrate.




Spike # Reference Date

Reference Activity Spike weight g

g. Transfer half of this solution to a cleaned teflon beaker. The supernate in
the bottle will be saved.

h. Evaporate supernate in teflon beaker to dryness on hotplate.

i. Add 2 mL each of concentrated nitric and perchloric acids. Gently heat
solution until color changes to a pale straw or water white color. Cover to
reduce evaporation.

j. Evaporate to dryness on hot plate.

k. Add 5 mL each of 8 M HCl and ultrapure water to teflon beaker to dissolve
residue. Follow by transferring solution into a cleaned SO mL PP tube.

1. Add concentrated ammonia to coprecipitate actinides. Centrifuge and decant
supernate. Wash precipitate at least twice with 0.05 M ammonia.

m. Dissolve precipitate in 3 mL of concentrated HCI and then add 1 mL of
ultrapure water to dilute to 9M.

[I. Amorphous phase

a. Add 50 mL of Tamm's reagent to residue in 50 mL PP tube.

b. Solution mixture must be shaken in dark for four hours. This can be
accomplished by covering PP tube with aluminum foil and shaking solution in
a dark room. Check solution hourly by opening cap and releasing any excess
pressure.

c. Centrifuge mixture at 10000 rpm for 10 minutes

d. Label a cleaned PP bottle as "AM" and transfer supernate

into this bottle.

e. Add 15 mL of oxalate solution to residue and shake for 30 minutes.
Centrifuge at 10000 rpm for 10 minutes and add supernate to lableled PP
bottle.

f. To remaining residue, wash with 30 mL of ultrapure water and centrifuge
for 10 minutes. Transfer supernate to the labeled PP bottle.

g. To supernate solution, add radioactive spike and record spike weight.

Spike # Reference Date
Reference Activity Spike weight g

h. Transfer half of this solution to a cleaned teflon beaker. The supernate in
the bottle will be saved.

i. Evaporate supernate in teflon beaker to dryness on hotplate.

j. Add 2 mL each of concentrated nitric and perchloric acids. Gently heat
solution until color changes to a pale straw or water white color. Cover to
reduce evaporation.

k. Evaporate to dryness on hot plate.

1. Add 5 mL each of 8 M HCI and ultrapure water to teflon beaker to dissolve

residue. Follow by transferring solution into a cleaned 50 mL PP tube.

m. Add concentrated ammonia to coprecipitate actinides. Centrifuge and decant
supernate. Wash precipitate at least twice with 0.05 M ammonia.

n. Dissolve precipitate in 3 mL of concentrated HCI and then add 1 mL of
ultrapure water to dilute to 9M.

IV. Crystailine iron oxides

a. Add 40 mL of 0.3 M sodium citrate and 5 mL of 1 M sodium bicarbonate -
to residue in 50 mL centrifuge tube.

b. Place tube into a water bath at 75-80 degrees.

¢. Add 1 g of solid sodium dithionite to centrifuge tube and mix for 1 minute.
Continue occasional mixing for five minutes.

d. Repeat step c twice.

¢. Add 10 mL of saturated sodium chloride and 10 mL of acetone into PP
tube. Mix solution, place in warm water bath, and centrifuge for five minutes
at 3000 rpm.

d. Decant supernate into a cleaned PP bottle labeled "CR." Observe color of -
residue. If not grey or off white, residue still contains Fe-oxides and extraction
steps must be repeated.

e. Add radioactive spike and record spike weight. Allow solution to
equilibrate overnight. ’

Spike # Reference Date

Reference Activity Spike weight g

f. Transer half of solution into a clean teflon beaker. Evaporate solution in
teflon beaker to dryness and save the other fraction in PP bottle.

g. Add concentrated nitric until bubbling ceases. Follow by evaporating

solution on hotplate.
h. Follow steps k-l from extraction II.

V. Final residue is spiked and dissolved by acid digestion in microwave. Procedure is
outlined below.
a. Consult the CEM Microwave Sample Preparation Applications Manual for
the microwave sample preparation note for the type of sample being dissolved.
This discusses the amount of sample and reagents to be used, and program
parameters to be entered for microwave digestion.

