This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been madeus veesfmevBecause
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as apibpeaés. dmly the current version
of the standard as published by ASTM is to be considered the official document.

[l Designation: C 761 — 9601
i’

INTERNATIONAL

Standard Test Methods for
Chemical, Mass Spectrometric, Spectrochemical, Nuclear,
and Radiochemical Analysis of Uranium Hexafluoride 1

This standard is issued under the fixed designation C 761; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover procedures for subsampling and for chemical, mass spectrometric, spectrochemical, nuclear, and
radiochemical analysis of uranium hexafluorlde gy}F*PrMost of these test methods are in routine use to determine conformance
to UF, specifications in t allations. Enrichment and
Conversion Facilities.

1.2 The analytical procedures in this document appear in the following order:

Sections
Subsampling of Uranium Hexafluoride 7 to 10
Gravimetric Determination of Uranium 11 to 19
Titrimetric Determination of Uranium 20 to 27
Preparation of High-Purity U304 28 to 34
Isotopic Analysis by Double-Standard Mass-Spectrometer 35 to 40
Method
Isotopic Analysis by Single-Standard Mass-Spectrometer 41 to 46
Method
Determination of Hydrocarbons, Chlorocarbons, and Partially 47 to 53
Substituted Halohydrocarbons
Atomic Absorption Determination of Antimony 54 to 60
Spectrophotometric Determination of Bromine 61 to 68
Titrimetric Determination of Chlorine 69 to 75
Spectrophotometric Determination of Silicon and Phosphorus 76 to 82
Spectrographic Determination of Boron and Silicon 83 to 90
Atomic Absorption Determination of Ruthenium 91 to 97
Spectrographic Determination of Ruthenium 98 to 103
Spectrophotometric Determination of Titanium and Vanadium 104 to 111
Spectrographic Determination of Metallic Impurities by Carrier 112 to 118
Distillation
Spectrographic Determination of Hafnium, Molybdenum, Nio- 119 to 125

bium, Tantalum, Titanium, Tungsten, and Zirconium After Sepa-

ration from UFg with BPHA

Spectrographic Determination of Hafnium, Molybdenum, Nio- 126 to 132
bium, Tantalum, Titanium, Tungsten, Vanadium, and Zirconium

After Separation from UFg as Cupferrides

Spectrophotometric Determination of Tungsten 133 to 139
Spectrophotometric Determination of Thorium 140 to 145
Spectrographic Determination of Thorium and Rare Earths 146 to 152
Spectrophotometric Determination of Molybdenum 153 to 158
Atomic Absorption Determination of Metallic Impurities 159 to 164
Impurity Determination by Spark-Source Mass Spectrography 165 to 173
Determination of Boron-Equivalent Neutron Cross Section 174 to 177
Determination of Uranium-233 Abundance by Thermal loniza- 178 to 184
tion Mass Spectrometry

Determination of Uranium-232 by Alpha Spectrometry 185 to 191
Determination of Fission Product Activity by Beta and Gamma 192 to 198
Counting

Determination of Plutonium by lon Exchange and Alpha Count- 199 to 203
ing

Determination of Plutonium by Extraction and Alpha Counting 204 to 211
Determination of Neptunium by Extraction and Alpha Counting 212 to 219

1 These test methods are under the jurisdiction of ASTM Committee C-26 on Nuclear Fuel Cycle and are the direct responsibility of Subcommittee \@e26c@fs on
of Test.
Current edition approveg-Bec. Aug. $6:-3996. 2001. Published-February 1997. October 2001. Originally published as C761 — 73. Last previous§kdigdn C7
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Atomic Absorption Determination of Chromium Soluble In Ura- 220 to 226
nium Hexafluoride

Atomic Absorption Determination of Chromium Insoluble In Ura- 227 to 233
nium Hexafluoride

Determination of Technetium-99 In Uranium Hexafluoride 234 to 242
Method for the Determiation of Gamma-Energy Emission Rate 243 to 250
from Fission Products in Uranium Hexafluoride

Metallic Impurities by ICP-AES 251 to 260
Molybdenum, Niobium, Tantalum, Titanium, and Tungsten by 261 to 270
ICP-AES

4

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use(For specific safeguard and safety consideration statements, see Section 6.)

2. Referenced Documents

2.1 The following documents of the issue in effect on date of material procurement form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:

C 696 Test Methods for Chemical, Mass Spectrometric, and Spectrochemical Analysis of Nuclear-Grade Uranium Dioxide
Powders and Pellets

C 753 Specification for Nuclear-Grade, Sinterable Uranium Dioxide P&wder

C 787 Specification for Uranium Hexafluoride for Enrichnfent

C 799 Test Methods for Chemical, Mass Spectrometric, Spectrochemical, Nuclear, and Radiochemical Analysis of Nuclear-
Grade Uranyl Nitrate SolutioRs

C 996 Specification for Uranium Hexafluoride Enriched to Less Than%58y2

C 1128 Preparation of Working Reference Materials for Use in the Analysis of Nuclear Fuel Cycle Méterials

C 1219 Test Methods for Arsenic in Uranium Hexafluofide

C 1233 Practice for Determining Equivalent Boron Contents of Nuclear Materials

C 1267 Test Method for Uranium by Iron (1) Reduction in Phosphoric Acid Followed by Chromium (VI) Titration in the
Presence of Vanadium

C 1287 Test Method for Determination of Impurities in Uranium Dioxide by Inductively Coupled Plasma Mass Specfrometry

C 1295 Test Method for Gamma Energy Emission from Fission Products in Uranium Hexaffuoride

C 1344 Test Method for Isotopic Analysis of Uranium Hexafluoride by Single-Standard Gas Source Mass Spectrometer Method

C 1346 Practice for Dissolution of WFrom P-10 Tubes

C 1380 Test Method for the Determination of Uranium Content and Isotopic Composition of Isotope Dilution Mass
Spectrometry

C 1413 Test Method for Isotopic Analysis of Hydrolyzed Uranium Hexafluoride and Uranyl Nitrate Solutions By Thermal
lonization Mass Spectrometry

C 1428 Test Method for Isotopic Analysis of Uranium Hexafluoride by Single-Standard Gas Source Multiple Collector Mass
Spectrometer Method

C 1429 Test Method for Isotopic Analysis of Uranium Hexafluoride by Double-Standard Multi-Collector Gas Mass
Spectrometer

C 1441 Test Method for the Analysis of Refrigerant 114, Plus Other Carbon-Containing and Fluorine-Containing Compounds
in Uranium Hexafluoride via Fourier-Transform Infrared (FTIR) Spectroscopy

C 1474 Test Method for Analysis of Isotopic Composition of Uranium in Nuclear-Grade Fuel Material by Quadrupole
Inductively Coupled Plasma-Mass Spectrometry

C 1477 Test Method for Isotopic Abundance Analysis of Uranium Hexafluoride by Multi-collector Inductively Coupled
Plasma-Mass Spectrometry

Z 8275 Test Method for Determination of Bromine and Chlorine in UF6 and Uranyl Nitrate by X-Ray Fluorescence

D 1193 Specification for Reagent Water

E 60 Practice for Photometric and Spectrophotometric Methods for Chemical Analysis of Metals

E 115 Practice for Photographic Processing in Optical Emission Spectrographic Ahalysis

E 130 Practice for Designation of Shapes and Sizes of Graphite Electrodes

I 2.3 YUSDbepartmentoiEnergy-Speeifications:

2 Annual Book of ASTM Standagdgol 12.01.
2 Annual Book of ASTM Standardgol 11.01.
4 Annual Book of ASTM Standardgol 03.05.
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ieations, and

Hmﬁr&m—He*a#hmrde—Handng—Pfeeeéﬁes—aﬁd—eeﬂfarﬁekeétena

24—American Chemical Society Specification:
Reagent Chemical$§

SgnitedtStates Department
5 “Reagent Chemicals, American Chemical Society Specifications,” Washington, DC. For suggestions on the testing-ef-Energy-Oak-Ridge, TN 3#83htristige
by the American Chemical Society, See “Reagent Chemicals and Standards,” by Joseph Rosin, D. Van Nostrand Co., Inc., New York, NY, and the 8dnited Stat

Pharmacopeia.”
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2.4 Other Specifications:

Uranium Hexafluoride: Base Charges, Use Charges, Special Charges, Table of Enriching Services, Specifications, and
Packagin§

USEC 651 Good Handling and Practices for &F

ANSI N 14.1

ISO 7195

3. Significance and Use

3.1 Uranium hexafluoride is a basic material used to prepare nuclear reactor fuel. To be suitable for this purpose the material
| must meet criteria for uranium content, isotopic composition, metallic impurities, hydrocarben—and—partiatty—substituted
halohydrocarbon content. These test methods are designed to determine whether the material meets the requirements described in
Specification C 787

4. Reagents

4.1 Purity of Reagents-Reagent grade chemicals shall be used in all procedures. Unless otherwise indicated, all reagents shall
conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society, where such
specifications are availableOther grades may be used, provided that it is first established that the reagent to be used is of
sufficiently high purity to permit its use without lessening the accuracy of the determination.

4.2 Purity of Water—Unless otherwise indicated, references to water shall mean reagent water conforming to Specification
D 11938

5. Rejection

5.1 Rejection or acceptance-shal-be-bylotalotconsisting-of-the-contents-ef-a-shipping-container. criteria are described inTest
Method C 787 and Specification C 996.

6. Safety Considerations

6.1 Since UE is radioactive, toxic, and highly reactive, especially with reducing substances and moisture (see Uranium
Hexafluoride: Handling Procedures and Container Criteria), appropriate facilities and practices for sampling and analysis must be
provided.

6.2 Committee C-26 Safeguards Statement

6.2.1 The material (uranium hexafluoride) to which these test methods apply, is subject to nuclear safeguards regulations
governing its possession and use. The following analytical procedures in these test methods have been designated as technically
acceptable for generating safeguards accountablllty measurement data Grawmetnc Determlnatlon of Uranlum T|tr|metrlc
Determination of Uranium; All Isotop y ‘

I Standard Mass-Spectrometer Method. Analyses

6.2.2 When used in conjunction with appropriate certified Reference Materials (CRMs), these procedures can demonstrate
traceability to the national measurement base. However, adherence to these procedures does not automatically guarantee regulatory
acceptance of the resulting safeguards measurements. It remains the sole responsibility of the user of these test methods to assure
that its application to safeguards has the approval of the proper regulatory authorities.

SUBSAMPLING OF URANIUM HEXAFLUORIDE
@, 2y

7. Scope

7.1 This test method is applicable to the subsamp(8)af UFg from bulk sample containers into smaller containers suitable
for laboratory analyses. The procedure includes sample filtration that facilitates determination of both soluble and insoluble
chromium compounds.

I 6Unlted States—Phafmaeepaa Department of Energy Oak Rldge TN 37830
”The boldface numbers in parentheses refer to a list of references at the end of these test methods.

I —Braﬁd—ﬁames—meaﬂeﬁed—m—ﬂms—pfeeedwe—afe—mfended

8 Type 1 and 2 water have been found to-be
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8. Summary of Test Method

8.1 The UK in the bulk sample container is liquefied and homogenized by vigorous shaking. The container is inverted and
connected to the top of a heated vacuum-manifold system, and the subsample container is attached to the appropriate port of the
system. The system is evacuated, and the liquiglis/Bllowed to flow by gravity into the subsample container. Table 1 summarizes
the purpose of various subsamplings.

9. Apparatus

9.1 Hot Water Bath

9.2 Heated Vacuum Manifold with Liquid Nitrogen Cold Traffig. 1).

9.3 Gaseous Isotopic Abundance Sample Tbig. 2).

9.4 Fluorothene Sample Tubg-ig. 3).

9.5 Fluorothene Knockout Cylinde(Fig. 4), closed with a CajdhM-16 VCR-1 female nut and an M-16 VCR-4 male nut, or
equivalent.

9.6 Nickel Filter Disk porous, 2-um, free of chromium (Fig. 5). Mott Metallurgical Corp. or equivaient.

9.7 Gas Sample Cylinde0.5 L.

10. Procedure

10.1 System Preparatiaon

10.1.1 Place the bulk sample container in a water bath at 98€C.

10.1.2 After the UE has been liquefied, remove the container from the bath, shake to homogenize the sample, and connect it
at the top of the vacuum-manifold system shown in Fig. 1.

10.1.3 HWhen a subsample is required for uranium analysis or chemical impurity (metal, halogen), and TIMS isotopic analysis,
connect a tared fluorothene sample tube at the Cajon connection at the bottom of the system. If this subsample is not required,
attach a blind fitting at this point.

o Brand hames mentroned—rﬁ—dﬁmeferhby—e-e—m—tkﬁek—k—should thrs procedure are |ntended to be typical, not limiting. Anothe
rie molds. comparable characteristics could perform equally well.

&Seaﬁdafd—re#efeﬁee—ma%eﬂal—FrGMkavaﬂaHe—as—MSqLSR-M—l%e
1°The filter disk should weigh approximagel g and be 16 mm in diameter by 0.6 m thick. It should be of nickel powder produced from carbonyl nickel and formed

by the no pressure sintering method in graphite or ceramic molds.

TABLE 1 Subsamples for UF sSpecification Analyses

2S Cylinder Sample
from Shipping Cylinder

I

I { I [ I 1
1 Nickel Filter Disk 1 Fluorothene Tube 1 Filuorothene Tube 1 Fluorothene 1 Disposable 1 Gas Cylinder
{(Fig. 5) Knockout Cylinder Sample Tube
209 UFg 8g UFg 2gUFg B 4g UFg < 75 mm Pressure
Dissolved Disk Sotution gU/g Hydrolyzed in 235y Hydrocarbons,‘Chlorocarbons,
Al, Ba, Be, Bi, Ca, Fresh NH, Solution ;g‘;ua Partially-Substituted
Soluble and Insoluble Cr Cd, Co, Cr, Cu, Fe, U2 Halohydrocarbons
Li, Mg, Mn, Na, Ni, B and Si
Pb, Sn, and Zn
I I I [
1gUin 10gUin 40 g U in Solution 60gpin
Solution? Solution Solution?
Nb, Ta, Ti, Mo, W, V, Zr
233 b and P
U Brand Ci iuan 232,
Th, Dy, Gd, Sm Pu, Np
Srand K Fission Product:
Y
g

3Required only for reactor returns.
B 100 g UFg hydrolyzed in (1 + 4} HNO4 and
100 g UF hydrolyzed in ice water for
235y, Br Snd Cl.
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BULK
SAMPLE
Pi CONTAINER

/@ ————(a — DRY NITROGEN OR DRY AIR
g 15. 40-mm A4

Cajon, Female
2 3

l;:’:‘;
FITTING FOR 15, 40-mm
TSOTOPIC ABUNDANCE Ca]on, Male
SAMPLE TUBE \
- L /) COLD _ CHEM._ VACUUM
123 A8 - TRAP ~ TRAP PUMP
FLUOROTHENE

TUBE CONNECTION

Note 1—All lines are¥s-in. (9.5-mm) Monel tubing.
Note 2—All valves are Monel diaphragm-type valves.
Note 3—The valves and lines are wrapped with heating tape to maintain a system temperature of about 80°C.
Note 4—Valve 2 is a 3-way valve modified to make it a 4-way valve. When the valve is closed, the fluorothene tube is isolated from the system, but
the lines from Valve 1 to Valve 3 and to the bulk container are open.
FIG. 1 System for Sampling Liquid UF 4 from Small Containers

MONEL DIAPHRAGM-
TYPE VALVE

FLUOROTHENE
GASKET USED
{N CONNECTOR

l+——— NICKEL OR MONEL TUBE
9.5 mm IN OUTSIDE

DIAMETER WITH A 1 mm
WALL AND 150 mm LONG

o/
FIG. 2 Isotopic Abundance Sample Tube

10.1.4 HWhen a subsample is required for gaseous isotopic analysis or all gas carbon compound determination, attach a tared
I isotopic abundance sample tube to the sample tube connectien:_If this a subsample is not required, attach a cap at this point.
10.1.5 Close Valve 4, then evacuate the entire system, except for thbulk-sample container.
10.2 Sample Transfer to the Fluorothene Tube
10.2.1 Close Valves 1, 2, and 3.
10.2.2 To remove solid impurities, which may be present in the bulk-container valve, open that valve and then close it quickly.
Transfer this flush aliquot of liquid Uffo a fluorothene sample tube, as described below, and discard.
10.2.3 Open the bulk-container valve; then open Valve 2 slowly, allowing liquigltdflow into the fluorothene tube. When
the tube is half full of liquid UF, close Valve 2.
10.2.4 Close the bulk-container valve.
10.2.5 Open Valve 3 to remove Ykom the system. Open Valve 1 to ensure that the system is evacuated.
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T%\PLUG

| |; (MONEL)
1 (MONEL-8-VCR-4})
GASKET — "7

=
(TFE) { —{ l——1.sa4 D
|'_|-— 1.805 D

T
%
1 | lt—o0833D

P
P I
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| |
| |
B
6.826 | : ;
I \
: i SAMPLE TUBE
§ C (TFE)
S L
| b
N N
[ — f— 1508 0
FLARE NUT =

{(MONEL)
NOTE: ALL TFE
SURFACES FINISHED TQ

(MONEL-8-VCR-1-01052) 81 4 OR BETTER

ALL DIMENSIONS IN CENTIMETERS
FIG. 3 Small TFCE Sample Tube

> 358 e T
| *1 22 358
LR [? 4 Y 0.16 Thick

MATERIAL: FLUOROTHENE (KEL-F)

ITEM 2
i
|

17.8
\
MATERIAL: FLUOROTHENE (KEL-F}
FINISH: 8990m |NgiDE 155/00 nm OUTSIDE
INSIDE SURFACES MUST BE FREE OF TAPERS
o1 AND CREVICES.
J‘ 1.3
f : NOTE: .
3.02 - ALL DIMENSIONS IN CENTIMETRES

ITEM 1 EXCEPT AS NOTED.

FIG. 4 Fluorothene Knockout Cylinder

10.2.6 Close Valve 3.

10.2.7 Immerse the fluorothene tube in liquid nitrogen for 6 min.

10.2.8 Open Valve 2 to ensure that the sample does not exert a detectable vapor pressure.

10.2.9 Close Valve 5.

10.2.10 Open Valves 3 and 4, and admit dry nitrogen or dry air until a pressure slightly above 1 atm is reached.

10.2.11 Disconnect the fluorothene tube, seal with a fluorothene gasket and a Monel plug, and weigh the tube assembly.
10.2.12 Cap the manifold port and close Valves 2 and 4.

10.2.13 For metals, halogens, or isotopic analysis, proceed to the hydrolysis of the UF
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19.8

o

I
‘0.6 mm Thick

CAJON MONEL TEFLON GASKET

FEMALE NUT
(M-BVCR-1)
- 15.9 -
‘ mm |
| i
0.6 mm Thick

CAJON GLAND
(M-6VCR-3) 2-MICROMETRE FILTER DISK

BUTT BRAZED

£
CAJON MONEL £
MALE NUT @
[+2]
(M-6VCR-4) 2 - 3.2 mm Thick
: T
P:
< — . 198 -
+ mm
SR
4 T

0.6 mm - " < 3.2mm
mm

FLUOROTHENE FILTER HOLDER
FIG. 5 Filter Disk Unit

10.2.13.1 Prepare chilled distilled water. Pour the water into a clean 500 mL polyethylene bottle. Use this water to prepare a

solution of 0.1gU/g of solution.
10.2.13.2 Cool the fluorothene tube in liquid Mr 15 minutes. Remove the metal fittings and drop the tube in the water.

10.3 Sample Transfer te-an a gaseous Isotopic Abundance:Tube
10.3.1 Open Valves 1, 3, and 5, as well as the isotopic abundance tube valve, to evacuate the tube.

10.3.2 Close Valves 1, 2, and 3.
10.3.3 Immerse the lower half of the metal isotopic abundance tube, as shown in Fig. 2, in liquid nitrogen for 1 or 2 min.

Immerse plastic tubing in ice water and observe desublimed UF

10.3.4 Remove the liquid nitrogen or ice water and allow frost to accumulate on the tube.

10.3.5 Open the bulk-container valve and then close.

10.3.6 Open Valve 1 slowly, and observe melting of the frost as thefldfws into the tube. As soon as the frost disappears,
close the isotopic abundance tube valve.

10.3.7 Open Valve 3 to remove the JfFom the manifold.

10.3.8 Close Valve 5 and open Valve 4 to admit dry nitrogen or dry air until a slight positive pressure is reached. Then close

Valve 4.

10:54.1 Attach the porous nickel filter unit with a weighed 2-um filter, as shown in Fig. 5, to the bottom port of the vacuum
manifold, and attach a tared fluorothene tube to the bottom of the filter unit.

10:54.2 Transfer 15 to 20 g of liquid YRhrough the filter to the fluorothene sample tube, as in 10.2.3 through 10.2.12.

