L

JAERI-M
90-015

B RIS & B BB O 4 )8,
FAME RO R RO (G )

19904 2H

v

REOREPE B CER BB T

R * B F H W ® A
Japan Atomic Energy Research Institute



JAERIM L #i— biz, AXBEFHFERITEHCATL T 2HERES T,

AFOB G, BEEEF NIRRT A ERE S AR (T319- 11 RBIE M EE
EBH) AT, BELILCTESw, ol, IOUESIHEEARFLEEE 2 F—
(319 11 3k BRI Rt H AR FHFRAN) THROCLZEREMEB I 4T
BUET,

JAERI-M reports are issued irregularly.

Inguiries about availability of the reports should be addressed to Infoermation Division
Department of Technical Information, Japan Atomic Energy Research Institute, Tckai-
mura, Naka-gun, Ibaraki-ken 319-11, Japan.

() Japan Atomic Energ)i Research Tnstitute, 1990
T O&E T HWEm
Efl ] Vel s & FD RIGR




JAERT =M 90—-015

FESEAILAMTIRIC & B BB 0 % 8 ARl
AHEOTRORIK FIEREE)

£ A8 T AT A T « #TF T
LW HT - T mLER Eo-eER B

(19904 1 H 23 8%H) .

TR EC L AEBRE D OB AP OERDEFERICDLWTHA L/, BF1IEOE AL
5 TR, RADHIMFEORIEOREIC >V THEICHAN L, #25CH, PudPLADI
BEE Y THRT - 7 3000 (DCA- AES) RUFHE &7 7 X< Fots ot (1CP-
AESYEFBiz o0 Tl L7z, B3 E T, ASTM (American Society for Testing arid}%“
Materials) Standards ITE 37T, @*ﬁ'fi&ﬁ‘??*iml@_xﬁfﬁj\ﬁ%ﬂ%ﬁ;@g@@?b‘fﬁ}?%‘é Ltce
HAETHE, BEEFHESEM L/ DCA-AESIC20T, gﬁwsmﬁimu, KE 15 B 4EARIC
51 3 Us Op B 0 536 B2 1T o0 TR f, 855 5T, UKD Pu O L HEEATT- 70
B DCA—ARES Kk A3 E+EAZOERIC > Tl Lz, HEEETIE, ICP-AESIEE 5 UK
B0 B AMMOER, #7178 TE ICP—AESIK &5 Pulkildio &5 FHHOEE I 20T
s Esdtons, BHo L BER &/ TRU ol FITd 5 DHDECMP %‘@5@%@0@&% L7
®8ETI, ICP-AESIKLZAMDERIC SV TESR L, FoBTR, SEEEMTEOR
HRRREIC W T, Y — FEhid st (LIF) RO — FRENNE 1 4 »{bim (LEL) ik
WA CHERE S T-7. E10EDSH L& THE, 5B AR FIRICEREL
#:DCA—AES KU ICP— AES EE AR v e ERETEIC >0 TR L 7,

WBHYLET : T 310~ 11 RBEFABRENAAFEE2 -4
+ Kttt ASTE B,



JAERI-M. 90-015

Present Status for the Determination of Meﬁallic Impufities
in Nuclear Fuels by Atomic Emission Sﬁectroscopy

(Review Report)
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and Susumu FUKUSHIMAT .

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute
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(Received January 23, 1990y

Present status for the determination of'metéiﬂié‘impurities in nu-
clear fuels by atomic emission spectroscopy (AES) is'reviewed. In the '
first chapter of introduction, brief progress of the developments of AES
is described. 1In the second chapter, emission spectrograph with diract
current arc (DCA) or inductively coupled plasma (ICP) source is shown
with the emphasis on the confinement of plutonium. 1In the third chapter,
impurity elements and maximum concentration limits in various nuclear
fuels and equivalent boron content factors are given on the base of ASTM
(American Society for Testing and Materials) standards in 1987. 1In the
fourth chapter, examples of the analyses of nuclear fuels by DCA-AES and
carrier distillation method, and the results of standard uranium oxide
analysis conducted by 15 AEC-connected laboratories in U.S5.A. are presented.
In the fifth chapter, the determination of rare earth elements by DCA-AES
after the chemical separation of U and Pu by solvent extraction, ion-
exchange and so on. In the sixth and seventh chapters, the determination
of U‘and Pu, and metallic impurities in U and Pu fuels by ICP-AES are des-

cribed, respectively. In the eighth chapter, the determination of Am by
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ICP-AES is explained. In the ninth chapter, a comparison of the detec-
tion limits in aqueous solutions for various spectrometric techniéues
including recently developed laser-induced atomic fluorescence spectro-
scopy {(LIF) and laser-enhanced ionization spectioscppy (LEi) are given,
In the last chapter, experimental plan using DCA-AES and ICP-AES installed
this time at Plutonium Fuel Research Laboratory of Oarai Research Estab-

lishment is introduced.

Keywords: Atomic Emission Spectroscopy, Direct Current Arc, Inductively
Coupled Plasma, Nuclear Fuels, Uranium, Plutonium, Americium,
Metallic Impurities, Equivalent Boron Content Factor,

Chemical Separation, Carrier Distillation
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by Optical Emission Spectroscopy', L1S-4774, UC-15 (1981).

idem, "A New Facility for High Resolution Inductively Coupled
Plasma-Atomic Multielement Emission Spectroscopy of Radioactive
Materials™, W.S. Lyon (Editor), Analytical Spectroscopy, p.227
(1984).

E. Mainka, "Chemical Assay as an Element of Quality Control of

Light Water Fuels", D. Vollush (Editor), KfK-3777, p.431 (1984) .

T. Berry and C. Macleod, "Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES) Source Housed in a Glove Box for Alpha-active
Material Containment”, Analytical Proceedings, 24, 18 (1987).
iRl o L -2, [Z0- 7y 7 ACEE L ICPIE] , p. 19 (1982),

DB, HGR, MW, Kb, EH, 7ok = A EREEESL LT ER OB BUE,
HEBET %2, 1988FRORE, K6 HutR#sdg (1989).



JAERI-M 80-015

8 06t 1 c¢ ¥88 v8¢ BT tiya
9 oL 433 oF8 oS O€ Y
T L et 9¢6 888 0¢ 09
8 ozel or 61 € FAXN 0's
01 tg6 1 143 981 G608 9¢ ¢y
B 6Tl ot ol L0 8t (12
01 9v9 1 8C Z86¢ 996 601 St
¥C v g 9t 019¢ pLe 16T 0t
8¢C 06T 4 AT 88y 9¢ 8T
¥ 8r8 ¢ e st e Zv8 08 3'C
oI 8rz T 0t y00 € Or8zL ¥
oF 12543 61 bivy 00 ¥01 a4
127 il g BI pECY 9Ty 96 0T
a7 $Eo9 L1 ZEL9 00 9t1 81
91 0Ed ¥ 91 Z68 7T ZELES L'l
v 9[Z8 ¢l pice 965 59 91
8¢ 706 #T 1 0P ¢ [AXA A ¢l
14 961 TE £l 98LL oLE 191 AR
807 eyt 71 96 ¥1 81 967 L9
ZE0 1 DELEY 01 9tr 9 e Tl 90
15 76161 0’6 89L 0T 65 9LE 0
¥Z6 PO L 08 ALY e oLy 70
09% 068 61 ¢L FOL B 89 L1 €0
‘ONH¥®I [QRAR AN wljazis FONH NI NWoTl wri/a7is
““ONH ¥ 1 Jpptued ““ONH W I 3[oIIEg
JIe cw e gl
1ad s3ponted jo soquny] 1ad sapnled jo JaquinN

suorjeaady 4ol WOLJ GOTINTIISTQ 9=T§ PI2TIIBL 177 PT40L



JAERI-M 90-015

PERSONNEL CORRICOR

e

SERYICE CORRIDOR

Ho0D
GB~1 GB-12 GB—-3 H--32
65
4
68
HY SOURCE UNiIT §
o8
& -
ARC BOX =
J | £
&
GB—1l | GB—10 w oo|i] S
13 -
EMISSION : T
SPECTROGRAPH ] =
/ =@
(%]
TRANSFER
80X Gf
LEGEND:
GB - GLOVE BOX o
RS — RADIO BENCH h ,ﬁ?
TRAKSFER -
TUNNEL —m =
=
- 4
WET BOX coomrrioe GQB @
=
[~
L4
o

HOOD

RE-Z REB-1

"

UTILITY CORRIDOR

/
A

HOOD
4

Fig. 2.1

New Laboratory Facility



JAERI-M 90-015

i ittt
e e,
P.
[
I

{
{5

Fig. 2.2 Overview of Plan for Proposed Glovebox Installation of
ICP Torch Housing
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RF matching network (external to
glovebox)

Teflon beliows, permits 4" vertical
(Z-axis) and 4" horizontal {X-axis)
positioning of the torch assembly.
Solution nebulizer

= Plasma torch support

Plasma torch enclosure
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—— Glove box
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Fig. 2.3 External View of Glove Box
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Fig. 2.4 Air Handling Plan for the ACF B=blower, D=manual damper, DG=draft
gauge with orifice, F-l=prefilter, F-2,3=HEPA filter (metal cased),
F=4=20%20%15 cm HEPA filters, F-5=60x60x10 cm HEPA filter, FD-l=water
demineralizer cartridge, FS-l=water flow switch (0.8 lpm), 1HC-1=ICP
load coil, SC-I=scrubber, VS-l=vane type air flow switch.
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Computer work station
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Fig. 2.5 General View of the Equipment Showing the Work Box,
ICP Box, ARL 3520 and RF Generator
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3. U0, PuOs, (U, PWO:RUUFH D& BA MY KRB IR

AL 7 o (LI S h B 2B RHAIEERIC >0 T, Annual Book of ASTM

{ American Society for Testing and Materials) Standards L RRGE TS,
EE OB, ik ek, L b)) RUEFFE (LWR, FBR) L&k DR KRERE
BEDONTLSED, SEAMPLEORAELRDONATOS, i, LWRABKITSL
i3, BB FRIGEEORE LW ARL 2L TRRTEZ 55 F o v EFEYE, EBC
(Equivalent Boron Content) MEILHICED I TV S,

(atomic weight boron) X (¢ impurity)
(g, boron) X (atomic weight impurity)

7w, 913, 2200mss QEFHEFi T AERE (barn) ThH 4.

X #g/g impurity

EBC =

3.1 EFFR. SHEEU0, BE

S S ARMEE, 1500 1g g UNTTh Y, FEHRRORARERER Table 31 1.
St bl B0 ThH B, EEITLED EBC Factor & Table82/TRF o Total EBCHZ&N
5z 5NAEN, FOMIE4 pg/gUEEDLNTY B, S “

Total EBC of impurity = (EBC Factor)x (g#g of impurity./g U)
1345, Table 3.24% (U, Pu O: Ry MR R D EBC Factor "(:":5‘9, T DE

BENTOLWRBEHCER SN TV %,
3.2 HEEUO, L b

R TR R AEERE 4 Table 3.31CRd, Total EBCiE UO:#REERRICL pggU
T4 4R s Eid 1500 g gULITTH S,

3.3 ETIFR, BEEEPu0, Bx Y

Fe + Cr+ Ni OEBEA 1000 pg, gUEBAN LI &, THROLRLESPVWTERL, €O&F
B4 5000 ug /gULI FTH AT &, AT IATHER S 215 &13, Total EBCH 10 #ggUH

FEd B,



JAERI-M 90-015

aluminum calcium cobalt _
beryllium cadmium chromium ‘
carbon chlorine copper

fluorine molybdenum silicon )

iron ‘ nitrogen tin -

lithium | ni ckel tantalum

magnesium - " phosphorus titanium

manganese ) sulfur

3.4 FUY—ILAGEE (U,Pu) 0: Rl r~3_5j

SR TEE AR Table 3.4 17 L (EAH 2 000 ERUL AR 1500 #g gL A
FEd 5, 7. Total EBC A0 rg/ sUMTERET 5T,

3.5 EEFERAMSE (U.Pu) 0 <Ly b

RASTH OB KBERR (3, Table 3.5 KT &k 6 THY, S THREL 3000 #g-
g (U+Pu) BIF &4 3, S@iFRMENC 51 T3 Table 3.29C/R L EBC Factor RO
Total EBCHBESATLAL, SR

3.6 5%SULTETE@LIUF,

FEMEERE, TLORLETR SV TRRNRERESSAZ SN TV 5,

Element Permissible Content
B 80 #g gU
Mo 500 prg./gU
Si : 500 #g, gU
Cr 500 g/ gU
Th 100 ¢#g.gU

3.7 BRWAUF,

300 CTHESEN latm (1013 kPa) 237D TOIRER MY v WA ERT 2 TR O Gt
s, FHCTRTAEASHTI00 2g gULIFET 3,
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- aluminum iron silver
barium lead sodium
bismuth lithium strontium
cadmium magnesinm thorium
calcium - manganese tin .
chromium nickel Zing
copper potassium zirconium

F 72, Table 3.6 @RL AP TROERBEREEZHL TSI L,

3.8 & ¥

Tables 3.1~3.670 5, AL OLE AEBBEIREC >0 T, RICHR~H/5R5E 51 b,
1) Bhp PR EEOS TV AE< MWV AL Ba, Ca, Cr, Cu, Te, Mo, Si, Sn,
7r % (EBC Factor #50.001ELF, Table 3.2288) OEERE, LWRRE (7L —
T AT T 100 pe g URBRE LN ICE S M IIETH 5 (Tables 2.1, 2.3, 2.4&}\

B, £EAMPOLE & U0, T 1500 g /gU, PuOy € 5000 #g /g Pu, (U, POz
= 3000 pg/g (U+Pu) BETHZC ELUNLT, TR oDLROERR 10 vg /g
(U+Pu) £ CHAK 355, ThRBTHEAT B USERSNECEND 10 g8
(U+ PO IKIMESHRTHWEDT] pg gUDEENRANETH S, "

2) B FRIMEREOAEZ VLB, Cd, Dy, Eu, Gd, Li, Sm (EBC Factor #% 001
PlF, Table 2228) i3, ¥EFCHLWESERAINTV S, LWR@E*{?ﬂi%ﬁifD&%
EERERT I3E D TV AL, Total EBCR 10 #g /g (U+Pu) THBHDT, FIAEB
(EBC Factor = 1) T%Z®D 1710 $ TEBEITH &35 & 01 rg g (U+Pu) OFES
Fkx N5, @ UIEES5F DO EBC Factor DREFVIHKIC > THE FHL, CAT
001 #g /g (U+Pu), SmT 0.1, Bu 01, Gd Tl ZFDEELLRETH 5.

3) FBRA (U, Pu) O BI04 B AR KEE 2, Eh v 0D d 3 45 — R iT 7 &
WOT, LWRBEOXH %S Total EBCOREEEI SN TR, PETRINEEED
A% Be, B, Cd, Co, Li, Mg SOBEMREHN LWRAE IOHEL10~25 g g
(U+Pw iz 6T b,

4) UFs DO LB AMIMEERE 3, UFs PEAECEENETH Y, BHED~DOA YD
BAEVSEALLORMR (BsH) KMAT, UBKTRECE T2 7 LAY
OB B R TEH L E v <AOIT « BEAW LT 4880 6 ERRE 7 B & EmRT529T
FRUOFOEGHET 300 2g gUEEHTED, ThiTHE - TERHFICO0WT 10 #g gUE
EFEOEBPERINT 5,
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3-1)

3-2)

3-3)

3-4)

3-5)

3-7)

3-8)

Standard Specification for Nuclear-Grade, Sinterable Uranium
Dioxide Powder, 1987 Annual Book of ASTMlBténdardg,‘vol. 12,01
Designation: C753-81l, p.265 (1987). N

Standard Specification for Sintered (Urénium—Plutonium) Dioxide
Pellets, ibid., Designation: C833-16, p.486 (1987).

Standard Specification for Sintered Uranium Dioxide Pellets, ibid.,
Designation: C?76-83,Ip.400 (1987). '

Standard Specification for Nuclear-Grade Plutonium Dioxide Powder,
Sinterable, ibid., Designation: C757-83, p.270 (1987).

Standard Specification for Sintered (Uranium-Plutonium) Dioxide
Pellets, ibid., Designation: CB833-86, p.486% (1987).

Standard Specification for Sintered (Uranium—Plutonium)-Dioxidé
Pellets - Fast Reactor Fuel, ibid,, Designation: C1008F84, p.733_
(1987). | :
Standard Specification for Uranium Hexaflﬁﬁfi&e Enrfched to Less
Than 5% 235U, ibid., Designation: C996-83,.p.619 (1987).

Standard Specification for Uranium Hexaflusfidé for Enrichment,

ibid., Designation: C787-76, p.412 (1987). -
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Table 3.1 Impurity Elements and Maximum Concentration Limits
for Sinterable Uranium Dioxide Powder

Maximum Con-

Element centration Limit
| (Uranium, pug/g)

Aluminum 250
Carbon ' 100
Calcium + magnesium 200
Chlorine + fluorine 350
Chromium 200
Cobalt 100
Copper . 250
Iron 250
Lead - 250
Manganese 250 -
Molybdenum ‘ 250
Nickel ' ‘ e 200
Nitrogen RN 200..
Phosphorus .. 250
Silicon - 250
Tantalum 250
Thorium* 10
Tin 250
Titanium . 250
Tungsten 250
Vanadium 250

- Zinc 250

4 Thorium is primarily of concern because of the rgactor
production of **U.
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Table 3.2 Equivalent Boron Content Factors

Neutron Absorp-

‘ tion Cross Atomic - EBC '
Element Section” (barns)  Weight? Ifacibr
, at 2200 m/s '
Aluminum : 0.23 26.98 0.0001
Barium ‘ 1.2 137.33 - 0.0001
Boron . 764¢ 10.81 1.0000
Cadmium 2520 11241 0.3172
Calcium 0.43 40.08 0.0002
Cesium 29 132,91 0.0031
Chlorine 33.5 35.45 0.0134
Chromium 3.07 52.00 0.0008
Cobalt 37.2 58.93 - 0.0089
Copper 3.78 63.54 . 0.0008
Dysprosium 940 162.50  0.0818
Europium 4565 151.97 0.4250
Gadolinium 48890 : 157.25 4.3991
Hafnium 104 178.49 0.0082
Iron ' 2.56 5585  0.0006
Lithium 70.6° 694 77 0.1439°
Manganese 13.3 54.94. 0.0034
Molybdenum 2.55 9594 . 0.0004
Nickel - 4.49 58.69 % 0.0011
Nitrogen 1.50 1401+ 00019
Phosphorus 0.17 30.97 0.0001
Samarium 5670 150.36 0.5336
Silicon 0.17 28.09 0.0001
Silver 63.3 107.87 0.0083
Tantalum 20.6 180.95 0.0016
Tin 0.63 118.71 0.0001
Titanium 6.1 47.88 0.0018
Tungsten 18.4 183.85 0.0014
Vanadium 5.08 50.94 0.0014
Zinc 1.11 65.39 0.0002

4 Holden, N. E., “Neutron Cross Sections, Parts A and B,”
Vol |, Academic Press, New York, 1981 and 1984,

5 Holden, N. E., and Martin, R. L., Pure and Applied Chem-
istry 56, 653, 1984.

€ Cross section is primarily due to a single isotope, whose
isotopic abundance is variable in nature. Value can vary between
733 and 779 barns depending upon the source. {See Holden, N.
E., “Neutron Capture Cross Section Standards for BNL-325,”
Fourth Edition, BNL-NCS-51388, Jan. 1981.)

? Cross section is primarily due to a single isotope, whose
isotopic abundance is variable in nature. Value can vary between
69 and 72 barns depending upon the source. (See Holden, N.
E., “Neutron Capture Cross Section Standards for BNL-325,”
Fourth Edition, BNL-NCS-51388, Jan. {981.)
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Table 3.3 Impurity Elements and Maximum Concentration *
Limits for Sintered Uranium Dioxide Pellets

Maximum Concentra-

Element tion Limit (ng/g U)
Aluminum ‘ 250
Carbon 100
Calcium + magnesium 200
Chlorine 25
Chromium ' 250
Cobait 100
Fluorine 15
Hydrogen (total from all sources) 2
[ron 500
Nickel - 250
Nitrogen _ 75
Silicon 250
Thornum A 10

Table 3.4 Impurity Elements and Maximum Concentration Limits
for Sintered (Uranium-Plutonium) Dioxide Pellets-—
Plutonium Thermal Utilization

Maximum Concentration

Element Limit (ug/g of U + Pu)
Aluminum 250
Carbon 100
Calcium + magnesium 200
Chlorine 25
Chromium 250
Cobalt 100
Fluorine 15
Hydrogen (total from all 2

sources)
Iron 500
Nickel 250
Nitride/nitrogen 75
Silicon 250
Thorium 10
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Table 3.5 Impurity Elements and Maximum Concentration Limits
for. Sintered {(Uranium-Plutonium): Dioxide Pellets-
Fast Reactor Fuel aE -

Maximum
" Concentration
- Elements Limit (pg/g of

- U+ Pw)
Aluminum ‘ 500
Beryllium _ ' 20
Boron 20 .
Cadmium 20
Calcium ; 250
Carbon 150
Chlorine _ 20
Chromium ' 250
Cobalt : ‘ 20
Fluorine \ Lo
Iron _ o 500
Lithium , oo 10
Magnesium ; 25
Nickel © 500
Nitride nitrogen 200
Phosphorus 100
Potassium 200
Sodium 500
Sulfur 300
Tantalum 400
Tungsten 100
Vanadium 500
The sum of copper, zing, silicon, and tita- - 800

nium
The sum of silver, manganese, molybde- 200
num, lead, and tin

The sum of samarium, europium, gado- 100

linium, and dysprosium
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Table 3.6 TImpurity Elements and Maximum Concentration Limits
for Uranium Hexafluoride Containing Uranium
Isotopes 232 through 238 - -

Maximum Con-
Element centration Limit .
: (Uranium, yg/g)  Unit

Antimony l ug/g U
Boron 8 pg/g U
Bromine 5 ng/g U
Chlorine 100 ngg U
Chromium, soluble 10 ng/g U
in UF, ‘
Chromium, insolu- I nuglg U
ble in UF, : | o
Niobium l ‘ ug/g U
Phosphorus .50 . mg/g U
Ruthenium 1, S pgig U
Silicon 100 o oug/g U
Tantalum l st ougfg U
Technetium 4 R . ugig U
Titanium L . pwgig U
Molybdenum 200 ng/g U-235
Tungsten 200 ng/g U-235
Vanadium 200 pg/g U-233
Uranium-232 0.300 pg/g U-235
Uranium-233 500 pg/g U-233
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4. BRT— 78 N(DCA)- KT HEICE 3
BIREI PO SR AWM D ER

Scribner & Mullin ‘™ 17 & » THE S NAMBER £, FEICLBITLOTHY, 8
e CiotnfMﬁ*ﬁ:U;@J:t@ﬁ’hmﬂi%x?@”ﬁ KEDEFHHAINTVE, TDH, RE
T CBICHRT — 2 RAEOHAN S EE % T Scrihner & Mullin DR LB/ N

45, LT, U0z UFs, UO: (NOsds, Pu£®, Pu (XOs)e, (U, Pu) 02% % UsOs ¥
Foid PuQy ~Ectid B HERORERAMSCEHET ~SHEEFIC DL TN S,

