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Metal impurities in MOX powder obtained from uranium and plutonium recovered from
reprocessing process of spent nuclear fuel have to be determined for its characterization. Direct
current arc atomic emission spectroscopy (DCA-AES) is one of the useful methods for direct
analysis of powder sample without dissolving the analyte into aqueous solution. However, the
selection of standard material, which can overcome concerns such as matrix matching, is quite
important to create adequate calibration curves for DCA-AES. In this study, we apply standard
addition method using the certified U;Og containing known amounts of metal impurities to
avoid the matrix problems. The proposed method provides good results for determination of Fe,

Cr and Ni contained in MOX samples at a significant quantity level.

Keywords: Direct Current Arc Atomic Emission Spectroscopy, DCA, MOX, Standard Addition

Analysis, Impurity
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1. IXC®»IT

BEIRBE A 27 v T2 WF J2 AT 0 B B ALER it 5% 77V b = 7 I M B 707 BR 8 i sk <O,
PUREX FRALPRIC L 2 43 - ML TR D EU L7 EEE 7'V b =0 DI Ol 7 7 =L
WIRABEELT 11 IR K9 ITRAEL, V7 v - 7V b=y LEARIY (MOX) ¥R
ZHEEELTWD, B ~DIE, 7T - T =T AORAWBIRIKRE~A 7 vl
INEAE LAY K OV BER LT 2 VWO TS, 22 THLND MOX RO F v 7
72 Y=g AAZBWTIE, MOX MIRIZAMmE LTERT 58 (Fe), 7 mrA (Cr),
=y (Ni) EORBILEOTHDBLEL END,

il F RO FRALEE> MOX B RALERIC 1 0 Ak S 238kt (IR Y 7 = VYRR, Hife~
VR U LK, vT v s T b=y NMEAREYE) FOSBAMYITEOEEILE L
TIE, ZNE TICHEBEFEENG T 7 X~ 3emtiE (ICP-AES) K ONER 7 — 7 MBIt
533 (DCA-AES) DR FIfIRE#E S T0nd 0, 82, ICP-AES X, < & RH
2k L TERVEE RO E 26 Lok Th o, FEEOEWIIMEL 522 Fike L
THEMTHS "™, L L, ICP-AES I3, IHEORETHEZEAT 2BRHERTHY, MOX
D XD RERRE ST G LT 2581E, REOBEMBLETHY, Ibicv ) v
ARG THDLU T« TV =0 LEGHELZRICEN SR R EZWET HLERH D,
MOX ¥y RIZHAMETH D725, T OEMITMEE & 7 v LKFBER ORI X 2 INEERIEN
VETHY, BERIIIERMEZFET L LICZ, FSURSTABEOEREORH T v
bW ZTERT Dot HRICLD e AR ET D,

—J7 DCA-AES 1%, ICP-AES & iz U CHIEDIBEILS D6 DD, HRILHEEHEKILT 5
e EEREE T O EE O TEHAAMOENFETH S Y, DCA-AES % Eikkto
AT AT 2 5E, oATalk & A ERE O RO K OB E OFME ISR IR T 5
< U v ZBROEBEEZFROTL Y, ERASHEITO DI, by s A=y
Fr 7 OB E IR T HEEYE OERNEE2RE TH 72 Y,

KI|TIE, BB~ Y v 7 20EBEEZEZE LT, MABEORMWE B TELZEHT 5\
b= 7 (U;05) OFEEMEZ AW FERINELZEH T2 Z L12X > T, MOX R F
WCHEENGEND Fe, Cr, Ni OEREZHRF LIFERICOWTHET S,



JAEA-Technology 2016-028

2.1 MOX ¥R
ARBRTIE, 7V b= AERHAET B ek CEBRICRLE Sz 2 FEO MOX Bk & fif
L7, MOX ¥y KW % Table 2-1 (27”7,

2.2 fEHEFR K ORI
ARFER T U 72 e 0R M OS2 DL T IR T,

(M

@

€)

“)

®)

(6)

(N

®)

)

2.3

UsO fREME

New Brunswick Lab.# 0 U;Og S #5022 HEGUEE (NBL 98 series, No.1~7) Zffi i L7z,
AREEOFRAEEIZ T D & D 2t F IR E A Table 2-2 12T,