10-54.3 Remove the porous nickel filter and dissolve it in 10 mL of 1.42 sp gr4NO

10-54.4 Submit the dissolved filter solution for analysis of chromium isoluble igas@ the filtered UEin the fluorothene
sample tube for chromium soluble in IF

10:65 Sample Transfer to Fluorothene Knockout Cylinder
10:65.1 Attach the fluorothene knockout cylinder, as shown in Fig. 4, to the bottom port of the manifold with a Cajon M-16

VCR-1 female nut, an M-16 VCR-4 male nut, and an M-16 VCR-3 gland.
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10:65.2 Transfer approximately 50 to 200 g of liquidd4& a tared fluorothene knockout cylinder, as in 10.2.3 through 10.2.12,
except that in 10.2.7, the knockout cylinder is immersed in liquid nitrogen for 15 min.

10-65.3 Allow the knockout cylinder to warm to ambient temperature and then weigh to the nearest gram.

10-65.4 Freeze the knockout cylinder in liquid nitrogen for 15 min, and remove the metal fittings and cover gasket. Transfer
the sample to a tared, 2-L polypropylene beaker chilled in ice water, by inverting the knockout cylinder over the beaker and rapping
the bottom of the knockout cylinder with a rubber mallet.

10:65.5 Immediately add chilled-nitrie-acieHHNP-+-partin-4-parts distilled water, to form a solution of approximately 0.1
g U/g of solution.

10:65.6 Allow the solution to reach ambient temperature while stirring periodically with a polypropylene stirring rod until all
of the solid has dissolved.

10:65.7 Weigh the solution and determine the uranium concentration per gram of solution.

10:65.8 Dispense aliquots of the solutlon for analysis accordlng to Table 1.

1076 Sample Transfer fory v
Carbon Determination

10-731Using
10.6.1 Attach a—tee-connectorattach-a—1-atm-abselute-vacuum-gage-and-0:5-L-gas sample 2S cylinder to the fitting for the

spectrometer isotopic abundance tube (Fig. 1).

1076.2 Open Valves 1, 3, and 5 and the gas sample cylinder valve, and evacuate the manifold and sample cylinder.

10-/3-Clese-Valves1+-and

10.6.3 Close Valve 3.

10-76.4 Slowly open the bulk-sample container valve to admitliquig Wil a pressure of 25 mm is reached in-the-manifold
and-then-elese sample cylinder. Close the bulk-sample container valve.

7 n

10.6.5 Open Valve 3 and evacuate the manifold and sample cylinder.

10.6.6 Close Valve 3.

10.6.7 Slowly open the bulk-sample container valve to admit Uil a pressure of 75 mm is reached in-the gas sample
cylinder.

10-#.6.8 Close the gas sample cylinder valve and epen-Valves 1 and Valve 3 to evacuate the manifold.

107679 Close Valve 5, open Valve 4, to bring the manifold to atmospheric pressure and remove the bulk-sample container from
the manifold.

1076810 Plug the bulk-sample container port on the manifold, close all valves, and remove the gas sample cylinder.

GRAVIMETRIC DETERMINATION OF URANIUM

11. Scope

11.1 Test method C 1346 is applicable to the hydrolysis of uranium hexafluoride in fluorothene (P10) tubes. The following test
method is then applicable to the direct gravimetric determination-fer-uranitm-in-tranivm-hexaftuoride. of uranium.

12. Summary of Test Method

12.1 A sample of uranium hexafluoride is weighed, cooled in liquid nitrogen, and hydrolyzed with water. The uranyl fluoride
solution produced is evaporated to dryness and converted to uranouranic oxide by pyrohydrolysis. The uranium content is
determined from the weight of the uranium oxide after correcting for stoichiometry based on isotopic content, ignition conditions,
and nonvolatile impuritie$4—7).

13. Interferences

13.1 Nonvolatile impurities affect the accuracy of the method and must be measured by spectrographic analysis with corrections
applied.

14. Apparatus

14.1 Polytrifluorochloroethylene (TFCE) Sample Tube, TFCE Gasket, Flare Nut, and &hegFig. 3.

14.2 Platinum Boat and CoverThe cover should be platinum gauze (52 mesh) and shaped to cover the boat (Fig. 6).

14.3 Muffle Furnace must be capable of operating continuously at 875°C and maintain this temperature 22%i€. The
furnace shall be equipped with a steam supply that is passed through a tube furnace to preheat the steam to 875°C.

14.4 Tube Furnacemust be capable of operating continuously at 875°C and maintain this temperature within 25°C.

14.5 Infrared Heat Lamps250 watts.

14.6 Analytical Balance

14.7 Vacuum Oven

14.8 Dewar Flask stainless steel.

14.9 Spatula platinum.
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0.04 cm thick rim
/- gauze welded to rim
7

52 mesh gauze
1.4 cm x 4.6 cm

jo— 3.2 cm—e~

fe—— 4.6 cm——-l

10.0 cm—

11.4 cm

Cover

]

10-2 CITT

[ reinforced rim

|

0.04 cm wall thickness

0.32 em radius

L . N | |
1— L—J 81 cm—vl

|
g
3

L

~ 9-4 «in

Boat

FIG. 6 Platinum Boat and Cover

14.10 TFCE Rod 120 mm long and 1.6 mm in diameter.
14.11 Forceps platinum tipped.

14.12 Jig, suitable for holding the TFCE sample tube so that it can be opened with a wrench.
14.13 Box Wrenchto fit sample tube plug.
14.14 Beaker stainless steel, 125 mL capacity.

15. Reagents
15.1 Liquid Nitrogen

15.2 Nitric Acid (sp gr 1.42)—concentrated nitric acid (HNO

15.3 Nitric Acid (4M)—Mix 500 mL of concentrated HNQwith 1500 mL of distilled water.
15.4 Detergent

16. Sampling
16.1 A UF; sample is taken as described in 9.2.

17. Procedure
17.1 Inspect the TFCE sample tube for leaks.

Note 1—An indication of a leak is a yellow-green residue on the flare nut and cap or a yellow discoloration in the tube. Discard the sample if a leak
is indicated.

17.2 Allow the sample tube to stand overnight in the laboratory.

17.3 Wipe the sample tube with a lint-free tissue to remove any moisture or foreign material that might be adhering.

17.4 Weigh the sample tube to the nearest 0.1 mg.

17.5 Heat the platinum boat and screen in the pyrohydrolysis furnace at 875°C for 20 min.

17.6 Cool the platinum boat and store in a desiccator for 40 min. Weigh the boat and screen to the nearest 0.1 mg.

17.7 Freeze the sample by immersing the sample tube in liquid nitrogen for 10 min.

10
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17.8 Add enough chilled water to the tared platinum boat to immerse the sample tube (about 50 mL).

17.9 Place the sample tube in the jig and loosen the plug with the box wrench.

17.10 Remove the sample tube from the jig and unscrew the plug while holding the sample tube in an upright position.

17.11 Remove the flare nut from the sample tube and immerse the tube and gasket in the chilled water in the tared platinum
boat.

17.12 Let the gasket remain in the chilled water about 30 min.

17.13 Remove the gasket with the forceps and rinse well with deionized water into the boat.

17.14 Place the plug-nut assembly and gasket into a stainless steel beaker for drying.

17.15 Allow the tube to remain in the water until the {tras been hydrolyzed (2 to 4 h).

17.16 Remove the tube from the sample solution by inserting the TFCE rod or platinum spatula into the tube and lifting directly
above the boat.

17.17 Rinse the sample tube with deionized water into the boat using extreme care to prevent splashing.

17.18 Cover the sample boat containing the,BOsolution with the matching cover shown in Fig. 6. Place under the infrared
head lamps and evaporate to dryness for 16 h.

17.19 Shake the excess water from the sample tube and place in the stainless beaker containing the plug-nut assembly and
gasket.

17.20 Dry the sample tube parts in the vacuum oven at 80°C and 29 in Hg for 2 h.

17.21 Allow the unassembled parts to sit in the room overnight.

17.22 Assemble the empty sample tube and weigh to the nearest 0.1 mg.

17.23 Disassemble the sample tube and soak the tube and gask&tHN®@, at 75° to 80°C for 1 h.

17.24 Rinse with deionized water and place in the stainless steel beaker.

17.25 Clean the metal parts with detergent and rinse with deionized water and acetone.

17.26 Place the metal parts to the stainless steel beaker and dry all parts in the vacuum oven at 80°C and 29 in Hg overnight.

17.27 Reassemble the sample tube for the next sample.

17.28 Set the temperatures of the furnace and tube furnace at 875°C.

17.29 Establish a steam flow to the furnace equal to 1 L of water per hour.

17.30 Place the boat into the furnace with the platinum cover on the boat and pyrohydrolyze the sample for 1 h.

17.31 Remove the boat from the furnace, cool, and place in a desiccator while still warm.

17.32 Desiccate the sampler fb h and weigh quickly to the nearest 0.1 mg.

17.33 Transfer a portion of the jJ0g residue to a vial and submit for spectrographic analysis to determine the weight of
nonvolatile impurities.

17.34 Place the platinum boat in hdldHNO; for 3 to 4 h and rinse with deionized water acetone.

18. Calculation
18.1 Calculate the weight fraction of uranium in the sample as follows:
gU/g UR; = (A — (AB))(Gravimetric FactoyW 1)

where:
Gravimetric Factor

gU/g U;04 which varies with isotopic composition. Theoretical stoichiomtry foyOy cannot be
assumed and the actual gU/gQ@J} must be established by potentiometric titrat{dr-7). (Tri-diffusion
plant committee with DOE approval has established 0.8479 g W@ By titration as the factor for
natural uranium,

A = grams of UOg from the pyrohydrolysis of UGF,,
B = grams of impurity metal oxides per gram of@j,
W = corrected sample weight in grams.

The correction is for the combined effects of cover gas trapped over th@Uifre sample tube and the air buoyancy correction
(8). The following equation has been determined for the sample tube in Fig. 3 and the subsampling conditions described in 10.2.
The correction equation is applicable for sample weights in the range of 7 to 13 g.

W = (1.00047x — 0.0058 2
where:

x = observed Uf sample weight, g.

19. Precision and Bias

19.1 Precision—The precision within a laboratory and between laboratories was established by analyzing 15 samples at each
laboratory. The sampling scheme is shown in Table 2. Within a laboratory, based on 15 measurements made on separate days the
relative standard deviation is 0.021 %. The results from all the laboratories are shown in Table 3.

19.2 Bias—To establish an estimate of bias for the gravimetric method, a series of comparative analysgsafittéf batches
were made using the gravimetric and potentiometric titration methods. The potentiometric titration was used as the reference

11
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TABLE 2 Interlaboratory Study“—Determination of Uranium in Uranium Hexafluoride

SAMPLING PROCEDURE
UF¢ (Toll Enrichment Normal)

Subsampled Into 3 28 Containers

GAT ORGDP PGDP
15 Subsamples? 15 Subsamples? 15 Subsamples?®
GAT ORGDP PGDP GAT ORGDP PGDP GAT ORGDP PGDP

“ Date of study—October 1983; Participating laboratories—Goodyear Atomic Corporation, Portsmouth, Ohio (GAT); Martin Marietta Energy Systems, Inc., Oak Ridge,
Tennessee (ORGDP); Martin Marietta Energy Systems, Inc., Paducah, Kentucky (PGDP).
8 Five tubes analyzed at each laboratory.

TABLE 3 Results of Interlaboratory Study—U in UF ¢
Analysis Site %U in UFg

GAT ORGDP PGDP
Subsampled at GAT:
67.600 67.619 67.589
67.601 67.574 67.575
67.583 67.607 67.612
67.611 67.600 67.612
67.618 67.606 Sample Lost
Subsampled at ORGDP:
67.614 67.580 67.611
67.611 67.621 67.598
67.587 67.600 67.501
67.599 67.606 67.610
67.617 67.596 67.624
Subsampled at PGDP:
67.616 67.588 67.591
67.586 67.602 67.620
67.573 67.612 67.612
67.614 67.606 67.612
67.607 67.586
Mean and Standard Deviation:
67.602 = 0.014 67.601 = 0.013 67.603 = 0.014

method because the uranium was measured directly using NIST potassium dichfofifeeresults are shown in Table 4.

TITRIMETRIC DETERMINATION OF
URANIUM

20. Scope
| 0-1—This-test-methos i i i ifration

—3540.
I * Standard reference material, now available as NIST SRM 136e.

TABLE 4 Determination of Uranium in Uranium Hexafluoride—Comparison of Gravimetric and Potentiometric Titration Methods

Control UFg Number of %Uranium Bias
" Method - B

Date Measurements Mean sD Estimate

9/78 Gravimetric 24 67.610 0.009 -0.001
Potentiometric Titration 9 67.611 0.015

5/82-8/82 Gravimetric 30 67.596 0.010 -0.009
Potentiometric Titration 8 67.605 0.011

7/83-9/83 Gravimetric 25 67.610 0.006 +0.005
Potentiometric Titration 8 67.605 0.010

AControl UFg used in 9/78 was a different batch of material from that used in 1982 and 1983.
BpPotentiometric titration results are used as the reference values for the bias estimates.

12
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‘ 26—1—ea+etHa{e—EheﬂfeH1me—ef—2|ePe—se+tme++ueed—m+he+ﬁFaﬁon analyzed according-te-the-follewing-example:
Yotume, mt Petentiab—V a4V a7V
660 0470 —2% —+343
610 0491 164 —332
6-20 0-655 —32
636 0-68%
== =6 )
26—2—Galeu4ate—ﬂqe—g¥ams—e#—u+amam—m—me—sample—as—feuows
t ,H—(DTV\/}II_ (4)
B = 2 7 ), ’
Y = 297 > [l ’
€ = ; —and
F = molecular we|ght of I§Cr207/6
atomic weight of uranium/2
natural,
ttm in the

AL ()

y-the
e. Analysis
99.926 %

; ie-exide (U
21 1 H|qh purlty LLOS)—tha%d%e&eree—g—FePkﬁgquﬂan%me&eFeﬁde—sweFal—batches ean-be-compeosited-by-blending,

v tilizes prepared according to Preparation C 1128. High purity
uramum—h is nexeded for a blank matnx for analyses usmq ICP-MS, ICP-AES, AA, XRF, and MS equipment.

ISOTOPIC ANALYSIS

22. Scope
22.1 The isotopic composition can be determined-on e (ither gaseqyabihe-starting-material-Other-uranivm-compeunds,

hewever-such-as-the-oxides-or-the-nitrate-saltcan-be-used-by-starting-at-the-appropriate-step-in-the-procedure.

v ig. 4, by
—ny_yzed-ﬁﬁydfe{ﬁed-m-ﬁ&e&dﬂsmbdﬂﬁatﬁﬁd%&%ﬁﬂﬂﬁﬁanyl
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e-targer quantities,

5 i gtion, rinse
A i atm of
and close

Hneew&h—dﬁtmedﬁvateﬁaﬂd—dw—aﬂ&e—&Ptace—a—}G-g—perﬁeﬂ—eHheomde double standard srnqle coIIector mass spectrometer

method can be used (see sections 35 to 40). Test method C 1344 using single standard single collector mass spectrometer can als

be-greune-n-the-mortar used. For multi- coIIector instruments, test methods C 14—28—&Hd—grrﬁd—\ﬂﬁth—ﬂ=re—pesﬂe—feﬁe—rmn Repeat
this-cleaning-and-grinding-procedure C 1429, u ain, clean

33—1—V&|961’—'FF&H-5-fe-F&Hd—Hyd-F6-|-yS18-0f single or double standard can be used.
22.3 For hydrolyzed Ug

33—1—4—When—ﬁ—rs—esﬂmated—ﬂ+at—su#ﬁereﬁt—urambm=r has beeﬁ—traﬁs#erred—te—the—lmeekeut—eyhﬂder—elese—the valves developed
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ISOTOPIC ANALYSIS BY
DOUBLE-STANDARD
MASS-SPECTROMETER METHOD

235. Scope

235.1 This test method is applicable to the determination of the isotopic compositiongoddutples. The test method as
described is specific for the direct determination oftAd concentration of Ufsamples having%a™U content of 60 mol % or
less. However, the test method is equally appropriate for the direct determination of any of the isotopes of uranium of any
enrichment when suitable |Jfsotopic standards are available. This test method is designed to minimize all known sources of
analytical bias.

36—

24. Summary of Test Method

3624.1 The unknown sample and two standards wRS&& contents bracket that of the unknown are introduced in sequence
into the mass spectrometer, and measurements are made which are a function of the moPfaticathe total of the other
isotopes of uranium. These measurements together with the known composition of the standards permit calculatfdfof the
composition of the sample by linear interpolatidd (o 16.

3624.2 The symmetrical, 6-entry sequence of sample-standard introductions is designed to minimize biases resulting from
instrument drift, sample interaction or memory, and the nonlinearity of the relationship between the measured resistance ratios and
the true sample mol ratios. Corrections generally are not required for instrument memory.

3

25. Apparatus

3L

25.1 Mass Spectrometewith the following features and capabilitie$2, 14, 17:

3725.1.1 The instrument must have an electron bombardment ion source having an efficiency such that a sample flow rate of
about 0.03 std ml of UEh will result in a total ion current for UF ions of approximately 10 A.

3725.1.2 The sample inlet system must have a minimum of three points for attachment of samples, the necessary valves to
evacuate the sample lines and admit the, ko the ion source, and a variable leak to control the flow of ko the ion source.

3725.1.3 A dual ion collectorl®) must be used. The first detector, called the high-current collector, contains a central slit,
preferably adjustable, to permit passage of 95 to 100 % of the ions T¥thesotope (mass 330). This detector intercepts ions
of the other isotopes of uranium within a mass range of about 1.5 % of mass 336> Uhens passing through the slit are
intercepted by a second detector, called the low-current collector.

3725.1.4 The measuring system must provide a precise null-balance measurement of the ratio of the ion signals from the
low-current and high-current detectors. Such a system usually consists of two electrometer amplifiers, a constant-impedance ratio
decade, a ratio recorder or two amplifiers, and a digital ratiometer. The sensitivity of the system should be such that a change of
1 x 10 *>Aion current can be detected. An attenuation range of at least a factor of 100 should be provided for the low-current
amplifier. If 2>U concentrations greater than 60 mol % are to be determined directly, a switch must be provided to reverse the
amplifier leads to the ratio decade panel, and a similar attenuation range must be provided for the high-current amplifier. For those
ggl?surements tR&U still passes through the slit, but the measurement is now a function of the ratio of the other isotopes to the

isotope

3725.1.5 The resolving power of the instrument should be such th&t1E."->**UF." valley height should be less than 3.0 %
of the 235UF5 peak height after the peak height has been normalized. The normalization conists of dividing the observed peak
height by the sampfé®U concentration, expressed as a percentage. This resolution requirement should be met with the collector
slit width adjusted to pass at least 95 % of fifdJ ion beam.

3725.1.6 If the concentrations of the minor isotog@d) and?3*?U, are to be measured, tREUF;*-?**UF;* valley should be
less than 50 % of th&*UF;" peak height. To meet this requirement it will be necessary to narrow the collector slit width and
reduce the ion beam transmission to 70 to 80 %.

38—

26. Procedure

381

26.1 Sample Preparation

3826.1.1 A bias will be introduced into the analysis if impurities are present in the vapor phase of the sample or either standard.
Prepare the Ufsample containers for the analysis as follows:

3826.1.1.1 Attach the sample and standard containers to the sample inlet system. The low starstemad have &3°U
concentration lower than that of the sampfeand the high standar®, should have a concentration higher than the sample. The

17
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ratio of mol ratios of the standard pair should be abeut 1.3.

38-4+12-Open .

26.1.1.2 Open the appropriate valves to evacuate the sample lines of the inlet system.

3826.1.1.3 After the system has been evacuated, open the valve on the sample container and then close quickly to vent the gas
phase of the sample to the pumping system.

3826.1.1.4 After the pumping system has had sufficient time to evacuate the vented gases;repeat 38 26.1.1.3.

3826.1.1.5 Repeat-38 26.1.1.3 and 38 26.1.1.4 separately fér @inel B standard containers.

3826.1.1.6 Admit thé8 standard through the variable leak into the ion source for about 15 s, observe the ion source pressure,
and remove the sample from the source.

3826.1.1.7 Repeat-38 26.1.1.6 for the sample and foAteandard.

3826.1.1.8 If the source pressure readings are the same, the samples are ready for the analysis (see 38 26.2).

3826.1.1.9 If a high pressure is observed for one of the samples, immerse the sample container in a mixture of trichloroethylene
and dry ice; open the container valve; and pump off the volatile impurities.

3826.1.1.10 Close the container valve, allow the sample to reach ambient temperature, arg-repeat 38 26.1.1.6. If the source
pressure reading is the same as the other samples, the samples are ready for the analysis (see 38 26.2).

3826.1.1.11 If the pressure is still high, liquefy the dldy heating the sample container to 70°C; then open the valve on the
container and close quickly to vent the gas phase to the pumping system.