Scribner & Mullinit £ =T, UDERAIZ, A2 BEOS5IZEE (Fractional
Distillation) % {0if &+ 3 B CREHT RN S 1/ Gaz Oz I, F D% O WE T 4B O
ERAIMESHAEAIREAENRL, T—27 77 AP TORHOHENROEERT 7'
XD AREETOEEOMINCES L TwaE T EBHELTEN, WW&wimEﬁﬁaxa
B kitsot, Linl, 20%, WA (Refractory) (rujzﬁgﬁﬁﬁjéﬁ@%@ﬁa i
{e# (AgCl, NaCl, PdCl: %) ®7 »{t# (NaF, SrFé,LAF%)ﬁﬁH%w:Lfﬁdjcﬁ
Ad 5 En@igsi, COREMAESEELEAS nfpgﬁmoc@@%®?‘7772‘
W TOERI 20T LB ICEERNT 5, : S "f
HKRE IR TG g%i*ﬂh&ﬁ&ﬁ&ﬁc&@téé@ mm%m@g®uelé‘
1T fz Pepper =) i1, RO SR RAY O ER ! c{}ﬁmﬂ’j LR 7S Rt SR
@f,@&®%%%ﬁ%mﬁw%%&f%5;9cﬁf%@%lxﬁaﬁgcaﬁgg@@5&
S LT B, fo, ARERETCENTS, HBUEREOE L BRI AR O ER
B4 OBRE R UIEOHEEEIC 20T ASTM standards 4ﬁ4), LANT, )5 ¢ National
Lead Company ®#&E"  (UFs POAFMD TEAEE TR bk L O ARHRAMSERS
N2 Bl L, STk O AR SIS 2RI DR £ 5, DCA —18
REZ i, ABOEUNEET, SHCBETAHNIRUBEGEL, poRARCETEOER
AT 0 EMTE, BERETESONEGEECRREOFETH S, LinL, FAEO AN
RUSRETOERNER SN SH HHETESBIC >0 T —10Ic Ub o DILE DR T FH
YO EBRIEENSE L EDT, COHEBIT-2VTIE, RETHELLANE, ZOBEDRETI,
ORNL 575 - 7= DCA —{IFE BiLIC £ 5 Us Os R 65 BB LH DR % KED 15 GF 98 T -
rERAERAT S

41 Secribner & Mullin Ok’

URY Pald, T2F /4 KEFlICBL, HLETH EARICIERUA A/ LIRFOR
THREOERESHOMET ZEM AR P LEBLTED, EE L&k &g a7k =
N7 N EONESEET S (DRATHBETHINTVE) . S 5IC, A A ALEEDF 4eV &K
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%Miﬁw%éﬁomf,Kﬂ%ﬁﬁ%ﬂ%ﬁ&ﬁ??ﬁwaﬁé,%ﬁﬁﬁﬁ?v—ﬁﬂm‘
B4 5 R LR R AAIE Lo £0 1 51% Table 43CRTH, Gaz0: BT 7 X7
Kﬁ&?éc&K&@K%%iﬁ®@ﬁ%$ﬁ&%éﬂ,z&ﬁhwﬁ®ﬁﬁﬂkﬁwﬁkﬁé
35 GasOs $E4EAS Scribner HASMAIIRR LT/ & D iC RA R O 53 5] REER EHAS
BB LRV TENN B
—E,AgﬂﬂﬁW&LTQWﬁﬁ5éc&@,Sammrgkn®ﬁ TR NS
nfméﬁ,PummmBbmuAﬂHEﬁéﬁﬂ&ﬁéLk%é&ﬁﬁﬂ&ﬁﬁbfﬁ%$ﬁ
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S A 5T, GazOs &l Lt EBRE T, 2OER, As, Bi, Ma, InHiro0T
. FERIEE A SEB DN - F 85 Be, Ni, Mo, VTI3 Fig 440EDT, TOH0%T
e Tk AgCl 2B LB LHES, 27 P vOmER AgCl OEMNE & EEITENRT
Lh5 SR SRR A S L AT Mo R VIC oL TIRIDEOMER BRI s e, BekUNi
T RS LIS R EOMBR IV, T00 5, AgClBAEERER T CRRBRE
RSN OIERATE LT A SR T 5N 5, Ga:0s BRDERE, BEREROHEST
S NTHITE Bo AgCl i BORDICESE DFENE, Belgisanin® &7 2 L4
(NaF B Th 52 EAR LI, &6, BETREBOMELRA L THAT AHENE,
MkDREE, 75 XvREDEES T4 T M RIFRERMLT 2HEMICH 5.

4.3 BBk (U30z s, Pul; ) NODEEHER

U, UQz, UFs. UC, UN, UQz (NOs) L&z ~7T Us Os Nzt L7, LS
eIt S b, Pu k&P PuQ: ~stRT 2, BEERE TRICHEL ST T o 0w

CeEtETH L T,

431 UO: @ Us Os ~otzg’ '
10me DELELY KA (sp. gr. 142) RURBREKTHARIE TS, 3~5gDU0:
SEx Ly AR L, v 7AETC800~000CTINMEAT 2, FhASHHL K&, 7¥ir—
SHTHBIET 2, KFEEF U, UC, UNZEAZTOI~HBHTE 57, BRI 507 FHE, Si0:
03 AlLOs KEETHLELH S D,
432 UFe @ UsOs ~Otiti"
UFs 72 ZKTEHELAEER TR ESH, £k Ui UO FofiR e RHE I £ THET L,
UQ2 Fp 3IBASHE X 8T Us O N4 5, T UsOs% 2M HNO, KM L A8 5,
UOs (NO3) o ¥ IE, $ L ¢35 L7c NHe OHTpH % 11 #E T %, LU HNO; Tpll % 1
B Ui Hy O 2B AZICHEMLTUOs » xH 0% B &4 5, (hBASWHE LR, 7HY 7 —
voa v THEE, . ABIL, BEEL TUs Oy ~HBT 5,

4.3.3 Puéf@., Pu(NOs)s, Pu (C204)2 @ PuC: ~Dix
Pu (NOs )i iAEAEES LY B L, ERACMALT, £S5 16°CTHRESEE, OF
kw5 7 VAT 800 + 25°CTHIEG S £ T PuO. ~E 33" Y, Pu 2@ M @ RiF % HNO;
(sp. gr. 1.42) Tt L TEBtWAERET 5, ARG TPugEZ 95025 Cicm# L TPuO:
it 5t 0 R E RS RERN S A, PuslB, BERIE ¥ vRHIE O R
ST Waterbury 5o P & B & 850 CRRE THEE L 7 PuO, 4 1250°C £ T &Y 3
FERESBASN, CORKRBBEECEBLALOTHUS TERTAHEOMME EEN T,
ft, PudR, vaoBEORETERT S Pul: @0 Pulhid 201 ~202 BE TH S DCH
LT, BB O TS H4L A PuO: O, Pulk i3 1.989 Th 5, COBILEREGMEDOEY
|
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Q%ﬁﬁﬁﬁiﬁTﬁKﬁ%énfhmwoC@Pm%®k$§ﬁﬁ®mﬁu.%ﬁﬁ%%ﬁ%
Ik AT EBEOTROBE» LFATRHEEL S0,

4.3.4  PuO, DEEEENMICEZ ZHTONE SOBB

2y RO REAAIRTHAIT AEe0TSRE R+ 100 ~— S0 BEELshT s Y
TR LT, EEAEEE A CR{EEARITEY 477% (Densiometric Method) b2 Sk
BLEREEL 10~ 30 BAKESNET T, COEE, RECE OB ORI
SRR OTEHOWE, 7 + v s ORBRIORMES 5175 1 i —EROABIEETRER
45 FEBELHWo TV S,

LANL @ Martell &, PuO:rho f#DiEE % Co20s % AEEEs B I TT- 8, &
£l & Cos 03 DIRSFIEFLEA HLEREH PuO DRETHFICLD Fig. 45 R4 & HiT 100 ~ 200
%L BB HC S ftor T SR GERNT BN, MEOKS L PuO W FEFOEN
. BETO Coz0s HIDAZ N, PuO, KITREIT & T REYT & PISIEHED Cor Oy DHAK
ECBAE AT ENBEEEHE L, FLWEEABE S 0cd, HEHD PuO; BiF % No. 325
mesh O 7 A ZB@ 4 5 45 pm BBl FICHl - TR L8, EENHLEST S LHLE
Th D, —ERSFICEY AREORESENT AT EEBH TV D,

4.4 E{tmBEROSBAAYOTER

SRR T & O BREIIREC o O CE BT S A LR, CREA, AT ARLR T
LB OEE, HERDZTORMESICOLTHRET 2,
t4.1 Us0s ofstmoEst

Scribner HAALTT 2wt % Gas Qs 18{&HS ASMT Standards R T HHEAINT 4,
PRI AEHE T3 & LTl Cop0; F 721t Cre Os AT 1 wt BHRMT 5o AfL TER vHEs 32
DTG TEER U+ OB % Table 4.4 1KRd, |EOSRCHEETLHBOERE, EH
100 mg Th b, 7, BRMOEHBOARSHINLHEEHRVTemmd THSH(Fig 4-1 28
&),

4.4.2 UO; q:@;f\'m%@E%‘i*l?J

HHkE LT 164 mol BDSrF+AgCl, BME 0wt BEMEL T L, AgCldtitdic
ZENMET ADTRE LEEDRELEERETEE 71 P T TITHSENRSH S, Table 45i1E
B TES S $EOTRT. COBATIE Ga 03 ~TAL Zr, Ti, NDFOREN K
SN b, TREARETAMYGS % Table 4.5 KR,

X7, AAELBEIZIORLI UQ: MBECHFE SN TV 2 AR (Tables 3.1 R0 3.22H)
S NTE B LA A S DREEOERAALTIZE 0 Th s LM S h A, Pt TFRIMFR
DAREV, EBC Factor #HIEE4S G B, HHEARK>VTH, & IHEEEVEE
WEMNERINTV D, CONSOTEDOERL 2V TRAETHFT L,
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443 PuO, OREHOTE" O

A S LT, 2wt % CosOs —NaF#EHD 5wt %, Mo, V, WOEEICIE 02wt%
PACl, — AgCl 2ZFE D 0wt BEH LTV 5, HEDEEG, ATEEL LT Al, Cr, Ga,
Fe, Ni%aMEE XN TV A, PudREARET 2 pica B £EE 127Tmm xE & 0762 mm
DLy MCT LR (BAES 2T6MPa) LT, ZOWEBBICEET S IHERM LTV S,
ERTIREI AFME A Table 4.6 iC/RT

L44 (U, Pw O, o TmmoEs’

Gaz O3 {H{K 5.6 Wi %, NaFiH& 5wt %, WHEELB0nASEEENaF e« Coz0; (600 1)
AHWA, TRAEEE %S Table 47TmR T,

445 UFsborsmmozeg

UF s chOFEi8 12, B FIFRE & LTORED Emie, URF LI 1ICH 1 5 A OS2
S bR LS ER ST A (Table 3.6 38), o7, Table 48 ICRTHII A
DFEFERSNTHED, B40SFEHROERA s T 5EA%ES L$H T Table 4.9 R
+, EERREECOTETHESOATL S, ThiEERTLRE, IARORE, ESARE
DELG FOESVELZBENLIOTH/ICHIT 5 3 TEHL, UL, Table36&
chEOEAMELTAESE T, Ta%oi ki (Refractory) @& VILRIC20T, X5
FOSWAMFERGECEAETA S, CORDIC VTR A THER LS 5.

446 LANLI#%3 5 (U, P O ROTURHHE OO THM OTR

95 BEE D ARIY I ST, HEEOIRITEDSNTVS L1005 2 EOHBAOCERZIEHR
B i o T A, GapOs fEAD EIRA G LENTV S, Co, Mo, Ta, Ti, WEDERIKKE
Ayﬂﬂ@ﬂﬁﬁéhrm%o%@éK%%@E%K@,ﬁﬁﬁ@%ﬁ&ﬁﬁménfmaﬂa
SHFLREEAE E T Table 4.10 iI0RT . BAMICIE ASTM Standards SEUL T 525,
LANL#ROIEERESHELEL SN T 5.

4.4.7 NERDGHIC LA Y OEE

ERGRICALZT, HohUBRohimHERRCLEFREEERELTEVT Bon
1ESE A7 03 v Ea— 5 TRETHAS IROFBERYITMETS 5, AEMERR, &
A APT AE S IECREST S ENARETH S, National Lead Company D Pepper
w242 o moskE, 10% AgCl —LiF (1: 1) &R 07 Us Os DRSO RS
BHROTERREEZ N4 Tables 411 KU 412 KRd, ERRAGEEADEECHNTDLE
(75T A, TENNGEEROLDOMFCATAHASHREEZERA T, 7y EH
OFHTHIAECER S 5,
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4.5 U,0s ROf A [ Refractory ] At DER

Ta, Hf, Nb, Th, W DTS O ST KR O EERELRET 6K LT, 1
MoK B E 2) A REEEOHEA (100 mg ~600me) 23Ref SN TV 5o

Dalvi % 513 AgCl, LiF MU NaF O&FEMAEEEEHOTW Nb, Hf, Ta, B
RO Th DR <7 bR OMEELEAE L, Bo Rk EAE Fig 4.5 07T, Gaz Q84
TRIALDTRIEIE CRBES P70 o DIFRHIE ORI A 5 1 % NaF—9 % Ag C1ZH
Bloir 10wt FEMLUAEESERETH Y, 100mg SEER O E S, Table 4131 LICE
54z 1~10 ppm O/ MEHIERE 2 S, $£70, ERMARE Table 414 ITRT LB 16 BLL
TTH -7

Pepper &' 213, MEOHRILNAT, REERLEED 100mg (EEAZ, 6mm) 25
600 mg ([, 8mm) ~HEKSE7, HFEOMHER L AR OBBOTARE Fig 4.7 €7
4 A SV TORETH, 20%AgCl-SrF2 (5:1) N ETHO, ¥ lppm EFED Ta
X P WOEE T Table 4.15 g & D, HHHEI %AEBTWS, Ta, WOfhiT, KETH
1 ppm L@ Mo, Nb, Sb, Ti kU VOFBRCERIILTY 5o CNLEDHI G, HEDT
%, REFEREOHMESCLD, 1ppmBEEOW, TaZ O KEDS O AMOERF AIETH
BEEEwmIT o5,

4.6 KE15FEFRCKSD Us0s o O 65 R DOER

IBiAZE T & 0 Uy Ot @ 65 AP R OER & KED I5HEFRCIT- iR E S DT
Table 4.16 7%, #1H L7BAEKR UK R OBEZ T~ D,
ANL (Argonne National Laboratory) ‘
HE, Ga:0s. Al RU Ti 0P LIED,
BMI (Batelle Memorial Institute)
B, AgCl 6%, 100mg &k
BNW (Batelle - Northwest)
kIR IEEAEDOILRIC ST Gaz 03, Al, Ca, Ti T2 TNaF, Witid AgCl.
DC (DOW Chemical Ce.)
ik, 5 AgF+ 1NaF., Na Eg@id AgClo
GAC (Good Year Corp.)
jH{K, 11AgCl+ 1LiF, 50mg B¥}HC 6 %iHis,
3, Ba, Be, Cd, SbiZid 70 mg SE TR VLR,
Ag, K, Li, Naitid Ga.0s fHif, = 50 mg ~ 3 BIERTEI.
LASL (Los Alamos Scientific Laboratory)
Se, Ti, V, Ge, Y, Zr, Hf, Ta, W, T£1izi3 AgCl (100 mg HkHr 16%) . €D

fth DTFE I Ga2 03 E1=Kr: o
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LRL (Lawrence Radiation Laboratory)

$EH, AgCl —LiF (100 mg ®HkHz 7.5 %)
MCW (Mallinckrodt Chemical Works)

Ak, 6 : 1 AgCl—SrFz, 10% 100 mg =K,
MRC (Monsanto Research Cerp.)

ik, Gaa0:, 2% 50mg #¥l,

NBL (New Brunswick Laboratory)

H&, Ga:03, 2%, 100mg &, HEERE, Coo
NLC (National Lead Co.)

ik, 2EALOES 110 1 AgCl —LiF, #HO 10wt %,
ORD (Union Carbide Corp. ORGD Plant)

:Bik, Cr, Fe, Mo, Ni, Sb, Vic2WTid AgCl (10%— 100 mg KD, AEERE
Co, WIiti3 AgCl (50% — 100mg &¥) . SricidNalle
PKY (Union Carbide Corp Paducah)

&, 5 1 AgCl—SrFa (6% — 100 mg &0#)
PPC (Phillps Petroleum Co. )

HEE Lo
SRL (DuPont Chemical Co. Savannah River Plant)
{4k, Ga:03, 4% — 100 mg A&, AEEE, Co.
UCY (Union Carbide Corp. Y—12 Plant)

Ik, 41 AgCl —AgF (167%— 50mg &) -
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Table 4.1 Lower Limit of Routine Spectrographic
Determination of Impurities
in Uranium Oxide
Concen- Concen-
Element tration Element tration
ppm ppm
Ag——r————————— 0.05 K- 2
Alr——— 5 Li——m——— e 0.1
Agmm——m 5 Mg——————————————= .5
Ay—————— 0.3 Mn————————— 1
B .08 Mo=m———r—————— 1
Ba————————— 10 ¢ Na—————mmom—————— 0.5
Be—m————— 0.1 | Ni———mmm————————— 2
Bi-————— - .5 P 50
Cd=——————— .07 P 1
Co———m—mm—m L Rb-————— oo —— 1
Cr-———————————— 3 Sh—————— e ————— 10
Cog——————msm 8 Sl 3
Cu———r—————————— 0.3 Sp————————— 1
Fe——————mmm o ——— L T]l—————— e 3
Ge—————————e————— 0.2 Vom e e 5
Hg==———————————— 10 In——————————————— 20
In-————————————— 0.5

Table 4.2 Volatility Series of Samples from Cathode

1. (Metal)

Hg, As, Cd, Zn, Te, $b, Bi, Pb, Tl, Mn, Ag, Cu, Sn, Au, In, Ga, Ge, Fe,

~i, Co, V, Cr, Ti, Pt, U, Zr, Hf, Nb, Th, Mo, Re, Ta, W, B.

2, (Oxide)

Hg, As, Cd, Zn, Bi, Sb, Pb, Tl, &n, Mn, Mg, Cu, Ge, In, Ga, Fe,
*

Ba, Sr, Ca, Si, Al, V, Be, Cr, Ti, U. Sc, Mo, Re, Zr, Hf, R.E. , Th, Nb,

Co, Ni,

Ta, W, B.

%
R.E. ++- Rare Earth Elements
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Table 4,5 Recommended Analytical Spectral Lines and
Concentration Range of Trace Elements

Element Analyticz;l Line,  Concentration range,
°A pg/gof U

Ag® 3280.68 0.1 to 50
Al 2367.06 10 to 200
As 2349.84 510 50

B 2497.73 0.10to 5
Ba 4554.04 10 to 300
Be 2348.61 0.1to3
Bi 3067.72 51050
Ca 4226.73 I to 50
Cd 2288.02 0.15to 5
Co 3453.51 5 to 50
Cr 2843.25 10 to 100
Cu 3247.54 11010
Fe - 2462.64 10 to 300
In 3256.09 510350
Mg 2779.83 10 to 100
Mn 2605.69 51050
Mo 3132.59 0.5t0 10
Na 3302.32 80 to 400
Ni 3050.82 5to 100
P 2553.28 50 to 500
Pb 2833.07 510 50
Sb 2598.05 I 1050
Si 2435.16 10 to 200
Sn 3175.02 5 to 50
Ti 3361.26 1to 100
\ 318341 1to 100
Zn 3345.02 20 to0 300
Zr 3438.23 25 10 300

4 All of the above lines are photographed in the second
order, except barium and calcium which are first order lines.
8 A gallium oxide carrier must be used for silver.
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Table 4.6 Impurity Elements, Lines, and Concentration

Limits
o Wavelngi A Coreenimton
Al 2567.994 10-500
Al 3082.684
Ag 3280.68 1-250
As 2349.84 10-250
Au 2427.95 2.5-50
B 24971.73 1=50
Ba 4554.03 2.5-100
(first order)
Be 2348.61 0.5-25
Bi 3067.72 2.5-100
Ca 3933.67 10-1000
Cd 2288.02 1-100
Co 2407.25 10-1000
Co 3044.00
Cu 3247.54 1-250
Cr 2835.634 5-500
Fe 2983.574 10-1000
Ga 2450.074 1-500
Ga 2943.64
In 3039.36 2.5-100
K 7664.91 321000
(first order) -
Mg 2802.70 1-1000
Mn 2798.27 5-250
Mo’ 3132.59 5.250
Ni 3002.494 10-1000
P 2553.28 100-1000
Pb 2614.18 5100
Pd 3242.70 2.5-100
Sb 2598.05 2.5_100
St 2514.324 10-300
Sn 2863.33 2.5-100
Sr 4607.33 5-100
{first order)
Ti 3223.52 5-100
Ve 3183.984 5-100
w? 2724.354 20-200
Zn 334502 10-250
Zr 3438.23 5-100
4 These elements are determined with the aid of a micropho-
tometer.