Fib 7V o A

TSR TR OE LA U 7 A1) (Gay03) 99.99% % i ] L 7=,

LV

ADVANTEC $U78 Rk il dE @ ¢ S /- % MILLIPORE ¢ Milli-Q Hffi/k flik
JEE CALE U CRER L7,

fiF e

B AL R BB R A 60-61 %2 HlKIZ L » TIEROREICHIR L= b OxMH LT,

7 ALK FE R

BB 7 RS R 46-48 Y% & A L 72,

Fe fE YRR

B B SR R - W o i S HEPAIZ (1000 ppm)Z 3 M AR CHEE OREICHIR L7 b
DEAER L7,

Cr BEYERRIR

B B SR B - W 6 o T A HEPAIZ (1000 ppm)Z 3 M AR CHEE OREICHR L7 b
DEAER L7,

Ni R HERR IR

B B SR B - W o T AR HEPAIZ (1000 ppm)Z 3 M AR CHEE OREICHIR L7 b
DEAEH L7,

U KO PusmpBERTE 7 v~ v 75 7 ¢ —HRifiE

Eichrom Technologies # UTEVA-Resin Z 7 7 A2 10 ml FRE L, 3 M 2 200 ml Z A0
LCarvsysva=y 7 Lieboafif Lz,

HE

(1) DCA-AES
BRI L 72 DCA-AES & OREKIX % Fig. 2-1 12789, DCA-AES 1%, & @Eatkls
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KON AN—T B L REISELRNAZ R, WEOTD O EIEZ Gl 53
FEEEEER, SN R OGRS TV D, ROFTOxEaEHY, WRED Pu %5
Ll en, Fa—TRy 7 ANTIROR O LERGH D, TOD, KUETIE, EE
TEFTHL GQM-1000S A YGE L, FHAX v e ra—T KRy 7 ANEIZ, £ OOk
Ira—7Ry 7 AONBIZHEILTRE Lz, BIEAZ U RbORNIE, 225F 2 i
L, %tV/X% LCo/a—T Ry 7 ADH T ARNSL T a—"T Ry 7 ZAHEBICH SN,
WL X E LT HICEA SN OMEIE L oo T A,

Kﬁ%fﬁ%btﬁﬁ%ngz_rT BT, T A S 2 RN SRR M OV AR %
BE L, kA el Uz alpi (AR MR © 4mm ¢, 10mmH) % ZER EERIC o, it d
XFFBOMIA 3 mm 2RO X 91T, EMERZHE LR 1T o7, 3OBMER, i, SR
134T MERSEN D757 7 A MNEMZEM L, #0BHME, Bt SPK/USP 7 L— K, X
FFfiIL SPK 7 L— RO b D& L7z,

(2) ICP-AES
ICP-AES 121, /7 a—T 7R v 7 ANICRE SINT= A a—A AV L8 SPS7700 & v 7=,

2.4 AR

DCA-AES JIiE D 7= D OB O 7 1 —% Fig.2-3 127779, MOX ¥y KH D U & Pu ix
ZNZI U0, KO PuO, DR b & L CHFEL TV D, AHIETIE, U OFRE/LHFERED
BACFENIRE (BT 5 2 L 2l 5720, ASRMIC MOX K (K 0.5 g0 %
BHL, R~y 7T 850 CIZTZERFMK T T 2 FpE L, UO, & b HEFMED
RWREREFEEETH D U0 1T LT, IEME OFRENE, T 27 —HNT 20 sk
WLz, mt, ASRGOEEZEL, NEENICHONLOREL TRV EAERS
DEBEZHET S Z & TNAKOREBEREZ RO, Bk EBEE(LZRD,

Fiz, B (U0, PuO,) ikBHZ, BEIEEOE wt%I ST 28TV 7 A% RN
T5HZET, 77— 77 AP TORMMITCRORIES RN EL, A7 MFEKHED
BREESHRT S O, ARBRTIE, FBIERED 3wt%ITHYS T A b U U A& BRI & LT
BIEFBHIRIN L7z, MOX #K, UsOg BEYEMVE K OB AT U 7 A%, AN—v I ViR
— IV A ST T ANA T I UIRE LTz,