3826.1.1.12 After the pumping system has had sufficient time to evacuate the vented gases;-repeat 38 26.1.1.6. If necessary,

| repeat—?;8 26.1.1.9 38 26.1.1.11, or both, until no increase in pressure is observed.
1

26 2 Instrument Preparation
3826.2.1 Prepare the instrument for the analysis as follows:
3826.2.1.1 Operate the appropriate valves to admit the low stan@laticrough the variable leak into the ion source.
3826.2.1.2 Adjust the mass spectrometer high voltage or magnet current, or both, to focugtien/Bn the upper detector
plate.
3826.2.1.3 Make a fine adjustment of the high-voltage or magnet current to foééi&tien beam (for samples containing 60
mol %3*U or less) of the UE" ion group through the slit to the lower detector plate, while the other ions of thg IO group
are focused on the upper collector plate. This step, knovpeaking upis completed when the signal for the low-current collector
plate is maximized.
I 3826.2.1.4 Adjustthe variable leak so that the flow of;liffo the ion source produces the desired signal for the ions striking
the upper collector plate. This ion current should be equivalent to approximatéhyA10
I 3826.2.1.5 Operate the valves to remove the flow ofAtstandard from the ion-source region, and evacuate the region for a
period of 1 min or more.
383
26.3 Mass Spectrometer Measurements
3826.3.1 The sequence for the analytical determination during which the actual measurements are made is as, ¥%|I@ys:
B, X, A,whereA, X,andB represent a constant, precisely timed introduction of StandlgBampleX, and Standar®, respectively.
Each introduction is followed by a somewhat shorter, but precisely timed, period during which there is no flow of sample or
standard material into the ion source. During each introduction @fibl the ion source, perform the following operations:
| 3826.3.1.1 Regulate the intensity of the ions striking the upper collector plate to the desired level, and within as close a tolerance
range as can be attained, by adjusting the variable leak to control the sample flow.
| 3826.3.1.2 Adjust the high-voltage or magnet-current fine control to maximize the low-current detector signal; maintain the
adjustment at this maximum value for the remainder of the timed introduction period, or sweep repeatedly across this maximum
reading to obtain a series of scans of the peak maxima during the remainder of this period.
| 3826.3.1.3 With the instrument peaked up, or while scanning the peak, obtain a reading while the electrometers for the two
detecting plates are connected in a null-type measuring circuit. This reading is a function of the ratio of the number of ions striking
the lower detector plate to the total number of ions striking the upper plate. Use only the data taken during the last half of the timed
introduction period.
| 3826.3.1.4 Foreach analytical sequencAoX, B, B, X, Apbtain six ratio values, two for each standard and two for the sample.
Average the two values obtained for each standard and the sample to obtain three ratio values d&gjgRatead Rg for each
A, X, B, B, X, Asequence.
3826.3.1.5 For samples in which th&U content is greater than 60 mol %, reverse the amplifier leads to the ratio decade to
obtain a null-balance measurement. The measurements are then a function of the ratio of the number of ions &tAdrtthan
J the number of*U ions. As an alternative procedure, make the focus-in 38 26.2.1.3 dri‘ttéon beam instead of th&®U ion
beam. This procedure will result in the determination of the weight perG8dt To determine thé3®U content, determine the
minor isotopes independently, and subtract the sum of the weight péferand the weight percent of the minor isotopes from
100 to obtain the weight percefitU.
I 3826.3.1.6 The small residual bias associated with this test method is no largerQt@ and even this may be corrected by
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making end-point determinations. The end-point controls are additional measurements with one of the stAndar8s,
substituted for the unknown in the analytical sequence. Thus, for an end-point measurement, follow one of the skgleBces
B, A, A,or A, B, B, B, B, Aand use the results to make corrections for residual bias in the measurements on the unknown.

39—

27. Calculation

3927.1 For uranium having a concentration of 50 mé%4 or less, calculate the weight perc&ft) as follows:
3927.1.1 Calculate the ratio of differencéy,, as follows:

Rp = (R« = Ra/(Rg — Ra) (3)
where:
R« = average reading for sample entries,
R, = average reading for low-standard entries, and
Rz = average reading for high-standard entries.
3927.1.2 Calculate the sample weight raty, using the linear interpolation, as follows:
Hx = Rp (Hg = Ha) + Hj (4)
where
Hy = weight ratio of>*U to other isotopes in the sample,
H,y = weight ratio of>>*U to other isotopes in the low standard,
Hg = weight ratio of>**U to other isotopes in the high standard, and
R, = value from Eg-6 3

3927.1.3 Calculate the weight percéitU (Uy) in the sample as follows:
Us = 100H,/(100 + Hy) (5)

3927.2 For samples havingd8U concentration greater than 60 mol %, reverse the amplifier leads to the ratio decade, and
obtain reciprocal readings which are a function of the ratio of the mols of other isotopes to the fitls 6flculate the weight
percent>*U as follows:

3927.2.1 Calculate the ratio of differencé&,, using Eq 1.

3927.2.2 Calculate the reciprocal of the weight rakig, from the relationship:

1Hy = Ry [(1Hg) — (1Hp)] + 1H, (6)

3927.2.3 Calculate the weight percéitU in the sample, using Eg 8.

39:3-As 5.

27.3 As an alternative method of analyzing samples having concentrations greater than 6Gha| 8&termine the weight
percents=&U, 234, and®3®U. In each case pass the isotope of interest through the collector slit, and obtain measurements for the
sample and the two bracketing standards. Use these measurements together with the known composition of the standards to
calculate the sample composition by linear interpolation{Eq 7). 4). The standard values used in the calculations are the weight
ratios of 228 to the other isotope$>%U to the other isotopes, 6% to the other isotopes. Obtain #H&U composition by
difference.

3927.4 To correct for the small residual bias, intersperse analytical sequences in which each standard is treated as the sample
with the sample-analysis sequences. The number of standard sequences should be about 10 % of the number of sample sequence:
Run one half of the standard sequence& a8, B, B, A, Aand the other half a8, B, B, B, B, ADesignate the ratio values from
these sequencds,, Rax, andRg; andR,, Rgy, andRg.Correct the sampl&, values in the following manner:

3927.4.1 Calculate the end-point biasBs, and Ry, from Eq-230 7 and Eg-31: 8:

Roa = (Ria—Ra/I(Rg —Ry) (7
Ros = (Ryg— R)/(Rg—Ry) (8
3927.4.2 Calculate two correction factoFs, andF,, from Eq42 9 and Eg-43: 10:
F1 = 1(Rog—Rppa) 9)
F, = Roa(Ros —Roa) (10)
3927.4.3 Then correct the samitg values as follows:
Ror = F1Ry— F». @1
40
28. Reliability

4028.1 The following tabulation shows the percent limit of error, at the 95 % confidence level, for a single determination which
has been obtained using the method described.
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Difference Limit of Error,%
Between . :
Standards, % Routine Special
5 0.04
15 0.06 0.01
30 0.08 0.01
45 0.10

I 4928.2 These values are based on thousands of determinations on a variety, shrdples during a 10-year period.
Single-focusing, 152-mm radius, 60-deg deflection mass spectrometers were used.

I 4628.3 Routine precision is obtained without end-point corrections and without special emphasis on instrument stability or
limitations on isotopic concentrations analyzed on a given instrument. Greater selectivity with respect to instrument stability,
resolving power, and other operating characteristics, as well as limitation of the isotopic range of samples exposed to the instrument
and end-point corrections, are required to achieve the special precision quoted.

1ISOTOPIC-ANALYSIS BY-SINGLE-STANDARD-
MASS-SPECTROMETER-METHOD-

DETERMINATION OF HYDROCARBONS, CHLOROCARBONS, AND HALOHYDROCARBONS

29. Scope

41 1-This-method-is-applicable-te-the
29 1 The determrnatron ef—the—rsetepm—remlaﬁeﬁ—betweeﬁ two hydrocarbons chlorocarbons and halohydrocarbcms in UF

s abunda 0 otope-o m he-standa abundanee-in the other vapour can be
determmed—'Fhe—methedﬂs—ﬂe*rbte—m—that—the—HumbeFet—trmes performed usrnq C 1441 As an alterﬂatrve—a—grveﬁ—materlal is

atmitted-to-the-ion-sedrce mass spectrometry technlque may—be—adweted%e%e—mmrmtwﬂ—reqﬂwed#eea—sﬁeemed—preelsron level.

avattable—and it is
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30. Summary of Test Method

4830.1 UK is admitted to a mass spectrometer through a gas sample leak, and magnetic scanning is employed to record a
spectrum of peaks. A representative group of recorded peaks is compared to the same peaks in g planedaiié scan to
determine whether appreciable ion fragments from subject impurities are present.

49—

31. Interferences

4931.1 If detectable impurities are present, a complete mass scan of the range from 12 to 400 is performed. All impurities are
then identified from their cracking patterns, and calculations are performed using ionization efficiency factors for the compounds
present. Since cracking patterns vary with ionization potential and ionization efficiencies vary with focus conditions, this
measurement can only be performed by one proficient in analytical mass spectrometery.

56—

32. Apparatus

50-1+-A

32.1 A mass spectrometer with resolution adequate to distinguish between adjacent pee&s=a400 is required. For
example, a 152-mm radius, 60-deg, Nier-type spectrometer modified for spectrum red@)img suitable. The sample inlet
system should be of nickel or Monel, equipped with an adjustable viscous-flow or molecular leak for delivering the sample to the
ion source.

50632.2 The ion source must be fabricated from nonmagnetic material such as Nichrome V, and must be designed so it can be
disassembled for cleaning. The magnetic field of the analyzer magnet must be continuously variable from about 200 to 6500 gauss.
A single ion collector electrode is suitable, and a vibrating-reed electrometer and 304-mm strip chart recorder are optimum for
amplifying and recording ion signals.

50632.3 It is quite possible that quadrupole or time-of-flight instruments could be adapted to this measurement.

5t

33. Procedure

5%

33.1 UF, Standard Measurements

5133.1.1 Select a standard material that has been given repetitive flash purifications to rid it of all volatile impurities. Isotopic
UF; standards usually fall in this category.

5133.1.2 With the electrometer sensitivity set/ai of the most sensitive usable operating range, adjust the gas flow to the ion
source to record a mass (Nete 5) 2) 333 peaks(WBpproximately 80 % of full scale (80 divisions).

Note 52—The term “mass” in this procedure alludesniée the mass-to-charge ratio.

5133.1.3 Measure the ratio of mass 333 {JRo 147.5 (UE"™). Mass 333 is measured on a sensitivity range one-hundredth
that of mass 147.5. Depending on focus conditions, a ratio of the order’d$ bbtained. Measure this ratio only once per day
and use for calculating results of all samples analyzed that day.
| 5%33.1.4 With the electrometer sensitivity set/ado of the most sensitive usable operating range, increase the gas flow to
provide an output signal of approximately 80 divisions at the 147.5 mass position. This gives a detectability limit of the order of
2 ppm per chart division: 50 to 100 due to ratio between'Ufhd UR*™, 100 due to sensitivity shunts, and approximately 80 on
the recorder chart.
I 5%33.1.5 Record a scan of mass range from 12 to 150 using the most sensitive usable operating shunt, and use this scan as a
background for all samples analyzed that day.
512-
33.2 UFz Sample Measurement
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5133.2.1 Introduce the sample to the spectrometer source such that an output intensity of approximately 80 chart divisions is
obtained at the 147.5 mass number U, using¥i00 the most sensitive usable operating range.

5133.2.2 Record a scan of mass range from 12 to 150 using the most sensitive usable operating range.

5133.2.3 Repeat-bl 33.2.1 and-51.2.2 33.2.2 for each sample to be analyzed that day.

52—

34. Calculation

5234.1 Due to mass spectrometer cracking patterns, low-mass ion fragments are produced from all compounds, even the
high-mass ones.

5234.2 It is practical to look for a representative group of such ion fragments at specific masses. Thus, initially monitor the
following masses for purposes of this procedure:

Mass Number Positively Charged lon
Fragment

15 CHs

26 C,H,

27 C,Hs

31 CF

43 CsH;

47 CCI®s

49 CCP’

69 CFy

5234.3 Read sample intensities for the representative ion fragments from the recorder chart.

5234.4 Subtract the background intensities observed on the pure standard from respective sample intensities.

5234.5 Examine the net intensity at each of the eight mass numbers. (It will be recalled that one recorder chart division of net
intensity is equivalent to about 2 ppm on a {Jsasis; however, ionization efficiencies of compounds differ, and a specific ion
fragment may result from many different compounds. Thus, the net intensity at a specific mass number is only qualitative and not
a quantitative measurement of impurity.)

5234.5.1 If the net ion intensity does not exceed 2 ppm at any of the mass positions, report the sample as containing less than
0.01 mol % of the subject impurities.

5234.5.2 Where detectable impurities are apparent, perform a complete mass scan of the range from 12 to 400, identify
impurities, and perform calculations using ionization efficiency factors for the compounds present.

535. Reliability

535.1 This simplified procedure was designed specifically to certify that @ dafple contains less than 0.01 mol %
hydrocarbons, chlorocarbons, and partially substituted halohydrocarbons. Thus, the procedure is qualitative rather than quantitative
in cases where the impurity level is below 100 ppm.

535.2 The detectability limit for any ion fragment is about 2 ppm. The detectability limit for the parent compound could be
greater or less than 2 ppm depending on ionization efficiency and cracking pattern. If one of the subject compounds were present
to 10 ppm or more, it would be evident from monitoring the eight masses. Thus, a quoted result of less than 0.01 mol % is
conservative.

535.3 The results are considered quantitative when the impurity being determined is present to a level greater than 100 ppm.
In such instances the impurity is identified and measured. The 95 % symmetrical confidence interval for such a measurement is
+50 % of the quoted impurity.

ATOMIC-ABSORPHON-
DETERMINATION OF ANTIMONY
54—

36. Scope
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DETERMINATION OF CHLORINE

69—

38. Scope
69-1—TFhis-test

38.1 Chlorine can be determined by X-Ray Spectroscopy. Test method-is-applicable-to-the-determination-oftetal-chlorine in
UFs-As-deseribed;the Z 8275 can be used. Chlorine can also be determined by titrimetry. This test method is described below.
It is applicable over a range from 10 to 100 ppm chlorine; however, higher concentrations can be measured by appropriate sample
dilution.

06—

39. Summary of Test Method

7039.1 The test method consists of treating a hydrolyzed sample givith-ferrous sulfate in sulfuric acid solution to reduce
chlorates, and then with potassium permanganate to liberate free chlorine. The chlorine gas is carried by a nitrogen stream into
a potassium iodide solution, and the liberated iodine is titrated with sodium thiosulfate. Bromine, if present, is determined
separately, and a correction is applied to the chlorine result.

I #639.2 Itis recommended that the potassium iodide-sodium acetate solution be made up fresh once each week. Any color
change signals the need for a new solution. As the solution ages, the blank result increases; therefore, the same potassium iodide
solution is used for both sample and blank.

| +639.3 If the sample solution is allowed to boil too vigorously when chlorine gas is being released, liquid droplets may be
carried by the nitrogen stream into the potassium iodide solution, resulting in sample bias.

-

40. Apparatus

7+t
40.1 Distillation Apparatus shown in Fig. 7.

P

41. Reagents

:

41.1 Boric Acid (H3BO,), reagent grade, crystal or powder.

:

41.2 Ferrous Sulfate Solutier5 g FeSQ-7H,0 dissolved in 500 mL of 3.8/ sulfuric acid.

:

41.3 Potassium lodidgKl), reagent grade.

:

41.4 Potassium lodide-Sodium Acetate Solutiebissolve 100 g of KI and 100 g of NgB;0,-3H,0 in distilled water and
dilute to 2 L.
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FIG. 7 Apparatus for Distillation of Chlorine

;

41.5 Potassium Permanganate Solutith%)—Prepare a 1 % solution of KMnGn water.

6 Sodium AcetatéNaC,H;0,), reagent grade.

f\ $\

41 7 Sodium Thiosulfate Solutio0.025N)—Prepare a 0.028l solution of NgS,04 in water.

b

41.8 Starch Indicator SolutionpH 7.

:

41.9 Sulfuric Acid(sp gr 1.84)—Concentrated sulfuric acid,&0,).
73—

42. Procedure

:

42.1 Sample Preparation

#342.1.1 Hydrolyze the sample of Ywith distilled water. Approximately 250 g of UFrom a nickel knockout container (Note
2) ) may be hydrolyzed to provide a sample for various chemical measurements, or about 20 g from two fluorothene sample tubes
may be hydrolyzed to provide the chlorine sample. The procedure for hydrolyzing the contents of the fluorothene tubes is described
here.

7342.1.1.1 Immerse the tubes in liquid nitrogen and cool for 10 min.

#342.1.1.2 Remove the top flare plugs and collars, and place the tubes into a platinum dish or a fluorothene beaker containing
100 mL of chilled distilled water.

7342.1.1.3 After hydrolysis of the YFremove the fluorothene tubes and rinse with distilled water. Add the rinse solution to
the UG,F, solution.

732

42.2 Analysis

#342.2.1 Fill the graduated cylinder in Fig. 6 to the 150-mL level with KI-bla£O, solution. Then connect the delivery tube
S0 its tip is near the bottom of the solution in the receiving graduate.

7342.2.2 Dispense 20 g of;BO; into the 1-L round-bottom flask.

7342.2.3 Transfer the sample solution containing,Bdrom approximately 20 g of Ufin 100 mL of solution to the flask.

7342.2.4 Add 10 mL of concentrated,50,(sp gr 1.84) to the flask, and swirl the contents for mixing.

#342.2.5 Add 10 mL of the FeSGolution, rinse the mouth of the flask, and connect the flask immediately to the apparatus
as in Fig. 7.

7342.2.6 Initiate nitrogen flow through the solution at a rate of 2 to 3 bubbles per second, and start the water flow through the
condenser.

#342.2.7 Heat the contents of the flask until boiling and allow to boil for 30 s.

#342.2.8 Remove the heat, add 10 mL of 1 % KMredlution through the sidearm, and close the sidearm by clamping the
rubber tube that is attached to the end of the sidearm.
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7342.2.9 Reapply heat, and allow the contents of the flask to simmer for 5 min.

#342.2.10 Remove the heat, but continue the nitrogen purge for an additional 5 min.

#342.2.11 Rinse the delivery tube into the receiving graduate, and transfer the contents of the graduate to a 300-mL Erlenmeyer
flask. Add 1 mL of starch solution, and titrate the iodine with 0.02Na,S,05 solution to the starch end point. (The iodine may
be measured spectrophotometrically rather than titrimetrically.)

7342.2.12 Perform a blank analysis by carrying 100 mL of distilled water through procedurat-steps, 73.2.1 42.2.1through 73
42.2.11, and subtracting from the sample titration.

743. Calculation

#43.1 Calculate the concentration of chlorine in parts per million chlorine on a uranium basis as follows: Cl, Bpm\&)
(N) (0.03545x 10%/S.

where

V, = millilitres of thiosulfate for sample,
V, = millilitres of thiosulfate for blank,
N = normality of NgS,05 solution, and

0.03545 = grams of chlorine per milliequivalents, and
S = grams of uranium.

5—

44. Reliability
#544.1 The precision at the 95 % confidence levet i) % at the 100-ppm level.

SPECTROPHOTOMETRIC-
DETERMINATION OF SILICON AND PHOSPHORUS

76—
45. Scope
45.1 Phosphorus and Silicon can be determined by ICP-MS (see Test Method C 1287).

45.2 Silicon can be analyzed by Atomic Absorption without matrix separation.

45.3 Phosphorus and Silicon can be analyzed in gaseog$yFourier Transform Infra Red Spectrometry (FTIR), see Test
Method C 1441.

45.4 Silicon can be determined by Spectrographic Emission (see section 52).

45.5 Phosphorus and Silicon can be analyzed by spectrophotometry (as described below). With these procedures about 0.5 pg
silicon or phosphorus per gram of uranium can be detected.

-

46. Summary of Test Method

#746.1 The test methods are based on the development of the color known as molybdenum blue obtained by the reduction of
silico- or phosphomolybdate ions.

I 7746.2 Reduction of the silico- or phosphomolybdate ions with a combination 1-amino-2-naphthol-4-sulfonic acid, sodium
sulfite, sodium pyrosulfite solution produces the same molybdenum blue complex that is measured spectrophotometrically, directly
in the uranium solution at 720 nm. One gram of uranium absorbs slightly at this wavelength, but its absorbance is easily corrected
by the use of an additional aliquot to which no reducing agent is added as the blank.

478.1 Phosphate interference in the silicon determination is eliminated by the addition of oxalic acid to decompose any
phospho-molybdate formed. Silicon in small amounts does not interfere in the phosphorus analysis since silicomolybdate does not
form at the acid concentration at which the phosphomolybdic acid is formed.

I 478.2 Fluoride, which would be a serious interference in the silicon analysis, is complexed with boric acid. A high concentration
of silicon which could interfere in the phosphorus analysis is prevented by handling hydrolyzeditdples in platinum or plastic.
Other potential interferences rarely present in significant amounts are arsenic and tungsten.