5 These elements are analyzed by using a AgCl carrier and
PdCl, as an internal standard. Mix 20 mg of PdCl; with 10.0 g
of AgCl. Add 80 mg of this mixture to 120 mg of PuO; sample-
blend before loading 50-mg charges in a graphite electrode
ASTM-Type-5-4.
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Table 4.8 Wavelengths and Limits of Detection

JAERI-M 90-015

for Various Carrier

Procedures
Limit of  Suggested Limit of Suppesied Limitof  Suggested
Element Detection, Wave- Element Detection, Wave- Element Detection, Wave-
ppm length, nm ppm length, nm PPm length, nm
Procedure A
Aluminum 0.1 308.22 Copper 0.5 324.75 Phospharus 20 25340
309.27 327.40 253.57
255.03
Arsenic 2 228.81 iron 5 243.33 255.50
234.98 248.82
278.02 271.90 Lead 0.5 280.20
302.06 28331
Gold 0.5 242.80 Jo2.11
267.60 Anlimony 1 259.81
Germanium 0.5 265.12 287.80
Barium 1 230.42 265.16
233.53 303.91 Tin 0.5 284.00
307.16 303.41
455.40 Indium 0.5 303.94 317.50
32561 326,23
Beryltiumn 0.01 234.86 325.86
313.04 Thallium 2 - 276,79
- 31311 Magnesium 0.5 279.55 291.83
) 280.27
Bismuth | 289.80 285.21 Vanadium 0.5 318.34
. 306.77 318.40
Manganese 0.5 279.49 318.54
Cadmium 0.1 228.80 279.83
326.11 280.11 Zine 20 330.26
334.50
Cobalt 1 240.73 Molybdenum 0.5 313.26 334.56
241.16 317.04
242.49 319.40
251.98
Nickel 0.5 300.25
Chromium 2 283.56 300.36
284.33 305.08
316
310.19
Procedure B
Calcium | 393.37 Sodium | 589.00 Strontium l 407.77
396.85 589.59 460.73
422.67
Procedure C .
Cesium 5 852.11 Lithium 0.2 610.36 Rubinium b 780.02
670.78 794.76
Potassium 2 766.49 ‘
769.90
Procedure D
Silver .t 328.07
338.29
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Table 4,11 PCQ Calibration Conditions for Determining Impurities

in U330
A Channel Control Timer Settings Analytical
ttenuator
Elament | Wavelength Setting Settings {(Seconds) Reporting
Zero | Sensitivity | Pre Teotal | Range (ppm)*
Al 3981.53 X2 ) 10.00 5.85 4 50 1 —=2n0
As 2349.84 X2 18 1.41 8.38 2 40 5 - 50
B 2497.73 X2 i8 7.45 8.93 2 20 0.1 — 1.00
Ba 4934.09 3 10.00 2.14 4 75 I - 50
Be 3130.42 5 .8.78 2.81 2 50 1 —10
Bi 3087.72 X2 7 8.58 2.45 2 50 1 —5%0
Ca 4228,73 X2 17 8.53 7.18 4 60 150
Cd 2288.02 20 3.70 8.72 4 40 0.1 — 1.00
Cr 4274.80 X2 10 9.89 8.6 4 65 1-100
Co 3453.50 X2 5 8.02 4,85 4 60 1 —50
Cu 3273.98 X2 0 10.00 0.09 4 80 1 — 100
Fe 2522.85 X2 0 10,00 8.75 4 85 1 =100
Fa 2598.37 X2 4 3.25 4.85 4 70 80 — 240
K 7654,91 34 10,00 10.00 4 75 1 - 50
Mg 2852,13 X2 2 2.95 9.02 4 75 1 —50
Mn 2798.27 X2 0 10,00 5.04 4 85 1 ~100
Mo 3132.59 X2 7 2.51 8.28 4 85 1-25
Na 5889.95 0 6.51 7.44 4 60 1 - 50
Ni 3414.72 X2 0 10,00 4.72 4 60 1 — 200
Nb 3094.18 X2 10 7.15 5.15 4 75 1 — 100
Pb 2833.06 X2 8 9.73 3.44 2 50 1 — 100
51 2435,16 8 1.57 7.73 4 30 70 — 260
St 2881.60 X2 0 10.00 6.19 2 a0 1 - 100
Sn 3175.05 X2 10 10.00 1.90 4 80 1 — 100
Sr 4607.33 2 B8.65 6.01 4 60 1 —50
Tl 3372.80 X2 4 10.00 0.31 4 70 1 =100
v 3183.98 0 10,00 0.89 4 60 1 - 50
Zn 2138.56 10 6.29 8.71 2 40 1 — 200
Zr 2438.23 X2 15 1.92 9.58 4 60 20 — 135

+ Ranges not limited to those shown

,.._41 _—
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Table 4.12 Analyses of AgCl and Lif Carriers

Limit of Limit of
*k kk
Element Detection (%) Element Detection (%)
Al . 0005 Na .03
As .01 Nb . 004
B .002 Ni .002
Ba 002 P .03
Be . 0005 Pb .002
Bi . 0005 5h .015
Ca . 004 si .001
cd 004 Sn .002
Co .001 Ta .03
Cr .002 Te .06
Cu . 0005 Ti . 0005
Fe . 002 Tl .03
Ge ,001 v . 0005
Hg .015 W 125
Mg . 0005 Zn .0l
Mn . 0005 Zr .001
Mo .001
* No spectral response detected for any of the 33
elements listed.
*% 4 mg sample + 6 mg Li,CO3-Graphite (1:2 by wt),
12 amp ac, 120 seconds.
Table 4.13 Comparison of Detection Limits
Estimation limit, ppm
Feldman Feldman
Element Pepper (LASL) (UCY) Pepper Dalvi*=25)
Hf 100 300 100 - 5
Nb 4 25 4 - 10
Ta 10 30 10 L 2
Th - - - - 10
W 10 100 100 1 1
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Table 4.14 Precision and Accuracy

Element Coeff. of
(analysis line, Amount added, Amount found, variation,
A) PP™ ~ ppn” %

Hf (2940.7) 50 51 15
HE (2638.7) 50 53 12
Nb (2733) 100 104 14
Nb (2716) 100 104 16
Nb (2899) 100 96 15
Ta (2646.4) 20 21 14
Ta (2653) 20 21 14
Th (2688) 50 52 15
W (2681.4) 10 10 8
W (2946.98) 10 10 12

* Average for ten replicate samples.

Table 4.15 Precision Data C-1 Control

— *
Element X (ppm) LEy; (ppm) % LEy

Ta 1.2 0.2 19

W 1.1 0.2 17
Sb 1.2 0.5 46

Y 1.1 0.2 16
Ti 1.0 0.2 15
Nb 1.2 0.5 47
Mo 1.0 0.2 19
*n = 14

LEy — Limit of error of individual analysis
at 95% C.L.

% LEy — Limit of error of individual analysis
expressed at % of the average.
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Table 4.16 Limit of Detection for Trace Elements in Uranium Compounds
{Carrier Distillation Spectrographic Technique)

Element Laboratory Identification Symbol
ANL BMI BNW DG GAC LASL LRL MCW MRC NBL NLC ORD PKU SRL ucy
Ag 0.5 0.1 i. 1. 0,2 0.1 0.5 0.1 0.4 0.5
Al 10. 10. 2. M. 1. 1. I, 10, 3. 5. &, 1. 1. 10. 1.
s 20. Z. 5. 10. 5. 30. 5. 10.
Au . _ 10. I. 1. 1. 1,
B 0.1 0.2 0.1 0.1 .2 0.2 0.5 0.1 0,2 0.1 0.1 0.1 0.1 0.2 0.1
Ba 100, L. 5. 2. 10. 3. 1o. __10. 2.
Be 0.5 0.1 0.02 0.6 0.1 0.5 0.5 1 0.5 1. 0.1 0.5 0.01
Bi 1. 0.5 Z. _ 1. 5 Z. I 1. I, 0.3 I,
Ca  50. 1, 2 2, 5. 2. 10. 1, 1. 5. 10.
Cd 0.2 0.2 0.1 0.5 2. 0.5 1. 0.1 1 0.1 0.1 0.2 0.2 2 0.1
Co 16, 1. 1. 5. 2. 5. 1. 1. 1. 1, I.
Cr 2. 3. 2. 5. 1. 1. 5. 5. 8. 1. 1. 1. 1. 5. 2.
Cs ] 1. 10, 100,
Cu 1. 0.5 0.1 i, I. 1. 1 . 1. 0.5 1. 0.1 0.2 2. I,
Fe 2. 10, 10. 1C. 2. 1 5 20, 10. 5. 5. 1. 3 10. 0.
Ga ) L.
Ge 1. L. 0.3 0.4
HE 300. _ 100.
'Hg 1.
In 2. L. 3. 0.3 2.
k 50. 5. b. 1. B, 5. 3. 6.
Li 5. 6.5 5. 0.2 6. 0.1 1. 0,5 I. I 0.3 6.2
Mg 1. 2. 1, 1. 1. 1. 1 10, 3 0.5 1. 0.1 1. 2. 2.
Mn 1, 1. L. 5. I, 1. 3 5. 1 I. 4. 1. I. 5. 1,
Mo 10. Z. 5. 10. L. 5. 5 0.2 2. 0.5 0.1 1. 10. 4.
Na 5. 10. 2, 1. b, 1. 10. 1, 1. i, 5. 1.
Nb 100. 25, 6. 4.
Ni 5. 1. 5. I. 1. 2. 2, 5. 12 1. 2. 1. 1. 10. 1.
Os . 20,
P 100,  100. 50. 30. 20. 20, 10, 40.  30.  50. 100,  100.
Fb 1. 1. 0.5 2. 1. 1. 1. 5. 5. 1. 1. 3. 1. 5. L.
Pd 10. ' 4. 1.
Rb ‘ 6. 10. 10, z0.
" Re ’ 50.
Rh ] 500. 40.
_Ru 100,
gh 5. 2. 5,  ib.  1G. 1, 15, 1. Z.
Sc 30, ] B 10.
si 20, 10. 10.. 10. 1. 1. 10, 1o, 6. 5. 2. 1. 2 10. 10.
Sn 2. L. 0.5 Z. 1. 1. 2. 5. 2. 2. 1. 0.5 1. I.
Sr 10. T, 5. Z0.
Ta 30. N 10.
Ti 200, 1. i 4, L. 10, Z, 4. 4,
Tl . I. b, 1. 4.
v 100, 3. 50. 10, 1. 2. 2. 0.5 50, 10. 0.5 15, 1. 25, 1.
W 50, 50. 100. 100.  10. 100.
Y 160. ]
Zn__ 50, 30. 51. 20, 20,  25. 20, 10, 46, 10, 20. 20, 10. 50, 10,
Zr 100, 100. Z5. 20. : 20.
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Fig, 4.1 Electrode Assembly
&, Holder, B, cathode; C, sample charge;
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Fig. 4.3 Electrode for Separately Introduction
of Sample and Carrier into Plasma
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Be 2348,61/10 ppm/ | Ni 3002,49/I0ppm/ | Mo 3132,58/10ppm/ |V 3183,98/i0ppm/

T

1,0k
[ with Go,0, os
- carrier, Vis not
detected
[ S N R S SUNN A | i1 g 1 4 t P [ e | '.l | T N B TN D I |
0,2 4 6 2 4 6 8 2 4 6 8 2 4 &5 8 10
°/o Gczo3

Fig. 4.4 Density of Be, Ni, Mo and V Lines as a Function of Carrier
Quantity Upper curves Agll carrier; lower curves Ga;03 carrier.

—O—0— Direct distillation of sample mixed with a carrier

XX Separated distillation of sample and carrier
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i3 10° A cm® (DCAR 102 A /e B2 S K&, oW EHMSG 10~ 10T LEFIT
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Zov— g IR A AT AT LA FE L 20d Fred, Nachirieb, Tumkms’Cc’ﬁ%B—l)
FEIETRH 6 mm OFEBEHC 0l mLOHBEREDE, RAR I v 7ETERREREEL, 0%
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Alon X S TIERRE AT HOEEBRH R N -7 EANEHBEN TV 4,

S A — i, RERERIGT SRE ﬁ+ﬁﬁm¢éC&mUTme®r ¢ DOEIEEA #E
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- R UEBHAE Table 5.1 1ICReH, YEEIFICERTS 5,

5.2.2 TBPHl!S#—DCAZEE |
UAL& % HOlC 782 LT, MUBIEZ 6.5 M iS4 5, HEEE L CY ARML 78, U% Tri
—n—butylphosphate ( TBP) —kerosine THIE 38 5, & L1575 O A% 0 K 8L
%N&OHT&&éﬁéoE%U¢2WE®NmOHMﬁ iCA TR & AlE O SN
4 % Ethylenediamine tetraacetic acid (EDTA) 2MA ThH &, &L THET S, B
ﬁiii%@%%%CW%TW@%&LT%ﬂ*ﬁt&,Pﬁtf@ﬁ%“ﬁ@?%oW%@@
WNdZEAEHWT DCA%JE«%T?E+£EI$@’“E%11 I, RECILIBRHLHEAEDER DM
%HE % Table 5.2{T/Rg. Vogel 55 i saug lg DEEAHV/ES 1 ppb ~ 100 ppmDE
BAFRE SN TVADT0~100g OBEIFA VAT LI 50, —HRICERMNSHM TS
AT EpL10g FRWAEEET A EBETREER 00! 1. gU &#U%ﬁéh% kB, BIERE
i3, 95 BISHEE TEMREII 2% TH B, }
5,23 7o LYk SYEE -~ DCAROGE
U,0:#13¢g% 8M HNO,ITEHT 5, W%®Y4ng,m%ﬁ#®Dy1pg%%MLt
%, BHFAMNA T, B0°CTA0 AME LTl sam s w7k B5ia83 5, 4 700°C
TSR L, ChERERERERESELT, MM%t%CiUﬁiﬁm %£§¢5$%5
;65%+ﬁmi@“gT@&J@H%Tmm5SCT¢Om% Eﬁﬁﬁamyrﬁao
5.2.4 HBES ST RERLEOHESECIIFLIEEDER TIRE
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R RO ERE (rg) % Table 5.4 Cpg T WITE TR SL S - i
RLUFHER, Uk lg 2@H L& E, HEELREES ppm TER L@ ICHYTL0T,
HEEES 10g ETHE I FRESEAT &, TH LAEERTVELOHESESENENE ST
WBRTHBH, HEELTUDESERT, BHETRDBRBAT- 10k, EORKEE
BOTTRET->Thd, IXTOHELTHTEICSW T pgBEDTRZHE 20~30%TITHC
EHSEEETH B, HE- T, HEIIG U THBERA BT, BI3IBTTHRURREGOFE
TEAEOHBEE TRG LATEAREET AL EPTE ALYz s,
5.2.5 KE 15 RFFICEIE BILESH—FNDNEIC LS U OsthD 54 FREYIOER”
(LEDMAFTZ IZ AR DOBRELATE 30 THIEAZRLUAOEE RHIIC >V T HRIBERE
ket B, KE I5FRFTTEIEL R Table 5.5 0% B TRT. MTFREFHFTH -
AL EROERA L AR A BBELANT 2, MEFRMOBRSCHDOWTEEIFEI6HTT
TIEBN Lt iz, SHricEALARBERLERICEHINTL B,
L - REEHUC] CER LT A 4 v28H]A 7 L%28RsE5, (Nb, Ta, $7-EFWEER
454 & &3 HCI —HF 2@ #7 2HMBEF I meiBiE L, 0 01meEfr -
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ZIECHMTT Bo Al, Ca, K, Mg RU NaDBEE 7 77l 1 & - THIY S5,

BMI : BiiBkEH L7y <o ikl — DCARNE,

GAC 1 AHi#ri3 CHCls C/4R8 L 72 N— benzoyl pheny! —hydroxylamine % H Wi
B. COABEALE LT, BEMEGE BRI LUCHSRER S~ 7 FNETH
Lo 2~ P LEOHERSERZHEE RV, -

LRL : Zr, Y, Y, Br, TmREFLu it20TiE, USRI ZHBL 7 6THELI,
Bl Lla FEMSHTDCARNLETEE L,

MCW : Hf, Mo, Nb, Ta, Ti, V, WRIF Zr 20T, Feififkbmg £aM LTy <
oo THIH L, %%, BALSEMEL DCARNMEZHEA L, RUIKDL T Au®
ERICHGT Zr TEIDLTER Uiz HIHockid TBP TUEME 28 L7, K
il O TTATHE Uicks, AR THME, BEE T s, BRL TR
fad LT DCAFRNGETRIE L 72,

NLC : #F+HEx#E, 886g »oUs 44 ASRTHE, 7003 100 g Ti@EsEmts A
Vi, WRHIEE S La ZEEKRE L Tk s €, %@%DCA%%&TQWLkmEH&
O Zr 10T, 6 MHCI i ilh 5 0.5 MO TTA— Kylene THYH: L, EHCK@'
s Lrze Ti2MA, Hf&OZr%87A4hh$/U/Tmﬂéﬁ'EE%B%&_
+CLiRE, DCARKIETHRI Line | ﬁj? - .

mm:fhﬁ%u7T/@&mm§%%&ﬂéﬁf7&/—»fmmb ﬁ%,%%%
%40 LTDCA T L7, Nb, Ca, Hf, Mo, Ta, Ti, V. WRUZr 4, #~a
v, RESER, i, AR L CRERTTEE U, FIEARERUThiE
A # o AcHifs, BEsoREsE, DCATER LA, Ir, Pd, Pt, RhARU Ru il
AuFHEicHWTZr TEL, DCATEME LA, Zr RU Scid, TBPTUZERZE
L, ER%ELTDCATHIEL /. |

PKY : Mo, Nb, Ta, Ti, W, Zr RUFVid, 7 <o T, DCATERL/. Ruld
AufH{AT Zr &, DCARNGEEH I,

UCY : L rFEd, La ##EE LT 7 otk DCARIHEERA L/

5.3 {t¥S% -/~ IVRUF DCARAFICELS PuRBBHTORLIELHRZEOER

Pu %tk { PuOs2, (U, Pu) O RUSRE, iy, (L4, HRESEBRIAYNERL
B ORI EOEOERETHILDE, PukUUERARPLILENE T 5HELLTH,
Los Alamos Molten Plutonium Reactor Experiment (LAMPRE) 7oYx 2 MTEVLT
Ce RU La% 7 ot & LTty 55w’ 7 pesetu a0, T
RS A RBETH B REITRIEIERUA & Y EREC LD URV PO % FIER OF
BHEHEBIC TN E, BB, 44 YRAECIAFTERLZUAOTMHGCERIC >0 THE

@7 5.
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5.3.1 .7 3 vlB—# R ¥ — 7 RO DCA FEH1%

General Electric Co., Hanford Laboratory @ Koid Pufd Ta &U:T; Ti, W,
7 % OEBHATHHHIL, PurBBERHFAT Tri—n— octylamine (TNOA) T & D s
Uttt #R/ = 7 RAETERET- oo COHEET HETRDE %:mmL 1965 £E 1

Ce, Sm, Eu, CdRU Dy oxEas’ =, 2

5-19)

¥ 72 1970 FIC AFHATROTR Ko T
WMEL TS, EOKoDFEED LEELALGENLANLIZSWTFFTF (Fast Flux Test
Fmﬁw}%ﬂ¢®ﬁiﬁﬁ$®ﬁ%Cﬁﬁéﬂfhéhﬁliﬁ,BME(&mMaAmmm
Rescarch Centre) @ Joshi %5 24, 5723) b Pu KU, Pu) O TaFH TETROTEICLT
I omES Ay, BARICDCA-HARTEZ#EH L -8R+ HRE L T0 b, LT EolE
T R Y

#o D PuO: 7243 (U, Pu)0: /& (W 005M) OHFESA K EMB TERT 5. 001M
SLEOHFR, TNOAK LS UK PulliibEAmD SE 5, D7, Ko 0 o0 o2 872 72
DB O H;BO: #EMUTHF S EELER S 2 ETHFOEE 2L L, 97405,
HNO; —HF %ic 07 MHCI 4T, 6 MHC]— 15 MHNO; — 0.005 MHF %5 S UKRUPUE 20,
% TNOA (Tri—n—octylamine) —Xylene 5 & 2 [0 8fh X T 99.9% LI @ URT Pu %
M4 5, LANL TRESICES 1EITNOAME 2B LTW5, 25T, X«?bW%E%ﬁm
5 BLAKYEARERE (4007C) LTERE (B methyl ‘Borate 'CEFE%TE)) L7, A
(1me) & 1MHCI CARR L @il 480 2% — 7 RRICEL TO 5, RETIR, BLEIRE
ﬁmr%%%ﬁ%aINOA%%W«@&&E%MénHMﬁm:émmg/g@Am@§Eu§'
ST FRIER O EMHEEATY 5. - 1 . ‘
—#, Joshi 5 2% 7% 11 Py, £ HF1INOs! “ﬁbﬁ”,6MMﬂ%ﬂ]%@%3Dﬁ
Wz T LD HF 2 BRELABICEEO H O ZRIGL T Pud BE-F % IV i 3% L,
TNOA Hith 5B T URG Put 8k LT 3, HLHEILEESAFKENRIT, HNOs —HC10;
(1: 1) ADBHNATEERL THEBNFFL2CHEREL TV 5, HKECDED IMHCHTER
L, LiF-AgCl{AEE B TDCARKETHIEAELTEL TV 5, £F 75 MPOE
Bz W T FERE Table 5.6 KU Fig 5.1 iC/Rd, Table 5.6 iC/x LAz HEHR 3, 3
— PR3- 2 ETEHHEERTL, 3-3RO3- 4 TEAESS L LN Fig 5-1L055,
PlFE@m LT 3 vHIRSHE—RZ - 72 E DCARREC LIAF LELEOER MR
%% & Table 5.7 0RTH, 3~TOFIERRICS0T 01 sgTRHTRETHO,
lg AV EE, COEBEET O pg g BEHCABLTYS, 14k, ASTM standards
=4, PuO (U, P 0: 7 PuglE’ P RO PL (N0 DR HSTROE
B @dARESHREINTY 5,
532 44 vRBEAH— DCAZE T

A4 v RWE, BT «t;vCﬁﬁM&%%%mm«f SEEE AR VOB REATHS
DT, FEEICHENT ba

Pu Rt U A8 L7 7.2 MENOs A IC B © He 02 £ 2 T Pu OFEFli % Vffic 8% L,
RS TEY H O L L7, 14 v ZHENE (Dowex 1— x4, 50— 100 mesh) %7
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LAk T 4 (lemBERE, 15emES) 2100/ H0EE TEBR I €5, PudEICHERT 0
B £ OHO THME B ETRA S TIMETRINC A 5 60 SEET 5 & AHIEHER
TEAMVERTHEESN T %, BIEORED THEEOHBEMR VUL T2TH L. Pu 100
mg £ & S BE S DT B PuBiZ 0006%° ) 5 0EE 002%° T LEESAT
B, @IHERE, BIEEFASET, CACOEOBHNO; +HCI0s #RI L TSR %E L
THI AP LOERYENRRET 2, BE% SMHC! iciafF L, BEEZRE L& 200r2 @3
MHCI KB & Tomskl &35, ASBERE IR L TETmESAL SNTVES, Thid
HNO; B SRk I S BE5RINd 5, rg B0 Pu BT Al, Bi, Ca, Cd, Co, Cr, Cu, Fe,
MgIﬁ.%,U&UZr@BK%%iﬁﬁﬁiﬁEﬁ@%ﬁﬂﬁié% L2 THAES N
T b, ‘ |

4 F RENEE - DCARNE X AF/ LETHROTEE FREZ £ &9 T Table 5.7 imd, 4]
E I ACEA LR SR & E THE LS, REIE A EE FERSOBEMNBE LN
bEERDIT LN S,

5-33)

5.3.3 A4 viBAM—DCARSEER & AR TATRIADRAOER
5.5 2 T~ Te 4 4 VRHEIL X 0 URD Pu % A BE L7, g DCARE —HIsE
%%Tﬁiﬁiﬁﬂﬂ@%%%%ﬁﬁLt%%%Tw@58@%@3%bﬁpuﬁﬁﬁﬁuuﬁ
mg T Do (LESEEETH 0 DCASE AR T & B8 FIRAE (Table 4.6 RO
Table 47) EHBLTH S &S OILETH THT FHRMEAE - T o 2, “
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Table 5.1 Analytical Lines and Useful Ranges:
for Spectrographic Determinatioan
of Rare Earths " N

Useful Range
{y or R.E. on
Rare-Earth ‘Spectral Line, Electrodes)
Element ' A 'in Presence
of 30 y.of Zn

Ce 3801.53 0.2-2.0

Dy 3531,71 0.03-0.25

Eu 4129.74 0.03-0.25

Gd 3422.47 0.03-0.25 .

La 3265.672 - 0.2-1.0

La | . 3249.35 0.5-2.0

Nd 3951.15 _ 0.5-2.0

Nd 4061.09 0.2-2.0

Sm | 3568.26 0.272.0

Y 3600.7348 - 0.005-0.04

Scb 364279 ©0.005-0.04

Pd(int. std.) 3424.70 {Int. std.)
3421,24 '
3553.08

Not most sensitive line of this element.