Application note P,

b. Record the dry weight of the sample and place in teflon PFA vessel.
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T - T 7 - - . T T 7“\-\ e
. B o Load sample in 9M HCI and allow to drain .
o Sample dry weight ___g E— Wash 3 volumes (~35 ml) 9M HCl --> Th -
L o Elute 4 volumes (~50 ml) 0.1M HCl --> U and Fe e
¢. Quantitatively add a known amount of radioactive spike to the PFA vessel.
- - B i T "7"7h\ -
Spike# Reference Date _ ‘ Separation Date
T Reference Activity Spike weight g BN
s d. Add reagents to vessel and record volumes used. T "“\1 -
e e Reagents Volume (mL) T -
***Note: May work on U and Th fractions simultaneousty from this point on.
_ I
I Thotium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column
e. Seal vessel, place on turntable in microwave, enter and run digestion ‘ _ o vols 8M HNO,)
- program. If after digestion, sample is not completely dissolved, repeat this - D el
step. Heat Th fraction to evaporate HC! o
d. Quantitatively transfer half of the sample into a cleaned teflon beaker : - - Add ~5 ml conc HNO; to dissolve residue . _
washing sides of PFA vessel with ultrapure water. Add equal vol (~5 .ml) DI water so soln 8M HNO, _
¢. Split sample into two parts; half is saved and stored in a labeled PP bottle : -] Load onto column in 8M HNO, —
while the other half is kept in teflon beaker. } Wash 3-4 column vols 8M HNO, o
o ) f. To sample solution in teflon beaker, add 1 mL of perchloric acid. Evaporate : 1 Elute 4-5 column vols 9M HCI --> Th e
over hot plate until perchloric fumes.
g Add 2 mL of centrated HCl to dissolve residue and 8 mL of ultrapure . 3 ) )
water. Transfer solution into a 50 mL PP tube. I R Uranium Column (Biorad 0.7 cm diameter column with 10 ¢m resin; prewash with 4-5 column
h. Add 0.5 mL of Fe carrier and allow to equilibrate. Add concentrated vols 8M HNO,)
— ammonia to solution and precipitate out actinides. Decant out supernate and - I )
save precipitate. Wash precipitate twice with .05 M ammonia. Evaoprate U fraction to near dryness —
i. Dissolve precipitate in 3 mL of concentrated HCl. Add 1 mL of ultrapure —t Pick up in about 2 ml conc HNO, _
water to dilute to 9M. Dilute with about 2 ml DI water to approx 8M HNO, -
’ - . Load onto column in 8M HNO, -
Wash 2 vols (8-10 ml) 8M HNO, --> Fe -
: _ Elute 4-5 vols 0.IM HCl --> U o
[ Sohrce Preparation:
Column Separation: . o R
P — Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form. e Thorium - OH" precipitation onto filter
(Lot # ) L
e = I . 1. Evaporate solution containing Th to near dryness.
- - : 2. Add6ml0.05M EDTA soln to dissolve residue, transfer soln to a 50 mi PP
Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols S centrifuge tube and place tube in boiling water for a few minutes. ' ] TR
o 9M HCI) 3. Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add :
! s
S e [
l A
_ _ . _ S
- _ _ - o _ _ i T
o o . A .
e S




10.

11.

Al vesu,H:s o§ S?Zuaf«/m will fe
St/w-}/ten—,)

2 drops 25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water
for 10 minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone

filter funnel.

Shake bottle of substrate suspension (ceric hydrox1de containing 10 pg Ce/ml)
vigorously and draw 2 consecutive 5 mi portions through the filter with full

suction. Allow each portion to suck dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck
dry.

While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5
ml ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the
wash solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml

portions of 80% ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully

without interrupting  the suction. Transfer filter to a plastic container and at low
temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 100 pl
puriified cerous nitrate (0.5 mg/ml Ce, 50 pg of Ce carrier) and evaporate the solution
until completely dry and no more fumes are given off.

Add 2 ml of IM HClI to the beaker containing the purified U fraction and heat gently
to dissolve the sodium hydrogen sulfate cake and any possible insoluble double salts
with the Ce carrier.

Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml
portions of 1M HCI.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color.
If not, iron is probably present and a few more drops of titanium trichloride must be
added to produce a permanent violet color or reduction and precipitation of U will be
incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight
turbidity should clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain
complete precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml
portions of cerous fluoride substrate as described above.