79—

I 478. Interferences

48. Apparatus
791
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48.1 Polyethylene Bottlesl00 and 500-mL.

79.2-

48.2 Polyethylene Beakerd 00-mL.

79:3-

48.3 Polyethylene Pipetsl, 2, 5, and 10-mL.

794

48.4 Spectrophotometgequipped with 1 and 5-cm cells as described in Practice E 60.

86—

49. Reagents

861

49.1 Ammonium Hydroxide Silicon-FreeDistill 500 mL of saturated NKOH through plastic tubing into 300 mL of distilled
water.

806:2-

49.2 Ammonium Molybdate SolutiqttO %)—Dissolve 100 g of reagent grade (NkMo,0,, in water, and dilute the solution
to 1 L with distilled water.

Note 93—Not all commercially available (NHsM0,0,, is suitable. Material supplied by J. T. Baker Chemical Co. or Baker and Adamson Products,
however, has been found to be satisfactory consistently.

86:3-

49.3 Boric Acid Solution(5 %)—Dissolve 25 g of reagent gradeBD; in water, and dilute the solution to 500 mL.

804

49.4 Oxalic Acid Solution(5 %)—Dissolve 25 g of reagent grade &0, in water, and dilute the solution to 500 mL. (This
solution is not required for determination of phosphorus.)

80:5-

49.5 Phosphorus Standard Soluti¢®5 pg P/mL)—Dissolve 4.6422 g of ammonium dihydrogen phosphate JNRPO,]] in
distilled water and dilute the solution to 1 L with distilled water. Transfer 20 mL of this solution to a 1-L volumetric flask and dilute
to 1 volume with distilled water to obtain a solution containing 2.0 pg P/mL.

80:6-

49.6 Reducing Mix-Dissolve 0.1 g of 1-amino-2-naphthol-4-sulfonic acid, 1.0 g of sodium sulfite§®8g, and 10.0 g of
sodium pyrosulfite (Ng5,0g) in water; then dilute the solution to 100 mL.

807

49.7 Silicon Standard Solutio(®.5 pg Si/mL)—Dissolve 16.76 mg of precipitated silica (§i@nd 0.5 g of sodium hydroxide
(NaOH) in a platinum dish. Transfer the solution to a 2-L plastic bottle, and dilute to volume.

Note 04—Silicon in solution as sodium silicate is not stable when stored in polyethylene bottles. New standard solutions should be prepared monthly.

08

49.8 Sulfuric Acid—Boric Acid Solutiofl0 % H,SO,—4 % H;BOz)—Dissolve 20 g of reagent gradg,BiO; in water. Add 50
mL of concentrated k5O,(sp gr 1.84), and dilute the solution to 500 mL.

86-9-

49.9 Uranium Oxide (U304, UO,, or UQ;), phosphorus- and silicon-free.

Note—t+=AHt 5—All standard solutions should be made and stored in plastic containers to prevent silicon contamination from glassware.
81—

50. Procedure

811

50.1 Sample Preparation

8150.1.1 Hydrolyze a weighed portion of 6 to 10 g of Jfr a platinum boat in 80 mL of distilled water as described in 17.7
through 17.17.

8150.1.2 Transfer the solution to a 100-mL plastic bottle and dilute to 100 mL.

8150.1.3 Transfer an aliquot equivalentl g of UR; to a 100-mL TFE-fluorocarbon beaker, and add 1 mL df 6,SO,.
(Phosphorus aliquots should contain 1 to 50 ug of phosphorus.)

8150.1.4 Add 20 mL of 5 % EBO,, and heat the solution for 20 min to complex the fluoride.

8150.1.5 For phosphorus analysis only, transfer the solution to a 100-mL borosilicate beaker and evaporate to 26-mk (see 81.3).

8142~ 50.3).

50.2 Determination of Silicon

8150.2.1 Preparation of Calibration Curve

8150.2.1.1 Pipet standard aliquots containing 0, 2.5, 5.0, 7.5, 10.0, and 12.5 ug of silicon into plastic beakers.
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| 8150.2.1.2 Add silicon-free uranium, 0.1 g as uranyl nitrate solution, to each beaker. Prepare the uranyl nitrate solution by

dissolving silicon-free uranium oxide in nitric acid in a TFE-fluorocarbon beaker.

8150.2.1.3 Add from 1.0 to 1.5 mL of 18 H,SO, to each beaker and dilute to 25 mL. Then proceed with the analysis starting
with-81 50.2.2.4. Plot the absorbances corrected for the blank against the known quantities of silicon taken to obtain a calibration
curve. In a typical case, 10 pg of silicon gave a corrected absorbance of about 0.285 in a 5-cm cell. Up to about 150 pg can be
handled using a 1-cm absorbance cell and an appropriate calibration curve.

8150.2.2 Analysis

8150.2.2.1 A blank containing all the reagents in the amounts used in the sample aliquot must be analyzed with the samples.
Normally 10 mL of 1N NaOH solution gives an absorbance of 0.030 to 0.050 in this procedure. Most other reagents were found
to be nearly silicon-free.

8150.2.2.2 Dilute the aliquot of the sample in a 100-mL plastic beaker to 25 mL with water.

8150.2.2.3 Add from 1 to 1.5 mL of 1R H,SO,.

8150.2.2.4 Place the TFE-fluorocarbon beaker containing the sample in a water bath or an oven and heat to 90 to 95°C.

8150.2.2.5 Remove the beaker from the water bath or the oven, and add 5 mL of 10 3gMN$D,, solution immediately.

8150.2.2.6 Adjust the acidity to a pH of 1.2-te-1.3 while the solution is still warm by adding silicon-frg®©Nr HCI.

8150.2.2.7 Allow the sample to stand 10 min to permit the formation of the silico-molybdate complex.

8150.2.2.8 Add 10 ml of 5 % §C,0, solution to the beaker and swirl. Allow the solution to stand for 2 min to decompose any
phosphomolybdate.

8150.2.2.9 Add 2 mL of reducing mix to the beaker and swirl.

8150.2.2.10 Add sufficient 6l HCl immediately to the sample to obtain a\lacid solution.

8150.2.2.11 After all the precipitate is dissolved, transfer the solution to a 50 or 100-mL volumetric flask and dilute to volume
with 1 N HCI.

I 8150.2.2.12 Determine the absorbance of the solutions in a 5-cm cell at 710 nm.

Note—12—Fhe 6—The uranyl ion shows a slight absorbance at 710 nm, and samples must be corrected for this absorbance. This is best determined
by taking an additional aliquot from the sample solution and treating it as indicated in the procedure up to the point the pH is adjustegDivith NH
Any precipitate is dissolved with a minimum of,H0, and the solution diluted to 50 mL. The absorbance of this solution is used as an additional blank
correction.

8150.2.2.13 Determine the quantity of silicon in the aliquot from a previously prepared calibration curve.

813

50.3 Determination of Phosphorus

8150.3.1 Preparation of Calibration Curve-Using a TFE-fluorocarbon beaker, dissolve sufficient uranium oxide (phosphorus-
free) containing 20 g of uranium in HNODilute it to 200 mL in a plastic bottle. To separate 10-mL aliquots, add 0, 5, 10, 25,
and 50 pg of phosphorus. Analyze by the procedure described below. Plot the absorbances corrected for the blanks against the
known quantities of phosphorus to obtain a calibration curve.

8150.3.2 Analysis

8150.3.2.1 Neutralize the sample aliquot containing 1 to 50 pg of phosphorus in a volume of 20 mL or less in a 100-mL
borosilicate beaker with NMDH until a precipitate begins to form.

8150.3.2.2 Add sufficient & HCI to make the sample Wl in acid.

8150.3.2.3 Transfer the sample to a 100-mL volumetric flask and dilute to about 50 mL WitHCl.

8150.3.2.4 Add 5 mL of (NB¢Mo,0,, solution.

8150.3.2.5 Heat the sample to 90 to 95°C in a water bath.

8150.3.2.6 Allow the sample to cool to room temperature in a water bath; add 2 mL of reducing mix to the solution and swirl.

8450.3.2.7 Dilute the solution in the 100-mL volumetric flask to volume witk HCI.

8150.3.2.8 After 1 h, measure the absorbance of the solution in a 5-cm cell at 710 nm against a reagent blank.

Note £37—Since the uranyl ion absorbs slightly at this wavelength, a correction must be made for the quantity of uranium present. This can be done
by measuring the absorbance of an additional untreated aliquot of the original sample made to a 50-mL volume or by applying a previously determined
standard correction when the amounts of uranium in the aliquot are known (typically, each gram of uranium in a 50-mL volume gives an absorbance
reading of 0.038 at 710 mm).

8150.3.2.9 Determine the quantity of phosphorus present in the aliquot from a previously prepared calibration curve. Then
calculate the phosphorus content of the original material on the basis desired.

82—

51. Reliability
8251.1 At the 10-ug level of either element, the precision at the 95 % confidence lev&0i%b.
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SPECTROGRAPHIC
DETERMINATION OF BORON
AND SILICON
83—
52. Scope

83-1—This-test-method-providesfor-the-determination-ef-boron

52.1 Boron ané s Silicon can be determined by ICP-MS (see Test Method C 1287). They can also be analyzed by FTIR on
gaseous UFR4(see Test Method C 1441). The following test method uses DC-arc spectrographic emission. It appies for the
determination of boron and silicon in Yin the concentration ranges from 0.5 to 100 g/g for boron and 2 to 100 pug/g for silicon.

84—

53. Summary of Test Method

841-A

53.1 A sample of UEis transferred as a liquid into a fluorothene tube, frozen with liquid nitrogen, and hydrolyzed in freshly
prepared ammonia water in a closed polyethylene bottle. The solution is evaporated to dryness in a platinum dish, and the residue
is analyzed spectrographically for boron and silicon.

854. Limitations

854.1 Precautions must be taken to prevent loss of the highly volatile fluorides of boron and silicon, especially from warm acid
fluoride solutions. In the hydrolysis step, boron and silicon are converted to the fluoborate and fluosilicate ions, respectively.
Temperatures in excess of 100°C must be avoided during the drying step to avoid loss of boron and silicon.

854.2 The greatest problem encountered is obtaining suitable material for standards, especially in the case of silicon. A
satisfactory approach to obtaining acceptable base material involves making an analytical survey of various Igtsuad UF
selecting a lot which is low in boron and silicon. The amount of boron and silicon in the base material is determined by taking
some of the material, making standard additions of boron and silicon, preparing spectrographic plates, and plotting the element
intensities of the base material and the base material plus standards. The use of such a standard addition method makes possible
suitable extrapolations of the boron and silicon in the original base material. The same study will provide an estimate of the lower
limits of detection for these elements.

86—
55. Apparatus
861
55.1 Polyethylene Bottle with Cafp00-mL.
86:2-
55.2 Mixer-Mill Grinder.
863~
55.3 Plastic Vials 20 mm in diameter by 51 mm long.
864
55.4 Ball Pestles acrylic plastic 10 mm in diameter.
86:5-

55.5 Spectrograph-A grating spectrograph with a reciprocal linear dispersion of 5 A/mm in the first order and providing
wavelength coverage from 2250 to 2900 A.

86:6-

55.6 Excitation Sourceproviding a 4-A d-c arc.

867

55.7 Comparator-MicrophotometerA comparator providing sufficient magnification and facility to compare spectral line
density with a reference standard plate or film, and a microphotometer having a precisidnOd¥ for transmittance values
between 5 and 90 %.

86:8-

55.8 Vent-Forming Toqlshown in Fig. 8.

86:9-

55.9 Electrodes, Graphite

8655.9.1 Lower—6.15-mm rod with a cup 4.75 mm in diameter and 7.14 mm deep, high-density grade (Practice E 130, Type
S-3).
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Material, stainless steel.

Dimensions, millimetres. 6.4 Dia

FIG. 8 Vent-Forming Tool

8655.9.2Boiler Cap—7.75 mm outside diameter, 6.15 mm inside diameter with a 0.96-mm diameter vent hole. (National
Carbon SPK L-3715 or equivalent.)

8655.9.3Upper—3.05-mm rod, 38.10 mm long, pointed (Practice E 130, Type C-1).

86-16-

55.10 Photographic PlateEastman Kodak Spectrum Analysis No. 1.

8611

55.11 Photographic Processing Equipmeptoviding developing, fixing, washing, and drying operations and conforming to the
requirements of Practices E 115.

87—

56. Reagents

871

56.1 Boron-Silicon, Standard SolutierPrepare a standard solution containing boron and silicon, each at 1000 ug/g (on a
uranium basis), by adding known amounts of ammonium fluoborate,BRE and ammonium fluosilicate [(NHLSIF] to a
known amount of boron- and silicon-free hydrolyzed JH#ydrolyzed in saturated ammonia water). Evaporate the hydrolyzed
uranium solution to dryness on a steam bath, and blend the residue. Prepare the lower standards by making appropriate dilutions
with base material that is prepared in a similar manner and blanked. Prepare a standard spectral plate using the following
concentrations (ug/g): 100, 50, 20, 10, 5, 2, 1, 0.5, blank.

88—

57. Procedure

881

57.1 Sample Preparation Procedure

8857.1.1 By means of a suitable sampling system, transfer approxndatebf liquid UF, to a tared fluorothene tube. Cool
the tube in liquid nitrogen, disconnect from the sampling system, and seal with a threaded plug.

8857.1.2 Weigh the filled tube to obtain the sample weight.

8857.1.3 Prepare a fresh ammonia water solution by bubbling ammonia gas through approximately 300 mL of distilled water
in a clean 500-mL polyethylene bottle until the water is saturated.

8857.1.4 Cool the fluorothene tube in liquid nitrogen, remove the metal fittings, and drop the tube into the ammonia water.

8857.1.5 Immediately cap the bottle, and hydrolyze the contents in the fluorothene tube while shaking the bottle.
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8857.1.6 Transfer the slurry to a platinum dish.

8857.1.7 Rinse the bottle with distilled water, and transfer the rinse solution to the platinum dish.

8857.1.8 Evaporate the contents of the dish to dryness on a steam bath. Loss of boron or silicon may result if the temperature
exceeds 100°C.

8857.1.9 Transfer the residue to a plastic vial, add a ball pestle, and grind the mixture on the mixer-mill.

8857.1.10 Weigh three 50-mg charges of the ground sample, and transfer each to an electrode.

8857.1.11 Pack the sample into the bottom of the cavity by holding the electrode with a pair of forceps and tapping it briskly
on the bench top.

8857.1.12 Make a vent hole in the charge with the vent-forming tool shown in Fig. 8.

8857.1.13 Place a boiler cap on top of the electrode.

88:2-

57.2 Spectrograph Operation Procedure

8857.2.1 Position the plate holder containing one photographic plate on the spectrograph, and adjust the spectrograph as

follows:
Slit height 3 mm
Slit width 25 ym
Timer on and set for 45 s
Preburn timer off
Spectral region, nm 225.0 to 290.0
Excitation 4 Adc

| 8857.2.2 Wipe off the electrode clamps, insert the electrodes, and adjust the gap distance to 4 mm by adjusting the projected

image of the gap on the target screen.

8857.2.3 Turn on the d—c arc, and adjust the source to 4 A.

8857.2.4 Adjust the upper electrode to maintain a 4-mm gap distance throughout the exposure.

8857.2.5 At the completion of the exposure, remove the electrode, dump the charge into the scrap container, and discard both
electrodes.

8857.2.6 Rack the plate holder, and repeat the exposure cycle with the second and third electrodes of the sample.

8857.2.7 After the sample exposures, rack the plate holder, and expose a sample af fr@nafiod A.

8857.2.8 Photographic ProcessingProcess the plates in accordance with Practices E 115.

589. Photometry and Calculation

589.1 Using the comparator-microphotometer, compare the density of the elemental lines in the unknown spectrum visually
with those on a standard plate to estimate the concentrations of boron and silicon. Average the results of replicate exposures. Use
the following lines for the identification and estimation of boron and silicon:

Element Wavelength, nm
Boron 249.68
Boron 249.77
Silicon 250.69
Silicon 251.61

1 Silicon 28816

analytical line

g : i i i : ulate the




subject to
ust be free of

or 3 min.

fon manual.

1 13 Aviternatively, high purity/distilled acids may ble purchased from G- Frederick-SmithChiermicat Co-, Box 23344, 867 McKintey Ave., Cotumbus, Did ¥8ador.
- Seld-by-Johnson-Mathey

14
&
I 14 Fisher Scientific Cotte—tenden—England. 711 Forbes Ave., Pittsburgh, PA 15219 is a suggested vendor.
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Wavelength 349-89-rm
Range YV
Stit 6:-3-mm
—eathodetamp
. . ‘ A
Gas-pressures atr—30-psig;
acetylere—10-psig
acetylene—10
Height-of-abserption-beamabeove 10t 12-mm
—burrer
Height of absorption beam above 10 to 12 mm
burner 288.16

96.14.2 Zero
58.2 For a more precise value when an eIement concentratlon is measurable measufe—ﬂore—mstrumeﬁt—wﬁh—pure MIBK.
96-14-3—Calibrate transmittance of the-in € with 0,
5; analytlcal line usmq the mlcrophotometer Convert thls value to dlrect |ntenS|ty, using the emulsmn callbratlon chaFt—and 10 ug
e analyzed).
96—}4—4—Aﬁatyfe—saﬁ=rp+e—e*ﬂ=aets—9etefmme calculate the cencen- traﬂeﬁ—ef—mthemum—m—the extracts elemeﬂt from th a
previously prepared calibration curve which relates intensity to concentration.

597. Reliability

597.1 The precision ef-analyzing-rutherium a single determination atthe-2419/g U 95 % confideneedekebis =2 ug/g
for boron and=+3 pg/g for silicon, determined at both the-95-%-confidence-interval.

SPECTROGRAPHIC 5-ug/g and 20-ug/g levels.

DETERMINATION OF RUTHENIUM
96—

60. Scope

e ie acid
fic 'q aqent Method C 1287).

i ipi is i i i ecHn e 1e d-c arc, Atomic
Absorptlon test method usmg—&n—afgeﬂ-e*ygen—atmeephere MIBK extractlon has been dlscontlnued (see C 761-96)—Fhe resulting
me-plate with the
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three times

esent-visually by

onvert the

103 3—Theprecision—Tor-a—single Spectrographic determination—-by-the—densitometrictest-meth@d-I6—at-the—95%
confidenee-intervat-and-3-pg-evel.

; as
I 5 Associated Electrical Industries slugs have been fetne-to be satisfactory.
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SPECTROPHOTOMETRIC- of Ruthenium has been discontinued (see C 761-96).

DETERMINATION OF TITANIUM AND VANADIUM

1064

61. Scope

61. 1 Titanium an v
Vanadium can be-deteeted.

%GS—Summer—ef determined by ICP-MS (see Test-Method

06- . - ivesi very-few iv i e conditions
o . o i ; ; M i ftanitn- —more than

}G&G—V&Hade—S{-aﬂ&&Fd—Seltmeﬁassehfe—G—Z%%—q document. The Spectrophotometric determinatien—ef—ammonium
vaﬁada%e—fN%—)—mﬂﬁa{eFmat—has—beefkmade—shgh&y%asm these eIements—w&h—ammemtrm—hyeWﬁe

nm versus

ftanium-free
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1—]:9—4—6964—the—se+uﬂeﬁ—that BHPA Chloroform extractlon has beeﬂ—fumed—te—a—veltme—eHrte—?,—ﬁH_—te—?e—te—l:ee—e and add

PP d aretfor 3 min.
3 Ataini glass wool

: ¥sdiscontinued (see
C 761-96).

SPECTROGRAPHIC DETERMINATION OF MEFALHECAIMPURIHES BY-CARRIER BISHEHEAHON—
112 METALLIC

62. Scope

112 1-Thistest-method-is-applicablete-the
62 1 The Spectroqraphlc determmauoaﬁﬁhﬁ%ﬁptm&aemaﬁﬂmd—m%eﬁm%mmxpressed

5 different
¢ elements,

compounds-gallivm-exide;silverchloride-ane-mixtures-of silver-ehloride-with-flueride-salts-efHithium,-strentium, BI—|-PA—er silver
have Cupferrldes extraction has beea—ameag—ﬂ%se—mesi—eemmm%ly used
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ﬂA—l%PheW&e%%Emtﬂaen—Easﬁﬁaﬁ—SM%—l—aﬁd—}-N ICP-MS (see Test Method C 1287)-er-eguivalent.
413 Eleetrodesgraphite(37):
1—14—]3+Eewer—6—k5—mm—red%#&l+a—eup—(4—964ﬁm—m—d+ameter Atomic Absorption-ane—7~t4-mm-deep)-high-density-grade

and—vanadrtrm—may ICP AES (see further sectlons)

62.2 Arsenic can be-lest-enprolonged-ignition).
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olastic vial. Gri he-meehanical
Ainati i 6-and Table

he-four sets of

indicated.

e-fevel using the
ic technique

419~ TUNGSTEN
63. Scope

63.1 Tungsten can b&de%emaed—#ns—e%eaﬁra%mwm%rge—e&rb&a&ended%&e&heﬁdlrectmn detemﬁﬁed—by—appropnate
changes-in-the-sample-size.