Will not be present 1f rare earths have been
purified by TTA procedure.
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Table 5.2 Analytical Lines and Concentration Ranges

Analyt%cal Line Concentration Range
A ' micrograms
Nd 3134.90 Internal Standard
C 3234.16 1. -100.
Dy 3407.80 0.2 - 100.
Er 2904.47 0.3 - 100.
Eu 2813.95 0.1 - 100.
Gd 3100.51 0.1 - 100.
Ho 3428.13 0.3 - 100.
La 3303.11 1. = 100,
Lu 3077.60 0.1 = 100.
Pr 3219.55 - 1. =100,
Sm 3211.76 ‘0.1\:.100.
Tb 3324. 40 0.2 - 100.
Tm 3131.26 0.2 - 100.
Yb 2970.56 0.1 - 100.
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Table 5.3 Spectral Lines for Estimation of Elements

Concentration range,

Elemént Wavelength, A ppm of Uz0y
Se 4023.69 0.01 - 5.0
La - 3949.11 0.01 - 5.0
Ce 4186. 60 0.05 - 5.0
Pr 4225.33 0.01 - 5.0
Nd 4451.57 0.02 - 5.0
Sm 4433.88 0.01° - 5.0
Eu 4129.74 0.001 - 2.0 .
Gd 3422.47 0.01 - 5.0
Th | 3509.17 0.02 - 5.0
Dy 4049.98 0,01~ 5.0
Ho 3891.02 0.01 - 5.0
Er 3372.75 0.01:{- 5.0
Tm 3462.20 0,01 - 5.0
b 3289.85 0.001 - 2.0
Lu 418425 0.0l - 5.0
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Table 5.5 Limits of Detection for Trace Elements in Uranium Compounds
(Chemical pre-concentration + Spectrographic Determination)

Laboratory Identification Symbol

Element Sample Size in Grams - .
ANL BMI GAC LRL MCW MCW NLC NLC NLC *© ORD \ORJ_) QORD PKY UCY
1 2 5 0.5 3 10 5 10 100 1 5 10 10 1
Ag 0.5
Al 0.5
As
Ba 0.1
Be 0.002
Ca 1.
Cd . ' 0.4
Ce 0.3 0.01 0.2 0.01 0.6
Cr 0.2
Cs 5.
Cu i.
Dy 0.2 0.005 0,05 0.01 0.2 0.1
Er 0.1 1 0.005 0.05 0,01 0.2 0.1
Eu 0.02 0.005 0.05 0.01 0.2 0,1
Ga ’ . ’
Gd 0.2 0.005 0.05 0.01 0.2 ) 0.03
Hf 0.5 0.2 0.5 ' 1.
Ho 0.2 0.005 0.05 0.01: 0.2 = 0.1
Ir T 1. -
K 0.5 -
La 0.02 1 0. 0.01 0.2
Li 0.001 :
Lu 0.01 0.005 0.05 0,01 0.2 g.1-
Mg 0.5 )
Mn 0.05 .
Mo 0.2 0.1 0.1
Na 1.
Nb 5. 2. 0.5 0.2 0.2 0.1
Nd 0.3 0.2 0.3
Ni 0.2
P 20.
Pb 0.5
Pd 0.5
Pr 0.3 0.01 0.05 0.01 0.2 1
Pt 1.
Rb 0.3
Rh : 1.
Ru 0.5 1. 0.3
Sb I.
Sc¢ 0.01
Sm 0.5 0.005 0.05 0.01 0.2 0.1
Sr 0,002
Ta 1. 50 0.5 0.5 0.3
Th 1. 0.005 0.05 0.01 0.4 0.3
Th 0.5 1 5.
Ti 0.05 2 0.5 0.3 0.3
Ti 0.5
Tm 0.02 1 ¢.005 0.05 0.01 0.2 0.03
v 0.1 0.5 0.3 0.1
W 1. 0.5 0.5 0.3
Y ¢.005 1. 0.05 0.01 0.03
Yb 0.01 1. 0.005 0.05 0.01 G.2 0.01
Zn
Zr 0.1 2. 0.5 1. 0.5 0.5 1 0.1
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Table 5.6 Concentration of Impurities Added to Rare Earth Standard 3
(All values in p.p.m. on Pu, on the basis of a 100-mg Pu sample)

LElement RE-STD | N

3 3-r . 32 33 3-4
Gd 25 25 25 23 23
Sm, Dy, Er : 50 350 50 .. 50 50
Ce - 100 100 100 100 100
Ca 300 1000 loco 3000
Fe 500 1000 2000 5000
Zn 50 100 200 3500
Al, Sb, Ag, Ba, Be, I3, B3, Cd,
Cr, Co, Cu, In, La, Mg, Mn, Mo,
Ni,Sr, Th, Ti, U, V, Zr 3 10 20 50

Table 5.7 Comparison of Detection Limits of ‘Rase Earths.in Plutoniumw‘

Element Copper spark method DCA arec @e&had
_______________________________________ e e —————————————

Ref.5-32 Ref.5-21 Ref.5-22 Ref.5-31 Ref.5-24 Ref.5-30 Ref.5-25

Ce 0.03 2.0 0.30 L.0 2.0 ¢.10 0.1
Pr g.03 -—— 0.20 — - 0.10 Qne
Nd 0.03 - 0.30 - —— - 0.05 0.1
Pm 0.1 —-—— -— - - -85 ]
Sm 0.05 0.2 0.03 6.1 1.0 0.05 0.04
Eu 0.002 0.05 0.05 0.1 - 0.01 0.01
Gd 0.02 0.5 0.05 0.1 0.2 0.01 0.01
Tb 0.1 -— 0.15 - -——- 0.1 0.1
Dy 0.02 0.1 0.03 0.1 0.1 g.05 0.06
Hb 0.02 -—— 6.15 -—- —-—— 0.05 0.06
Er 0.01 - 0.10 0.1 0.1 0.025 0.06
Tm 0.02 -—— 0.10 - -— ¢.025 0.06
Yb 0.001 -—— 0.03 —— -—- g.001 0.004
Lu 0.001 -—- 0.03 0.5 -—- 0.025 0.01
Sample: 1 1.5 1.5 5 0.1 0.1 1
welight{g)
Separation
me thod Extraction Extractlon Extraction
Ion ex. Extraction Ion ex. Ion ex.
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Table 5.8 Line Pairs, Concentration Range and Reproducibility

Line pairs . . Concn. S.d. at 67%
Impurity element Internal standard range (PP ) . confidence level
Al(D) 3082.16A°  Pd(l) 3242.70A 0.25-1 : 13
Ba(l) 3071.59 Pd(I) 3242.70 6.0-50 14
Ca(II) 3179.33 Pd(I) 3242.70 0.5-10 18
Cr(I1) 2835.63 Pd{I) 3242.70 1.25-10 : 20
Cu(l) 3247-54 Pd{I) 3242.70 0.10—2.5 18
La(Il) 3337.49 Pd(I) 3242.70 2.5-20 - 15
Mo 3132.59 Pd(I) 3242.70 0.5-10 14
Ni(I) 3050.82 - Pd(I) 3242.70 0.60-5 14
Cb 3130.79 P4(D) 3242.70 5.0-20 15
'I:I(II) 3252.91 PdA(]) 3242.70 0.5-20 17
v 3185.40 PA(I) 3242.70 0.5-10 18
Zr(1I) 3391.98 Pd(1) 3242.70 1.0-20 23
St_)(l) 2598.06 Sn(I) 2839.99 6.0-50 14
gl(l) 3067.72 Sn(I) 2839.99 0.5-10 14
{1) 2497.73 Sn(l) 2839.99 2.5-25 14
Cd(I) 3261.06 Sn(I) 2839.99 2.5-50 - 14
gF(I) 2509.57 Sn(l) 2839.99 . 1.0-20 ;19
\ID(I) 2833.07 Sn(l) 2839.90 2.5-20 12
:s g 2779.83 Sn(1) 2839.99 0.5-20 18
i[“(IU 2605.69  Sn{l) . 2839.99 0.5=5 . - .13
Zn(I) 3256.09 Sn(I) 2839.99 . 0.5-10 T
n(I) 3345.02  Sn(l) 28139.99 5:0—20 : 22

—

*M.LT. Wavelength Tables °. . ’1

S .
’I
030 ' .5
L¥ ) /

o Dy 3388.863
- 25— $:3359679 " ve f ﬂ/
- Gd 3350482 0 o3 - - .
< %¢ 3359.679 /
X  323- g
14 .g +g

» on- pREE
- © ’
v 010~
z *19% +60
w Ce 3201714 bk N -/

P ——— e — -
- 008~ 3 nu.sn\vf———q\\; — &
z o—"

v Er 22647817 R %
0X $c 3359679

0 T T j
RE-STD 3 RE-STD3-1 RE-STD3-2 RE~STD3-3 RE-5TD3-4

T Ll

Fig. 5.1 The Effect of Calcium and Iron on the Line Intensity Ratiocs
Rare Earth/Scnndium



JAERI-M 90-~015

6. ICP-AESIC & 2UDERE UV UHDRBEAMIL R

ICP—AES (Inductively Coupled Plasma — Atomic Emission Spectrometry, S5845
éfﬁfvﬁﬁﬁﬁﬁﬁ&)@,Cﬂi?@?—aﬁﬁxﬁ—ﬁ%%ﬁ%%ﬁ%©ﬁ?&%ﬁ%
ﬁﬁ&mﬁbéﬁﬂﬁmﬁﬁﬁéLTﬁ%%@&OEEémfétocﬂdﬁ%ﬁ@%%fé
@ﬁ?%@,mwﬁ6555$%4ﬂﬁ,ﬁF%v@ﬁ”wzw—iTﬁﬁnt“Smmd
Karlsfuhe International Conference on Analytical Chemistry in Nuclear
Technology ” T, ICP—AES ICHIE LA ME OBEARE SN’ 1 BT HELEEE
DEEMRE (, B LUEEOME, BIE A7 U, PuBthhoeR MY OER, ELEA
R O T~ ERRRBUICH - THED, [CP-AESORMKEHICHT 55
FToEAEETRH TERIE SN,

AETER, UTOLE YO ICP-AESITLAFEEBEVWTHE LAA#REI LD, C
hE e, K Katoltdhb, MEHEHEOST~D ICP-AESOEHICETEL Ha - HRKRS
hTns Y, o, ABEETR, REWLRC SV THEMCABERNTHILLL
7o

UL BEAMY TEAREAL(EET AL VS L, ERURLLLEEAMYING U
BEALSFORET TRRTEANCKEL TV S, Ciud, UDRKEARYT b vBERICHEET
i, BEELINy 2 7Ty FOEREPRETBELIL 0T hdTHL, TDH,
[CP—AESIT L3 UNDLEAHENOERTROFEI NSO LE AR & Ul O L8
ol 64T %,

LR FERE SN UTDEBREYTEO OOFAMEE & UTE, BEHHCIE6D
B, WRENLLEBAMY TR OETEALRD, WO7 7 F /A FLEEELLOETH O,
BHERICS » - R8ESERZ N T 5,

6.1 ICP—AES (Z£2UDTEK

SR OERICETE, UDICP— AESK XAFREL>VTHET 5, UERDKD
DEIEHEE LT, ML, Parson SOXE © @RIERALE & LICEREA TV S, $7,
BARC (Rhabha Atomic Research Centre ) @ A G. Page 5, UEER O &EAHHO
B S THEL TS T A G. Page 54 UEHO A0 LTw 2AIERE i,
38595 nm & 40001l nm D 2 A TEH D, 40901 nm 20T M. L, Persons 5 DX ELIC 250 &
X TV, M.L, Persons & DR LT0ARITEEE & FORMRAL S CRETHITX
L8R Tables 6.1 R 6.210R Lz,

A G, Page OLOEETE, 38596 nm A5Feic KO AN TFse%F 5L LTV 5, A G Page
SAMER LiBIERtk & Table 6.341C, 77, #0ER&LTHEONEXDERITEBTSBH

FRE, R, AIEEmEL O CIEE 4 Table 6.4 itmd, 7, S4DHIERRCE T 0T
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HORBERsoiT, RENLBOLEAMYLHE LB O CHEMEINER 5 T NBL
(New Brunswick Laboratory) DB OCERLEEL T3, FOFEES Table 6.5 1079,

6.1.1 TTAHMENHEIKIZKEUDER

A G. Page 5, BiMEZfTHhTICUEER LT, —ATHRERUCEEROLHIZEFUD
A OB IRB T BBRENUETH B, Government Industrial Research Institute Nagoya
DE,Kamatabid, HRDICESETNEMEBURT Th%, TTATHH LDS, HNOs Ti#
M LTEB LT3 ", B Kamata 53, U% EDTAXEF® pH 3555 0.16M—-TTA
Ny T, Ft, ThAETAIWEVBAEETOPHL2 56 025M— TTA — Ny €2 THK
L, U, Th% 2M —HNO; THf#EH LTH KM% ICP-ARSIC L&D, U, ThEERL
T3, E. Kamata SO L AEE L LU £ DF A% Table 6.61T75757, Ui O
i3, Fe bk AeBEICIGCTEDTAZEML, pHid, 4MOBEET vE=7 4T 355540
T S, (16M-TTAK L2 UMHE O pHIEZHE 125 ¢, pH3BTF, RUpH4S5 2L
Tid, MR NE M 5,

TTAMHEFD U, Th OfMHED pHIKEMEE Fig. 6.1 R4, Thii OB Ed, pHLOE
ETE, pHELXAMHEBOEMEEO ONLY, i, SBLEAMYOU, ThEBECKId
MELTENOFERE L L TTable 6.7 R L, TOHETD, URY Th OREK R, &
HA, BEC ( Background Equivalent Concentration) g% Table 6.8 ¢, %z, AR
JOSNBS (National Bureau of Standards) OFEAREGO UKV ThOERERE £ 0N
B E%A Table 6.9 IC7R L7,

6.2 ICP—AES (Zkd URhDERAFHHOER

T, BABRUES ETENOED, URHEGH o THOERE 55 UE08BRET S
Fikd LT, BEMEBESERESN TV, 3/, FEOZASICEBNTHELIIE, &
IEOEXDEEAEDEEMBZAEH LTV A, KEITHE, ICP-AESIK X2 Uho £I8 A6
VICTEROLOOFEMEAL LT, BEMEHETBEHE LT ARENLZFIC L THST S,

6.2.1 TBP®DIEAF

TBP (Tributy! phosphate) @DJGH#H &L THE, Union Carbide #£® Oak Ridge Y—
12 Plant @ G.F. Larson 543, U£BERC U/t o4& Rei4 (Table 610 FR4) 36
AEEEELTLE Y,

G.F. Larson &id, U£E, UB{tY 25g % HNO; iciEiE L, HNOs3 ic iR Lic < v HI,
Nb, 5i, Sn, Ta, W, Zrid, PEOHFEAMATELEE L TEHEZHM LTV, CH %
TBP-CCls it X UxfitiBrE LD, KEITEET 2E&B MY % ICP-AESIKLDER
LT d, T0BOEEDEHEN% Table 611 1C/Rd, G.F. Larson &i2, TBPOFHFRE|E
LTCClL FRALTVA A, ZOEAC >0 TREENTWAEL, O, TRPHTHOER
BoEEE TR | £03|AL, Table 6.12 KR L7, T7, TBP MDD USE Hic RiE+
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INO; R OBEIC > WTEFMENIT, #he4, Figs.62~6.4CR Lit,

AEWNRE LTV AEBRMYEBTRTEHY, CRBHCHALLETROAERE, ®INE
it Table 810 IR LTV 2, F7, RETOEFEELHEET LI, UAKCEHEEER
WA R LT Y nmINEE, F 7/, NBLOEBHE USBERUEEUMIHTOLE LY
DERME LRFEEOEEA2T- TV 5, CA5DFER% Tables 6.13~6.1510RT

COHETOAFRBER AETI3&BREOoREREL, BERAD 2,65 EDRE
BT, M ERELEA 1055 0 BREETHEY, BHERD LS LOBEOESITIE,
ST BAER Y 10 BL T &, HERBEOR EBEDLNE,

6.2.2 TNOA D

Uil 881 TNOA (Tri —n—octylamine) Zi5H LT 54 & LTiE, BARC
(Bhabha Atomic Research Centre) @ T. K. Seshagiri %678)3:, By /ke RS E
SEOEBEL" OIS b,

TNOAH, 72 F /4 FABoNEROVIELHTET 5, TNOAICRET 7 F/ 4 FILRD5}
B4 AFITEIE, W.E Keder & ik THENTHE, T7F /4 FLHkOBFETHT
OSELAE Table 6.17 12, %75, TNOADEEKEN % Table 6.18 1T/ L7, Table 617 @
5%, WHFTNOA- £V L iCLBNET 2 F /1 FiBED HNOs kF % Fig. 6.5, VI
WroF /4 FDFNEFig 66 1KRL 7,

—%, T.K. Seshagiri 6, & 53, & &I HCI BHEE»SAIEIZ20% TNOA—F
v, BEE, 0%-TNOA—+iLvizdh, UCHHBREEIT-TnL, 8553, TNOA—
F ULk A UMHED HCl BEREHI ORI LTE 0, FORRE% Fig. 67 TRT,

T. K. Seshagiri i3, Ubg P@ Dy, Eu, Gd, SmEUThDEEFIT-TV5, FED
HEEERKR T Scic, MR UARCENROR METHEAD Th 0L T Table 6.19
CIRT AL DETOAFEOSAFEEAMYTREOBEN 01506 2ppm ORI S L3
FAs L TERMEINERFFEL T b, COE, BEFOCEE Y TEOTEDOEITI,
RS R E A A & (4D (Sample ANMUBTIR I0%EE) Ot L, TOEEN 1 ppmkl
LT, 3%LT (Sample CRUD) LD, |"DEAEVBENTHL D5,

T, M LEREA - UK LBEEEHENL-HIC I mg /meDUEREAOTZREEAR
M TEOHTEHEETORTEAEM L TVWE, UKLA9ETHOFEE L, Eud Dy THEEDEI
¢, 100 pg mLDUBEITHETLIENTE S, Zhucxtl, Gd& SmTid, &4 D
RADZNFN 208 ETEICHELYT 5, i, GdRU SmOEIEEEN379.64 nm kT 44243
nmTHO, BAOBERICE L, Ud37562nm & 44237 nm OB HPGET LHL0TH 5,

T. K. Seshagiri i L5, Dy, Eu, Gd, Sm, RO ThOMLIER, BE, TEHM*
Table 62040/ g, MHMRAR, 757 FAIEROEERRLZDOI[IALTIERE 2L -T
FERLTVWE, EENNEE FRESEZRHERD IECMAST RE L LTRRTNE, Dy,
Euic>0 T, 002 eg./mé, Gdico>vTid, 005¢g/m, SmTid, 01erg/méLELT
Thit, 02 #g  mlTHHbH,

kL, BESE, FTEUACEBEIMPITE R, UFhO 4EHDHE (T,
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Ta, Mo, Nb, Zr, W, V, Th, 8r, Cr, Gd, Dy, Sm, Eu) DiEEEiC, BPA(N-—
Benzoyl —N —Phenyl Hydroxylamine) &, TNOAD2-5DEEAEA LT 5, 8BED
Dt kD 7a — v — b & Fig 68T, &XETid, UFs 2g hitEEN s MU cHEDD 5,
Hoip ¥, 05% BPA-CHCly #HwvT, Ti, Ta, Mo, Nb, Zr, W, VOT1HEEU
2o HCl ML O EINWICHBE LT L TE S, ®IT, 30%—TNOA—-F v L vickhb,
UsiiilgE£ LT3, BPA-CHCl: fiHEOEE S Fig 571 R L2 TNOA OB & EE,
HCl BEMkEFEEMASE W, BPA-CHCL fiiHRF O HCl BEOEEE, Fig 69I1TRT, &Rik
T, BAROAEER LT ERES Table 621 0T, KD 7o-v-rigfn, U2g
it L. 14T ROEREBIRAS A 1.0 tg 502 pg RMUAEESIT 20T 7 EOEINENE
BrEiEl T\ 5, £OEE% Table 822 g, A4 TiEd, BPAZRLTHLA UHEED
AFEEZULDDHET 2 &AM E LTV AEDY, UTRESUHEEMOEE, TNOADATU %
MHEBRELAESEQRESTINTHIE VYL, BPAXH VLR AR AHRTH 5,

6.2.3 TEHP ©IGEH

Union Carbide #, Qak Ridge Gaseous Diffusion Plant @M.A.Floyd &%, UFg
ho4BAMY OFEEHOBAELE LT, Udiikiic TEHP [Tri— (2 - ethylhexyl )
Phosphate ]~ ~%4 v REHA LTV A" % M. A, Floyd &OEE LTV A% E O,
A Table 6231, £/, BrEOMEFE%, Table 824w L7, HiZ, 50% —
TEHP —~+4T3REML, KEEZHNESEL THS [CP-AESIKLDAMIE LTV D, BH
FRAE, w2070y FOEERFED IFZICHYTRELL T, Table 626 KL, @
MHEBERCEROBMEHRCEoNIEE 0 L TUDDBECHBE LTV, £/, IOHED
HRMEZER T 5720, SEES>OT 50 F>ORIE AT I MO EE* R L CREEIY
RERBTVWE, COFER%E Table 626 Kt , EBOAKOMrick s, BEFHC L3
ERUCHERET > d, Lipl, UFs OBEREE LV, TR, #EEDHSLU
POSIE TN T TROEREEE LTV 5, LN 50 ES Table 627 KFRTH, M A
Floyd 5OEREIL, HEBEORENICETNT S, £/, EBEO UFehOE&BAFM A ICP
—AES THIE LiB& s, DC7— 7 b L 3BAENEHRICLDRIEL B & D tEAE Table
6.28 LR, TOFE, [CP-AESITLAMEERER 1 D oHMERETH D, o ok
EDOERER O —EDED 0N 5,

F7, TEHP % KelF () b vooE/s7oaxFiy) #IBCERERESELMEHN L%
HuTUsHgEL-0s, UhikE:ns 0BAOEBAMEERT 2HEC>0THhE
@ State —run Jianguo Machine Plant @ P. Fuxing &3S LT 56%2)0

U200 mg 54 IN—HINQ; #5# % TEOP—Kel FHiiz o= b4 5 20 BR S L L,
UDaS AT LICREFRESH, EEIANESEAHY TR A 7.5 @B T4, 5me D@
B AES, HEE, End—on #1470 ICP~ AESTER T 5, AL TV 2EBEBOEEMHE
R UOMEHZM4 Table 628 Kk d . T T, LalRbZAMEETE L UTRERMNLT, 440#
OV TOREBRERD TV S, LI LOM% Table 630 iAd, UDBHD @A L
foliE S 5 4O EE, Fig 610 R LAc@EO THY, A7 L FEAOFEEE CHEILIT 0B
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nTHhbd, 29, 15g O TEHP— Kel F (1105 150 mesh) DHRAENFH Y THL LD
B L7-Db, TEHP—Kel F2imé % 2meDr—5A&Eel, MRLT- 7%t
X2, ChAEEGKOTICMZ, SEAPASKECESCMEREYT 5, SE8ROFRET, 033
memin BET, Fig 6510 OFEICR LA FETHTEREARNST 5, COHET, 200 mg
DR 5 = VIS O MY TER RN L ESORNENER T > TV 56, TOKERE
Table 631 i€

6.2.4 +wao—XH 7LD

A, 5.2.1 1 NT0 S wia0— XWELSEEED ICP— AES ~DLH T2 T, University
of Massachusetts @ P. S Murty S0 S L Tw %5-43)0 HEHL T AEECHEREGEB LU
MEZAF% Table 632 CRT,

ZF4 43 (Ce, Sm, Eu, Gd, Dy) &, yx5 1z —7 VEHNO:; DBSERFEEIE
foeo—AAHFL LD, UBEDPORESHT 5T ENTE S, 77 L1210 g URSTERF
HAEEBERIOE, Y1FT—Fuk HNO ORGHEETH 760 O8I 5% THAF L,
UASERRBRELTHON FLE2EREEE, CNEHELERBLTENCITNAT LH, T
DREEAE N ICHEE L0 BB KA 4 vIKTHEREST A LKLY, BEER02M —
HNO; icd 4, FHHOTEER LAAEHE, wiEA, BECHE, LQD (Lowest
Quantitatively Determinable Concentration) {£4 P. W. . M. Boumans OfRHRA
& & HiZ Table 633 IEmR T,

7, TEHICEELIZAKED U, Fe, Ca, Al KEOTRICEA ST S
f-#12, 1EC (Interference Equivalent Concentration) DECAEST>T 5, T
OFEFR%E Table 634 ICRT, &4 0FLE R (05 pg /mé) T, F#xEk (Fe, Ca, Al,
U) %R LS a 0 EROESHOZE(LE Table 635 K71, Table 634 O &, MLTF
BTN DB EEZ S SH, Table 635 WRd EHOESE TE, ULARL-20TE, &
TEICLHZEELREHLINL G, LpL, UDEEE, Fig 61l ZRgLHicll oot Tk
BEHENDE, T, HELTVAFLELHED L, EudAsBUR LM THEZ TR
Z &, Table 635 XDMHODTH 5, Ak BEMEFETE DR TR D 5 %~ DX EE R
2t Ce T43%, SmTI12%, EuT22%, GdT1l4%, Dy T1l4%THY, HINEDE
B2, RHOINEHIE 6 102 % D8FEITH 5,

6—14)
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Table 6.1 Analytical Lines

Wavelength Detection Limit
Element (Angstrom) (ng/ml)
* U IT 3859.580 250 1.5
* U I1 3670.072 300
U I1 3782.841 300

Table 6.3 Experimental Parameters for Estimation
of Uranium by ICP.