1

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48%
HF and then with 80% ethanol.

Dry and analyze as described above.

U Counting Date
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SEQUENTIAL PHASE EXTRACTIONS

Objective: determine U and Th content and activity ratios in different phases in samples from
Nopal |
Method: sequential phase extraction; alpha spectrometry
Equipment: -EG&G Ortec alpha spectrometry system
576A dual or 676 single chamber detectors
Model 920 muitichannel buffer
ALPHAMAT analysis software for acquisition control
MAESTRO i software for data analysis
-perchloric fume hood
-drying oven (Blue M)
-analytical balance
-Fisher 21K Marathon centrifuge
-Si Vortex Genie hand homogenizer
-Burrell wrist shaker
-Corning hot plates
-Infrared lamp
-CEM Model MDS-2000 microwave digestion system
-Tefion PFA vessels
-ultrasonic bath

Materials and Supplies:
-necessary giassware (e.g., beakers, flasks, etc...)
-necessary platicware (e.g., PP bottles, beakers, etc...)
-50 mi polypropylene and teflon centrifuge tubes
-Eppendorf pipets and tips
-Teflon beakers
-filters and filter funnels
-Bio-Rad columns 1.5 cm diameter
-Bio-Rad columns 0.7 cm diameter
-Bio-Rad anion exchange resin AG 1-X8 100-200 mesh
-232|J/228Th spike solutions prepared previously
-weighing paper and boats
-PP bottles
-1 inch stainless steel planchets
-25 mm membrane filters
-50 mi polysulfone filter funnei
Reagents: -Conc HCl, HCIO4, NH4OH, HNO3, HF, acetic acid, ammonia
-OM, 0.1M, 1M, 8M HCI
-0.1M, 8M HNO;
-0.05, 0.02 M EDTA soiution
-0.05 ammonia
-Cerous nitrate (0.5 mg/mi Ce)
-25% hydrazine dihydrochloride
-10 M NaOH
-80% ethanol
-Ceric hydroxide (10 ug Ce/ml) substrate
-10% sodium hydrogen sulfate
-20% titanium chloride

|

Procedure: The extraction, separation, and source

-Cerous fluoride (10 ug Ce/ml) substrate
-sodium dithionite (NapS,0y,)

-1 M MgCl; - 203.3 g MgCl; dissolved in 1L DI water at pH 7

-Tamm’s reagent - 28.4 g ammonium oxalate dissolved in DI water, mixed with 25.2 ¢
oxalic acid dissolved in D} water, made up to 1L

-Fe carrier solution (10 mg/ml) - 72.3 g ferric nitrate dissolved in DI water, 50 mi
conc HNO;3 added, made up to 1L with DI water

-Morgan’s reagent - 82.04 g sodium acetate dissof
with acetic acid

-Coffin’s reagent - 51.5 9 sodium citrate dissolved in Di water, mixed with 5.25 g
citric acid dissolved in DI water, made up to 1L

ved in 1L DI water, adjusted to pH 5

preparation procedures shown below are used to

process samples.

Sample ID #
Date

Sequential phase extractions

n

1.

IE Readily ion-exchangeable

Weigh 1-3 g powdered sample into a 50 mi PP centrifuge tube.

Sample weight = g
Sample weight + tube = g

Add 50 ml of 1 M MgCl, at pH 7 and shake for 1 hour on wrist shaker.

Centrifuge at 10,000 rpm for 10 min; transfer supernate to PP bottle and label as ‘IE’ fraction.

Add 30 ml ultrapure water to tube; homogenize; centrifuge at 10,000 rpm for 10 min and add
supernate to PP bottle.

Place tube with residue in drying oven overnight.

Add 232U/228Th spike to supernate and record spike weight.

Spike #

Reference Date
Reference Activity pCilg

Spike weight g
Add 0.5 mis Fe carrier and allow to equilibrate overnight.

Transfer half of solution into a 50 m| PP centrifuge tube. Add 2 mls conc HCI and’ mix; add

ammonia solution gradually, stirring after each addition until Fe-hydroxide precipiates (red-
brown).

Note: Take care not to add too much ammonia or the Mg will precipitate too, producing a thick
white precipitate. If this does happen re-dissolve in HCI and repeat precipitation.