120—Summary-of ICP-MS (see Test-Methed

ot in which
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: , it are then
4 NEPN = . i y o-oxi i v anre-spa ited by the
di ; i R - shically s A onverted to

guantities of the
&emem&ﬁﬂybdem*m—éiee—ug)—vaﬁadmm—%&uq) Method C 128—79—6%69%—(»—]:999—&9)%}9%6&%%&%% sample

anatyzed—The-presence-of-these-elements-ecan-be-anticipated-by-a-preliminary-carrier-distitation-analysis:-however,their potential
m%erfefeﬁee—ean—be—elrrn%ﬁated ICP AES—as—feHews

ien reduces

hese solutlons
dilutions.
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a i of dilute
Stedrredk i gtion with the

ecessary.

Drai y o - i i i A i funnel.
N i . . . . - it intethe 75-mL
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1242 1Place-the-rotating-disk-assembly-in-the-eleetroede- clips.
124-2:2-Set-the-electrical-parameters-as-fellows:

tometnc determlnatlon has beeH—tFaHspeeed—eﬁ—a—ealeulaﬂng—board

ing—them by the
each-element to

SPECTROGRAPHIC BETERMINATHON-discontinued (see C 761-96).

DETERMINATION OF N NUM M M NTTHTY
VANABHOM-THORIUM AND Z+RGGN+H-M—A|:FEFFSEPA-R-A449N—FRGM—U-F—AS—GHPFERRFDES-

26— RARE EARTHS

64. Scope

1264.1 Thorium and rare earths can be determlned by ICP MS (see Test Method C 1287) Thorlum can also be determined by
spectrophotometry Th|s test meth cH y , hiobium,
the
descrlbed below Usmq a samﬁea%e—the#eHeMﬁHg—Hm&s—(eaq%essed—as—ﬂg#g)—areﬂ&amable on 10 allquot contalnlng 0.5 g of

oranium:

FERTETRE
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127 uranium, the test method can detect 2 ug Th/g U. This range can easily be extended to a much lower level by use
of a larger sample size.

65. Summary of Test Method

longer than

a—meﬁfh—Preerprfaﬂeﬁ—rs—&}ways—made raprd ion exchanqe procedure in whreh—t-he—ee+d—as—e Qferro ura:mum—rs—decomposed
adsorbed

d of exciting

ﬂ%—s&m&e—'Fhe—use—e#—eﬂ&Hee*eﬁaﬁe%nﬂﬁm&es—m{erferences stronqu basrc anion exchange reaﬁ—#em—smaH—amounts of
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gsten-in f uranium.

eaction of
a-strong,
in9to 12

o 0 he-extracted
eRYA omp as the same
5-AMm can be used

e individually.

y-funnel
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centrifuge

opper; - a - o-wa butyl acetate
C)solutionan 6 0 N tor—Thi tor-sheuld epared

405 and
i the sample.

ation curve
procedure.

44 S Seretee-rer it By feH seprecetretiyriier dranttm-is-adserb a strongly
basic-anion-exchangeresin-frorBHCI (48). The thorium-bearing effluent is treated directly with oxalic acid to complex any
zirconium and with Arsenazo IIl to develop the blue thorium-Arsenazo Ill complex which has a molar absorptivity of 116 000 in
about 5M HCI solution (49, 50).The test method is nearly specific for thorium since the potential interferences of uranium, and
up to about 200 pg zirconium, are eliminated by the standard procedure. Rare earths at levels about 50 times the thorium also
interfere.

+412-This

65.2 This test method can be adapted to handling a large volume of samples by reducing the sample aliquot to a quantity small
enough to contain 0.1 g of uranium. Ten samples can be passed through the ion exchange column before it is necessary to elute
the uranium. Under these conditions the limit of detection becomes 10 pg Th/g U, which is adequate for most purposes.

42—

66. Apparatus

42+

66.1 lon Exchange Column$ig—10 9.

1422

66.2 Spectrophotometewith 1-cm cells as described in Practice E 60.
1423

66.3 Platinum Dishes100-mL.

H3-

67. Reagents

1431

67.1 Arsenazo lll[o-(1,8-dihydroxy-3,6-disulfo- naphthylene - 2,7 - bisazo)-bisbenzenearsonic acid, disodium salt] Solution
(0.2 %)—Dissolve 0.2 g of Arsenazo Ill in water, add 1 mL of 5 % sodium carbonateGNg) to the solution, and adjust the
volume to 100 mL with distilled water.

143.212

67.2 Dowex 1-X8(50 to 100 mesh), a strongly basic anion exchange resin. Treat new resin with at least 100 MLHEI8
before use, and discard the resin after it has been used three times.

433

67.3 Oxalic Acid Solution(5 %)—Dissole 5 g of H,C,0, in distilled water and dilute to 100 mL.

1434

67.4 Thorium Standard-Weigh 0.2393 g of thorium nitrate [Th(N{,-4H,0] into a 250-mL beaker and fume to dryness three
times with 5-mL portions of concentrated HCI (sp gr 1.19). Dissolve the residue ikl HHCI and dilute to 1 L with 0.1M HCI
to give a solution containing 100 ug Th/mL. Dilute an aliquot to the appropriate volume to give a solution containing 5 pg Th/mL.
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R

—F
GLASS WOOL‘-\—M

1.6 cm —* [+

RESIN—___ |

GLASS WOOL — g

STOPCOCK

FIG.710 9 Adsorption Column

E

68. Procedure

14468.1 Measure a sample aliquot of hydrolyzed, déntaining no more than 0.5 g of uranium and up to 50 pg of thorium
by weight or volume into a 100-mL platinum dish.

H42Fume

68.2 Fume the solution to dryness four times with 10-mL portions of concentrated HCI (sp gr 1.19) to remove fluoride.

14468.3 Dissolve the residue in 2 to 3 mL of concentrated HCI (sp gr 1.19) using heat if necessary.

14468.4 Dilute the solution to about 10 mL withM8 HCI and transfer to the ion exchange column.

14468.5 Rinse the beaker with a minimum quantity a84Cl (about 5 mL), and add the rinse solution to the column.

144-6-Open

68.6 Open the stopcock, and drain the column into a suitable graduated cylinder at a rate of 3 to 4 mL/min.

14468.7 Discard the first 7 mL of effluent, and collect the remaining effluent in a 50-mL, volumetric flask.

144-8-Wash

68.8 Wash the resin with two 5-mL and two 10-mL portions dI8HCI; collect all the effluents in the 50-mL flask.

144-9-Add

68.9 Add 1 mL of 5% HC,0, to the flask to complex any zirconium.

+44-10-Add
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68.10 Add 2 mL of Arsenazo Il solution to the flask, and dilute the solution to volume with distilled water and mix thoroughly.
14468.11 Within 30 min, measure the absorbance of the solution in a 1-cm cell at 665 nm against a blank solution containing
all reagents.
| 14468.12 Determine the concentration of thorium from a calibration curve prepared previously as in the above procedure. This
calibration curve is prepared from solutions having a concentration range from 0 to 100u g Th/50 mL.

14468.13 Elute the uranium from the exchange column with 200 mL d¥0HICI at the rate of 3.0 to 3.5 mL/min. Then, pass
50 mL of 8 M HCI through the column to prepare it for the next sample.

I NoTte—22=t 8—It is necessary to run the calibration standards through the ion-exchange column.

| Nore—23—TFhe 9—The test method can be adapted to handling a large volume of samples by taking sample aliquots containing 0.1 g of uranium and
eluting the uranium from the column after ten sample aliquots have been passed through the column. When the column is used in this manner, it should
be washed with an extra 50 mL ofM HCI between successive samples.

145

69. Reliability

145-1The
69.1 The precision at the 95 % confidence level in determining 200u g Th/g U by the standard procedhifé.is

SPECTROGRAPHIC-BDETERMINATHON-
DETERMINATION OF FTHORIBM-AND-RAREEARTHS—

mine element
al standard.

of 0.5
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SPECTROPHOTOMETRIC BETERMINATHON-OF—
MOLYBDENUM

15370. Scope

odticed when
ieally at

erum(VI) to

3 - iaterference
eH i\ i —Fhere are no

likely-interferenees-in—relatively-pure-@Frechnetivm\v

70.1 Molybdenum can-interfere—in—irradiated-Hbutits—interference—can be—eliminated determinee—by—evaperating the
hydrelyzed-Ulsto-dryness-in-the-presence-of-a—strong-exidant.
155—Apparatus

155 1Platintm-Dish-200 ICP-MS (see Test Method C 1287)-6+3066-mL.
155:2-Spectrophotometeeqtipped-with--em-and-5-em-eells by ICP-AES as described later-in-Practice E 60.

oncentrated

Hute to

funnel.

drain the
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through.

57~ i i i i i or) with the
specetrophotometer-at-476-nm, do cument The Spectrophotometrlc determlnatloa—uﬁﬂgaﬁtyﬂeaee%ate—m the—Fe#efeHee—eeII

analyzed as

been dlscontmued (see C 761 96)

ATOMIC ABSORPTION DETERMINATION OF METALLIC IMPURITIES

71. Scope

7159.1 A test method is presented for the analysis of 14 metallic elements in uranium compounds by atomic absorption
spectroscopy(56, 57). The test method has been shown to be applicable to the analysis of aluminum, cadmium, calcium,
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, sodium, and zinc.

166

72. Summary of Test Method

160-1+—TFhe
72.1 The uranium in a sample is separated by solvent extraction with tributylphosphate (TBP) fromNeHh®4(58). The
HNO; solution containing the elements to be determined is evaporated to dryness and the residue redissoleH @I.0A2y
or all of the elements can then be determined in this one solution by standard atomic-absorption spectrometry procedures with little
or no matrix effects in the usual type of sample.
16072. 2 D|rect atomlc absorptlon anaIyS|s of several elements in uranium solut|ons is sometimes satﬂsmcﬁf)yw{—rt—has
v r-absorbs some

‘-]:59.—

72.3 The uranium is extracted with pure TBP frolM&INO,. The aqueous layer is then washed with 20 % TBP in chloroform.
A total of 99.9 % of the uranium is removed, leaving a nearly residue-free solution when thg stlifion is evaporated to
dryness. Since all atomic absorption analyses are then made in exactly the same medium, thiit HCI0s®lution, standards
preparation is simplified, and conditions for maximum precision and accuracy are ideal.

160-4-n

72.4 In relatively pure Ugthat is usually analyzed by this test method, there is usually no problem with anionic interference.
Fluoride can interfere with the extraction, but it is easily removed before the extraction by pyrohydrolysis or by fuming the sample
with HNO,. Sulfate and phosphate are possible interferences in the extraction, but they are rarely present in significant quantities.

| 16672.5 Where more than one element is to be analyzed, the atomic absorption procedure requires substantially less labor per

analysis than spectrophotometric methods. Furthermore, for some elements such as magnesium, potassium, and sodium, no
satisfactory spectrophotometric methods are available. Compared to the carrier distillation spectrographic method, the atomic
absorption procedure, though longer, provides better sensitivity and range, and much better precision and accuracy.

161

73. Apparatus

16141
73.1 Atomic Absorption Spectrophotometeas described in Proposed Recommended Practices for Atomic Absorption
Spectrometry.

162~
74. Reagents
1621
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74.1 Carbon TetrachlorideReagent Grade-Wash 1 L of CCJ with 100 mL of 0.1N HNO; and then with 100 mL of deionized
water.

NoTte—25— 10—Caution: Carbon tetrachloride must be handled with due safety precautions. It should be handled in a hood to avoid breathing its
vapor.

162.2

74.2 Hexane Reagent Grade-Wash 1 L of GH,, with 100 mL of 0.1N HNO; and then with 100 mL of deionized water.

1623

74.3 Hydrochloric Acid Purified—Distill and determine the normality as for HNO

1624 1°

74.4 Hydrochloric Acid (0.2 N)—Prepare by appropriate dilution of purified HCI with deionized water.

1625

74.5 Lanthanum Chloride(LaCl;), Purified (50 mg/mL)—Transfer 200 mL of saturated lanthanum nitrate [La{\d, 400
mL of 2.0N aluminum nitrate [AI(NQ)};], and 300 mL of purified TBP to a 1-L separatory funnel. Shake the solution vigorously
for 2 min to extract lanthanum. Discard the aqueous layer, and wash the TBP phase twice with 100 mL of deionized water. Discard
these washings. Transfer the TBP phase to a 1-L beaker. Add about 500 mL of calcium-free acetone or ethanol and 50 mL of water.
Distill NH 4,OH into this solution until precipitation of lanthanum hydroxide [La(QMfl is complete. Filter the precipitate and
wash with deionized water. Ignite the precipitate at 800°C to form lanthanum oxid®4{l eéDissolve the Lsa04(58.64 g) in
purified HCI, and dilute to 1 L with deionized water.

162:6-

74.6 Nitric Acid (HNG), Purified—Distill approximately 1700 mL of concentrated HN®p gr 1.42) into a 2-L plastic bottle
containing 400 mL of deionized water. A quartz still is preferable for the distillation, but if one is not available, borosilicate
glassware is satisfactory. Determine the specific gravity of the distilled fibi@ calculate the normality.

16274.7 Nitric Acid (6.0 N} —Prepare by appropriate dilution of purified HN@ith deionized water.

1628

74.8 Standard Stock Solutipd00 pg/mL of Each ElemenrtPrepare a stock solution containing all elements to be determined
by dissolving 0.100 g- 0.1 mg each of the pure metals in purified HN@ HCI. Convert the nitrate solutions to chloride when
feasible by digestion with HCI. Add lead as the nitrate. Dilute the stock solution to 1 L witR BI2I. After a preliminary analysis
has been made on an unknown sample to determine the approximate concentration of impurities, dilute aliquots of the stock
solution to give concentrations that bracket the sample.

162:9-

74.9 n-Tributylphosphate (TBP), PurifiedWash 500 mL of purified TBP with at least four 500-mL portions of deionized water
to remove sodium and orthophosphate.

Note—26=For_11—For determining low concentrations of sodium (for example, <5 pg/g U), special purification steps such as vacuum distillation in
a quartz system may be required.

16210

74.10 Urano-Uranic Oxide(U;0g)—Hydrolyze redistilled Ug in deionized water to form uranyl fluoride (U&,). Evaporate
the solution to dryness in a plantinum dish and pyrohydrolyze the residue at 900°Cd@ I6 with occasional mixing to form
U308-

163

75. Procedure

16375.1 Hydrolyze enough WFo contain the desired amount of uranium (5 to 20 g) with deionized water.
16375.2 Evaporate the solution to dryness under heat lamps, and convert tRgtod@;04 by pyrohydrolysis at 900°C for
45 min. (U;04 produced in the gravimetric analysis of uranium inU§ suitable.)

Note 127—If elements that form volatile fluorides are to be analyzed by atomic absorption, tig Eflution should be digested with HNGeveral
times to remove fluoride and obtain a suitable JOXID;), solution for the extraction.

16375.3 Weigh enough 04 to give the desired weight of uranium (to the nearest milligram) into a platinum dish or a
TFE-fluorocarbon beaker.

16375.4 Dissolve the sample in purified concentrated EN®gr 1.42, 1 mL acid per gram of oxide), and evaporate the
solution to near dryness.

Note 2813—When uranium fluorides containing chromium are pyrohydrolyzed, a nitric acid-insoluble compound, probably iSrid@med.
Consequently, samples to be analyzed for chromium must be fumed with perchloric acid,JH@ dissolution with HNQ to dissolve this
uranium-chromium compound. Add a few drops of 30 % hydrogen peroxigd®,jHo reduce chromium (VI) to chromium (lll) before extraction of the
uranium.

46375.5 Dissolve the residue inNeHNO,, and dilute the solution to 100 mL with l§ HNOs.

Note 2914—Blanks containing all reagentsustbe run through the entire procedure.
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I 16375.6 Transfer the sample solution containing up to 10 g of uranium to a 250-mL separatory funnel NibiNgDg to rinse
the beakers. Use a 500-mL separatory funnel for samples containing 10 to 20 g of uranium. (Plastic separatory funnels are
preferred.)
163-7Add
75.7 Add 50 mL of purified TBP to the separatory funnel fortedcg of uranium.
16375.8 Shake the separatory funnel vigorously for 2 min to extract the uranium.
16375.9 Allow the phases to separate completely (this requires about 15 min).

Note 3615—When the extracted sample contains 15 to 20 g uranium, the density of the TBP phase is greater than the density of the aqueous phase.
Add 50 mL hexanefter the extractiorio reduce the density of the TBP phase. (If the hexane were added before the extraction, the resulting TBP-hexane
mixture would have a lower extraction efficiency.)

146375.10 Transfer the aqueous phase to a second separatory funnel. Wash the TBP phase with two 30-mL paditleN©gf 6
and add the washings to the second separatory funnel.
46375.11 Wash the aqueous phase with 50 mL of 20 % TBP in.@(kr separation, drain off the organic phase.
16375.12 Wash the aqueous phase twice with 25-mL portions of. CCl
46375.13 Transfer the aqueous phase to a TFE-fluorocarbon beaker or platinum dish, and evaporate the solution to dryness.
16375.14 Dissolve the residue in MRPHCI and dilute to a desired volume according to the following tabulation:

Impurity, pg/g U Wt of Uranium, g Volume, mL
0.1-0.5 20 10
0.5-1 20 25
1-5 10 25
5-50 10 50-100
>50 5 100

| 16375.15 Determine the desired elements by standard atomic absorption techniques, comparing the sample measurements to
those of known standards in the same concentration ranges.

I Note 316—Samples to be analyzed for calcium or magnesium require the addition of lanthanum or strontium to eliminate suppression. Pipet an aliquot
of the sample into a volumetric flask, and add sufficient lanthanum or strontium chloride to give 10 mg of lanthanum or strontium per millilitre. Dilute
the solution to volume with 0.& HCI and analyze by comparison to known standards also containing lanthanum or strontium.

163-16—Fable13

75.16 Table 5 gives the operating parameters for the atomic-absorption analysis of the elements, using an atomic-absorption
spectrometer equipped with a Boling burner for all elements except aluminum, which must be analyzed with the nitrous oxide
burner. Adjust the burner settings for a maximum absorption with copper and leave at those settings for the rest of the analyses.

164

76. Reliability

1764.1 Atthe 1to 10 pg/g U level, all the elements except aluminum can be determined with a precisidnfat the 95 %
confidence interval. The precision for the aluminum analysis 3§ % at the 95 % confidence interval.

IMPURITY DETERMINATION BY SPARK SOURCE MASS SPECTROGRAPHY
165

77. Scope
165-3+—TFhistestmethod-coevers-the

TABLE 13 5 Operating Parameters for the Atomic-Absorption
Analysis of the Elements

Concentration Wavelength, Recommended Flows
Element Range,
u g/mL nm Fuel Air

Al 10-200 309.27 >154 8 (N,0)
Ca 0-20 422.67 ~9A 7.5

Cd 0.5-5 228.80 9 9

Co 4-20 240.73 9 9

Cr 2-20 357.87 ~9A 7.5

Cu 2-20 324.75 9 9

Fe 2-20 248.33 9 9

K 1-10 766.48 9 9

Mg 0-2 285.21 ~9 7.5

Mn 2-20 279.48 9 9

Na 0.3-3 589.00 9 9

Ni 2-25 232.00 9 9

Pb 0-40 217.00 9 9

Zn 0-5 213.86 9 9

“Fuel adjusted to maximum percentage of absorption.
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aﬁ—aveFage—e#_Laa%—at—}e—ppm technlque has been dlscontlnue (see C 761 96)
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DETERMINATION OF BORON-EQUIVALENT NEUTRON CROSS SECTION
34—

78. Scope

1—?4—1—'Fh15—test—me%hedﬂs—&ppheab}e—te—the—ealebﬂatlon
78.1 The determ|nat|on 0

1—75—14he—be¥en—eqt&v&lent equwalent neutron Cross seetlon is can be—fe&nd—by—te%akmg—the—dew&e{ﬁeﬂ—absemtlon Cross

ion of each

DETERMINATION OF URANIUM-233 ABUNDANCE BY THERMAL IONIZATION MASS SPECTROMETRY
Exacr

79. Scope
1—?8—1—'Fh15—test—me+heel—|s—&pphe&b+e—tethe

79 1 The determlnatlon 0

arments, each
duees ions at
by- hot nitrate
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| 26determinationsbythreetaberatori@t). this isotope.
DETERMINATION OF URANIUM-232 BY ALPHA SPECTROMETRY

185

80. Scope

1850.1 This test method is applicable to the determination of uranium-232 in uranyl fluoride solutions, in concentrations as low
as 0.05 ppb*2U/U.

186+

81. Summary of Test Method

4861.1 Uranyl fluoride solutions are evaporated to dryness, and the uranium is converted to the oxide. A weighed portion of the
oxide is dissolved in HN@and electroplated on a stainless steel disk. The alpha activities#fturwith energies of 5.28 and
5.32 MeV and®®Th with energies of 5.34 and 5.42 MeV are measured with a pulse height analyzer. TA€anergy peaks
are summed and corrected for the unresat¥&ith 5.34 MeV. The counts are converted to disintegration rate and divided by the
specific alpha activity of*U to determine the weight 2U on the disk.