R.F. Power : 1,08 kW
Coolant Argon gas flow : 22 1pm
Plasma Argon gas flow : 1.0 lpm

Height of observation above load coil : 10 mm

Lateral viewing position ¢ Centrally symmetric
Exposure : 10 sec.
Uranium wave lengths : 3859.6 E, 4090.1 A

Table 6.4 Results of Estimation of Uranium by ICP-AES

I
Analytical Detection"Sensitivity Estimation | Precision Major
Line Limit ’ Range ; Inter-
(R) {ug/ml) ](Gounts/ng) (ug/ml) i (% RSD) ferent
3859.6 0.05 0.2 0.05 - 100 L.7 Fe
4090.1 0.05 0.1 0.05 - 100 1.5 -
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Table 6.5 Uranium Estimation in Spiked and Reference Samples

Interferents U-3859.6 A U-4090,1 A
Elements Concn. Estimate 7% RSD Estimate # RSD
(pg/ml)- (ug/ml) (ug/ml)
SPIXED SAMPLES
0.01 9.97 1.6 10.13 1.7
Ag, Th 0.1 10.10 2.0 10.79 3.7
1.0 10.21 1.4 10.58 3.4
0.01 10.77 1.7 11.04 1.2
Mo,S5i, B 0.1 10,52 0.7 11.51 3.9
1.0 10.45 1.5 11.20 1.8
Al,Ca,Cd, 0.01 9,29 1.7 10.15 2.5
Cr,Cu,Dy, 0.1 9.34 1.9 id.26 2.9
Eu,Fe,Gd 1.0 8.92 1.2 10,34 2.3
Mg ,Mn,Ni,
Sm
REFERENCE SAMPLES
NBL No. U-Eoncn.
(ug/ml)
1.0 1.31 2.0 0.78 2.2
98-3 10.0 §.93 1.7 9.80 1.2
100.0 98.6 0.2 102.1 0.2
1.C 1.33 2.8 0.94 2.7
98-2 10,0 8.94 0.9 10.24 2.0
100.0 99,3 .0 101.8 0.6
1.0 1.3 2.6 1.02 1.5
98-1 10.0 .8.92 1.6 10.46 3.4
100.0 96.7 0.5 101.9 0.4
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Table 6.6 Instruments and Operating Conditions

Spectrometer .. .. Seikol & EModelJY 38PII, 100cm
focallength: 3600 g nm~! holographic
grating; range of optimuum efficiency
200-500 nm: entrance and exitslit
widths, 35 and 35 nm. respectively

R.f. generator .. Plasma-Therm Type HFP 2500F . 27.12
MHz; incident power, 1300 W; reflected
power,3W

Coolantgas .. .. Ar, 16lmmn~!

Plasmagas .. .. Ar,3.51min"!}

Carriergas .. .. Ar,0.2lmin-!

Nebuliser .. .. Glass.concentric, with spray chamber;
uptake of aqueous solution, 1.3 mi min-=!

Dataacquisition .. Microcomputer. Oki Electric Modei IF 800

with electronic console (Seiko 1 & E Model
C 20) and chart recorder (Nippon Denshi
Kagaku Model U-228)

Integrationtime .. 3s

Wavelength/nm .. ThII, 401.913; UII, 409.014

Table 6.7 Tolerance Limits of Major Elements for Th (0.5 mgl~l)
and U (1 mgl™l) in Aqueous Solution (2 M HNOg)

Tolerance limit*/mg |-}

Al Fe Ca Mg Ti K Na

ForTh .. .. .. 20 500 50 200 50 100 100
ForU .. .. ..'500 100 50 500 30 50 50
Synthetic solutiont/mg 1~!

NBS SRM 1633a 700 470 55.5 22.8 40 94 8.5

* The tolerance limits given correspond to the concentration levei at
which the interference causes an error in the determination of Th and
U of more than +2%.

+ The composition is based on the certificate of analysis for NBS
1633a coal fly ash (0.5 gin 100 mi of 2 M HNQ;). The values are shown
for comparison with the tolerance limit of each matrix element.

Table 6,8 Detection Limits and Background Equivalent

Concentrations
Detection
Wavelength/ limit*/ BECH
Element nm pgl-t mg -1
Th .. .. .. 401.913 11 0.66
U 409.014 29 3.50

* Concentration giving a signal equal to three times the standard
deviation of the background. :
t+ Background level expressed as analyte concentration equivalent.
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Table 6.9 Results for the Determination of Th and U in Coal Ash
RSD=relative standard deviation; LOD=]imit of detection

Ash Th-/ugg-' RSD,% U pgg-! RSD,%  Algg! Feigg—:
E.. . .. . .. 38 5.6 15 4.3 0.130 0.043
D.. .. .. .. .. .. 15 8.6 6 4.0 0.127 0.039
W.. .. .. oo o0 24 6.3 8 3.9 0.112 0.021
NBSSRM 1633at .. .. .. 25 3.0 10 3.9 0.14 0.094
Cinder .. .. .. .. .. 16 8.1 LOD - 0.100 2 0.048

= Mean of five replicate d=terminations.
+ NBS certified values: 24.7 + 3 pg g~ for Th: 10.2 = 0.2 ug g~! for U.

Table 6.10 Method Detection Limits [mg/kg(U)]

Element Analysis Detection Element Analysis  Detection
Line {nm) Limit Line(nm) Limit
Al 308.2 1.8 Mn 257.6 ¢.9
As 197.2 1.2 Mo 204,6 .9
B 209.0 0.3 Na 589.0 3.0
Ba 493.4 g.15 Nb 3l6.4 0.6
Be 313.1 0.15 Ni 231.6 0.3
Ca 317.9 3.0 Pb 220.4 1.2
Ccd 226.5 0.3 Sc 361.4 0.06
Ce 446,0 1.2 Si 251.6 3.0
Co 228.6 0.2 Sn 190.0 1.5
Cr 267.7 0.45 Sr 421.6 0.03
Cu 324.7 0.45 Ta 228.9 -
Fe 259.9 1.2 Th 283.7 9.0
Ga 417.2 1.2 Ti 334.9 G.9
uf 239.3 2.0 v 292.4 1.5
K 766.4 15 224.9 3.0
La 412.3 0.3 Y 371.0 0.06
Li 670.7 0.9 Zn 213.9 2.4
Mg 280.3 1.2 Zr 339.2 0.9

Detection Limit = Three times the standard deviation of eight
analyses of high purity uranium [<10 mg/kg(U)
of each impurity]. 50,000 mg(U)/L solutions.



JAERI-M 90-015

Table 6.11 Instrument Operating Parameters

Argon Gas Flows Plasma : 20 L/min
Auxiliary : 0.2 L/min

Sample Carrier : 0.88 L/min

RF Power Forward : 1200 W
Observation Height I4 mm above Load Ceil
Tntegration Time 4 x 7 sec on Line

2 x 7 sec on Each bkgd.

Nebulizer Fixed Cross Flow

Table 6.12 Diluent Effects on the Extraction of Actinides(IV,VI):
(1) trace Bk(IV) nitrate by 19% TBP from 4 MHNO3 +0.5 M KBrOs
(Malikov et al., 1983); (2) trace Pu(IV) nitrate by 20% TBP
from 3MHNOs; (kerosene: Best et al., 1957, other diluents:
Shevchenko et al,, 1960); (3) initially 0.0224 M Th({IV)
nitrate by 50% TBP from 4.4 MHNO: (Saleh, 1969); (4) trace
Th(IV) nitrate by 5% TBP from 4 MHNO3 (Siekierski, 1962);
(5) initially 0.013MTh(IV) chloride by 5% TBP from 10 MHC1
(Sato, 1966); (6) trace U(VI) nitrate by 10% TBP from 3 MHNOs
(Shevchenko et al., 1960); (7) initially 0.015MU(VI) chloride
by 10% TBP from 6 MHCl (Sato, 1966).

Diluent . Dgia Dpua D D Drpa Dy Dys
(N (2) 3) (4) (5) (6) )]
n-Hexane - - 6.64 0.070 3.88 8.0 1.34
n-Heptane 0.156 472 - 0.075 - B.25 -
n-Nonane - 5.46 - - - - -
Kerosene - 6.8 8.01 0.080 317 - 1.02
Cyclohexane ' 0.198 - - 0.075 3.93 - 1.12
CCl, 0.364 - 6.20 0.040 1.04 13.6 0.53
Benzene 0.290 14.1 7.31 0.048 0.43 24.8 1.84
Toluene 0.054 - 730 Q.035 0.39 124 1.27
Xylene 0.021 - 6.27 - - 1.7 -
Mesitylene - 6.4 - - - 6.7 -
Chloroform 0.037 - - 0.0026 0.01 0.96 0.09
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Table 6.13 Recovery of Spike of 50 GM(U)/L Solution

Element Conc. Recovery Element Conc. Recovery
mg/kg(U) % mg/kg (U) %
Al 100 115 Mn 100 102
As 100 104 Mo 100 102,88
B 100 110 Na 200 102
Ba 8.5 106 Nb 100 103
Be 10 101 Ni 100 100
Ca 100 97 Pb 100 95
Cd Lo0O 101 Sc 100 98
Ce 100 103 5i 200 81,88
Cd 100 101 Sn 100 96
Cr 130 101 Sr 100 99
Cu 100 104 Ta 100 99,29
¥e 100 102 Th 100 100
Ga 100 101 Ti 100 104
HE 100 100 v 100 96
K 500 104 100 101
La 130 89 Y 100 102
Li 100 1G5 Zn 100 96
Mg 100 101 Zr 130 100

Table 6.14 Results for NBL 112 Uranium Metal Standard [mg/kg(U)]

Element Plasma Certified Eiement Plasma Certified
Result Value Result Value

Al 16.3 +/-1.2 19.3 +/-1.4 Na 5.2 +/-1.5
Ca 12.2 +/-3.5 NC Ni 27.6 +/-1.4 31.8 +/-1.
Co 0.95 +/-0.06 NC Pb 3.5 +/-0.8 2.3 +/-0.
Cr . 10.9 +/-0.4 9.3 +/-0.3 Si 54,7 +/=5.4 49.4 +/-2.
Cu 6.2 +/-0.4 5.9 +/-0.2 (Si*1.19) (65.1 +/-6.4)
Fe 136 +/-3.3 134 +/-1.0 Sn 1.2 +/-0.6 NC
Mg 2.4 +/-0.5 NC Ti i.1 +/-0.2 NC
Mn 10.6 +/-0.3 10.6 +/-0,7 W 3.8 +/-0.2 NC
Mo 1.4 +/-0.2 NC n 3.7 +/=-0.7 NC

Limits are one standard deviation of nine determinations.
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Table 6.153 Results for NBL Uranium Oxide Standards

[mg/kg(U)]
123-1 123-2 123-3
Element Plasma Diff. Plasma Diff. Plasma Diff.
Al 203 -1 105 1 52 -2
B 5.0 0.0 2.9 0.4 1.3 0.2
cd 5.0 0.0 2.5 0.0 1.0 0.0
Ca 195 -5 104 4 54 4
Cr 98 -7 52 -3 22 -3
Cu 53 3 27 2 10 0
Fe 212 3 116 7 66 6
Mg 97 -3 52 2 21 1
Mn 48 =2 25 0 10 0
Mo 85 -15 45 -5 18 -2
Na 365 65 175 -25 83 -17
Ni 190 -10 100 0 50 0
Pb 53 3 25 0 10 0
Si 167 -33 86 ~14 43 -7
(8i%1.19) (199 -1) (102 2) (51 1
Sn 43 -7 21 -4 9 -1
v 48 -2 24 -1 9 -1
Zn 219 19 112 12 56 6
Zr 283 83 148 48 72 50

* Diff. = (Plasma) - (Best Estimate of 13-April-1983)
Si correction factor of 1.19 determined from average recovery for

sample with assigned Si concentratien of 332 mg/kg(U).
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Table 6.16 Results for NBL Uranium Oxide Standards

(mg/kg(U) ]
123-4 123-5 123-6
Element Plasma Diff. Plasma Diff. Plasma Diff.
Al 22 -2 14 0 7 -2
B 0.8 0.1 G.4 0.0 0.5 0.2
Ccd 0.5 0.0 0.26 0.01 1.0 0.0
Ca 26 6 22 2 8 3
Cr 13 -2 7 -3 5 -2
Cu 6 1 2,8 0.3 1 0
Fe 38 10 17 -1 16 3
Mg 21 1 6 i 3 1
Mn 5 0 2.5 0.0 1 0
Mo 10 0 4 -1 Z 0
Na 36 ) i9 g 10 0
Ni 22 2 11 1 7 2
Pb 5 0 2,9 0.4 2 1
81 20 0 11 1 5 0
(51*1.19) (24 Iy {13 3) (6 1
Sn 5 0 3.0 0.5 i 1
v 5 0 2.4 -0.1 1 0
Zn 22 2 13 3 7 2
Zr 29 9 15 5 7 2

* Diff. = (Plasma) - (Best Estimate of 13-April-1983)

S5i correction factor of 1.19 determined from average recovery for

sample with assigned Si concentration of 332 mg/kg(U).

Distribution Ratios for Extraction of Actinides from Nitric

Table 6.17
and with 10 v/o Tri-n-ovctylamine
“'r";}{?g ThIVY|  Pacw) vavy | uevn | Npav| Npovy x 103 NpovDlPudth] PutdVy | PucvD | amdin » 1ot
[ Iy -
10 | 024 | o0 — 02 —_ 36 20 {0006 140 | 09 36
20 | 048 | 025045 | 06-1 | 050 | 45 98 28 fo032] 210 1-7 63
30 — | 0-38 - 08 | — 67 35 loo3s| 210 — 43
30 | os53 | o3 — 099 | 66 15 50 |oo077| 250 | 38 45
50 — | o052 — 095 | 60 Z a7 |oos0| 190 _ =
60 | 066 | 057 — 1117 | s8 29 53 |oo9r| 260 | a9 35
7.0 — {063 — 1-2 55 - — |ooss| too = =
g0 | 039 [ 047 — | o7 | 37 48 46 |0062| 80 | S0 25
9.0 — | 0aa — 083 | 28 — — —_ 31 — e
100 | 033 | 045 — 0-63 14 55 74 | - 22 | 42 10
il-o — — — 00 | — - — — 8 — —
i2:0 _ —_ — 026 | — — — — 4 17 14
130 — — — —_ — — — — —_ 09 _

* From Table 2.



Table 6.18 Distribution Ratios for Extraction of Actinides from
4 M Nitric Acid as a Function of Amine Concentration
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ek Percent | Thavy | Pacvi® | Facv) | UCVD | NpaW)t| NpaV) | NptvD | Pudih [ PutlVy* | Pu(Vh AmaLD
01 00013 | 0-00010 | 0:00026 | 00018 | — oor2| oooss| — 018 — —
05 0010 | — |00035 |ooiss | o014 { o012 | 0083 |o000ss| 06 | 0081 | —
10 0041 |0-005s |0013 |oocesd | 053 | o043 | o187 foo002z| 20 | 024 | —
2:0 0168 | — 0039 {ol0 23 | 173 | 066 [00027 | 93 042 16
30 — — = lo 10 — - — 154 — —
30 0-66 — — Jos - — | tss | o007 — 106 18
50 — |oors |o16 | osc s | o4 — — | 78 - —
70 153 - — |oes — - | 394 |02 — 126 19
80 — — — — 30 — = — - — —
10-0 288 1013 0-45 1-2% 37 53 532 | G048 25 ¢ 10%) 363 56
200 102 o3 137 {278 [1ee  |135 |154 |ooso | 85 x 107 95 76
30-0 217 — |2 P — |os |36 |0 — 160 120
50-0 —  jI62 35 - 284 — — — Jriv<o?f — —
100-0 — 236 — — 720 — — — 27 x10% — -

te—+ »

2 M HNOQj solutions.
8 M HNOQ, solutions.
Average of Uy, extraction results and natural uranium extraction results determined by X-ray photometry and fluorimetry

Table 6.19 Results for Synthetic Samples

Amount  Amount found,
_ Wavelength, added,* RSD#%

Sample  Element A ppm g fmil ppm w
A Dy 1531 0.100 0.022 0.088 9.0
Eu 4205 0.100 0.022 0.088 2.2

Dy 3531 0.500 0.123 0.49 1.7

B Eu 4205 0.500 0.125 0.50 2.5
Gd 3796 0.500 0.154 0.62 13.3

Sm 4424 0.500 0.129 0.52 11.5

Dy 3531 1.00 0.49, 0.99 0.9

Eu 4205 1.00 0.47, 0.95 a7

C Gd 3796 .00 (.50, 1.02 0.8
Sm 4424 1.00 0.50, 1.01 1.}

Th 4019 1.00 0.55, 1.10 2.6

Dy 3531 2.0 0.92, [.85 0.3

Eu 4205 2.0 0.88, 177 0.4

D Gd 3796 2.0 0.93, 1.47 1.2
Sm 4424 2.0 0.5, 1.90 1.6

™ 4019 2.0 0.92, 185 1.3

*Bused on 1 5-g uranium sumple. For samples A and B, the final volwime alter
separation of impurities from vranium was 20mi ol 1A T1Cl, while for
samples C and D, the final volume after sepuration was 10ml of 1Af HCL

tBascd on 12 replicale measurcments.

Table 6.20 Detection Limits and Estimation Ranges

Estimattion

Analytical Detection limit,

line, (X, = X+ 3a0y) Sensitivity, runge,
Elcment ngfml counising pg il
Dy 3531 0.006 0.58 0.02-10
Eu 4205 0.006 2.39 0.02-10
Gd 3796 0.015 1.79 0.05-10
Sm 4424 0.035 0.68 0.10-10
Th 4019 0.063 3.92 0.20-10

— 81
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Tabie 6.21 Wavelength for Measurement
element wavelength (R) element wavelength (R)
Ti 3349.4 A Mo 2816.1 A
Ta 2685.1 A v 3093.1 A
W 2397.1 A Nb 3163.4 A

zr 3392.0 A
element wavelength (ﬁ) element wavelength (g)
Cr 2055.2 A Th 4019,1 A
Sr 4077.7 A Gd 3422.4 A
Dy 3531.7 A Sm 3592.6 A
Fu 3819.6 A
Table 6.22 vy, o, C.V.
Element x (%) g (%) c.V. (%)
Ti 97.68 1.07 1.10
Ta 91.73 | 1.82 1.98
Mo :97.40 1.50 1.54
Zr 97,26 2.04 2.10
98,45 1.95 1.98
v 90, 20 3.29 3.65
Nb 98.70 1.28 1.30
Th 90,83 1.36 1.50
Sr 90.91 1.87 2.06
Cr 95. 66 2,27 2.37
Dy 91.62 1.33 1.45
Sm 93.67 | 1.33 1.42
Gd 88.65 1.12 1.26
Eu 90.22 1.18 1.31
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Table 6.23 Experimental Facilities and Operating Conditions

Monochromator

Plasma

r.f. generator

Incident power
Reflected power
Plasma argon {low rate
Auxiliary flow rate

Yertical observation zona
Nebujizer

Aerosol carrier air
fiow rate
Sample uptake rate

D ata Acquisition System

Scan controller
A-D converter
Computer

Interface
Integration period

McPherson Model 2051, | m focal length. 1800 g mm~! holographic
graung. “range of optimum efficiency” 200-700 nm. Entrance and exit
slit widths were |Qum.

Plasma-Therm Type HFP 2500D. 27.12MH:z

2000 W

3W

18 min-!

1 1 min—! used onty for starting piasma. otherwise this flow is turned off for
normal operation.

Zone height of 4 mm centered at 15 mm above the load coil.

Ultrasonic nebulizer with desoivation as descried by Olson et al. [13].
Operated at 1.4 MHz.

1! min-!

3mimin-!

McPherson Model 786-A.

Analog Technology Corp. Model 151 current to frequency converter.

Digital Equipment Corporation PDP 11/ 34 minicomputer with 128K memory
and dual drive RLO| hard disk.

Designed and constructed by Ames Laboratory, lowa State U niversity.

3.0 ¢/data point.

Table 6.24 Analyte Emission Lines Used for Analysis

W avelength Wavelength
Element {nm) Element {nm)
Al 1308.22 Mo 202.03
Ba 455.40 Nb 316.24
Ca 315.89 Ni 231.60
Cd 214.44 Sr 407.77
Cr 267.72 Ta 226.23
Co 228.62 Ti 334.94
Cu 324.75 v 310.23
Fe 238.20 W 207.91
Mg 279.55 Zn 213.86
Mn 257.61 Zr 343.82




Table 6.25 Detection Limits
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Detection Detection
limit limit
Element (ng g~ Element (ug g~"U)
Al 0.05 Mo 1.0
Ba 0.08 Nb 5.0
Ca 0.01 Ni 0.5
Cd 0.10 Sr 0.02
Co 0.10 Ta 120
Cr 0.10 Ti 0.05
Cu 0.10 v 0.10
Fe 0.05 W 3.0
Mg 0.01 Zn 0.05
Mn 0.04 ir 0.05

Table 6.26 Analysis of Laboratory Prepared Synthetic

Samples

C oncentration range

Average recovery?

Element (egg~'U) (%)
Al 0.1-1i0 95
Ba 0.1-10 99
Ca 0.1-10 99
Co 0.1-10 98
Cr 0.1-10 85
Cu 0.1-10 98
Mg 0.1-i0 99
‘Mn 0.1-10 98
Mo 0.1-10 92
Nb 0.1-10 103
Ni 0.1-10 98
Sr 0.1-10 99
Ti 0.1-10 99
v 0.1-10 95
w 0.1-10 103
Zn 0.1-10 98
Zr 0.1-10 99

IAverage percent recovery for five synthetic samples prepared in same
manner as reference solutions. Each of the five samples was analyzed a

minimum of five times,
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Table 6.27 Analysis of Laboratory Control Sample
{uranium metal)

Result (ICP)* Accepted value?

Element (ugg~'J) (ug g~1J)

Al 48.0 50+17.2

Cr 7.1 6+1.9

Cu 26.6 26+3.6

Fe 135 149 + 28.3

Mn 34.2 31+ 6.7

Mo 81.0 73 + 256

Ni 34.1 36 + 8.4

Y alues represent the average of three separate determinations.

" alues represent the average of hundreds of determinations by d.c. arc
emission spectroscopy, Sspark source mass spectrometry, and atomic
absorption.