Centrifuge and discard supernate. Wash with 0.05 M ammonia, centrifuge and discard
washings. Precipitate is now ready for U/Th ion exchange separation.



(.

Ad Adsorbed
Cool and record weight of dried residue in tube.
Weight = g

Add 30 mi of Morgan's reagent and 0.03 mi 0.02 M EDTA to the residue in the tube. Shake for
at jeast 6 hrs on wrist shaker.

Centifuge at 10,000 rpm for 10 min. Transfer supernate to PP bottle and label as ‘AD’
fraction. Add 30 mis ultrapure water, homogenize, centrifuge at 10,000 rpm for 10 min, and
add supernate to PP bottle.

Place tube with residue in drying oven overnight.
Add 232U/228Th spike to supernate and record spike weight.

Reference Date

Spike # -
Spike weight __ g

Reference Activity pCi/g
Add 0.5 ml Fe carrier to supernate and allow to equilibrate overnight.

Transfer half of solution into a large teflon beaker.
lamp.

Evaporate to dryness under an infrared
Add 20 ml of conc HNO3 and then add 20 mis perchioric acid. Reflux gently on a hotplate untif
the solution has turned pale straw to water-white in color.

Evaporate to dryness under an infrared lamp.

Dissolve in 50 mis 8 M HC! and 50 mis DI water, warm on hotplate if necessary. Allow to cool,
Co-precipitate the U, Th, and Fe with conc ammonia added dropwise. Transfer solution to 50 mil

PP centrifuge tubes, centrifuge and discard supernate. Wash with 0.05 M ammonia, centrifuge
and discard washings. Precipitate is now ready for U/Th ion exchange separation.

_—
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AM Amorphous iron oxides

Cool and record weight of dried residue in tube.
Weight = g

Add 50 mi of Tamm’s acid oxalate reagent to the residue in the tube. Shake for 4 hrs on wrist
shaker in the dark. Check after the 1st hour and carefully release any built up pressure.

Centifuge quickly at 10,000 rpm for 10 min; minimize exposure to light. Transfer supernate to
PP bottle and label as ‘AM’ fraction. Add a further 30 mis oxaiate solution to the residue and
shake for a further haif hour.

Centrifuge at 10,000 rpm for 10 min, and add supernate to PP bottle. Add 30 mis uitrapure
water to residue, homogenize, centrifuge, and add supernate to PP bottle.

Place tube with residue in drying oven overnight.
Add 232U/228Th spike to supernate and record spike weight.

Spike #
Reference Activity

Reference Date

pCi/g Spike weight g

Allow to equilibrate overnight.

Transfer haif of solution into a large teflon beaker. Evaporate to dryness under an infrared
lamp.

Add 20 ml of conc HNO3 and then add 20 mls perchloric acid. Reflux gently on a hotplate until
the solution has turned pale straw to water-white in color.

Evaporate to dryness under an infrared lamp.
Dissolve in 50 mls 8 M HCI and 50 mls DI water, warm on hotplate if necessary. Allow to cool.
Co-precipitate the U, Th, and Fe with conc ammonia added dropwise. Transfer solution to 50 ml

PP centrifuge tubes, centrifuge and discard supernate. Wash with 0.05 M ammonia, centrifuge
and discard washings. Precipitate is now ready for U/Th ion exchange separation.
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10.
11.
12.

13.

R Crystalline iron oxides
Cool and record weight of dried residue in tube.

Weight = 9

Add 30 mi of Coffin's reagent to the residue in the tube. Add 1.5 g (5%} of sodium dithionite
(Na2S,04) and shake for 1 hr on wrist shaker.

Centifuge at10,000 rpm for 10 min. Transfer supernate to PP bottle and label as ‘CR’ fraction.

Re-extract with fresh solution if residue is not completely free of Fe (residue shouid be white
or gray). Centrifuge at 10,000 rpm for 10 min, and add supernate to PP bottle. Add 30 mis
ultrapure water to residue, homogenize, centrifuge, and add supernate to PP bottle.

Place tube with residue in drying oven overnight.
Add 232U/228Th spike to supernate and record spike weight.

Spike #

Reference Date
Reference Activity pCilg

Spike weight g

Allow to equilibrate overnight.