KRR TIL, 2 O MOX By K (MOX-A, MOX-B) |25\ TR 21T - 72, MOX-A,
MOX-B & U;Og #EHEME K OFEAL AT U 7 I & DIRGEIG & E 424U Table 2-3 & U Table 2-4
\ZRT,

2.5 DCA-AES #IE
2.4 B CRAL U 7oA MERR NG 2 5URHE R IZ 0.08 g BRI L 7=, BREX L 7=3kHE, A7 b
2RO B2 VW TCEREHZ T L A L, WIEAREE Lz, Wiz, sBHEMR, xf



JAEA-Technology 2016-028

R O K EFBM A RN AY  NICRE L0 LIREEZ B Lz, & 5B ORI,
WIC—EDHEHE G mm) ZPrD X D ITHENICE T Lz, FOUREORK 2 v —
s 77 rANELTHREL, ZOLXDOE—7 OmBERIEHmE L LTtk L7, Fe,
Cr, Ni OFEIEOREIL, FHE4 302.06 nm, 267.72 nm K X 305.08 nm O£ % FHu
7o Fz, BRBHI 6 EIHIE L, ZOWHMHEAFITRE &L L THWZ, DCA-AES DFEIS:
% Table 2-5 (2779,

2.6 ICP-AES (T & % HBOHT
2.6.1 FABIFAM

MOX ¥y K 0.2 g &% 50 mL ©—ZIZERE L, 8 M & 20 mL M (N7 v {b/KFEBE 30 1 L & ¥
MU=, 120 COb—% ETMEA LT, WilkEN 2mL~3mL fE LR o722 ZAT3IM
g% 8 mL %, FLRESTRIE TS HITHEAL, MOX MR AZVEM LT-, Z OBMIRIZITK
Mm% 3 MAHiEZ 10 mL ™I L7z, RIS, #fEH%Z UTEVA-Resin 725 10 mL eI S 72K Y
TF L BRIOEES T M@ L, Pu & ONU % UTEVA-Resin (2 L7214, 3 M illg% 3
mL § 12 BT 531 THEF L Fe, Cr, Ni 2% HRICEML L7z, BIMHEIE 3 M AHEE T 100 mL
\ZFEZ L, ICP-AES D72 DORIEREE LTz,

F7o, MEEMEEIED D UTEVA-Resin (2 L A E{EE TD Fe, Cr, Ni ORILE % fEid
T 5729, Fe, Cr, NijRME % 80 mg/L I[ZFHEE U 72 EERERN OREVERSHE 2 mL 125\ C, MOX
MR & ARk OB A2 AT L TIT o 7,

2.6.2 ICP-AES AlE
Fe, Cr, Ni ®RIEICIZ, FHFI 238.204 nm, 205.552 nm & X 221.647 nm D% v
7o MESM55 % Table 2-6 12787,
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3. WRERUVUBZE

3.1 MEERINEIZL D MOX K Fe, Cr, NiEEDSHHER

ARABRICHV2 MOX ¥y RIE, Fe, Cr, Ni O&H RN EENE S, FFiC I35 3000
ng/e-MOX }:#% IZEWERBITHh - 72, 2D MOX ikl 2 DCA-AES DOl klE Fﬁ EEFIHE
U CHIE L7256 IS8R S 2 30 ITIER ICm <, WEDBER LV P22 TV,
ZDI=W, Zliit%ﬁf X, MOX My RDEH RN SWIEEIZ/2 D L 512, WEMRTLROEGH
BRI D U,Os IEEME (RE Co) /RS Ltuitﬂ (REA#EL, Fig. 3-1(b) ZFHH
L, Z6OE [(#HE L7z (Fig. 3-2 (a), Isi2lE, UsOx lZENT 2 ESNE D
7o, WERSIT (Fig. 3-1 (b) 1) OFEH «fﬁauui UsOs BEYEWE OTREE 15, 20805 L,
EXRRITLRITENT HHE Doy ZHH LT,

IIS,X = IS,X —Iysy (X =123, 4) (1)
T, WATSIHREGHE, mAT X ITRERYOF S, I T USTHTRERSI1 O
EA aft*JrEPOD U0 AR YEW)E % 7 g,
Iusi 1, MOX By RZ UM L7, IBERS 1IN LTZb D LR U U;Ox EHEYE (75
> 7 3k Fig. 3-1(a)) OFNRE LERTEL, TOMELZ, 77 7R EIOER Wy &