Table 6.28 Analysis Results of Process UFg Samples

Concentration (ICP)? Concentration (d.c. Arc)°

Element {(ng g~U) (ug g~'U)
Sample L
Ca 1.2 1.5
Cu 8.9 : 13.5
Fe 30 26
Mg L3 23
Mo 1.8 1.5¢
Ni 13.8 16.0
Sampie 2
Ca 1.4 1.1
Cu 55 6.7
Fe 9.7 11.6
Mg 0.4 1.0
Mo 213 2.5¢
Nij 10.9 10.7
Sample 3.
Ca 1.3 L5
Cu 6.7 8.8
Fe 6.8 6.6
Mg 1.3 1.4
Mo 0.8 I.4¢
Ni 10.4 128

* alues represent the average of three separate determinations of the same aliquot
"V alues represent average of two aliquots.
‘A nalyzed by visible-spectrophotometry.
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Instrumentation and ICP Operating Conditions

Spectrometer

Rf generator

Load coil
Torch

Air stream for lens
protection

Gas

© Flow rates;
outer
intermediate
carrier

Nebulizer

Acrosol desolvation

Liquid uptake rate
Photographic plate

Analysis lines

Medium-size quartz spectograph, model HCM 28; rzciprocal laear
dispersion: 0.35-11.0 nm/mm; ICP imaged with unit magaification on
slit using a single condenser (f = 75 mm); three-step filter (steps: 11}, 50
and 100%) in [ront of entrance slit '

Type GP3.5-Dl; anode current: 1.1 A; grid current: 160 mA; frequency:
27 MHz

6 mm dia. copper tube, 2 turns, coil dia. 25 mm

Fassel torch, positioned horizontally with axis coincident with optical
axis

See Fig. I;

Glass device with slit-shaped orifice (0.5mm x 25 mm); air gauge
pressure: 0.5 kg/em?; flow rate: 30 l/min
Argon

16 I/min

0.75 l/min

0.2 l/min

Pneumaltic, concentric type

Temperature of heating chamber: 200°C; double-walled condenser
cooled with tap waler

0.5~1.5 mi/min _

TIANJIN u.v. 1II plate plus TIANJIN Red Super Hard plate (or i.r.
750 plate); exposure time 50s;

i.r. 750 plate for simultaneous coverage of Li, Na and K;

for short wavelengths AGFA-Gevaert 34B50 was also used; exposure
time 305

See Table 2
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Table 6.30 Analysis Lines and Determination Limits

Spectral line Determination Spect-al line Determination
(nm) limit {ppm)* (nm) limit (ppm)
Zn 1 213856 2.7 Mo II 281.615 0.75
Bt I 223.06l 5.6 Mg 1 28521 0.25
Sn I 224.605 0.7 Al 1T 30822 0.7
Cd I 228802 0.15 Al I 396.152 0.7
Sb 1 231147 0.7 Ca 11 3{7933 1.5
Ni II  231.604 0.5 Cu I 327.396 0.37
Ba 11 233.527 0.17 Y 11 327612 0.75
Be 1 234861 0.04 Ag [ 328.068 0.15
Co II 2383892 0.25 Gd 11 336223 0.05
W Il 239.709% 0.62 Ti II 337.280 0.17
Ta 11 240.063 0.7 1a I 337.63 internai standard
Ru [I 240.272 0.7 Dy II 35317 0.1
B I 249773 0.2 Sm II 360.949 0.1
St 1 251611 0.5 Sc II 364279 Q.5
P 1 253.565 17 Th 1l 401913 0.85
Fe II 259940 0.17 Eu II 412970 0.05
Mn II  260.569 0.063 Ce I 413.765 0.5
La II 261.034 internal standard Sr I 421.552 0.022
Pb 1 266316 0.17 "Na 1 589.592 0.82
Cr 1T 267.716 0.28 Li I 670.784 0.15
Nb I 269.706 0.7 K 1 766491 10
Zr 11 272261 0.2 Rb 1 7800 internal standard

* Achieved in sampling 200 mg.
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Table 6.32 Instrumentation and Operating Condition for ICP-AES
for the Determination of Rare Earth Elements

RFgenerator .. .. PlasmaTherm Model HFS-5000D,
40.68 MHz

Loadcoil .. .. .. Three-turncoppertubing(1/8ino.d.)

Torch and nebuliser .. Quartztorch (18 mmi.d.} with 1.5-mm

injector orifice. Babington nebuliser
with Scott double-barrsl spray
chamber (voiume 200 ml), 100 ul
sampie injected with Eppendor{
Digital Pipette Model 4710
Spectrometer and

detection .. .. .. 1-mCzerny-Turner monochromator
(Minuteman Model 310-SMP) with
1200 line mm~! grating, slit widths
50 um, slit height 3 mum, 1 : 1 image
formed by quartz lens (Oriel No.
A-11-661-37) 50 mm diameter and
200 mm focal length. RCA 4832
photomultiplier tube (—1100 V),

Keithley 411 picoammeter
Data acquisition and
processing .. .. .. DECPDP11/23 computer
Observationzone .. .. 16 mm above top of induction coil
Acrosol gas
flow-rate®/
Element R.f. powerkW }min~!
C .. .. .. 0.50 0.65
Sm .. .. .. 0.60 0.55
Eu .. .. .. 0.55 0.55
Gd .. .. .. 0.60 0.65
Dy .. .. .. 0.55 0.55

* Argon outer gas and intermediate gas flow-rates were 15.5 1 min~!
and 0.1 | min—!, respectively.
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pH
Fig. 6.1 Effect of pE on the Extraction of Th(A) and UVI(B)
with TTA in Benzene TTA: 0.25 M for Th;
0.16 M for UYLl.Th added, 5 pg; UYL added, 10 vng.
Volume of aqueous phase, 20 ml; volume of organic
phase., 10 ml. Back-extract, i0 ml of 2 M HNOj
1 |} I T T I I “
3
(]
Undiluted TBP | T
19% TBP in kerosene] |
501_ \\\\\su .

Fig. 6.2

1 1 I 1 ) I |

2 4 6 a8 . 10 12 i 16
HNO3 concentration, mol/l

Extraction of Some Actinide (III) and Lanthanide (III) Nitrates
from Solutions of Nitric Acid at 25°C
19% TPB—-Best et al.
et al.

(1959), lanthanides (III1)}--Scargill et al. (1957).

Taken from: Pu(III) by
(1957), actinides (iI1) by neat TBP—-Best
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100

PullV)

10k Np(IV)

Thilv}

DActL

[30% TBP in alkane diluents| |

0.1

| 1 L 1 1

0 2 4 6 B 10 12 14 16
HNQ; concentration, mol/i

Fig. 6.3 Extraction of Trace Actinide (1V) Nitrates from Solutions of
Nitric Acid at 22-25°C The diluent is decane (Bk) or dodecane
{other actinides). The curves were constructed from data
given in the following sources: U(IV)--Tachimori et al. (1983),
Pu(IV) at <6 M HNO3z--Petrich and Kolarik (1981}, Bk(IV) and
Pu(IV) at >6 MHNO3——Yakovlev et al. (1982), Th(IV) and Np(IV)--
Germain et al. (1970).
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i ===== 30% TBP in dodecane -
19% TBP in kerosene
0.1 1 1 1] | 1 1

1
0 2 4 5 8 10 12 14
HNOj3 concentration, mol/l

Fig. 6.4 Extraction of Trace Actinide (V1) Nitrates from Solutions
of Nitriec Acid at Room Temperature  Taken from: 197% TBP--
Alcock et al.(1958), 30% TBP--U{(VI) and Np(VI}, Petrich
and Kolarik (1981) and Pu{V1), Vergnaud (1966).
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{al

181

Dy 353.17 nm

1.2F

<
[

{b)

Intensity/nA
[ ]
F.S

1.8

1.2

Dy 353.17 nm

0.6

352.3 3533 354.3
: Wavelength/nm

Fig. 6.11 Spectral Scan around Dy II 353.17 nm
(a) 0.5 ug ml~ ' RE standard and
(b} 0.5 ug m1™' RE standard + 50 ug ml™*
uranium, Continuous mnebulisation used
to obtain spectra.
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7. ICP-AESIC X 3 PudERE UV PuthDEBAMYER

Pu R U PuASE TARE NS $NL2E A Y% ICP-AESK LD FRT AT &, UD
o R, EEAE AL EAEYPO Py REE S OEEE TERTE A0IEELTY
%, RETIE, PuDERFICoWTHRLE, Pul&BAMY LOMER8II>VT, &l
AEEH SN T B Pu OIS TS % DHDECMP O A F1c & S4B WTHMT 5,

7.1 ICP—AES{Z.k2 PuDER

KK E Mainka 5", #5058 35m, #EAK02A / mmodv—F v vy vz 7 b
O X — AT Pu (R 100 2g /me) DFFE < b vEHE 294 nm A 5 346nm @
WETHITE L, SREAETORMINERE, P.W. | M.Boumans S04 © i X OREL
TWh, BAROBE BT AE/MEHIER (g, mé) % Table 71 KR4, #F7z, E.Maiaka
512, URUPuDREA~Y FAVEQERAE Y7 MO0 THHE LT 5, URDPugA®
A E O RUEME Y 7 FE (AL %, £ F A Tables 7.2 XU 1.3 107,

Pu OFEIHE R~ 7 Fov (GOEEER <7 by 20T, lowa State University,
Ames Laboratory @ M.C. Edelson & 2555 i i 32 LT d" 20 M.C.Edelson 5038H L 7
HEROEAEME 24nFNTables T4 RUT5ICRT, £/, BELOUVCEFRORES
Fig, 7.1 iKFd, THSOEMET, Table T8 i RTRERET 5 Pu OBRHRAEE 0.01mg /ML
DPu—242ERCTRACEDERE LT B,

D.L. (ng m&) =3 %SDy x Co 1o

SDy oo Ny gy vy FOBERE (B9 k)
Co oom BEHEBRDERE (ng /mé)
- EROESHE (572 1)

2o, ANL® ] Blaise & "OF-5FBELTW3, 27, 1{ ) THZ6RT
LA, 0lmg PumiO@EET*AOCTEEANERIDBOALETSHD, KIKD
E. Mainka & OZBZI L5, 45101 ( ) O, Pu-239 (999%) D01
meg /ML DWEAROTHE LAETHD, <OHDEESHTENh-xg F vOYER
PRLT0E, £ LT, FnLiA0E i, LA Korostyleva 5?_5)'\56 Bauche — Arnoult %77-6)
DOEEET TV S,

F/, U, PuzghigasiBiia~s oz -2 ic->0 T, A Montaser &D. W,
Golightly ST - TRE S/ * Inductively Coupled Plasmas in Analytical Atomic

o T
Spectrometry” @iz, M.C.Edelson O Jﬁ%—? INTHB,
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7.2 PuhO&BAFHHO ICP—AES CLOTER

7.2.1 TNOA®DIGHH
Westinghouse Hanford Company @ R. Ko @778), Purex FALEMER TD Pu il B s @ b
DL A TR D 729ICT TNOA (Tri— n—Qctylamine ) ZA W T Pu ZfEREL T 5,
TNOA% M 7 Pu BB BE¢ 68190, < hoERBSNTHD, FEOUDLT S
T, W E Keder 5° U0 Pu OREHICE S 57— 5 (Fig 6.5 %0 66) % R. Ko b3]
HLTwa,
ATARE OHYUEOHEZLTORY TH S,
@D 25mLDSATARIZ, PulBE 20g,/ £04M-HNO; BB R 5 meE AfL, H202 2
A& mA TR %,
@ EESEBIEELLZOHEHIL, 20% TNOADFY LV Vg 10mL & A TH 3 53fEH
a2,
@ i, HINEELOLTASERHEREL T, HY, 5mid TNOABEEMA TRk
DIRIEEEDET
@ 2EHOME®TE, KHZE ICP-AES TAIET 4.
MEWNRE L LB A LRZOMEERE, Puhit s T 28 THOBERU 20g, £
D Pu BB TOE 2 D OMERAE Table 7.7 iR d
a FEHRERIEC & B Pu OIERIE, 20 OMBBELK ORI CLITLD, MPIELELDL,
Z 7, AMET AEBAMYCERIMB AT, B4y ZBECLOFEL PuitHd S H
B E ORMEINES T, FERINE I 102% TH D, S45ORIE T SMTHERE 2
6 BLIARTH D, CHODFER% Table 78 CARd, 20g./ L0 PuiiA 5> TNOATRA LT,
Pu % 995 #OMHBR THE LI5S, AECETFT 5 Pu DBEE, 010 %IK05, TORE
T PuBEATHFREN ATHEIMAERE €L LPTE 5,

7.2.2 DHDECMP DIEH

PuthO&BAF O ICP-AESK LA FEED /- HOREHLE I DHDECMP (dihexyl N, N—
diethyl — carbamoy! methylene phosphonate ) AILH IO TLAHEE L,

Rockwell Internaticnal Rocky Flats Plant @ C. E. Michel & G E. Brown {1, i

ﬁ}%?i‘%ﬁiﬁb‘f?ig), F 7, Los Alamos National Laboratory @S.F. Marsh &

O.R. Simi i, DHDECMP itz o2 b5 7 4 OBARI ~0 TRE LT3 0, ka1,
Argonne Natioral [.aboratory © E. A Huff & E P. Horwitz (2 DHDECMP » O ¢D
[ iB } CMPO (n— Qctyl phenyl ) —N,N —diiscbutyl carbamoyl —methyl phosphine
oxide) DEEWEMAGEHE KoL THE LT 3,

DHPECMP i, Idaho Falls @ L. D. Mclsaac 5 ), Hanford ® W. W, Schulz & =,
Rocky Flats @ J. D Navratil & Vit ko THETIESRTVAT 2 5/ 4 Filif T
o, M, VEEROVIECT 75 /4 FEMHL, BBAXZCE1E, E2HEARZNTELDER

JLREHH LS v,

— 100 —
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C. E. Michel 5%, Pu&BEZEM L, Pulk? Am % DHDECMP fHic X O4HLZDD,
KA 2B R el s ICP-AES LD TE LTS, PuBOBE T OBBEREN S
@ Pu le O AmDHH 48D FIE 2 LN ITR e,

1) B0meDA 7 W a—dpy FRY TF LV REORELNE ORI PutERARE Afld,

2) HEENECERE (55457 05g DPudBe L T2N-HC LM 4mLREE) A T

HBET 5,

3) AL TH®%, 8M-HNO; £ 10meinAi TH I BRKEL, Pus Vi K#AE T L,

4) 30% -~ DHDECMP+ T0% — % ¥ L »% 10meLIIZ 5,

5) ¥ 30HEBEET S,

6) CHIKHIEELADSL, BEMERVE A,

7) 4) M5 6) 2 TOREAEMLD 30 % — DHDECMP +70% —F YL » &2 HOTER T %o

8) 10 M—HF, 0.l m& ZAKIBIcMA T, LKEALTH K IRERET %0

(o7, MKACHFA2MA AT EiTd 1) Si0 0+ OO EE M TR EBERS 5o)

9) #HkfE% ICP—AES K L DHIET 5.

DHDECMP 1ok % Pu R AmDIMHE L, I0MEEORELE S Z 2HBORT I LiITED,
PuT8955% AmDIBE TR 0 » 5 B BHRETH B

C.E. Michel 5id, #2250 Pu DEUN & DHDECMP OBFFAEKIC 20 THERELTL
A, Ihon7o—v— bEFg T2 0RT, CCRRLAZAERE ARELFAED 0LTEM- ¥
oM+ 2M-HNO, 22 5 — 5 G LM 5 50 ‘CI g L, A 50 CTrinii L7 R
A ricini b, 50 CHRIMBLTCPUuD Y - vBIEFLBSEL0DE, EROBEL0L5EL
BENLRAELNALHTH B, PuRP AmDEENE L, Bg L, 5xXI10° g/ LTHD
A, 1 EOEEIRET, 985%DPu & 8 FOAMAERMEL 0BT LHBTE S, HiB
Liphilicid, DEOEHBESEAT S, COEHIZIHENL/-0b, BE/HICIM - RKE
F Ry LA CEEEARERT S, ThCkD, HEAEET S Pulk U Am &E (DK
S MR AR ET S0 EMRTE 5, COTH )RR, IM-HNO: THET AL
CEnEBET AR M) vARRET AT ESTE, ERMEERIENREICLS, KEILKS
DHDECMP DR 47 90 BTH »12, 10 BFRE O M 2K ~OIEEE Pt 5 B DB OHE
KTH D,

%, LANL®S. F. Marsh' " &4, #o% /47— 102iC DHDECMP A Ik & & &7 #
snaERORME s bS5 7 4 DISHAARE LT b, S F Marsh oER Lich 7 4
FEF| DT EOMEELI TDE Y Th b, DHDECMP (BiEE 95 %Ll ) % Amberlite A—26

(OH# 4 7Ty DA 4 w28n 5 alcEdT it D, BOYBEERYTH L, DARI~FvL
%5 VEAKREET S, CODHDECMP 33g 2#EOSLAFY Y THR L TI120me s L, 50
gDy oES VT -102%FW- < DEMAL, RIT, NEFUENBRESY, SOIHERE
EE 47 &Ly, DHDECMP — 7o & /w7 — 102 ZEFE#HK 5 5,

DHDECMP it 2 28 A 4 ORI KEOEOBERVEREICARS (KFT 5, MHED
FRBRER N F Fig 7.3 (BE%), Fig 7.4 (BEEEE) RU Fig. 75 GEER) it Bk
%12, DHDECMP OKM~DEFEHS G <, BEAERATE, Sulo7sF/ 4 FEADT

— 101 —
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FZOMLE &S Hi, HRENR L (PESATY b, HMRFHTO, DHDECMP D/KIEIC
T AEEEG, Cdg /LEMEC L AMA D 8 MEERES 5O Pu V), UM, Amo®s
B3 100 LI ECh b, MU TOMEEWLT TR, Felllid@EA &M &Ny, £/, 65
M ORYERREY: /> & DHDECMPHi 77 5 o ic J O SN AR ES AV LE T Fig 7.6 TR
T

wRic, TOFI/AF (FBTE LOoORMYAEEO 70— v - FEFig. 1K, BLEIS
FOF A RDRMO 70— — % Fig. 78 1TRT,

%7, Argonne National Laboratory ®E. A, Huff & @ ', FHOSEHIEGTICS £
155 LED ICP—AES it & 3RO - ORjLEz, DHDECMP, HHDECMP, Q¢ D
(iB )Y CMPOMHEE] (Table 79 imd) A LAFIZMEL TWS, E. A Huff SHFERALT
B OWEER DHIEREAFNFNTables 710 U 711 KRd, R ELAxFRE, FHL
HMTRETORAMI TS S AL, Cr, Fe, Ni LESEERY THS Ba, Cd, Ce, Eu, La, Mo,
Nd, Pd, Pr, Rh, Ru, Sm, Sr, Y, Zr Tk 3, @3 L /oHHEEER O ERE Tabie 7.1210R
o Tt BaOLEOREEES Table 718 GRY 702 — s fI5E) KU Table 7.14 (£/ 7 0
A= 9HIF) KR, ZRH6ORIIE, FUERRCET A2ETLHEOBRERR : Cp (ng/mé)
N OTEER (rg mé) Bl SN T 5,
MHAHOBOERGEOHEZIRCEEVTH D, BREEK4I~5me T ERBOERHE L —
FEEFTCRE ST B, KiB%E 3~4meiH 02M —HNOs BT L2 L5 ER LD BHIE
L, &8, 15M-HNOs +01M-H;C20s, K, 05MNazCOs;+001M-NazC204T
BEELALOLOKREEZREL T 5,

R T OM S T AERMS RS Table 75 i /Rkd, Pd & RhOOUREOENEHPELT,
—HOE GO LR ENEESERBSE U THLEHME L T 5, $/, BHIMATOE
4 OREOHER R, EP Horwitz 50 7= 480 TV 5, HLETRUADHEH
% Table 7162, FHTH THEKU Am, Cm® 8% Table 717 iKnd, PO DEBR ¥ <
FuNy €y, KNI EFNFERCLEAMTETHLT AR LTS, TNHDERPS,
DHDECMP #3% & 77 F 7 4 FIhicatd 5:EIREA LG C Ebsbir 5, L LA Sithom#F
LHE LT, Am, CmiET 29 EHE LD, MERKEHECITHERS L, TEIT,
DHDECMP fili i OB O &% THTHONEILE ICP— AES (Mo b EHT T GRATRED 6 L
CIABSENERE) S THE Li-f8ES Table 7181TRY ., AETIE, FEHITOELEOER
D DITFE, AR A T DR ENER TH 5, DY, BEHEDICP ~DEE
WAFELESBOBRNREE L BT TV A,

7.2.3 FEA A REBEOILA

B7#kd Argonne National Laboratory @ E. A, Huff & D.L Bewers @7717), #&E Pu
th D& R 32 LR A A4 RRBEEIEE RO TORELADS ICP-ARS K LD BHE 1~10%
DEH TTRTAHEERRE L T3, E A Huff SBFEALTOLIEEOTEMEESE Table
TR T, Fi, EHASHE Table 7.20 IR,

ZZTEBLTVARA 4 vAHBAEE, Bio—Red Laboratories Richmond, CA #:#
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» AGMP —1, 50~100mesh € &0, BIgKEAETIFRMYERELs s/onie, FHETTHS
7 8M—HNO; TEHEH LT 5, £/, Rk, TROBLE (1000 #g/me) &
£ rRBSESEAR (Table T210RT) 2 BEFRL, 03M-HC] BIICGRELTHEALT
WA,

EBD7a -y bEFIG T9CTT, SHHARKOBRRLUTOLEEDTHS, 03~08g
D PuLBAE I0M—HC] 10mé iciER®E, 8M—HNO; 0o5mi%iimAa sl it &y Pudigd+
FaNVGcEEtd b, COGBREHEHE, IOM-HCITHLI LIV Ty ¥Va = 7L THEL
FoA A VESHA S ATNA B, SEAEYT8M -HNO: # 10med 2 60 meMA THEETS %o
TREDERE 2 ~5mefRE R 5F TRBEN LT, BEKTHERES L THIERLT 5
F, ASACRELA Pui, 02M-—HC! T8 L, IOM-HCITHALTHRED v7F 1 ¥
a =V IEERT S,

ERE DS IZ, 2AREBRE EET v & I ROBERED) TLDERLTY 5, B4
EAZOEE, BRHERA% Table .22 KAT., STROERRTELT, AEREMIT,
FaF A FEERR (14 eg/me, AmBET 55 tg /mL Pu) R VT HATHOETWIEE
HOhUOHER LTS, $/, SEBHMBEZRATE T LI, W20 7 77 Y s ZiIL20T
afftrosy b oA YIZEDPuUEERL, 001 2g/ mEMFO LNV TE ST EERBLTH

BEEOFEO - HiIcEEREO@ES Table 724 1CmRd, 7270, BRD AmDE L, «fEx
~g oA MNICEAEBRBMTH L,
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Table 7.1 Pu Lines Identified in the Spectral Range from 294 to
346 nm and Detection Semsitivity (ug/ml)

A (nm) Detection sensitivity (pg/ml)
297.23 0.0188
300.04 0.020
299.63 0.035
298.00 0.051
299%.39 0.051
298.81 0.062
2985.0 0.104
1296.45 : 0.108
309.33 0.200
340.10 0.403
319.83 0.456
294.52 0.586
346.50 0.629

Table 7.2 Analytical Lines for Uranium Isotope Analysis

Analysenlinien

Isotop a(R) A A

U-233 4243,977
0,063

234 4244,040
0,082

235 4244,122
0,104

236 4244,226
0,147

238 4244,373

Table 7.3 Analytical Lines for Plutonium Isotope Analysis

Isctop r (R A A
Pu-238 4021,422
C,050
239 4021,472
0,073
240 4021,545
0,102
242 4021,647
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Table 7.4 Instrumentation