Transfer half of solution into a large teflon beaker. Evaporate to dryness under an infrared

lamp. (A crystalline crust will form and it may be necessary to break it up with a stirring rod
to assist drying-out.)

Add conc nitric acid drop-by-drop until effervescence ceases. (Be careful, reaction can be
quite violent.)

Evaporate to dryness under an infrared lamp.

Add 20 mi of conc HNO3 and then add 20 mis perchloric acid. Reflux gently on a hotplate until
the solution has turned pale straw to water-white in color.

Evaporate to dryness under an infrared lamp.

Repeat steps 9-10.

Dissolve in 50 mis 8 M HCI and 50 mis DI water, warm on hotplate if necessary. Allow to cool.
Co-precipitate the U, Th, and Fe with conc ammonia added dropwise. Transfer solution to 50 mi

PP centrifuge tubes, centrifuge and discard supernate. Wash with 0.05 M ammonia, centrifuge
and discard washings. Precipitate is now ready for U/Th ion exchange separation.

127

(V) R Resistate (primary minerals and clays)

1. Cool and record weight of dried residue in tube.
Weight = g

2. Transfer residue to a teflon PFA vessel for microwave digestion.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA
vessel.

232{)/228Th spike # Reference Date

Reference Activity pCil/g Spike wt. g
3. Add reagents to vessel and record voiumes:
Reagents Volqme (mi)
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times
with ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing it necessary and
the other half is analyzed for U and Th isotopes.

7. Add 1 mi of perchioric acid (HCLO,) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO,. Pick up in a small amount (~2 ml) of conc. HCI and dilute to approximately 2M
(total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add 0.5 ml Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
“*Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitgte with ultrapure
water, centrifuge, and decant. Repeat washing. Precipitate is ready for ion-exchange
separation.
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Dissovle

Mgin‘ Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Separation Date L~
***Note: May work on U and Th fractions simultaneously from this point on. ‘
;L\ﬂ""‘"
Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M —
HNO3) }\
Heat Th fraction to evaporate HCI — '
Add ~5 ml conc HNO3 to dissolve residue e __
Add equal vol (~5 ml) DI water so soin 8M HNO3 .
Load onto column in 8M HNO3 —— o
Wash 3-4 column vols 8M HNO, —— o _——_
Elute 4-5 column vols 9M HCl —> Th e e
Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3) —
Evaoprate U fraction to near dryness . ——
Pick up in about 2 mi conc HNO4 —
Dilute with about 2 ml DI water to approx 8M HNO4 __ I

change Separation - all precipitates

the precipitates in ~3 mi conc HCI. Add 1 mi uitrapure water to diiute to ~9M.

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HCI —> Th
Elute 4 volumes (~50 mi) 0.1M HCl —> U and Fe

Load onto column in 8M HNO4
Wash 2 vols (8-10 mi) 8M HNO3 ~> Fe
Elute 4-5 vols 0.1M HCI —> U

Source Preparation:

Thorium - OH- precipitation onto filter

1.

Evaporate solution containing Th to near dryness.

2. Add 6 m| 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
piace tube in boiling water for a few minutes.

3. Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

4. Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

5. Wet a 25 mm membrane filter with 80% ethano! and place in a 50 mi polysuifone filter funnel.

6. Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to
suck dry for 10-15 sec.

7. Without interrupting suction, pour the sample into the filter chimney and allow to suck. dry.

8. While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

10. Suck filter dry for about 15 sec and remove the chimney and filter carefully without
interrupting the suction. Transfer filter to a plastic container and at low temperature (~60C).

11. Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date______ .

Uranium - F- precipitation onto filter

1. To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 100 wl puriified
cerous nitrate (0.5 mg/ml Ce, 50 pg of Ce carrier) and evaporate the solution until
completely dry and no more fumes are given off.

2. Add 2 ml of 1M HC! to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.

3. Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCI.

4, Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron
is probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

5. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

7. Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

8. Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substrate as described above.

9. After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and
then with 80% ethanol.

10. Dry and analyze as described above.

U Counting Date

—————




e -
| Sequtd et Sor Ut Th was

- pefowed an  Seaple  pofT418-PUD

| pva) W OPIT-¥23 PRI us 85

[ Pll;—-llﬁ.