187

82. Apparatus

1871

82.1 Multiple-cell Electroplating Apparatug26) with four cells operating independently of each other and the current within
each cell automatically controlled to 3 A at 32 V dc. The speed of the stirrers shown i-Fig. 12 10 is 500 rpm.

1872

FIG. 120 Multiple-Cell Electroplating Apparatus
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82.2 Silicon Surface Barrier Detectpor equivalent.
1873
82.3 Multichannel Alpha Spectrometawith surface-barrier detector.

186~

83. Reagents

1881

83.1 Ammonium Oxalate Solutip0.4 M)—Dissolve 56.8 of (NH),C,O,-H,O in warm distilled water and dilute to 1 L.

1882

83.2 Gas Mixture—lonizing gas for Frisch grid ionization chamber; 90 % argon, 10 % methane.

1883

83.3 Plutonium Standard-2*%u and®*%Pu, with an activity approximately 10 000 cpm, deposited on a 52-mm diameter
stainless steel disk.

1884

83.4 Neptunium Standare-Etectroptate—22"Np on a 25-mm diameter stainless steel disk for an alpha activity of 50 000 to
100 000 disintegrations per minute—Have the The activity m on thea disk should be calibrated such thandt it is traceable to national
or_internatifonal standards, e.qg., in the U.S., standards maintained by the National Institute of Standards and Technology (NIST).

1894. Procedure

1891

84.1 Sample Preparation

1894.1.1 Evaporate the uranyl fluoride (LK) solution, obtained by hydrolysis of a Bubsample, to dryness; ignite tq@4
in a platinum dish; and weigh the oxide.

14894.1.2 Dissolve a sample containing 25 mg of uranium in 1 mL NfE8NO; and dilute to 500 mL.

I 4894.1.3 Place a nickel disk (Grade A, cold-rolled, smooth finish, 52—mm diameter) in the center depression of the
electroplating cell base plate, and a rubber gasket on a fluorothene or glass cell stack. (High-luster 300 series stainless steel can
be substituted for nickel.)

1894.1.4 Place the cell stack and gasket, as a unit, on a nickel or stainless steel disk which serves as the bottom and cathode
of the electroplating cell.

14894.1.5 Fasten the cell stack to the base plate, making a leak-proof seal between the disk and the cell stack.

4894.1.6 Add 10 mL of 0.M (NH,),C,0, solution to the cell, then add a volume of sample containing 0.5 mg of uranium.

4894.1.7 Adjust the volume of the solution to 25 mL with distilled water.

1894.1.8 Place the cell in a water bath, between 75 and 85°C, on the electroplating apparatus.

4894.1.9 Turn on the electroplating apparatus, and lower the platinum anode into the solution until the anode is about 10 mm
above the disk.

4894.1.10 Add distilled water to replace the water evaporated during electroplating.

1894.1.11 After 45 min, remove the cell from the electroplating apparatus, and quickly pour out the electrolyte.

1894.1.12 Rinse the cell with approximately 15 mL of ethyl alcohol to dry the film.

1894.1.13 Disassemble the cell stack, and heat the uranium on the disk in a furnace at 425°C for 10 min.

1892

84.2 Counting

1894.2.1 Place t#é&*%Pu and*%Pu standard in the surface barrier detector chamber under the active area of the detector.

1894.2.2 Connect the surface-barrier detector through the preamplifier and amplifier to the analyzer.

4894.2.3 Turn on the vacuum pump connected to the detector chamber, and pump the chamber to a pressure of approximately
15 pm.

1894.2.4 Adjust the detector bias voltage to the voltage specified for the detector.

14894.2.5 Adjust the amplifier to cover a spectrum area approximately 3.7 to 7.0 MeV, and measure the alpha emissions 10 min
to determine the resolution at 5.14 and 5.48 MeV. The resolution must not exceed 0.050 MeV.

4894.2.6 Turn the bias voltage to zero.

1894.2.7 Close the vacuum line, vent the detector chamber, and remove the plutonium standard.

1894.2.8 Place the neptunium standard under the detector; adjust the vacuum and bias voltage-as-in 189.2.3-84.2.3 and 1
894.2.4, and alpha count 20 min to determine the counter efficiency factor. The activity of the standard has been determined on
a parallel-plate alpha counter of known counter efficiency.

1894.2.9 Remove the neptunium standard as in- 1 894.2.7.

14894.2.10 Place the uranium sample under the detector; adjust the vacuum and bias voltage-asin 189.2.3-84:2.3 and 1 894.2.4,
and count the sample 40 min. Lower the counting time if the sample contains a significant anffunt of

| 1894.2.11 Obtain the sum of all counts in the 5.3 MeV peak (which includes“theat 5.32 and 5.28 MeV plus the
unresolved®®Th at 5.34 MeV). Also, determine the sum of tF&Th counts in the 5.42-MeV peak.
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85. Calculation
49085.1 Convert total counts to neéfU counts per minute as follows:

22C = (Cg3— 0.394C5 1)t (12)
where
232c = nef*A counts per minute,
Cs; = total counts in 5.32 and 5.27 MeV3fU peak and 5.34—MeV peak fTh corrected for background,
Cs4, = 2°®Th counts in 5.42-MeV peak corrected for background,

time in minutes for G; and G 4, and
0.394 = known ratio df®Th counts at 5.34 MeV to counts at 5.42 MeV.
| igegs.z Determine tf&°U disintegration rate of the sample as follows:

D =2TE (13)

here:
= sample disintegrations per minute, and
= counter efficiency obtained by dividing the net counting rate obtained on a neptunium standard by the known disintegration
rate for the standard.
| 49085.3 Calculate the amount U in nanograms per gram 6f°U as follows:

w
D
E

2Y/2%%, nglg= D/4.65x 10* WF (14)

where:
D = sample disintegrations per minute,
4.65x 10" = alpha activity of**2U in disintegrations per minute per nanogram,
W = weight of sample aliquot counted, g U, and
F = weight fraction®*®U in sample.
191~
86. Reliability

1913-A

86.1 A 95 % confidence limit of=16 % for a single determination has been obtained by analyzing eight separate aliquots from
a uranium solution containing 100 pg?&ru/?2U.

DETERMINATION OF FISSION PRODUCT ACTMWTFY-BY-BETA-AND-GAMMA-COUNTING—
192- ACTIVITY

87. Scope

Ric solvent,

e-an organic
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196.1.3.8 Transfer the aqueous portion containing the fission productamthughters below Th into-a 200-mt flask and
ditute-to-volume.
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DETERMINATION OF PLUTONIUM BY ION EXCHANGE AND ALPHA COUNTING

199

88. Scope

199-1—Fhis

88.1 This test metho(b6) provides for the efficient carrier-free separation of plutonium activity from uranium. The separated
plutonium activity can then be determined by alpha counting. Plutonium alpha activities of 300 d-m/g of uranium can be detected,
and at the 3000-d-m/g of uranium level the method has a precision of about 15 to 20 %.

2006

89. Summary of Test Method

26089.1 Plutonium is commonly separated from uranium and most other elements by precipitation with fluoride using
lanthanum as a carrig67). For uranium of high-specific alpha activity (for example, more than”*®J or 2*®UU in isotopic
composition), this method does not give satisfactory separation from uranium alpha activity. When this precipitation procedure is
combined with the anion exchange procedure described by Wish and R6&gla complete separation from uranium activity
is achieved, and the plutonium is provided in a carrier-free residue that gives excellent counting characteristics.
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20089.2 Since the method combines two separation processes, based on entirely different principles, elements interfering in one
are not likely to interfere in the other. Elements that can be carried down with plutonium in the flocculent lanthanum fluoride
precipitate include: barium, neptunium, and thorium. Uranium is not precipitated but is carried along mechanically.

200:3-of

89.3 Of these elements, only neptunium and uranium will absorb along with the plutonium frbhiHT2 on a strongly basic
anion-exchange resin. Barium and thorium will not absorb. Of the absorbed elements, only the plutonium is reduced and removed
with the eluting agent; that is, ammonium iodide and hydroxylamine hydrochloride M HZI.

20089.4 Evaporation of this eluate with HN@aves behind a very small, adhesive residue, that is ideally suited to alpha
counting.

201

90. Apparatus

2041

90.1 lon-Exchange Column-The bottom half of a 10-mL pipet serves satisfactorily for this purpose.
2042

90.2 Proportional Counter

2013

90.3 Motor-Driven Stirrer, made from a platinum wire sealed in a glass rod.

262

91. Reagents

2021

91.1 Dowex-1, X-8500 to 100 mesh.

2022

91.2 Hydroxylamine Hydrochloridg4 M)—Prepare a #M solution of hydroxylamine hydrochloride (NOH-HCI).

2023

91.3 Lanthanum Nitrate Solutiorf0.05M)—Prepare a 0.08 solution of lanthanum nitrate (La(Ng).

2024

91.4 Nitric Acid-Hydrochloric Acid Wash Solutiofll N HNO; and 5N HF).

2025

91.5 Plutonium Nitrate [Pu(NQ@)¢ll Standard Solution pure, of known alpha activity of about 6000 d-m/mL.

202:6-

91.6 Potassium HydroxiddKOH) 50 %, carbonate-free.

2027

91.7 Reducing Solutioa-Concentrated HCI (sp gr 1.19), saturated with JOH-HCI; the resulting solution is made MLwith
respect to ammonium iodide (NH.

203

92. Procedure

9203.1 Fume an aliquot containing up to 0.1 g of uranium with concentrai®@jsp gr 1.84) to remove the fluoride ion and
nitrate ion.

9263.2 Transfer the aliquot to a 15-mL centrifuge tube.

92063.3 Add 2 mL of NHOH-HCI solution, and heat the solution for 20 min at 80°C.

9203.4 Add 1 mL of the La(NQ5 solution, and mix the plutonium solution thoroughly.

9263.5 Add 1 mL of 1 +1 HF and stir.

9203.6 Centrifuge the mixture for 2 min, and decant the supernatant liquid. Wash the precipitate with 1 mL gHHANO
solution with the aid of the motor-driven stirrer. Then centrifuge the solution, decant the supernate, and repeat the washing process.

92063.7 Add 1 mL of KOH solution, and wash the precipitate. Centrifuge the solution for 2 min, and decant the supernatant part.
Wash the precipitate and centrifuge again with the caustic solution, and then wash once with water to remove excess KOH.

9203.8 Dissolve the precipitate with 2 to 3 mL of concentrated HCI (sp gr 1.19) containing a trace qfdAaN@rop of
concentrated HNGIsp gr 1.42) per 15 mL of concentrated HCI (sp gr 1.19)].

9263.9 Prepare an ion-exchange column with Dowex-1 by pouring enough resin slurry into the column to give a resin bed about
15 cm high. Pass 10 mL of concentrated HCI (sp gr 1.19) through the column.

9263.10 Pass the solution of the dissolved precipitate through the ion-exchange column at 4 drops/min (a slight vacuum will
be required to maintain this rate of flow). Wash the resin with 5 mL of concentrated HCI (sp gr 1.19).

9203.11 Elute the absorbed plutonium with 10 mL of reducing solution.
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9203.12 Add 2 to 3 drops of concentrated HN@p gr 1.42) to the eluate, and evaporate it to dryness. Dissolve the residue
with 2 to 3 drops of concentrated HN@p gr 1.42), and rinse the sides of the beaker with 1 mL of water.

9263.13 Transfer the solution to a counting planchet and evaporate to near dryness. Rinse the beaker twice with 1 mL of water;
transfer the washings to the planchet and evaporate to dryness.

9263.14 Alpha count the residue on a proportional counter.

9263.15 Convert the alpha counts to disintegrations using a geometry and recovery factor determined by analyzing known
amounts of plutonium activity by the above procedure. Recoveries of 90 to 100 % of 600 dis/min of plutonium activity should be
achieved.

DETERMINATION OF PLUTONIUM BY EXTRACTION AND ALPHA COUNTING
204

93. Scope

204-1—TFhis

93.1 This thenoyltrifluoroacetone (TTA) test method covers the determination of total plutoniumgirPlWiEonium can be
quantitatively and selectively extracted from an aqueous solution into a TTA-xylene solution.

205

94. Summary of Test Method

20594.1 Plutonium-bearing s hydrolyzed using a nitric acid-aluminum nitrate solution. The plutonium is then reduced with
hydroxylamine hydrochloride to P% oxidized to P&i* with sodium nitrite, and extracted into TTA. Removal from TTA is with
nitric acid. The plutonium-bearing aqueous phase is then evaporated to dryness on appropriate surfaces for counting gross alpha.
Counting rates are compared to those of known standards to determine total plutonium. A tracer may also be used to check the
recovery rate after the extracti6®Pu has been found suitable.

95. Interferences

20695.1 There is no appreciable interference due to uranium and thorium; however, neptunium is not quantitatively separated
from the plutonium in the extraction procedure. If prepared sample disks have appreciable alpha counts, an alpha energy analysis
should be performed and a neptunium correction applied when necessary. For samples counting near the detectability level, the
alpha energy scan is useless since sensitivity is inadequate to distinguish between neptunium and plutonium.

204

96. Apparatus

2071
96.1 Alpha Counterwith a background counting rate of 5 cpm or less is recommended. Either a proportional counter or
parallel-plate alpha counter is suitable.

96.2 Alpha Energy Analyzeis-eptional necessary for checking the selectivity and recovery rate of the extraction process.

2073

96.3 Equipment for Agitating Solutions desirable. A variable-speed laboratory shaker or a bank of extraction cells and stirrers
will suffice.

208

97. Reagents

g.;_.sfl:rhenoyltrifluoroacetone (TTA) Solution (0.5-MDissolve 111 g of TTAin 1 L of xylene.

%ydroxylamine Hydrochloride SolutiofilM)—Dissolve 69.5 g of NBOH-HCI in 1 L of water.

g?_.s?iodium Nitrite Solution(1M)—Dissolve 69 g of NaN@in 1 L of water (prepare daily).

%Iuminum Nitrate(2 M)—Dissolve 187.5 g of Al(N@);-9H,0 in 250 mL of 2M HNOs.

g?j\litric Acid (6 M)-Aluminum Nitrate(0.1 M) Solutior—Add 375.5 mL of HNQ and 37.51 g of AI(NQ); to 1 L of water.

209

98. Procedure
2091
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98.1 Hydrolysis

2098.1.1 Hydrolyze a sample aliquot contagi g ofuranium as UE using 250 mL of 6V HNO3-0.1 M AI(NO ;)5 solution.

2098.1.2 Hydrolyze a standard of plutonium-freegW¥th the above solution, using 50 mL of the hydrolyzing solution per
gram of uranium.

2092

98.2 Extraction

2098.2.1 Transfer duplicate 50-mL aliquots from the prepared sample solution to 150-mL beakers. (For each group of samples,
prepare a blank and a spike solution from the plutonium-free uranium standard. The blank is a 50-mL aliquot of the uranium
standard in a 150-mL beaker. The spike is a similar aliquot spiked with 2400-dpm plutonium.)

2098.2.2 Evaporate sample, blank, and spike solutions to dryness slowly on a hot plate and treat identically throughout the
remainder of the procedure.

2098.2.3 Flame the solid residue to eliminate fluorides.

2098.2.4 Use approximately 10 mL ofNtHNO; to put the solid residue back in solution.

2098.2.5 Add 4 mL of 2V AI(NO3);-2 M HNO,.

2098.2.6 Add 2 mL of M NH,OH-HCI solution.

2098.2.7 Stir the solution and allow to stand in a water bath at 80°C for 5 min.

2098.2.8 Remove the sample from the water bath, and add 8 mIMoNANG, solution cautiously. Stir the solution, allow to
stand for 5 min, and then transfer to an extraction cell.

2098.2.9 Add 20 mL of 0.8 TTA solution in xylene, and stir the solution for 15 min.

2098.2.10 Discard the aqueous phase.

2098.2.11 Wash the organic phase four times with approximately 15 mIMbHNO,. Perform the washings by adding wash
solution, stirring a few seconds, and discarding the aqueous phase. As an alternative to the reextractio of Pu in the aqueous phase,
a direct deposition of the organic phase may be performed.

2098.2.12 Add 4 mL of 81 HNO; to the organic phase. (@ HNO; may be replaced with 0.8 HF for extracting plutonium
out of the organic phase.)

2098.2.13 Stir the solution for 15 min.

2098.2.14 Withdraw the aqueous phase containing plutonium.

2098.2.15 Pipet a 1-mL aliquot of plutonium-bearing solution onto a stainless steel alpha-counting disk, and evaporate to
dryness under a heat lamp. (Stainless steel disks may be replaced by stainless steel dishes.)

‘ 2098.2.16 Heat the disk over open flame to red heat and cool.

2093

98.3 Counting

2098.3.1 Count the sample, blank, and spike disks for gross alpha.

2098.3.2 In case of doubt concerning selectivity of extraction, perform an alpha energy scan to assure that the sample count is
due to plutonium.

230

99. Calculations
23099.1 Since each sample aliquot corgalng ofuranium, the following expressions hold:

Pu alpha cpm/gu= AJ/GF X (S — B)/(A+—B) (15)
where
Ao = alpha disintegrations per minute in spike aliquot,
GF = geometry factor,
A = alpha cpm from sample disk,
B = alpha cpm from blank disk, and
A, = alpha cpm from spike aliquot disk.

in Eq-38 15 by a geometry factor that is found by counting a plutonium standard of known disintegration rate. With most plates,
this factor is 2.
| 21099.3 Calculate parts per billion plutonium as follows:

ppb Pu= ((Pu alpha cpnigU)/(136/GF (16)

I 23099.2 Plutonium alpha activity in disintegrations per minute per gram of uranium may be obtained by multiplying the result

where:
ppb Pu = parts per billion plutonium on a uranium basis, and
136 = specific activity for one nanogram oi%Pu.
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100. Reliability

21100.1 The procedure as described has a 95 % symmetrical confidence lenid &6 at alpha rates greater than about 136
dpm/g uranium.
I 21100.2 By using larger sample aliquots and plating more than 1 mL of extracted solution, concentrations as low as 8 dpm/g
of uranium may be measured to a 95 % symmetrical confidence intervaP0®6 of the value.

DETERMINATION OF NEPTUNIUM BY EXTRACTION AND ALPHA COUNTING
232~

101. Scope

21201.1 The thenoyltrifluoroacetone (TTA) test method covers to the determinatdiNmfin UF;. Neptunium can be
selectively extracted from an aqueous solution into a TTA-xylene solution, &ft\p tracer technique can be used to measure
extraction losses; thereby, eliminating the need for a more laborious quantitative extraction.

213

102. Summary of Test Method

21302.1 Neptunium-bearing WHis hydrolyzed using a nitric acid-aluminum nitrate solution. The resulting solution is spiked
with a*Np tracer, brought to dryness, and flamed to rid the residue of fluorides. Residue is dissolved with hydrochloric acid, the
neptunium reduced to Nf, and extracted into TTA. Neptunium is recovered from TTA in nitric acid as th&Nm. The
neptunium-bearing solution is evaporated to dryness on appropriate counting disks, and the necessary counting is performed.

24—

103. Interferences

21403.1 There is no radiochemical interference of consequence. Uranium, thorium, and plutonium are essentially removed in
the extraction procedure. An alpha energy scan is optional to preclude interference.

215

104. Apparatus

2151
104.1 Alpha Counterwith a background counting rate less than 5 cpm is recommended. Either a proportional counter or a
parallel-plate alpha counter is suitable.

I 104.2 Gamma Scintillation Spectrometerequired for the®**Np tracer. A single-channel analyzer is adequate, with a
multichannel instrument being optional.
2153
104.3 Alpha Energy Analzyemptional for checking the selectivity of the extraction process.
2354
104.4 Equipment for Agitating Solutionslesirable. Extraction cells or separatory funnels will suffice.

216
105. Reagents

216-1

105.1 Hydrochloric Acid (1 M)—Prepare a M solution of hydrochloric acid (HCI).
2162

105.2 Nitric Acid (HNO;) (6 M)—Aluminum Nitrate(0.1 M) Solution.

216-3-

105.3 Reducing Solutiors-150 mL of 5M hydroxylamine hydrochloride (N§©OH-HCI) + 250 mL of 2M hydrochloric acid
(HCI) + 100 mL of 1.5M ferrous chloride (FeG). The solution is unstable, therefore, store it in a dark bottle and prepare every
two weeks.

2164

105.4 ThenoyltrifluoroacetongTTA) (0.5 M)—Dissolve 111 g of TTA in 1 L of xylene solution.

23—
106. Procedure

23+t
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106.1 Preparation of**Np Tracer (see note below}

Note 17—?*Np can also be obtained from a purcha&$88m solution. Np and Am can be separated on a ion exchange resin.

106.1.1 Encapsulate aliquots of 100 mg normal or depletgd;ih high-silica ampules and expose for 10 min to a nominal
neutron flux of 2x 10*n/cn?-s.

21706.1.2 Break the ampules and put the contents in solution WihHNO,.

21706.1.3 The extraction procedure foNp tracer is the same as that for extractititlp from sample solutions (see 2
1605.3).