A. Power and Nebulizer System

Generator

Nebulizer

Torch

Spray chamber
 Peristaltic pump

Mass flow controllers

B. Spectrometers
High resolution

Gratings

Reference Monitor
Grating

C. Signal detection electronics

OMA
PDA detector
PMT detectors

Photon counting:
Preamplifier
Amplifier
Discriminator
Counter

D. Computer system
CPU
Graphics lerminal
Operating system
Software

Type HFS 3000D (Plasma-Therm)

TR-50-C0.5 (Meinhard)
TIL.S (Plasma-Therm)

- (Plasma-Therm)
Minipuls 2 (Gilson Med. Elec)
(3<channel) (MKS)

1.50m, {/14 THR 1500 (Jobin-Yvon)
{Double-Pass)

2400 and 3600 groove/mm (Jobin-Yvon)
(Master holographic gratings)

0.32m, /4 HR-320 {Instrumeants SA)
2400 groove/mm

(Replica holographic grating)

‘Model 1450 (EG&G/PARC)

Model 1453 (EG&G/PARC)

THR1500: 9813QA (EMI) Cooled (0°C)
HR-320; 9804QA (EMI) Cooled (0°C)

Model 1763 (PRA) (> 100 MHz)
Model 1762 (PRA) (100 MHz)
Model 1762 (PRA) (100 MHz)
5316A {Hewlett Packard} (100 MHz)

11773 {Digital EQuipment)
Model 550 {Visual Technology)
RT-11 V.5.1c {Digital Equipment)

Ames Laboratory
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Table 7.5

ICP Operating Conditions

Forward rf power
Reflected power
Argon fiow rates
oursr gas
intermediate gas
nebulizer gas
Sample uptake rate
Observation height
Integration time
OMA detection
PMT detection

00 W
<5W

17 lymin

For ignition only

0.95 |/min

0.25 ml/min

[5mm above load coil

1.0s x 160 measurements

0.25s

Table 7.6 Prominent Pu ICP Emission Lines

Detection 235240 Pu-239 Transition
Wavelength lirnit isotope hyperfine assignment
(nm)* (ng/ml)t  splitting (pm)* splitting (pm)*  (wavenumbers)*
453.61461 15 -1.8 5.1,0.95 22038-0
363.22100 25 (2.8) 27523-0
358.58665 45 (~3) 27879-0
340.10960 50 {403} -0.9 (3.0) 293930
340.10960 50 ' -01" " 33363-3969
45049165 52 -~1.4 33 24206-2014
300.05716 54 {20} -0.6" - 35332-2014
381.01876 54 —-04" {1.8) 28252-2014
397.54246 56 -04 (1.2) 27162-2014
397.54246 56 —1.2 1.9 30865-5717
299.404535 57{51} 04" (6.2 333890
390.72145 58 —4.0 (4.8> 34296-8709
296.46435 61 {108} - 337210
40215421 66 -17.6 [.2 33057-8198
449.37819 66 -26" 0.8 30956-8198
297.24995 68 {18.8} - 43339-9707
346.51002 69 {629} -0.6" - 32820-3969
427.33368 72 -0.2" 20 32032-8638
29500552 76 {104} - 35902-2014
319.84467 81 {456} -01" - 312550
299.64065 81 {35} -0.6" - 39081-5717
44727384 83 =27 33 24366-2014
43527081 97 =25 - 31677-8709
476.71698 118 -0.5" 1.1 242063235
298.02268 122 {51} - 43252-9707
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Table 7.7 Specification Maximum Concentration in Purex Plutonium
and Recommended Wavelength for Analysis

Impurity Wavelength (nm) mg/g Pu wg/ml in 20g/L Pu
P 214,914 4060 8
Pb 220,353 160 2
Ni 231.604 1000 20
Ta 226,230 ‘ 400 8
Fe 238,204 5000 100
Ti 334,841 500 10
ir 339,198 50 1
Al 396. 152 2000 40
Na 589,592 1000 20
Li 670. 784 10 0.2

Table 7.8 Recovery through the TnOA Extraction Step

Element Recovery, (%)
P 106
Pb 102
Ni 109
Ta 103
Fe 105
Ti 103
It 101
Al 104
Na 102

Li 90

Table 7.9 Abbreviations, Structures and Nomemnclature of CMP

and CMP(Q Extractants

Abbreviation Extractant Nomenclature
O o]
1 I Dihexyl-N.N-diethylcarbamoyl
DHDECMP (C4H,;0); P—CH,—C—N(C,H,); mcm;lypho; phona:: carbamoy
g
! l Hexyl hexyl i
yl hexyl-t¥,N-diethyl
HHDECMP —r P—CH,—C—NI(C;Hy),y carbamoylmethylphosphonate
C,H,,0
CJ{”\\\\\O ?
| I ! n-Qctyl i
& -Octyl(pheny}N.N-diisobutyl-
O¢D{IBICMPO ¢//P—CH’ C—N[CH,—~CH (CHy), ] carbamoylmethylphosphine oxide
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Table 7.10 Instrumentation

A. Power and Nebulizer System

Generator
Nebulizer
Torch

Spray chamber

B. Spectrometers
Polychromator

Plasma-~Therm Model HFP-2500, 27.12 MHz with 3-turn copper load coil.
Meinhard Model TR-30-02 concentric.

Conventional Plasma—-Therm Model T1.0 quartz, 20 mm o.d.
Plasma-Therm Model SC-2 double barrel.

Instruments S. A.. Inc. Model J-Y48P [-m Paschen-Runge with 2550 grooves mm ™!
holographic concave grating, 20-pm entrance and 50-pm exit slits, Hamamatsu R300 and
R306 photomultiplier tubes, 28 channels.

Monochromator Instruments S. A., Inc. Model J-Y37 0.64-m Czerny-Turner with stepping motor drive
and controller, 1800 grooves mm ~ ! holographic plane grating, 10-um entrance and exit
slits, Hamamatsu R9335 photomultiplier tube.

Purging Spectrometers and optical interfaces purged with nitrogen at 3 l min "%,

C. Computer System

Computer Digital Equipment Corp. PDP-11/23 with 256K byte of memory, dual RL-02 disks.

Terminais Digital Equipment Corp. DEC Writer-1II hard copy and DEC VT-100 video with
graphics capability.

Seftware Instruments S. A., Inc. supplied anaiytical software run by the DEC RT-11 operating
‘system.

Table 7.11 Operating Conditions

Forward r.f. power LOOkW
Reflected power <5W
Argon flow rates
Quter gas 141 min"?
Intermediate gas 0.8 min~!
Nebulizer gas 0.8 min~!
Sample uptake rate 2.6 ml min~"

Observation height 16 mm above [oad coil

Integration time

Polychromator 10s

Monochromator ls
Slit height

Poiychromator 6 mm

Monochromator 9 mm
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Table 7.12 Composition of Synthetic HLLW*!
Concentration Concentration Concentration
Element (ug ml™Y) Element {ug ml™Y) Element (ug mi~1)
Al 16400 Na 5000 Ce 160G
Ba 54 Pd 110 Eu 11
Cd 5.9 Rh 32 La 77
Cr 710 Ru, 110 Nd 260
Fe 8500 Sr 50 Pr 75
Mo 230 Zr 310 Sm 54
Ni 420 Y 29

*HLLW = High fevel liquid waste.

tAg, Cs, Rb, Se and Te were also present at trace concentrations.

Table 7.13 Analytical Conditions (polychromator)

Conc. range
Element Wagelength (nm)  C *{ngmi™%)  (ugml™')
Al 'l 308.215 9 =
Ba II 233.527 1 04
CdII 226.502 1 04
Cr 11 267,716 2 0-4
Fe 11 238.204 pi 04
Moll 202.030 6 0-5
Ni Il 231.604. 5 0-4
Sc 11 407.771 0.2 04
Zr 11 343,823 i 04

* Detection limit (C |} is defined as 3 times the standard deviation
of the baseline noise.

Table 7.14 Analytical Conditions {monochromator)

Conc. range
Element Wavelength (nm)  C *(ngml™")  (ugml™")
Ce 1I 413,765 20 0-20
Eu 1I 181.967 0.9 0-2
La 1I 398,352 3 0-8
Nd 11 406.109 16 040
Pd I 324270 24 0-10
Pd 1 342.124 40 0-10
Pr 11 414311 30 0-8
Rh I 343.489 24 0-10
Ru I 3149.8%4 41 0-10
Sm 1I 359.260 13 0-8
Y IT 371.030 0.5 0-4

* Detection limit (C\ ) is defined as 3 times the standard deviation
of the baseline noise.
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Table 7.15 Extraction Experiment Recoveries

Found {ug)

Element Taken (ug) Aqueous QOrganic Toral Recovery (%4)
Al 65600 67000 25 67000 102
Ba 21.6 252 <l 252 117
Cd 236 217 <l 21.7 92
Cr 2840 2990 <2 2990 105
Fe 34000 33200 1580 34300 102
Mo 920 860 100 960 104
Ni 1680 1740 <2 1740 104
Pd 440 291 97 388 38
Rh 128 103 <35 103 80
Ru 440 36 89 405 92
Sr 200 206 < 206 103
r 1240 1180 168 1350 109
Ce 640 136 545 681 106
Eu 44 9 14 43 98
La 308 89 238 327 106
Nd 1040 189 865 1050 101
Pr 300 56 258 314 105
Sm 216 40 173 213 99
Y 116 45 70 I15 99

Table 7.16 Distribution Ratios from Synthetic HLLW 50°C

0.8M DHDECMP 08M HHDECMP 04M O¢D{IBJCMPO

Element in DEB! in DEB* in DEB$
*Rb <0.001 <0.001 <{.001
Sr 0.006 0.003 0.003
Y 0.56 1.7 1.7
Zr 0.017 0.26 0.19
Mo 0.026 0.89 0.66
*Te 0.50 1.4 1.2
Ru 0.14 0.26 0.083
Rh <0.04 0.1 0.10
Pd 0.077 0.62 0.19
Ag <0.5 —_ <0.6
Cd <0.03 0.057 0.056
*Cs <0.001 <0.001 <0.001
Ba <0.007 <0.007 <0.007
Cr <0.09 <{.09 <0.09
Fe <0.03 0.08 0.08
Ni <(0.2 <0.2 <0.2

* Radiochemical measurements.

tHLLW—29M HNO,, 0.05M H,C,0, O/A = 0.
FHLLW-—24M HNO,, 0.05M H,C,0,, O/A = 1.0.
tHLLW—24M HNO,, 0.075M H,C,0,, O/A = 1.0
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Distribution Ratios from Synthetic HLLW 50°C

JAERI-M 80015

0.8M DHDECMP 0.8M HHDECMP 04M O¢D[IB]JCMPO

Element in DEB' in DEB* in DEB#
La 2.1 6.7 2.4
Ce 1.8 49 34
Pr 1.8 6.1 4.5
Nd 1.9 6.8 5.6
Sm 1.5 11.0 9.1
Eu 1.3 8.8 8.0
Gd 0.73 2.1 1.9

*Am 2.2 8.1 9.4
*Cm 1.7 6.3 7.2

* Radiochemical measurements.
THLLW—29M HNQO,, 0.05M H,C,0,, O/A = |.0.
tHLLW—24M HNOQ,, 0.05M H,C,;0,, O/A = |.0.
SHLLW—2.4 M HNO,, 0.075M H,C,0,, O/A = 1.0,

Table 7.18 Comparative Chemical and ICP-AEX Distributien Ratios™
for the DHDECMP-LiNOj; System

Distribution ratio

Distribution ratio

Diff, Diff.
Ele:aent Chem.! ICP-AES? (4 Element  Chem.! ICP-AES? (29
La 3.56 103 16.1 Dy 0.738 0.754 2.1
Ce 333 303 9.5 Ho 0.557 0.587 5.2
Pr 2.76 2.84 29 Er - 0429 0431 0.5
Nd .34 2.20 6.2 Tm 0.275 0.312 12.6
Sm 1.71 1.61 6.0 Yb 0.241 0.239 0.8
Eu 1.38 1.38 0 Lu 0.151 Q.165 3.9
Gd 1.00 1.00 Y 0.302 0.303 0.3
Tb 0.820 0.917 11.2

* Normalized on Gd.
tDHDECMP dissolved in p-diisopropylbenzene.
tDHDECMP dissoived in diethylbenzene.
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Table 7,19 Instrumentation

A. Spectrometer

ARL Model 3520 scanning spectrometer interfaced to a glove-box
facility.

1-m Paschen-Runge mount with a 1080 grooves/mm concave grat-
ing.

20-um entrance slit.

20- and 50-um exit slits.

Order rejection filters.

Hamamatsu R106 and R928 photomultiplier tubes.

Argon-purged optical interface.

B. Power and nebulizer system
ARL 27.12 MHz, 2 kW =f generator.
Meinhardt Model TR-30-A3 concentric nebulizer.
ARL glass torch.
ARL Scott-type spray chamber.

C. Computer system
DEC PDP 11/23+ computer with 256 Kbytes of memory.
10M byte Winchester and 512 Kbyte floppy disks.
DEC VT-241 color graphics terminal.
DEC LA-50 receive-only printer.
ARL SAS/DPS software controlled by the DEC RT-11 operating
system.

Table 7.20 Instrument Operating Conditions

Forward rf power 1.2 kW
Reflected rf power <56 W
Argon flow rates

Coolant gas 12 L/min

Plasma gas 0.9 L/min

Carrier gas 1.0 L/min
Sample uptake rate 2.8 mL/min
Observation height 15 mm above load coil
Integration time 2s
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Table 7.21 Standards for Calibration

Standard 1: dxg/ml Al, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Mg, Ma
Ni, Pb, Snm, Sr, V, Zn, Zr

Standard 2: 5uxg/m B, Mo, Ti
Standard 3: 20ug/m K

10xg/m Ga, Na

Sug/m L1
Standard 4: 40 g/m Nd

20 e g/m Ce

1gug;m %a. Sm

LE/M

2ug/m Eu

Table 7.22 Instrument Detection Limits

Ele- Wave- DL, Wave- DL,

ment length, nm  ug/L Element length, nm  pg/L
Al(I) 396.152 19 Li(]) $70.784 0.8
Am(ID) 288.861 5.4 Mg(IT) 979.553 0.4
Am(II) 296.671 5.5 Mn(1I) 257.610 0.8
B(I) 208.959 14 Mo(II) 202.030 5.8
Ba(II) 455.403 0.2 Na(l) 589.592 13
Be(II) 313.042 0.8 Nd(I) 406.109 37
Ca(Il) 393.366 0.4 Ni(II) 231.604 11
Cd(II) 226.502 2.8 Pb(I) 220.353 41
Ce(II) 413.765 46 Pr(1I) 422.293 31
Co(II) 228.616 20 Sm(ID) 359.260 10
Cr(II) 267.716 3.7 Sn(II) 189.989 25
Cu(I) 324.754 1.1 Sr(Il) 407.711 0.1
Eu(1I) 381.967 3.6 Ti(I) 337.280 1.1
Fe(I]) 259.940 5.1 v({II) 292.402 2.2
Ga(l) 294.364 14 Y(II) 371.030 1.2
K(I) 766.490 43 Zn(D) 213.856 4.9
La(1n) 398.852 7.9 Ze(I1) 343.823 1.1

* Detection limit (DL) is defined as two times the standard deviation
 of the baseline noise.
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Table 7.23 Recovery of Impurities from Plutonium

Impurities, ug/g

Element Initial Added Found Recovery, %
Al 486 263 752 101
B <10 263 237 90
Ba <5 263 257 a8
Be <l 263 251 35
Ca 9 263 270 96
Cd <2 344 341 99
Ce <30 407 388 98
Co <15 344 341 99
Cr 718 263 998 106
Cu <1 263 246 94
Eu <3 41 40 28
Fe 519 263 758 91
Ga 448 526 981 101
K <40 407 385 95
La <5 203 199 98
Li <1 203 202 100
Mg 2 263 261 98
Mn 4 262 260 97
Mo <5 344 353 103
Na 21 203 214 95
Nd <30 813 795 98
Ni 664 263 920 97
Pb <30 263 263 100
Pr <20 407 403 99
Sm <8 203 202 100
Sn <10 344 350 102
Sr <1 263 254 97
Ti <1 263 250 as
v <2 263 259 98
Y <1 81 80 99
Zn 7 344 329 94
Zr <2 263 250 85

* Boron volatilization losses could occur during volume reductions.

Table 7.24 Precision of Analytical Data

Element n* Conc., ug/g RSD, %
Al 4 486 = 6 0.1
Am 4 480 + 17* 3.5
Cr 4 718 = 23 3.2
Fe 4 519 £+ 30 5.8
Ga 3 448 + 33 7.4
Ni 4 664 + 14 2.1

* Number of independent determinations.
» Am by alpha spectrometry = 472 nug/g.
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Experimental Lay-out

GB=stainless steel glovebox, 5=ICP source,

Wl-Wi4=fused silica windows, L1-13=25mm diameter fused silica
lenses, LS=He-Ne alignment laser, M1-MZ=monochromators, BS=fused
silica beamsplitter (R="8%), PMTl-2=photomultipliers, OMAD=optical
multichannel analyzer detector
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Fig. 7.2 Recovery of Pu from 30% DHDECMP in
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Fig. 7.6 Distribution of Elements on DHDECMP Extraction

Chromatographic Column from 5.5 MHNOg
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Fig. 7.7 Outline of DHDECMP Extraction Chromatographic
Column Separation
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Fig. 7.8 Outline of Anion Exchange Column Separation
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Fig. 7.9 Flow Diagram of Experimental Procedure
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Tin b, frE 200 ~ 450 nm OFiPE THE 2~ ww&_fEJJxE ML*% %;’rﬁ& L TR S hio
E, HURERCRMEHERD L (ng/mé) % Table 82 ET@FO ﬂf%%ﬁb‘%j‘cﬁ%ﬁﬁ“t
EAD AMKY Pu g & OR/MEERERIE, ThEN 10 ng/mz&o 100 ng meTH %,

Pu o/ MEHIEFRE, lowa State Umvusﬁy@M C. Edelson b@%iEiS Pk, 2~
MEREE-TWS, —F, AmDORILA T Pvid, Puk DB THY, €DRICHMORE
@%QZ&Jhwéﬁ?éU@%S%@lﬁETé%t%m,ﬁﬁ%ﬁ%ﬁggﬁﬁéc

Table 8.21CiBFf Am KU Pu @ EEHRERFE D> 500 25 BIZE Am P 296.67,
00603, 297.24 nm & Pucd 29393, 207.22, 29802, 29940 nm), MIC TR BRI D
RS ER I 2 REY TH S —F, Amd 20393, 29722 nm DHIR T, ZDSETBEL
c47s, PulAmOHM2TOET AT, THRMIETHCLELERT AT EMTE B,

o OBRENAOKESFIE T, Pud Am DA 100 EUF % T IEBEESEETH
B, LinLEH5, PuBEDSE LA >N TEE LIy 7750w FEE CEAMIC, Am
DER KT, £, HHURER <Y FLEET A ULEETAHETE, METERs
SNy 775w FOBINT & > TAm KD Pu OFE R LY b,

AMKRU Pu OEBRETUEEOEEBERTS 4720, 410 pg /mé OEEREIU
EAFT/LE RS SERMBOBNMNGEGZH T Do ZOFER%E, Table 8.3 o g

Table 8.2 (87 Am 05 Pu OMGARERED 55, ROEBOFHRTHLHAMD
983.23 nm & Pu @ 30006 nmid, UIKEBEW/y 72750y KOHIK, ERBAESHEIA
HLW-TW5,

Pu &A@ & LT, UREEO-~, 27 759y FOELE Fig 81IKRT, Fig 8100 o014
E9T, Pu® 30006 nmHiETE, URKANwZ7 7700 FotEnsE L <, 400nmmEllkd
BEERTRUCL ZBEHDUT, ChODERMPE, UHo AmKU Pus TR T 5700
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EBREELT, #HhFN, 40893 nm, 453.62 nmAEEL TV 5,
OO £ ARSI TE, MITHER Y £H0T, AmKS Pulfk T i
C 3+ EREE D %% 28 TH% (Ca, Cd, Ce, Cr, Cs, Dy, Eu, Fe, Hf, Ho, Ir, La, Lu,
Mo, Nd, Pb, Pr, Re, Ru, Sc, Sm, Ta, Tb, Ti, Th, V, WU Zr) ##THL, <
SOTEE AmRU Pu & A FREE LA Gk EERL, THIURC S 5 ERBEE Table
84N E & TR

[CP—AES € &5 Am & Pu OB &, fDMrE (T A7 oA Y-, affx~y
bR, MEERUEAGERRERM CLERMBEO7 aAFe v 7 ORRE
Table 8.5 07k L7, MEAEEHS, &4 OEERRABYICHRT 5 SICLDHAKR LTS,
CNSOERPOM ORI, LV EEREATHE L CERT 5T EHFERTS L,
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X m (8 )

\

8-1) X. Claudon, J.C. Birolleau, M. Lavergne, B; Miche, C. Bergey,
"Simultaneous determination of americium and plutohium by
inductively coupled plasma-atomic emission épecgfometry",
Spectrochimica Acta, Vol.4ZB, Nos.1/2, pp.407-411 (1987).

8-2) M.C. Edelson, E.L. Dekalb, R.K. Winge, V.A. Fassel, “Analytical
atomic spectroscopy of plutonium I. High reos;ugion spectra of

 plutonium emitted in an inductively coupled plasm&", Spectrochimica
Acta, Vol.41B, No.5, pp.475-486 (1986). ‘

8-3) G.R. Harrison, "M.I.T. Wavelength Tables, 2Znd Edn", The M.I.T.

Press, Cambridge, M.A. (1969).
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Table 8.1 Operating Conditions
R.F, 27.12MHZ_ .
Plasma Power 1. 25kW R -
Argon Flow Rates
(Juter gas 12 ¢ /min
Intermediate gas 1 £ /min
Nublizer gas I ¢ /min
Sample uptake rate 1.5 mé/min

Observalion Ilight

Integration time

18. 5mm (above load coil)

I ~5 sec

Table 8.2 -Selection of Major Am and Pu Emission Lines in

the 250-400 nm Range

Am Pu
Wavelength  Relative D.L.* Wavelength  Relative D.L*
{nm) sensitivity  (ng/inl) {(nm) sensitivity (ng/ml)
281.29 65 - 278.47 40 -
283.23 100 6 29393 55 -
288.85 20 25 295.16 46 250
29206 47 12 295.45 56 200
296.46 53 200
296.67 15 10 297.22 95 100
296.93 20 25 298.02 65
297.24 15 45 299.40 70 150
300.42 10 - 300.06 100 100
312.05 35 40 33999 41 -
3J16.18 13 - 346.51 35 -
34398 16 - 363.22 49 300
356.27 7 - 37051 35 -
392.63 10 - 402.16 30
403.64 7 - 406.48 25 -
408.93 14 40 453.62 33 220
43246 11 -
457.55 4
*D.L. = detection limit = ——"blank __
slope [ = f(c)
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Table 8.3 Influence of Uranium on Determination of
Plutonium and Americium

Ratio of U to ‘ B -

either Am or Pu 1 10 50 . 100
Wavelength {nm) Error (%)

Am 283.23 <5 <5 20 D.1.
292.06 <5 5 15-20 -
312.05 <35 16-20 D.L Dd.
408.93 <35 <35 812 15-20

Pu 295.16 5 30 DI DL
296.46 5-10 10-20 D1 DI
300.06 <5 10-15 D.i. D.I
453.61 <35 <S5 20-30 40-50

D.L. = determination impossible,

R . S
o 1
i

v e -
Table 8.4 Study of Interfering Elements on
Americium and Plutonium Wavelengths

Element Interfering Error (%)
determined Wavelength elements orﬂ _
(ED) (nm) (IE) (ED)
Am 283.23 Ti 5

Th 10

292.09 Th 8
v 25

312.05 Dy 5
Cr 50

408.93 Nd 5
Td 4

Pu 295.16 Ce 200
Mo 50

296.46 Hf 20
Th 35

300.06 Yb 15
45361 Zr 15
Ti 25

Sm 50

Pr 75

Tested elements: Ca, Cd, Ce, Cr, Cs, Dy, Eu, Fe, HI, Ho, Ir, La, Lu, Mo,
Nd, Pb, Pr, Re, Ru, S¢, Sm, Ta, Tb, Ti, Th, ¥V, W, Zr.
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Table 8.5 Comparison with Other Analytical Methods

‘Am (mg/) Pu (mg/l) .
ICP-AES Reference ICP-AES . Reference
23 244012 1 . 12448
3,1 342+0.17* 30 30+
8,83 8,7+ 0.2} 239 22547

16,1 16,6 +0,8* 3990 - 4150+ 1255

* y-spectrometry.