MOX FEHZ I L7z UsOs IR MEME O E & Wys (REERI 1~4 O Wys 132 TFEE) @i
BFEY R AHIE L TRD T,

Iysy = Ig X Wys /| Wyp ()
QZEMIZMALTEIHT D L, Iyl FoXGB)THIND,
I'sy =Isx —Ig xWys /| Wyp (X=1,2,3,4) 3)
7T 7B D UsOg BEVEMEIZIE, WERFRITCENEMESZ ENDT-O, TORE Cus;
IR U CHIET 5, sy (Fig. 3-2(b)D#itH) (Zxtind 2 MOX My RIS L 7o AR HESURHER
JE C'ysy (Fig.3-2(b)) FULFoOXM@)TEREIND,

C'ysx = Cysx — Cys1  (X=1,2,3,4) 4)

7T 7 RED UsOg IEMEW B IZ G N DR ER B CRIRELY Co LT DL, Cygld, 77
VI RBIOER Wy &, MOX BRBHIHIN L7- UsO EEYEM E DO F 2 Wys DE B4 2 1E
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LTUTORG)TEESND,
Cys1 = Cg X Wys / Wyp (X=1,2,3,4) )
G)VEWITRALTHEIET D L, Cox FLLTOX(6)TEEND,
C'usx = Cysx — Cg X Wys / Wyp  (X=1,2,3,4) (6)
Isx QN [y 2 Z R 6 BIIE L, £ DFEEND sy 2 RD CsxlZxf LT ry FLT
YER% L7z Fe, Cr, Ni OME#%Z, TN Fig. 3-3, Fig. 3-4, Fig. 3-5 (2”7, 2 20D MOX
IR L HIZ, Fe, Cr, Ni DETORERICIBWT, HERE r>0.99 O B i 72 ERBGR IS
b,

ZOBEMRNDS, MOX K1 g H72 ORERNRTREE Z 2RO LBV EH L,
F7m, FOEUERE Sy %, HRERO x ST B3O EEFEZE L0 Fm L Y,

Z[ug/ MOX]—bx > %R (7)
a WS MOX

WMOX before heating

Ruox = Whox
ZZ7T
a ;B O &
: BREAR O
W D AEMERNGUR E R g
W' : EFEM A~ O] ¢ ]
Whaox MR L MOX By K OFREUE] g ]
Wrox before heating : INEAER(L BT MOX ¥y K DB I E g
Ruox S InEC kB MOX o EEZA LI
Sy = Sy X Ws

——XR

1 y? z
Sy =—X4{=+ =
Y a {n aZXE?(CL-—C)Z}
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1
NN, — 5)2)2
5, = {Zi i =) }2

n—2

Sy R (MOX WA 1gdHimv)
Sy o BEERAE (AERE0.08g H72V)
(B AR D x # OB DY) OFFEHE(R )
Sy MERRO y YT AR D AR MR 2
n o BREROT Y MK
C; : BREBE T OREVERINEE [ 1 2/0.08 g-sample ]
C : COVHME [ug/0.08 g-sample ]
yi o GIUTXIS T % FEES O I E R EE
¥, CUTHRHET DR LofE
y ooy OB

Z TR LNIAER % Table 3-1 (287, AYEIC X D MOX ¥R 04 5£.5E O 43 HHiE (MOX-A
& MOX-B OSEHJE) 1%, Fe T3.4X10° [ g/g-MOX ], Cr T 7.4X10*[n g/g-MOX], Ni T
47X10° [u g/g-MOX | TH v, = DOHXHEHER 2 MOX-A & MOX-B T2, Fe T 7.6%
& 11%, CrT24%& 4.3%, Ni T55%& 8.7% Th -7,

3.2 ICP-AES & DL&mAT

FEHERINE 2 FIV 72 DCA-AES (2 K 5 0 HTiE 0 225 M 2 Rl 2 728, MOX ¥R % i
U, [EFEFREEC & (b8 L7230k 2 ICP 380 ek Totr L, A ofs R & bl L
720 WIHTIEC X D 3HTHE R % Table 3-2 (2789, AOWHIEDSHHEIL, ICP RSy LD
Iz % L C Fe T—6.8%~9.5%, Cr T-20~-18 %, Ni T-28%~6.1%D =D #iH T
T HRERDBEF BT, MOX-A O Ni [IZDWTIE, ZD7EDN-28 % & LR X 2o 72 23 ik
DETIHIREN S ZBETIUL, AERENDD LIEE A0,
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4, F&®