21706.1.4 With &Np half-life of 2.3 days, the usable life of a batch of tracer is about 2 weeks. (The tracer technique gives
greater accuracy and precision with a minimum of analytical effort; however, the analysis can be performedtipolittracer
is not used?*'Np standards should be run through the extraction procedure to determine a loss correction and the procedural steps
performed methodically to assure uniform losses.)

2372

106.2 Preparation of Sample

21706.2.1 Hydrolyze a sample aliquot contagnihg ofuranium as Ugusing 250 mL of 8M HNO3;-0.1 M Al(NO ), solution.

21706.2.2 Transfer duplicate 50-mL aliquots from the hydrolyzed solution to 150-mL beakers.

21706.2.3 Add 2 mL of tracer solution to each aliquot (adjust the concentrafid™pftracer solution by appropriate dilution
to give about 1000 cpm/mL when the scintillation counter is accepting photons from the 0.28-MeV gamma peak).

2373

106.3 TTA Extraction

21706.3.1 Bring the spiked sample aliquots to dryness slowly on a hot plate to prevent spattering.

21706.3.2 Heat each residue over an open flame until it becomes burnt orange color to remove fluorides and nitrates.

21706.3.3 Cool the residue and put in solution with approximately 30 mLMfHCI.

21706.3.4 Add approximately 15 mL of reducing solution, and allow the solution to digest for 5 to 10 min.

21706.3.5 Transfer the sample to an extraction cell, add 15 mL of TTA-xylene, and stir the resulting mixture for 20 min.
(Replace xylene by benzene if desired.)

21706.3.6 Discard the aqueous phase.

21706.3.7 Wash the organic phase three times withHCI. Wash by adding HCI, sti¥> min, and discard the aqueous phase.

21706.3.8 Add 5 to 10 mL of 8 HNO; to the organic phase, and stir the resulting mixture for 20 min.

21706.3.9 Withdraw the aqueous phase, containing neptunium, and bring to dryness on a hot plate.

21706.3.10 Repeat 2-1706.3.3 through-2 1706.3.7.

21706.3.11 Wash the organic phase twice as-in-217.3.7 106.3.7 except withl G408D,.

21706.3.12 Add 4 mL of 81 HNO; to the organic phase, and stir the resulting mixture for 20 min.

21706.3.13 Withdraw the aqueous phase, containing neptunium.

2374

106.4 Sample and Tracer Disk Preparation

21706.4.1Sample Disk

21706.4.1.1 Pipet 2 mL of the sample solution onto a stainless steel disk and allow to dry under a heat lamp.

21706.4.1.2 Heat the disk to red heat over an open flame and cool.

21706.4.2Tracer Disk

21706.4.2.1 Pipet 1 mL of tracer solution onto a stainless steel disk and allow to dry under a heat lamp.

21706.4.2.2 Heat the disk to red heat over an open flame and cool.

2475

106.5 Counting

21706.5.1 Count the sample disks to determine net alpha counts per minute.

21706.5.2 Count the sample and tracer disks to determine net gamma activity (counts/min) due to the 0’33pi@¢ak.

21706.5.3 An alpha energy scan is optional to certify that all alpha activity is ddé\Nm

238

107. Calculations

21807.1 Each sample aliquot contsih g ofuranium. IfA equals the nét’Np alpha count per minute on the sample diBk,
equals the net gamma count of t®p spike, andC equals the nétNp gamma count extracted; the following equation gives
23/Np alpha concentration in sample.

Z'Np alpha cpm/gU= AB/C 17)

21807.2 Neptunium alpha activity in disintegrations per minute per gram of uranium may be obtained by multiplying the result
in Eq40 17 by a geometry factor that is found by counting a neptunium standard of known disintegration rate. With most standard
plates or disks, this factor is 2. Calculate as follows:

ppm Np= ((Np alpha cpnvgU)/((1562/(GF)) (18)
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where:
ppm Np = parts per million neptunium on a uranium basis,
1562 = specific activity for 1 pg of*'Np, and

GF geometry factor.
239
108. Reliability

21908.1 The procedure has a 95 % symmetrical confidence interzal @26 at alpha rates greater than about 156 dpm/g of

uranium.
21908.2 At 16 dpm/g uranium, the confidence interval 30 %.
21908.3 The lower limit of detectability is about 4 dpm/g of uranium.

ATOMIC ABSORPTION DETERMINATION OF CHROMIUM SOLUBLE IN URANIUM HEXAFLUORIDE
2206

109. Scope
22109.1 Atest method is presented for the determination of chromium, solublesjrinike concentrations of 0.2 to 100 pg/g
(uranium basis).

224~

110. Summary of Test Method
22110.1 The UFis filtered through a porous filter (see procedure on subsampling, Sections 6 to 9), and the filtered sample is

hydrolyzed in deionized water. The chromium in the hydrolyzed &iifution is separated from the uranium, with or without prior
concentration, with an-tributyl phosphate (TBP)-xylene mixture, leaving the chromium in the aqueous phase. The chromium is
then determined by atomic absorption spectroscopy after dilution to a standard volume. Combining atomic absorption spectroscopy
with solvent extraction of the chromium has two advantagBsuranium matrix effects are eliminated from the atomic absorption
spectrometry and2j radioactivity contamination problems arising from aspirating uranium solutions are eliminated.

| 22110.2 Two extraction techniques are presented. In Method A, a sample solution cgntagnofuranium is used and does
not include a concentration step prior to extraction. Therefore, the detection limit is not as low as Method B, that includes a 5-g
uranium sample and a concentration step prior to the extraction. Method A, that has a detection limit of 2 pug/g (uranium basis),
is the preferred method because of its simplicity. However, if a lower detection limit is required, Method B should be used. Method
B has a detection limit of 0.2 pg/g (uranium basis).

I 22110.3 Boric acid is used in both Method A and Method B to form a complex with the fluoride prior to the extraction. A
TBP-xylene mixture is used in both methods to extract the uranium, leaving the chromium in the aqueous phase, in which the final
atomic absorption determination is made.

222

111. Interferences

222341n
111.1 In relatively pure UE that is normally analyzed by this method, there is usually no problem with interferences.

223
112. Apparatus

:

112.1 Atomic Absorption Spectrophotometeas described in Proposed Recommended Practices for Atomic Absorption
Spectrometry.

224~
113. Reagents

3‘5

113.1 Boric Acid (H3BOs), reagent grade.

113.2 Boric Acid Solutionssaturated. Prepare by dissolving reagent-grade boric acid in deionized water until an excess of boric
acid crystals remains undissolved.
| 2243

3*3
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113.3 Chromium, Stock Solution, 1000 pgMDissolve 3.7349 g of potassium chromate,(%O,) in 1 L of deionized water
or use commercial/ available standard solutions.

2244

113.4 n-Tributyl Phosphatepurified.

2245

113.5 n-Tributyl Phosphate-Xylene Mixture (1 + 2}-Mix 1 volume of TBP with 2 volumes of reagent-grade xylene.

224.6-

113.6 Xylene (CgH, ), reagent grade.

225-

114. Procedure

2251

114.1 Method A

225114.1.1 Hydrolyze the filtered YBample with chilled deionized water in accordance with 17.1 to 17.14.2.

225114.1.2 Transfer an aliquot of the sample that costaig ofuranium to a 125-mL separatory funnel.

225114.1.3 Add 10 mL of saturated boric acid solution and enough concentrated tdM@ke the solution 2.5 in HNO,.

225114.1.4 Add 25 mL of the (1 + 2) TBP-xylene mixture and shake for 30 s.

225114.1.5 Allow the layers to separate, and transfer the bottom (aqueous) layer to a second 125-mL separatory funnel.

225-1-6Repeat225-1.4

114.1.6 Repeat 114.1.4 with the aqueous portion in the separatory funnel.

225114.1.7 Allow the layers to separate and collect the aqueous layer in a 50-mL volumetric flask.

225114.1.8 Dilute to volume with water.

225:2-

114.2 Method B

225114.2.1 Hydrolyze the filtered YBample with chilled deionized water in accordance with 17.1 to 17.14.2.

225114.2.2 Weilg 3 g of boric acid into a 100-mL beaker.

225114.2.3 Transfer an aliquot of the sample that costaig ofuranium to the beaker, and concentrate the mixture to less than
15 mL on a hot plate.

225114.2.4 Add 10 mL of concentrated HN@nd transfer with minimum water to a 125-mL separatory funnel.

225114.2.5 Add 50 mL of the (1 + 2) TBP-xylene mixture and shake for 30 s.

225114.2.6 Allow the layers to separate, and transfer the lower (aqueous) layer to a second 125-mL separatory funnel.

2 2.5

114.2.7 Repeat 114.2.5 with the aqueous portion. Allow the layers to separate.

225114.2.8 Transfer the lower (agueous) layer to a 25-mL volumetric flask, and dilute to volume with water.

225114.3 Analyze the aqueous extract by atomic absorption as follows:

225114.3.1 Prepare the instrument for chromium analysis as outlined in the instrument manufacturer’'s atomic absorption
manual.

225114.3.2 Zero the instrument with deionized water.

225114.3.3 Calibrate the instrument by preparing standards frogiri&olutions that have been spiked with known amounts
of chromium. The standards are then extracted as outlined above. (Calibration is performed each time samples are analyzed.)

225114.3.4 Analyze the sample extracts. Determine the concentration of chromium in the extracts from the calibration.

226+

115. Precision and Bias

226-1—TFhe

115.1 The relative standard deviation of a single analysis by this test method is approximately 10 % at the 2-ug/g concentration
level, and the bias is + 1.5 % (relative). (A minimum of ten replicate measurements were used to determine the standard deviation
and the bias of the test method.)

ATOMIC ABSORPTION DETERMINATION OF CHROMIUM INSOLUBLE IN URANIUM HEXAFLUORIDE
224

116. Scope

227+1A

116.1 Atest method is presented for the determination of chromium, insolublegirbyJEtomic absorption spectroscopy. The
detection limit achieved using this technique is dependent upon the amount of sample filtered through the filter. A detection limit
of 0.5u g/g has been obtained using a 10-g sample.
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117. Summary of Test Method

228-1+TFhe

117.1 The liquid Uk sample is filtered through a porous nickel filter (see Sections 6 to 9), and both the filter and the residue
are dissolved in dilute nitric acid for the analysis. The amount of filtered is determined by the detection limit required. The
usual sample will vary between 10 and 50 g. The dissolved solution is diluted so as to contain a final nickel concentration of 1 %
and an ammonium chloride concentration of 2 %. The chromium is then determined by atomic absorption spectrophotometry.

228:2-1n

I 117.2 In the atomic absorption analysis, nickel suppresses the chromium response. To minimize this effect, it is necessary to add

ammonium chloride. To further compensate for this and other matrix effects, it is necessary to prepare standard chromium solutions
that contain both 1 % nickel and 2 % ammonium chloride. The concentration range of the standards prepared should bracket the
expected concentrations in the samples.

229+

118. Interferences

229-1The
‘ 118.1 The interference of nickel and other metallic elements is controlled by the addition of ammonium chloride to suppress
ionization.

236

119. Apparatus

2301+
119.1 Atomic Absorption Spectrophotometeas described in Proposed Recommended Practices for Atomic Absorption
Spectrometry.

23t

120. Reagents

231
120.1 Ammonium Chloride Solutior20 %—Dissolve 200 g of ammonium chloride, reagent grade, in deionized water and
dilute to 1 L.

%

I 120.2 Chromium Standard SolutionrsPrepare 100-mL quantities of a 1 % nickel solution containing 50, 30, 20, 10 and 5u g
of chromium. Add 10 mL of the ammonium chloride stock solution to each standard solution before diluting to volume.
2313
120.3 Chromium Stock SolutieriO00 pg/mL—Dissolve 3.7349 g of potassium chromatgQf0,) in 1 L of deionized water
or use commercialffPavailable standard solutions.
23+4
I 120.4 Nickel Solution 10 %—Dissolve 100 g of spectrographically pure nickel powder in 500 mL of deionized water and 50
mL of concentrated HNQ Heat until dissolution is complete and dilute to 1 L with deionized water.

232

121. Procedure
12321.1 Filter sufficient UEto obtain the desired detection limit (see Sections 6 to 9).

Note-34—Fhe 18—The detection limit of the atomic absorption technique is 0.05 pg chromium/mL in a 1 % nickel solution. When a 1-g filter is
dissolved and diluted to 100 mL, the weight of chromium needed in the determination to report a positive value is in excess of 5 ug. -g uranium sample
at this level would show 0.5 pg/g chromium, while a 50-g uranium sample would show 0.1 pg/g chromium.

12321.2 Dissolve the filter and residue in a minimum amount of (1 + 1) k&lsout 10 mL).

I 12321.3 Transfer the solution to a 100-mL volumetric flask (for a 1-g filter), add 10 mL of the ammonium chloride solution,
and dilute to volume with deionized water.

Note—35=For 19—For filters weighing other than 1 g, make appropriate dilution so that the final solution will contain 1 % nickel and 2 % ammonium
chloride.

12321.4 Analyze the diluted sample by atomic absorption as follows:
12321.4.1 Prepare the instrument for chromium analysis as outlined in the instrument manufacturer’s atomic absorption manual.
12321.4.2 Zero the instrument with a blank 1 % nickel solution which contains 2 % ammonium chloride.
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12321.4.3 Determine the chromium by standard atomic absorption techniques, comparing the sample measurements to those of
the prepared standards in the same concentration region.

233+

122. Precision and Bias

12332.1 The relative standard deviation of a single analysis using this test method is approximately 10 %. (Ten replicate
measurements were made to determine the standard deviation of the procedure. A bias could not be computed, since no certified
standard was available.)

DETERMINATION OF TECHNETIUM-99 IN URANIUM HEXAFLUORIDE

1234. Scope
1234.1 Technetium can be determined by ICP-MS (see ). The following test methed-is-applicable—to-the-determination of

61

235- uses extraction and beta counting.

124. Summary of Test Method

12354.1 The sample, to which a nonradioactive rhenium carrier has been added, is dissolved;iartdN@e solution is
evaporated almost to dryness at low temperature (do not boil). A solution of potassium carbgde) @hd hydrogen peroxide
(H,O,) is added, and the technetium is extracted into methyl ethyl ketone. The ketone is evaporated, and the residue of perrhenate
and pertechnetate is dissolved in water. Stable cerium, cesium, ruthenium, and strontium are added to the residual solution to dilute
any radioactive trace quantities of these elements that may precipitate withich€he technetium and rhenium are precipitated
with tetraphenyl arsonium chloride, weighed in a tared stainless steel dish, and beta counted. The beta counting rate is corrected
for the recovery indicated by the rhenium carrier, and compared to thaftd atandard.

236+

125. Apparatus

:

125.1 Automatic Low-level Beta Counter

:

125.2 Counter Standardknown activity of°°Sr%Y, or some other well-characterized beta standard.
125.3 Centrifuge

125.4 Stainless Steel Dist25 mm in diameter and 6.4 mm deep.

%

:

;

125.5 Separatory Funnel250 mL.
237

126. Reagents

;

126.1 Ammonium Hydroxide (N}¥DH), concentrated.
12376.2Boric Acid Solution saturated.

2373

126.3 Ferric Nitrate Solutior—Dissolve 18 g of Fe(N©3-9H,0 in distilled water and dilute to 250 mL.
2374

126.4 Hydrochloric Acid (HCI), reagent grade, concentrated.

2375

126.5 Hydrogen Peroxide (kD,), 30 %.

2376

126.6 Methyl Ethyl Ketongreagent grade.

237+

126.7 Methyl Orange Indicator Solution

2378

126.8 Potassium Carbonate8 M—Dissolve 414.6 g of KCO; in distilled water and dilute to 1 L.
2379
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126.9 Potassium PerrhenateDissolve 2 g of KReQ, in distilled water and dilute to 1 L.
I 12376.10Stable Solution of Cerium, Cesium, Ruthenium, and Strortidissolve 7.75 g of Ce(NQ5-6H,0, 6.25 g of RuC],
7.50 g of SrC}-6H,0, and 2.75 g of CsNQin distilled water and dilute to 1 L.
12376.11Technetium Standard in a Basic Aqueous Solution
12376.12Tetraphenyl Arsonium Chloride (TPA)-Dissolwe 4 g of (GHs),AsCI in distilled water and dilute to 250 mL.

236+~

127. Procedure

2381

127.1 Sample Preparatian

12387.1.1Hydrolyzed UQF, Sample Preparatian
12387.1.1.1 Pipet 3 mL of KRefolution into a beaker.

NoTe-36— 20—Caution: The final precipitate of (gHs),AsReQ, must not exceed 14 mg to prevent shielding®ot.

12387.1.1.2 Pipet 10 mL of the sample into the same beaker.

12387.1.1.3 To complex the fluorides present, add 3 mL of saturated boric acid solution per granFef UO

12387.1.1.4 Make basic by adding 10 mL of3K,CO; solution, and stir until the precipitate dissolves. (Uranyl hydroxide is
soluble in K,CO;.) Add 2 mL of 30 % HO, to oxidize technetium to + 7. (Technetium must be present as Tc (+ 7) before
extracting into keton€69).)

12387.1.2Control Sample Preparation

12387.1.2.1 Pipet 3 mL of K®, solution into a beaker.

Note-37— 21—Caution: The final precipitate of (gHs),AsReQ, must not exceed 14 mg to prevent shielding®o¢.

12387.1.2.2 Pipet 10 mL of’&Tc solution of known activity level (100 dis/min/mL) into the same beaker.
12387.1.2.3 Make basic by adding 10 mL o3K,CO; solution. Add 2 mL of 30 % HO, to oxidize the technetium to ( + 7)
valence. (Technetium must be present as Tc ( + 7) before extracting into ketone.)
12387.1.3Extraction
12387.1.3.1 Transfer a sample in accordance with-12387.1.1.1 and 12387.1.2.1 to a separatory funnel, wash the beaker in
accordance with 12387.1.1.1 and-32387.1.2.1 with approximately 10 mMdf3CO;, and drain the washings into the separatory
funnel.
I 12387.1.3.2 Add approximately 50 mL of methyl ethyl ketone to the separatory funnel and shake for about 2 min. Release the
pressure after several seconds of agitation.
12387.1.3.3 Drain the aqueous phase into a salvage container, and save the ketone that contains the rhenium and technetium.
I 12387.1.3.4 Wash the sides of the separatory funnel by shaking twice with 10-mL portionsl &,80;, and discard the
washings.
12387.1.3.5 Drain the ketone into a beaker.
I 12387.1.3.6 Add 10 mL of distilled water to the same beaker in accordance with 12387.1.3.5 and evaporate the ketone under
heat lamps. (The water prevents the sample from going to dryness and the possible loss of Tc.)
12387.1.4Precipitation
12387.1.4.1 Transfer the solution to a 50-mL centrifuge tube. Wash the beaker with distilled water, and transfer the rinse
solution to the tube.
12387.1.4.2 Add three drops of concentrated HCI, five drops of the stable cerium, cesium, ruthenium, and strontium solution,
and five drops of the ferric nitrate solution. Agitate slightly after each addition.
12387.1.4.3 Precipitate Fe(OH)y adding several drops of concentrated JOH until the solution is basic to pH paper.
12387.1.4.4 Filter the solution through No. 41 Whatman filter paper into another 50-mL centrifuge tube and discard the
precipitate. (Technetium must be as Tc ( + 7) or else it will coprecipitate with the Fg(OH)
12387.1.4.5 Add one drop of methyl orange indicator to the filtrate, and add HCI until the indicator turns red. Then add five
extra drops of HCI.
12387.1.4.6 Cool for 5to 10 min in an ice bath, add 2 mL of TPA and(68).
12387.1.4.7 Remove the solution from the ice bath, and centrifuge for 1 min at 3000 r/min.
12387.1.4.8 Pour off the supernatant liquid. Wash the precipitate twice with approximately 10 mL of ice water.
12387.1.4.9 Pour off the supernatant and dissolve the precipitate in 1 mL of acetone. Transfer the solution to a counting dish
that has been weighed t©0.1 mg.
12387.1.4.10 Evaporate the precipitate to dryness under a heat lamp.
I 12387.1.4.11 Weigh the dish, and calculate the net weight
of the residual tetraphenyl arsonium perrhenatgHL,AsReQ,.
| 12387.1.4.12 Cover each dish with a layer of cellophane tape to prevent loss of the residue.
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128. Counting

12398.1 Beta count the counter standard until 30 000 counts are registered. Calculate the counting rate; it must be within
+2.5 % of the posted mean for the standard. (A typical value is 20 000 counts per minute (cpm).)

12398.2 Beta count the sample and control sample.

12398.3 Subtract the counter background (cpm) from both the sample and control sample counting rates to obtain the net cpm.