} Mass spectrometry.
1 Titrimetry.

§ a-spectrometry.

—

Relative intensity

-

= HNOy 7M+100 pq/ml U

HNO; 7M :
3 - .
I
Fl A -y Vi
' [ N , Y
[} L) " Ry ’ ~
r \ - “u ’ \\‘
S ——— Mvmiman
L4
I
------ ‘5"‘,'

l l | -

—

Relative intensity

299,96 30001 300,07

Wavelength X (nm}

== HNOy 7M+[00 ug/ml U
HNO; 7M

Fig. 8.1

453,56 453,63 453638

Wavelength A {(nm)

Change in Continuous Background vs Concentration
of Uranium
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9. A AmEoRE R

HEBIEOEBEN E LT, BOERE S, EFREST, SR, P TR LS,
TEIESI T, [CP R4, ICP —HESH, HXXEHT, SRLFES, L —FlFE—a
WS RT L5,

BT, BEroDES LFHARBEOETFRICKIT AT LHTELARMETH 5,
Kaiser & iCkild, TRBMOFHES X, COMERES S, £T5L, HHORER
XEDEFHRETE ZH/MIBKATHEALZ OGNS,

X - X =K/ 2 S

Kit, 683%, 950%, 007 %@ {SHEOsE, 100, 196K 300 CEHT L, EERE
Sp BREDLHETE 5,

Sb=vZ (X;~Xe)?/ n—1

INT, nidEBREHETH S, : ’

¥ FERME i, mﬁUDﬁ%ﬁE’CﬁTﬁ'%tﬁA (Hexd s TR &mi@&%fﬁ%iﬂb\éfﬁ“ (1‘5!
SRR H R Bd B, MREAEHEA TS B IBTED, WKTDH @%’"‘“ 3 (ﬂg/mﬁ
ng /mé, pg meE) BERHTHD, GEOBFERKRRTEA SN,

ot R PR = At R AT RE < T I A B S R N

e E TIRECSE &R, FREZEEETERLT %, ppm ‘ppb DB FHONET
ERE |

HERYE ATE ORISR TROHRE L £HT Table 9.1 KR T, AKR, X#9-2
REN e F— s, @EOFHCRLAXHEE) ~8) 2 MLt TH S, L—HHERT
HIEAFEL VT, [TF2HSF | 80 ToHEB AN LA Cap ETA (Electro—
thermal Atomization) & Tube ETAD "0 EH bk EH LT A, L —FhlE
44 4k (LEI : Laser Enhanced Ionization) 43¥6ikid L— ¥R k0 B ER XL /cii T+
oy FEEHOREBIESINT, #0104 {ENEL, TOABEZAET S LLXD
BETOEEEZITIEDTHS.

— B EORERERE TH A MRBEALOD, L —FHE -8 7 - FinEa A
AL RERTD ICP-E& SR ENSE L DTELOVTRE FRANE , BOBEES, 7
b — 4 b RE TR, BBRFOTE ICP-AES k&, 7L —oRFIRE, DCA 3#
BEOMCnEsh 2, 80X a3 cicismmt NRAELL S, BEDO/HIT Axner &
O'R— Dunlop® ° #3868 L & M7 O I FIRE% Table 9.2 1053, Table 9.2 LH#
TLEMEDOENR SN APEET IFEEOEMIRFOMELARMINTHE 6D EEbN
%o .

F iR FIRE DB Table 93 KR o LROBERIC L DHEREET 5 C
ENTEAZOTHARIERT 5,
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x #®- (9 =)

9-1) H. Kaiser and H. Specker, Z. Anal. Chem., 149, 46 (1953).

0-2) HNEES [BREMEN KWHERIRE LT A S Ly T b Ty
FUU, LT A5 MDA SHEORIR, REBRISNE, MR 6247 A 2 8,
p-83.

9-3) 0. Axner and H. Rubinszteim-Dunlop, Spectrochimica Acta, 44B,
835 (1989). -

94)-55%3,Kﬁ%,E@%ﬂﬁ%ﬁZ,%%E$E“¥§%,E%@§.%mﬁﬁ5ﬁ
25 H, B2, p.T.
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Table 9.1 Comparison of Detection Limits for Several Elements by Ultra Trace Analysis Techniques (ng/ml)
L
spectro flameless I-ray electrochemical LIF-Cup | L1F-Tube | LEI LEL -
element flame AAS® flame AFS® | spark ABS® | ICP-AES® 1CP-Ms®
photometry"’ AASE fluorescence® | analysis$’ . ETA" ETAT Gne-step® | Two-step®
Ag 1 1 0.01 0.01 20 4 2,000 - 0.04 -0. 005 0. 0004 1 0.05
Al 0.3 30 0.1 0.6 300 0.2 500, 000 0.1 2.2 0.2 0.2
As 2 30 0.8 100 3,000 20 0.1 3.000
Au 1 20 0.1 -3 20, 000 10 2 1.2 1
B 0.06 500 20 500 5 -
Ba 4 20 0.6 8 100 0,01 200 0.2
Be 3 2 0. 003 100 20 0.4
Bi 3 50 G.4 3 1, 000 a0 0.1 0.06 0.04 0.2
Ca 2 1 C. 04 0,08 10 0.02 10, 000 10 0. 006 0.03
Cd 0.9 1 0. 008 0. 001 200 1 0.05 0.07 -+ 0.0609 0.2 0.1
Ce 6 500 3,000 2
Co 1.6 2 0.2 5 500 2 1 0.01 0.003 0.015 0.06 0. 08
Cr 1.8 2 0.2 1 100 0.3 3, 000 20 0.2 0.3
Cs 50 0,04 15, 000 : 0.002 .
Cu 4 1 0.04 G5 50 01 2,000 0.01 0.03 0.003 0.02 3 0.07
Dy 200 300 4
Er 100 500 1
Eu 40 0.5 20 i 0.02 1.5
Fe 2.3 4 1 8 200 0.3 10, 000 5 - 0.2 4 0.005 0.08 0.1
Ga 3 50 0.1 0.9 0.6 0.1 0..08 L5 0.5 0.01
Gd 4,000 800 500 o7 :
Ge 0.9 100 3 100 4
Hf 5.5 100, 0G0 5,000 10
Hg 4.4 506 2 0.2 10, 009 1 T 0,05
Ho 100 150 10 > .
In 35 30 0.04 G.2 30 0.1 0.01 0. 005 0. 001 0.001 .| 0.0009
[r 4 1, 000 0.06 0.3 24
K 3 4 . 0.1
La 2, 600 1, 000 0.4 ,
Li 1.2 1 0.3 0.5 106 0.3 0.001 7+ 0.0002
Lu 2,000 3, 000 g ‘
Mg 1 0.1 0.004 0.1 10 0.05 700, 000 0.003 0. 001
Mn 0.1 0.8 0.02 0.4 20 0.06 16, 000 5 0.04 0.01 0. 004 0.04 0.02
Mo 5 30 0.3 12 300 0.2 5 0.08 5 ' 10
Na 0.8 0.1 20 0.2 1, 000, 000 0.06 0.03 0. 601 0. 0008
Nb 1.8 3. 000 1, 500 200 2
Nd 2, 060 2,000 3,000 10
N i 5.2 5 0.9 2 300 0.4 1 0.03 0.05 0.02 0.04
Os 12 400 150, OGO 700
P 1.2 21, 000 0.3 80, 000 40 6. 000
Pb 3.1 10 0.2 10 200 2 6, 000 Gl 0.02 0.00004 7 0.00002 0.2 0.09
Pd 5 10 0.4 40 2 0. 06 0.035
Pr 4,000 100 4, 000 30
Pt 2.9 3 1 500 80 0.08 6 0.09
Rb 5 0.1
Re 4.4 600 500
Rh 6.7 20 0.8 150 700 3 0.02 5 0.5
Ru 3 60 500 2,000
Sb 3 30 0.5 50 2,000 200 0.1 &0
Sc 15 100 6 10 50 3
Se 5.4 100 0.9 40 30 0.1
51 1.8 100 0. 005 600 1,000 10 300, 000 40
Sm 600 150 20 !
Sn 1.9 50 20 50 2, 000 30 3,000 0.1 0.03 |25 0.4 0.4
Sr 5 0.1 0.3 60 0,02 0. 003 0.2
Ta 11 3,000 30
Tb 2. 000 500 20
Te H 50 0.1 3 10, 000 80
Th 5.7 3 :
Ti 2.6 80 4 2 3,000 0.2 2,000 i 1
T1 2.3 20 1 4 3, 000 200 10 0.05 0.00003 | 0.0001 0. 006 0. 008
Tm 40 100 7
U 9 20, 000 30
v 2.5 20 0.3 30 200 0.2 3, 000 2 0.03 |8 120 0.9
W 9 3. 000 10 5 300
Y 300 100 0.06 ,
Yb 20 0.07 40 0.04 L7 0.1
Zn 1.6 1 0. 003 4, 000 2 5, 000 0.0L 1
Zr L5 1 4,000 200 0.4 2, 000
|

1D Aqth, #EH¥E : "SRk 27 EERE U5TD

2) R RO
3) Nl REE

‘1 CPRXEatT milE (1980
“EERELRF IR - SEOLSTT L (1978)

4) BARMEERE : EFARY bad (F) 7o 490 AE (1579

5) ZHEALBR T ERERY — £ AEH

6) Inductively coupled plasma-mass spectrometry :

Analysis System), Sciex Corp.. Tornhill, Ontario, Canada.
73 N.Owenzrro Spectrochimica Acta, Vol. 44B, No2, pp. 131-146(1989)
8) Ove Axxer and Haviwa Rusinszrein-DuxLop, Spectmchimica Acta, Vol. 448, NO.Q,DD. 835’866(1989)

W UL ABREBHECLBMC | ES RSB s FoInE"
from SCIEX cemmrecial literature C(ELAN:ICP-MS Elemental

AAS @ Atomic Absorption Spectrometry
AFS : Atomic Fluorescence Spectrometry
AES : Atomic Emission Spectrometry
ICP-MS : Inductively Coupled Plasma Mass Spectrometr

LIF : Laser Tonduced Fluorescence

ETA : Electro Thermal Atcmization

LE] : Laser Enkanced

fonization

S10-06 W-I¥dve
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Table 9.2 A Comparison of the Detection Limits in Aqueous Soluiions
(in ng/ml) for Various Spectrometric Techniques

Techniquet T -
AAS ‘ o
LE1 LEI AAS in graphite "LIF ICp
Element one-step two-step in flame furnace . in flame emission ICP-MS
Ag 1 0.05 0.9 0.005 0.1 1 0.04
Al 0.2 . 30 0.04 0.6 4 0.1
As 3000 10 0.2 © 20 0.05
Au 1.2 1 6 0.1 : 4 o1
Ba 02 8 0.1 8 0.1 0.02
Bi 0.2 20 0.1 : 3 20 0.04
Ca 0.006 0.03 1 0.05 0.08 0.08 s
cd 0.2 0.1 0.5 0.003 0.001 1 0.02
Co 0.06 0.08 6 0.01 s . 2 0.02
Cr 0.2 0.3 2 0.01 1 2 0.02
Cs 0.002 8 0.05 0.02
Cu 3 0.07 1 0.02 0.5 09 - 0.03
Fe 0.08 0.1 3 0.02 8 1 1
Ga 0.01 50 0.1 0.9 10 ;008"
In 0001 0.0009 20 0.05 02 30 0.02 °
K 0.1 2 0.02. S 5o 10
Li 0.001 0.0002 0.5 005' . 0S5 09 ol
Mg 0.003 0.001 0.1 0.004 Cot 0.08 0.1
Mn 0.04 0.02 ! 00t - » 0.4 0.4 0.04
Mo 10 30 0.04 S VR 5 0.08
Na 0.001 0.0006 0.2 005 4 0.06
Ni 0.02 0.04 4 0.1 2 4 0.03
Pb 0.2 0.09 - 10 0.05 10 20 0.02
Rb 0.09 2 0.05 0.02
Sb 50 30 0.2 60 0.02
si 40 60 04 3 10
Sn 0.4 0.3 100 0.2 40 0.0
Sr 0.003 0.2 2 0.02 0.3 0.05 0.02
Ti 1 50 1 2 0.5 0.06
T 0.006 0.008 9 0.1 4 40 0.02
v 0.9 40 0.2 0 2 0.03
W 300 1000 20 20 0.06
Yb 1.7 0.1 L 0.03
Zn t 0.8 0.01 1 0.08

* Only determinations without any preconcentration procedures are included.
The AAS, ICP and ICP-MS values are from Ref. The Guide to Techniques and Applications of Atomic Speciroscopy
Perkin Elmer Corp. Norwalk, US.A. p. § (1988).

The LIF
values are from Ref. 5. J, Weeks, H. Haraguchi and J. D. Winclordner, Anal. Chem. 50, 360 (1978)
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Table 9.2 A Comparison of the Detection Limits in Aqueous Soluiions
(in ng/ml) for Various Spectrometric Techniques

Techniquef T .
AAS o
LEI LEI AAS in graphite " LIF icp
Element one-step two-step in flame furnace . in flame emission ICP-MS
Ag 1 0.05 ‘ 0.9 0.005 0.1 1 0.04
Al 0.2 . 30 0.04 0.6 4 0.1
As 3000 L 100 0.2 20 0.05
Au 1.2 1 6 0.1 ' 4 0.1
Ba 0.2 8 0.1 8 0.1 002
Bi 0.2 20 0.1 ‘ 3 20 0.04
Ca 0.006 0.03 1 0.05 0.08 0.08 5
cd 0.2 0.1 0.5 0.003 0.001 1 0.02
Co 0.06 0.08 6 0.01 5 2 0.02
Cr 0.2 03 2 0.01 1 2 0.02
Cs 0.002 8 0.05 _ 0.02
Cu 3 0.07 1 0.02 0.5 09 - 0.03
" Fe 0.08 0.1 3 0.02 8 17 1
Ga 0.01 50 0.1 0.9 10 . 008
In 0.001 ©  0.0009 20 0.05 Y02 30 002
K 0.1 2 0.02 P " 50 10
Li 0.001 0.0002 0.5 005' . 05 T09 oot
Mg 0003 000! 0.1 0.004 Coot 0.08 0.1
Mn 0.04 0.02 1 0.01 04 04 004
Mo g ' 30 0.04 S VA 5 008
Na 0.001 0.0006 0.2 005 4 0.06
Ni 0.02 0.04 4 0.1 2 4 0.03
Pb 0.2 0.09 - 10 0.05 10 20 0.02
Rb 0.09 2 0.05 0.02
Sb 50 30 0.2 60 0.02
Si 40 60 0.4 - 3 10
Sn 04 0.3 100 0.2 40 0.03
Sr 0.003 0.2 2 0.02 0.3 0.05 0.02
Ti | 50 1 2 0.5 0.06
Tl 0.006 0.008 9 0.1 4 40 0.02
v 0.9 40 0.2 30 2 0.03
w 300 1000 20 20 0.06
Yb 1.7 0.1 5 0.03
Zn 1 0.8 0.01 1 0.08

* Only determinations without any preconcentration procedures are included.
The AAS, ICP and ICP-MS values are from Ref.  The Guide to Techniques and Applications of Atomic Spectroscopy
Perkin Elmer Corp. Norwalk, US.A. P-5 (1988).

The LIF
values are from Ref. § J. Weeks, H. Haraguchi and J. D. Winclordner, Anal, Chem. 50. 360 (1978)
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Table 9.3 A Comparison of the Detection Limits for t
Various Methods (ng)
A HGERTE DKL EITIR OUEL: ng)
BN | ST | TR BT [Aot=2) RSN
TR 1o RITHT sl i - 73557
BaHT | 8 | XAk IHERHT |MAHT |DCT—2[HA<—27 5 %75
Ag 5 1 3 0.01 | 0.2 B 200 0.5
Al 0.5 0.5 100 4 1 0.02 30, 20 3
Ar 0.03
As 10 100 | 100 0.1 0. 06 600 500 . 100
Au 5 5 50 0.05 | 0.2 100 40
B 50 40 5 0.01 30 10 0.3
Ba 100 30 3 5 0.2 4 10
Be 8 1 10 20 0. 008 5 0.2
Bi 600 8 | 100 50 0,2 4 5
Br 10 0.5 0.1
o) 0.01 :
Ca 100 3 1 0.2 100 0. 03 5 20
cd 3 | 2000 0.3 20 5 0.3 100 100 20
Ce 40 200 10 0.1 100 40 ’
Cl 100 1 0. 04 ‘
Co 3 20 2 8 0.5 0.05 100 40 5
Cr 7 2 0.5| 100 0.05 .80 20 1
Cs _ a 0.4 50 0.1 +10000 | 300
Cu 2 30 0.3 1 0.1 [ 0.08 20, | . 100 0.5
Dy 300 4 0.0001 0.5 5014 . 40
Er 300 8 0.1 0.5 50° 30
Eu | 4000 100 1 0.0005 0.2 a0 2
F 50 1 100 0.02 10
Fe 200 20 3 3 | 5000 0.05 30 80 3
Ga 40 1 50 2 0.5 0.09 100 60
Gd | 4000 10000 10 1 0.5 50 20
Ge 20 ] 2000 200 | 500 0.5 0.2 100
H 0. 0008
He 0. 003
HI 100 4000 100 0. 4 300 50
Hg 5 30 | 1ho 1 0.6 100 500 10
Ho 300 4 0.01 { 0.1 50 20
1 10 500 0.5 0.1
Tn 50 40 20 1 0.005{ 0.1 100 80 10
Ir 6 5000 0.00 | 0.3 300 500
K 200 0.3 001 5 0.03 100 20
Kr 0.1
La | 4000 20 0.1 0.1 10 5
Li 3 200 0.2l 001 0. 006 8 0.2
Lu 6 0.005| 0.1 100 100
Mg 2 0.2 0.1 08| 30 0.03 8 10
Mn 5 0.5 0.5 0.005 | 0.05 10 3 0.3
Mo 10 10 20 10 0.3 100 5

G.H. Morrison  jn W.W. Meinke, B.F.Screfner, eds. : Trace Characterization—Chemi-
cal and Physical, p. 417 (1967).
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Table 9.3 (Continued} : *
I L R e R
JLH Fi TS AW WG . Y = A TS E S AT
AT | ESHT | KD sHEAET RN DC7—7imAt—2)) 277 ]

N 10 0.01 " :

Na | 8000 0.4 0.01 05 ooz | . 10 30

Nb 5 100 | 5000 | 200 0.5 0.08 300 20

Nd | 4000 5000 10 10 0. 4 80 30

Me . 0.02 ‘ o

Ni 4 2 5 5 0.07 |. 80 1 1
Np 200

0 2 0.01

Os 50 500 5 0.4

P 100 40 50 0.03 1000 2000 10
Pa 200

rh 6 4 0.5 | 1000 0.3 10 30

1°d 10 30 5 0.05 | 0.3 200 50

Pro | 4000 15000 ] 50 0.05 | 0.1 80 30

Pt 10 20 ] 60 5 -l 05 300 2 |

Pu ‘ 200

Rb ; 2 0.1 5 0.1 | 30 20

Re 200 1000 | 100 0.05 | 0.2 |- F3e0°| ~ 200%

Rh 50 20 | 10 0.05 | Gog |, 200 e

Ru | 100 | 1000 20 | 10 1 0.03 | 300

5 100 | 200 2000 | 500 0.03" R

Sb 4 10 30 0.5 0.2 10 | 500 10
Se 8 | 100 { 200 3 1 0.04 30 0.9

Se 200 2 100 | 600 500 0.1 10000

Si 100 80 | 6000 | 700 5 0.03 30 10

Sm | 1000 100 | 1000 10 0.05 | 0.5 50 40

Sn 60 100 100 30 50 0.3 10

Sr 10 2 0.2 0.5 0.09 100 30

Ta 40 1000 5 0.2 3000 100 10
Tb | 1000 | 3000 | 6000 10 5 0.1 300 100

Te 400 20 | 100 5 0.3 4000 300

Th 50 20 8000 5 0.2 5000 40

Ti 10 100 20 5 0.05 20 10 3
Tl 20 30 5 3 .2 30 200 50
Tm 300 8 1 0.1 50 10

U 300 0.1 200 0.5 0.2 4000 200

v 10 | 2500 100 10 0.1 0.04 80 8 1
W 30 | 1000 250 | 200 0.1 0.5 600 80 10
Xe 0.4

Y 1000 20 | 1000 10 0.07 3 0.8

Yb 100 2 0.1 0.5 50 5

7n 100 | 1000 0.3 80 10 0.1 300 200 10
7r 50 20 500 100 0.1 100 20 3
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10. » & & =

ST & 5 ER ORI TIRER, 55950 Table 01K RLAEHDTH 5, Hik
FIFLETRT — 7 BT (DCA— AES) @ HARTHERLSTEOEGIHERT & LT 1970844
KRR SN EEMERE S 7 7 X< Rs otk (ICP—AES) i, L OXRTHVREE
ELTW03:, UL, BIEAREFEHEBEZZOFI M TEARBEHATED, BHRES 1>
DREFEEICE, R FRBS AR TENAWETH D, »o, KEREEYORER D
WA RBILMTETH Lo : :

ME stk L LTid, ICP—AES@#HVT, ICP LERAHAMAE 7 ICP-MS, $5iT
L — FES — BT EE O (LIF) , L — ¥hE — fE M # ko3t (LEL) & PIRME MR
ATV S, CHALORBESICMATSS ~2RONT I EDTERVESE, F7ETHE
ML 7LD TRU (Np, Am, Cm %) w28 LuoHmAl, CMP (Carbamoyl methylene
_phosphate ) EOBMR TS5, CMP R TRUOHMFIC A T, «BEfE#2 50 TRUDE
I (Bl % i ANL @ TRUEX) S%i¢ &8l S ATV B | ’

A, KEEFFFMKIBI I % L7 DOA— AES RO [CP= ARS 5Bz, RiE= 4k
HBrET L, SFCF PuRH ONTIKETT S %E’Ms Do IREBE LRIGIT & BB b
5 BALIR OB LI DB B2 0 15 1 3 B TALA OB, PO, s IR L & Ll
AL Ag OBRFBOMTES Ty, NRZASEFHESBSHOBRIFERETRILT S
Cd &8 & ERIE LR O TRURUFP O BRMOAESIC SHERB LSBT B,

B, ABERSEOREC 0, eI LR IRE - ME TR A,
EIEREETRE, ANERFRREBL v =y o1 BliAREREREERERICEILFL LFET,
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