AFRBR I, B LB % 12 3\ L X v 7z MOX By AR H o0 238 72 Al o35 (Fe, Cr,
Ni) OEEDD, BEMBEOSEILHTEZ G T U0 EHEYE 2 MOX B RIS 2 AR HENR
Nt % DCA-AES 73 #rIZiE M L7z, ZDfER, DCA-AES TH LN, SHiEE L
TN L7z ICP-AES O3 HHE & BRAFZ —BT 2 KRG H 4L, KiEO MOX #y KD A HiY)
THEOTEEEE L TOFMENHGEETE -,

DCA-AES I, ICP-AES & btz U CHIlEX EalEHI - 2 Fam b 2300 R EE 22 5853 23 6 5
T 72> H, DCA-AES L, HTEOEM SIZEEL JIEFT~ MY v 7 ATERT LR F213%
<, MOX By RO FAARCH MR DL LT 56, b OB L0 HrEicm v
EELDLZEICHOBETOINERD D, Z0n, REOMESCHIEDO BRI U T,
{EHEME D BV MEE TR X 2 08T & ORI X0 ik Ok 2175 2 E BN EE
Thbd, 29 LT-HRZRTIE, DCA-AES I, BEEREEZ2ZOEFRHEST D2 ENAHET
HY, BRBITCFEORERERMAZHEUNIREL, V—F oo LTHARF v A XA TE
UL, OTRE R AR OIS D 2 LN TE, MOX Bl TRUICEH T 2 E BB OO
ELTCHEFITHA R FETH D LW D,

HEF

ARIEDERZ STz > TR, HRAFEKASHEO BRI EK, REFRERICEZ KRR T
LIXBEEHEE LI Z L2 RN LET,
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Table 2-1 Physical properties of MOX-A and MOX-B
MOX-A MOX-B
Pu content 41.4 wt% 41.5 wt%
U content 43.6 wt% 43.6 wt%
Am content 2.9 wt% 2.6 wt%
Specific surface area 4.7 m/g 4.4 m’/g
Average particle size 1.4 pm 1.4 pm
O/M (Oxygen-to-Metal atom ratio) 2.1 2.1

Table 2-2 United States Energy Research and Development Administration

New Brunswick Laboratory Provisional Certificate of Analysis Standard Series No. 98 (1-7)

U;0g samples for spectrographic analysis

Element 98-1 98-2 98-3 98-4 98-5 98-6 98-7
Aluminium 522 214 115 55 25 15 5
Antimony 25 10 5 2.5 1 0.5 0
Barium 50 20 10 5 2 1 0
Beryllium 25.7 10.5 5.3 2.8 1 0.5 0
Bismuth 46 15 7 4 1 0.4 <0.2
Boron 5.5 2.3 1.2 0.7 0.4 0.2 0.1
Cadmium 5.6 2.6 1.9 0.7 0.6 0.5 0.3
Calcium 100 42 19 9.5 4.5 3.5 1.5
Chromium 101 42 22 12 9 5 2
Cobalt 25 11 5 2.7 1 0.6 0.06
Copper 51 22 10 5.4 2.4 1.1 0.4
Indium 8 2.7 1.4 0.7 0.3 0.2 <0.2
Iron 515 215 110 58 32 20 13
Lead 46 18 9 5.6 2.5 1.7 0.8
Lithium 26.2 10.3 5 2.3 1.2 0.5 0
Magnesium 91 34 17 9 4 2 1
Manganese 49.2 20.5 10.6 5.2 2.9 1.8 0.8
Molybdenum 51 20 10 5 2 1 <0.1
Nickel 103 40 22 12 5.6 3.8 2
Phosphorus 505 198 99 51 23 13 3.7
Potassium 725 270 138 71 28 11.5 2.3
Silicon 315 140 65 30 10 6 2
Silver 315 2 0.8 0.5 0.3 0.2 0.1
Sodium 6 183 88 39 16 8 4
Strontium 455 21 10 5.2 2.6 1.8 0
Tin 55 18 10 4.7 2.5 1.2 <1
Titanium 50 20 11 5.5 2.1 1.2 0.3
Tungsten 48 19 9.9 5 2 1 <0.1
Nanadium 250 100 50 20 10 5 0
Zinc 480 195 96 50 19 11 1.5