C bofee amO 9osw.t:.il S«

Rs&?‘:ﬁ m(( Le_ |eepts maRevive

131

Recgp B

" MGC\L & ?&7 - Disslied 203 2y Mgl
((«c 440$27) m L o
\'\‘LO w o L \Qé’,‘\—\SLV,

'w ALLeD o ﬁwe@z;efs,c%, o

v.oSm NeOH_ 15 beive Te

. ph=7 Trens Sorad $Ka>»d7v"5
G L PP bawte 4 |ulLD

- bete M -‘Ma,cl , apht7 .

/\koxg)ws Reaw - Q\sso\ocO BN oteb —:;.onfﬁ, _

__Geel=fr Gc?(“‘i?ﬂo'??) ~ L

T S um—.L ac&&iue\c_\g

(et 945549 eyt

C Selwti, o o (L R bu—vib

o eketd) b Mogapns Qo




— :

Hoolss o |

6 Soo ml H’.,_lo b~ wolwut

I glask— Maﬂe ,\,13 To

56\\;5:4 To - 9{’ b

W) “1m Hc1”

25 mp
&?;ns , D€a¢()e:f &1 ssoluo 51 >2 boﬁm
edknte (e idot2t) am DT

,‘W‘:U-v Mt)c wﬁev‘:‘).ba
q %v‘ < e ¢0 C/o'("ﬁS(Zﬁ7>
P o@tssoloe, made up To
R IV‘ 50 [t To

1L PP boc-\:\e 0 ?o@u.Q

' Co $§ 'S v—ft«,, A

T;\MMA:5 Qec-?j: - 23 M. aw\mm‘v«w 0“66\-(5@'

(1ot 922659) Ais sdwel) v
H Lo, miy wiod 25 vt
,,,bxa,ha a.c«.Q ((d ?05504>

| ,MV»Q-? we e, ll/"'—réw

-

1 o.02m EDTA -

Selvt= B (L PP LAk

1)

oD Ll T flogt

5@259,’,2@,,,_;5,7,,,&,_,4 EbTA

(JO’(' 70?5’5) W\d 5-00f"\/ /"LZ:,O .
lrm/w/l’ >0O~\( PP

éﬁw&a— Nk “ 002 m EPTR"




Ay
s%}éb

M 2.5 W\ ammoran

, 75 m MM\@ -

laM (lat s me

Wk \L DT W, D

Seawzﬂ Hilons Sor wvri

w“? !\bv! W"Q o 9:«»-,»@@., NoFPL- ‘Il7*l’lJD

\vhlwa/ ‘1_0 \L. PP o \,/
b oo k(.a-Q,uQ 6.05 m. l‘mmmg

B bl - ald LSC m\ (eme Heol

el Apoﬂ.b $zu ~Pb

_ M—>ld ,'Dfow:é«-u )

. - /P l21-124,

 Qeslls oo kgt o

bondee oititlell “fop witsl 5,;%‘

300 v L

(et 94s50°) 15

Wepd T Spter?

Moda o To monle Tl
B, O, solds ™

v

e PR b+ L

“Bpm ot




|5[8 [‘1 bm&

T 1 —
G EOTA - Hissolve  55.34 4 EBU\, L
So E—‘:re' 15(“

(, let ‘1,055933 w Soom {"Ls o

TVW"’DP\/:b Soo MI‘)'IEP’[XI‘[L R

ot Wb Enm cotr”




slifie

§e wiel) ‘

. ) ;f u 4T

NPT qmw_b = NOPI 42 5- Pwi\

\,{snb dww»@% o~ 70(?,1 -29. o

ol ok -

— -
l e 15 & ve th:-;m:ti, :
* t

el et 57 ) @‘m B

//Oon-Q .L 50«%&./




8):3%, .

) b $a lowm o»oﬂ.«»v :vM
ID.,F«Q I: \#QL? g“"‘ i

U-Th \eo-kwvv Ly - sp}éh—»%
-6,

_\Lﬁx;lj M ~ P )

, poP_tvSO‘t eAme-

_poPT-2\3-6Ame.

_NOPT-317- GAmS

NopT-323- GAmz
NPT -3525 - GAm 2~

_ VoPi-3il-6fme.
NPT 31~ G-

"8 l\)of)c«o I« Sovq\&-v

Al sidER