240

129. Calculations
12409.1 Calculate rhenium carrier yielg) for the sample and control sample as follows:
y = al(b)(2.19 (19)

where:

a = net sample weight in beta counting dish, mg, and

b = net weight of KReQ added, mg.
(If 1 mg of KReQ, is precipitated with tetraphenyl arsonium chloride, 2.19 mg gHS,AsReQ, is formed.)
12409.2 Calculate the geometry fact@H) as follows:

GF =dic (20)
where:
d = disintegrations per minute (dpm)°Tc control sample, and

¢ = net cpm of control sample corrected for yield.
12409.3 Calculate tfi8Tc in the sample as follows:

micrograms®®Tc/grams sample=

(S)(GF)/(y)(37 807(grams sample (21)
where:
S = net cpm of sample,
GF = geometry factor,
y = vyield fraction of sample, and

37 807 = specific activity of°Tc in dpm/microgram.
241

130. Precision and Bias

24130.1 The relative standard deviation of an analysis is 25 % of the value in the range 0.01 to°6Tefygample. A
minimum of ten replicate measurements was performed.

242

131. Sensitivity

242-1—Fhe
131.1 The lower limit of detection is 0.001 |i§Tc with the Omni/Guard Low Background beta counter.

METHOD FOR THE DETERMINATION OF GAMMA-ENERGY EMISSION RATE FROM FISSION PRODUCTS
IN URANIUM HEXAFLUORIDE

243

132. Scope

243 1—Thisproposed-test
132 1 ThIS method—ns—m&phea&e—te—fhe—meas&rement of has been dlscontlnued The—g&mma—ﬂe&en—pfeduetsan solutlons activity

determlned usmg—a—gem&mum—k%hrum—(@e—t&—e%gem%&mum—(@e)—detector
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METALLIC IMPURITIES BY ICP-AES

133. Scope

25133.1 This test method is applicable to the determination of metallic impurities in uranium hexafluoride.

25133.2 The elements determined are aluminum (Al), barium (Ba), beryllium (Be), bismuth (Bi), calcium (Ca), cadmium (Cd),
cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), sodium (Na), nickel (Ni), lead (Pb),
antimony (Sb), tin (Sn), vanadium (V), tungsten (W), zinc (Zn), and zirconium (Zr).

25133.3 The detection limits range from 0.01 pg/gU to 0.6 pg/guU depending on the element.

25133.4 This test method is also applicable to determination of metallic impuritiegOg &hd U-metal with no additional
procedure changes.

252

134. Summary of Test Method

252134.1 Uranium oxide, 1Dg, generated in the pyrohydrolysis of uranium hexafluoride is dissolved in a solution of
ammonium fluoride and nitric acid. The uranium is separated from the metallic impurities by solvent extraction using tri
(2-ethylhexyl) phosphate diluted with heptane. The aqueous phase containing the metallic impurities is nebulized directly into the
inductively coupled argon plasma and the metals are measured by emission spect(@&caRy

253+

135. Interferences

25135.1 Uranium is a spectral interference and must be separated from the elements of interest. A uranium concentration of
<100 pg/mL in the analyte solution can be tolerated.

254

136. Instrumentation and Apparatus

2541

136.1 Instrumentation

25411

136.1.1 Inductively Coupled Plasma-Emission SpectrometBirect reading (simultaneous) or scanning (sequential) with a
spectral bandpass of 0.05 nm or less. Either pneumatic or ultrasonic aerosol generators may be used to introduce the sample
solution to the plasma source. An interactive computer based data and control system may be used.

254136.1.2 The nebulizer and spray chamber should be resistant to hydrofluoric acid. These should be made of TFE
fluorocarbon or polypropylene. A TFE-fluorocarbon-lined sample introduction tube with a sapphire tip is required in the torch
assembly.

254.2-

136.2 Apparatus

25421+

136.2.1 Peristaltic pump

25422

136.2.2 Beakers and lidsTFE-fluorocarbon, 50 mL.

25423
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136.2.3 Sample analysis tubggraduated, plastic, 50 mL.
25424
136.2.4 Separatory funnelsTFE-fluorocarbon, 125 mL.

255+~
137. Reagents

255-1+

137.1 Argon—High purity gas derived from the head space gas over the liquid in a liquid argon cylinder is recommended.
2552~

137.2 Ammonium Fluoride (1 % W/\3-Dissolve 1.0 g of ammonium fluoride in 100 mL of water. Store in a plastic bottle.
255-3-

137.3 Nitric Acid (sp. gr. 1.423-Concentrated nitric acid (HNE.

%

137.4 Nitric Acid (8M)—Add 1 volume of concentrated HNQo an equal volume of water.
2555

137.5 Nitric Acid (1.6M)>—Add 1 volume of concentrated HNQo 9 volumes of water.
255:6-

137.6 Tri(2-ethylhexyl) phosphate [(E,,0);PO]—Technical grade (TEHP).

2557

137.7 Heptane [CH(CH,)sCH4.

2558

137.8 TEHP-Heptane Solution (1:1 V/V), purifiedAdd 25 mL TEHP to a 250 mL separatory funnel and dilute with 25 mL
heptane. Add 75 mL of 8M HN©Oto the funnel, stopper, and shake for 2 min. Discard the acid layer and retain the TEHP-heptane
in the separatory funnel. This purification step is carried out immediately before use.

255:9-

I 137.9 Calibration Solutions—Prepare several compatible multi-element standard solutions in 4M nitric acid by adding
appropriate volumes of single element stock solutions prepared by dissolving metals or metal salts of high purity. Commercial
stock solutions may be used but should be verified. Calibration solutions with Zr should contain 1 % hydrofluoric acid by volume.
Element concentration range of the solution should be 1 to 100 pg/mL.

Note-38—¥Fo 22—To avoid precipitation of alkaline earth fluorides, do not mix multielement standard solutions with Zr solutions. Compatibility of
mixing commercial stock solution should be verified.

25511
137.11 Uranium Oxide (WOg)—High purity to be used as a blank. See Appendix X3for preparation procedure.

256

138. Preparation of Apparatus

256-1-A

138.1 A set of suggested instrument operating parameters are given inFable 14 6. Operating parameters will vary with the type
of instrument and the manufacturer’s instructions should be followed.

256:2-A

138.2 A set of suggested analytical wavelengths is given in Fable 15 7.

257
139. Calibration
2574

|

255.10-

137.10 Uranium Oxide StandardsU;Og4 standards containing metallic impurities.
|

TABLE 14 6 Suggested Instrument Operating Parameters for
ICP-AES Analysis
Argon Gas Flows Coolant 21 L/min

Plasma 0.6 L/min
Nebulizer 0.4 L/min

RF Power Forward 1100 W

Reverse <10 W
Vertical Observation Zone 16 mm above the load coil
Integration Time 2 X 7 s on-line

1 X 7 s on-background
Nebulizer Fixed cross flow

Solution uptake 1 mL/min
Peristaltic Pump Solution uptake 1.1 mL/min

80



A c 761 — 9601
“ull

[ | TABLE 157 Suggested Wavelengths for ICP Analysis
Element Wavelength, nm Alternate Wavelength, nm

Al 308.2
Ba 455.4 493.4
Be 313.0
Bi 223.1
Ca 393.3 317.9
Cd 228.8 226.5
Co 228.6
Cr 205.6 267.7
Cu 324.8
Fe 259.9
Mg 279.6 280.3
Mn 257.6
Mo 202.0 204.6
Na 589.0
Nb 316.3

Ni 231.6

Pb 220.4

Sb 217.6

Sn 190.0
Ta 222.2 228.9
Ti 334.9
\% 292.4
w 207.9 224.9
Zn 213.9
Zr 343.8 339.2

Note 239—The linear dynamic range should be established for each analytical channel and should cover the range expected in the samples.
257139.1.2 Prepare calibration curves if automatic data processing equipment is not available.

258

140. Procedure

2581
140.1 Sample Preparation
258140.1.1 Weigh a 4Og sample containig 2 g of uranium to 0.001 g into a 50 mL TFE-fluorocarbon beaker.

Note 240—U,05 sample from the pyrohydrolysis of YRs described in 17.33.

258140.1.2 Add 10 mL of concentrated HN@nd 3 mL of 1 % NHF solution to the sample.

258140.1.3 Cover the beaker with a TFE-fluorocarbon lid and heat the sample at 100°C for 10 min. After the sample dissolves,
cool the solution.

258140.1.4 Add 10 mL of water and mix the solution. Transfer the sample to a 125 mL separatory funnel containing 50 mL
of the purified TEHP-heptane solution. Wash the beaker with 1 to 2 mL of 8M j%@ add the washings to the separatory funnel.

258140.1.5 Stopper the separatory funnel and shake the funnel for 2 min. Allow the phases to separate.

258140.1.6 Drain the aqueous phase into another 125 mL separatory funnel containing 50 mL of purified TEHP-heptane.
Stopper and shake for 2 min. Allow the phases to separate.

258140.1.7 Drain the aqueous phase into a graduated analysis tube and dilute to 40 mL with water. Cap the tube and mix
thoroughly.

258140.1.8 Run a series of;0g4 standards and a @3 blank using the above procedure.

2582~

140.2 Measurement

258140.2.1 Nebulize the extracted uranium blank and standards to verify chemical preparation and extraction efficiency and to
establish a reagent blank.

258140.2.2 Nebulize extracted sample solutions frem—258.1.7.

259+ 140.1.7.

141. Calculation

259 4f
141.1 If automatic data processing is not available to calculate the metal concentrations on a uranium basis the calculation is
as follows:

139.1 Calibration:

257139.1.1 Nebulize the multielement standard solutions;{see-255.9) 137.9) to calibrate the instrument.
1
1
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Metal, pg/gu= A X 40M/(0.848 (22)

micrograms of metal per mL of the measured solution corrected for reagent blank,
weight of U;Og, in g.

142. Precision and Bias

2601

142.1 Precision—The single operator and within laboratory precision of this method are shown in—Fable 16 8. Two precision
estimates were made using the sam®J\Jstandard. The first estimate was based on eight separate determinations and the second
estimate was based on five separate determinations.

2602

142.2 Bias—A New Brunswick Laboratory reference material set (CRM No. 123, 18 Element Impurity Standard) was analyzed
by this test method. Single analyses were made on CRM 123 (1-3) and duplicate analyses were made on CRM 123 (4-6). A

| comparison of the results to the reference values are shown in—Fable 17 9 andTable 18 10. Although the data are insufficient to

establish an estimate of bias for the test method, the results compare very well with the reference values and fall within the range
established by an inter-laboratory measurement prodran

MOLYBDENUM, NIOBIUM, TANTALUM, TITANIUM, AND TUNGSTEN BY ICP-AES
261

143. Scope

26143.1 This test method is applicable to the determination of molybdenum, niobium, tantalum, titanium, and tungsten in
uranium hexafluoride.
26143.2 The limit of detection for each element is 0.1 pg/gU.

262

144. Summary of Test Method

262144.1 Molybdenum, niobium, tantalum, titanium, and tungsten are separated from uranium by solvent extraction as their
benzoylphenylhydroxylamine (BPHA) complexes into chlorofdfiw). The extract is evaporated to dryness and then wet ashed
with nitric acid and sulfuric acid. The residue is ignited at 600°C and then dissolved in a mixture of hydrochloric and hydrofluoric
acids and diluted with water. The solution is nebulized into an inductively coupled argon plasma and the metals are measured by
emission spectroscopy4, 71)

263

145. Interferences

263145.1 Uranium is a spectral interference and must be separated from the elements of interest. A uranium concentration of
<100 pg/mL in the analyte solution can be tolerated.

1 TABLE 16 8 Analysis of Mallinckrodt U  ;Og—Standard A by ICP-
AES
ug Element/g U
Element Certified Mean and Standard Deviation
Value Run 1 Run 2
Al 64 64 8 64 2
Ba 61 61 3 63 2
Be 4.9 4.9 0.4 5.4 0.2
Bi 4.9 4.9 0.3 4.5 0.4
Ca 53 53 3 59 2
Cd 0.6 0.6 0.1 0.7 0.2
Cr 47 47 3 50 3
Cu 7.8 7.8 0.9 8.9 1
Fe 43 43 2 48 2
Mg 10 10 0.8 12 2
Mn 5 4.9 0.5 5.2 0.4
Ni 69 69 4 75 4
Sn 30 28 6 26 3
Zn 13 13 3 19 3
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TABLE 17 9 Analysis of NBL-CRM 123, U ;04 by ICP-AES

Element Standard, pg Element/gu
123-1 123-2 123-3
Ref. Found Ref. Found Ref. Found

Al 205 200 105 110 55 65

B 51 4.8 2.6 2.5 1.1 1.0
Cd 5.2 4.5 2.7 2.3 1.2 0.9
Ca 200 213 100 113 51 58
Cr 102 114 52 60 22 25
Cu 50 50 25 26 10.4 11
Fe 210 206 110 114 60 60
Pb 51 50 26 26 10.8 11
Mg 101 100 51 60 21 26
Mo 100 95 50 48 20 19
Ni 202 211 102 110 52 54
Na 400 362 200 187 100 99
Sn 51 50 26 26 11 10
\% 50 48 25 24 10 9
Zn 202 223 102 116 52 58

TABLE 180 Analysis of NBL-CRM 123, U ;04 by ICP-AES
Standard, pg Element/gu

Element 123-4 123-5 123-6
Ref. Found Ref. Found Ref. Found
Al 24 28 14 17 9 9
B 0.7 0.6 0.4 0.3 0.3 0.4
Cd 0.5 0.4 0.25 0.2 0.1 0.25
Ca 20 28 10 15 5 8
Cr 15 14 10 8 7 5
Cu 5 5 25 2.8 1 1
Fe 28 30 18 20 13 14
Pb 5 5 2.5 3 1 1.3
Mg 10 14 5 8 2 4
Mn 5 6 2.5 2.9 1 1
Ni 20 22 10 12 5 6
Na 30 43 20 19 10 12
Sn 5 7 2.5 2.5 1 1.5
\% 5 4 2.5 1.8 1 0.4
Zn 20 22 10 12 5 6
Zr 20 24 10 12 5 7

264

146. Instrumentation and Apparatus

2641

146.1 Instrumentation

26146.1.1Inductively Coupled Plasma-Emission SpectrometBirect reading (simultaneous) or scanning (sequential) with a
spectral bandpass of 0.05 nm or less. Either pneumatic or ultrasonic aerosol generators may be used to introduce the sample
solution to the plasma source. An interactive computer based data and control system may be used.

264-2-

146.2 Apparatus

26146.2.1Peristaltic pump

26146.2.2Platinum dishes with lids75 and 250 mL

26146.2.3Separatory funnels with TFE-fluorocarbon stopcos0 mL

26146.2.4Beakers and lidsTFE-fluorocarbon, 250 mL

26146.2.5Graduates plastic, 50 mL

26146.2.6Sample analysis tubggraduated, plastic, 50 mL

26146.2.7 Automatic shaker with clamp$o hold 250 mL separatory funnels.

265

147. Reagents
2651+
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I 147.1 Boric Acid Solution (10 %)-Dissolve 100 g of boric acid, §8O,, in 800 mL of hot water and dilute to one liter with
water. Store this solution at 60°C.

3%

147.2 Ethyl Alcohol (GH;OH), absolute.

4l

147 3 N-Phenylbenzohydroxamic Acid Solution (2-94)issolve 20 g n-phenylbenzohydroxamic acid (BPHA) in 1 L of ethyl
alcohol.

el

147.4 Chloroform (CHCL).

;

147.5 Hydrochloric Acid (sp. gr. 1.19)3-Concentrated hydrochloric acid (HCI).

:

147.6 Hydrofluoric Acid (48 %)}—Concentrated hydrofluoric acid (HF).

i

147.7 Hydrofluoric Acid (2M}—Add 83 mL of concentrated HF to 1 L with water. Store in a plastic bottle.

:

147.8 Nitric Acid (sp. gr. 1.42}-Concentrated nitric acid (HNE.

%

147.9 Sulfuric Acid (sp. gr. 1.843-Concentrated sulfuric acid ¢S0,).

%

147.10 Hydrochloric Acid—Hydrofluoric Acid Solution (1:5 VAAAdd one volume of concentrated hydrochloric acid (HCI)
to five volumes of concentrated hydrofluoric acid (HF).

%

147 11 Element Standard Stock Solutions (100 ghrDjssolve 0.1000 g of high purity metal powder in 5 mL concentrated
HF. Add concentrated HNQOdropwise to aid the dissolution. Dilute to 1.00 liter witMZHF.

i

I 147.12 Element Standard Solutions (10 ug/mtAliquot 100 mL of each standard stock solution into a one liter plastic
volumetric flask and dilute to volume withV2 HF.

%

147 13 Element Calibration Standards (0.1, 0.5, 1.0, and 5.0p givAliquot 1, 5, 10, and 50 mL of each element standard
stock solutions into 4 one-liter plastic volumetric flasks. Add 25 mL of concentrated;HidN€ach flask and dilute to volume with
water

147 14 Uranium Standard Solution (100 g UASDissolve 117.9 g of pure 4Dg with 100 mL of 841 HNO;. Dilute to 1 L with
water.

148. Preparation of Apparatus

%

‘266.—

148.1 A set of suggested instrument operating parameters are shown ir—Fable 14. 6. Operating parameters will vary with the
type of instrument and the manufacturer’s instructions should be followed.

266-2-A

148.2 A set of suggested analytical wavelengths are given in Fable 15.

267 7.

149. Calibration and Standardization

2671+

149.1 Uranium Calibration Standards

267149.1.1 Pipet two 50-mL aliquots of the 100 gU/L uranium standard solution into separate 250-mL TFE fluoro-carbon
beakers.

| 267149.1.2 Spike one uranium aliquot with 1 mL of the 10 pg/mL element standard solution, 146.12. The other uranium aliquot

will be used as a blank.

267149.1.3 Add 10 mL of concentrated HF to each solution.

267149.1.4 Follow the procedure frem268.1.2 150.1.2 threugh-268.1.13.

26742 150.1.13.

149.2 Calibration:

267149.2.1 Nebulize the multi-element standards—265.13 147.13 to calibrate the instrument.
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Note4t—Fhe 25—The linear dynamic range should be established for each analytical channel and should cover the range expected in the samples.

267149.2.2 Prepare calibration curves if automatic data processing equipment is not available.

2673

149.3 Measurement

267149.3.1 Nebulize the extracted uranium blank and standard to verify the chemical preparation, extraction and to establish
a reagent blank.

267149.3.2 Nebulize the extracted sample solutions.
268

150. Procedure

2681
150.1 Sample Preparation
268150.1.1 Transfer an aliquot of UB), solution containing 10 g of U to a 250 mL TFE fluorocarbon beaker.

Note 426—UFR, sample hydrolyzed as described in-10.65.

268150.1.2 Add 50 mL of 10 % boric acid solution to the beaker and mix thoroughly.

268150.1.3 Transfer the sample solution to a 250 mL separatory funnel.

268150.1.4 Add 5 mL of the 2 % BPHA-ethyl alcohol solution and mix. Allow the solution to stand for 10 min.
268150.1.5 Add 20 mL of chloroform, stopper, and shake for 10 min using an automatic shaker.

268150.1.6 Allow the layers to separate and drain the chloroform layer into a 75 mL platinum dish.
268150.1.7 Evaporate the chloroform extract to dryness on a hot plate at about 80°C.

Note 4327—Direct a gentle stream of air over the surface to aid evaporation and keep the solution from creeping.

268150.1.8 Add 2 to 3 mL of concentrated HN® the residue. Wait until the residue turns black.
268150.1.9 Add 0.5 mL of concentrated$0, and evaporate to dryness.

268150.1.10 Cover the platinum dish with a lid and ignite the residue at 600°C for 1 h.
268150.1.11 Dissolve the residue in 1 mL the HCI-HF mixture by heating the solution gently.
268150.1.12 Transfer the solution to a 50 mL analysis tube.

268150.1.13 Add 1 mL of concentrated HN@nd dilute to 40 mL with water.

269
151. Calculation

2691

151.1 If automatic data processing is not available, calculate the metal concentrations on a uranium basis. The calculation is as
follows:

A X 40
Metal pg/gu= W (23)

where:
A = micrograms of metal per mL of the measured solution corrected for reagent blank.
W = weight of U in UQF, aliquot (147.1.1).

270

152. Precision and Bias

2761
152.1 Precision—The single operator and within laboratory precision of this method is shown in-Fable 19 11. These estimates
are based on four separate analyses on uranyl fluoride solutions containing 10 g of U spiked at two levels.
2762
I 152.2 Bias—Since there is no accepted reference material for determining bias in these test methods for measuring Mo, Nb, Ta,
Ti, and W in UR;, no statement of bias is being made.

[ | TABLE 191 Precision Estimates for ICP-AES Analysis
Concentration Relative Standard Deviation, %
U g/gu Mo Nb Ta Ti W
1.0 6.0 7.3 6.2 9.3 7.4
2.0 3.4 54 4.4 3.4 5.6
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APPENDIX
(Nonmandatory Information)

X1. LIST OF ALTERNATIVE STAND ALONE ASTM TEST METHODS

C 1219 Arsenic in UE

C 1287 Impurities in U@ by ICP-MS
Elements measured include Li, Be, Mg, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Ru, Pd, Ag, Cd, In, Sn, Sb, Te,
Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Rh, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, Tc-99, B, Na,
Si, P, K, and Ca

C 1295 Gamma Energy Emission from Fission Products in Uranium Hexafluoride
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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