Unit: pg of impurity element / g of Uranium (metal)
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Fig.2-1 Schematic view of DCA-AES
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Fig.2-2 Electrode of DCA-AES
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Fig.2-3  Preparation scheme of standard addition and blank sample
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Table 2-3  Preparation of standard addition samples MOX-A
Standard Sampling amount [g]
Element | addition No. No. No. No. No.
sample | MOX 98-1 98-2 98-4 98-6 98-7 62,05
Blank 0 0 0 0 0 1.00
Samplel 0.02 0 0 0 0 0.98
Fe Sample2 0.02 0 0 0 0.18 0.80 0.03
Sample3 0.02 0 0 0.18 0 0.80
Sample4 0.02 0 0.18 0 0 0.80
Blank 0 0 0 0 0 1.00
Samplel 0.02 0 0 0 0 0.98
Cr Sample2 0.02 0 0 0.18 0 0.80 0.03
Sample3 0.02 0 0.18 0 0 0.80
Sample4 0.02 0.18 0 0 0 0.80
Blank 0 0 0 0 0 1.00
Samplel 0.02 0 0 0 0 0.98
Ni Sample2 0.02 0 0 0.18 0 0.80 0.03
Sample3 0.02 0 0.18 0 0 0.80
Sample4 0.02 0.18 0 0 0 0.80
Table 2-4  Preparation of standard addition samples MOX-B
Standard Sampling amount [g]
Element | addition No. No. No. No.
sample | MOX 98-4 98-5 98-6 087 | G
Blank 0 0 0 0 0.80
Samplel 0.01 0 0 0 0.79
Fe Sample2 0.01 0 0 0.30 0.49 0.024
Sample3 0.01 0 0.20 0.59 0
Sample4 0.01 0.40 0.39 0 0
Blank 0 0 0 0 0.80
Sample1 0.01 0 0 0 0.79
Cr Sample2 0.01 0 0 0.30 0.49 0.024
Sample3 0.01 0 0 0.69 0.10
Sample4 0.01 0 0.29 0.50 0
Blank 0 0 0 0 0.80
Sample1 0.01 0 0 0 0.79
Ni Sample2 0.01 0 0.20 0.59 0 0.024
Sample3 0.01 0 0.69 0.10 0
Sample4 0.01 0.40 0.39 0 0
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Table 2-5 Emission conditions for DCA-AES

Output current 10 A
Discharge time 75s
Diffraction grating 1666.7 line / mm (3470 A)
Slit width 30 um
Distance between electrodes 4 mm

(Fe) 2s
Pre-Discharge time (Cr) 2s

(N1) 15s

Table 2-6 Measurement conditions for ICP-AES

Plasma Operating condition

RF frequency 27.12 MHz

RF output 1.2 kW

Photometric height 15 mm

Argon gas pressure 0.45 MPa

Carrier gas flow 0.4 L/min

Plasma gas flow 16 L/min
Spectrometer

Method Double monochromater

Wavelength range 175-800 nm

Resolution 0.006 nm (194 nm)

Detector PMT

,14,



(a) Blank sample

U,0, Std
(LC* : A)

Gd,0,

JAEA-Technology 2016-028

(b) Std-add sample

A

1 2 3 4
U,0; Std U,0; Std U,05 Std U,0; Std
(LC*: A) (1.C* :B) (L.C*:C) (IL.C* :D)

MOX MOX MOX MOX
Gd,0, Gd,0, Gd,0; Gd,0;

% :1.C : Impurity element concentration, A<B<C<D

Fig. 3-2

Fig. 3-1

(a)

Intensity

Composition of standard addition and blank samples

(b)

’
de

Intensity

Standard addition
concentration

' After correction

Csg

v 7
C.Sl CSZ

C'ss

Csy

Standard addition
concentration

_15_

Correction for measured values of standard addition samples

WUS

WMQY



JAEA-Technology 2016-028

MOX-A 40

el
5
-6.0 -4.0 -2.0 0.0 2.0
Standard addition concentration of Fe [ pg/0.08g-sample ]
MOX-B 30 F
25 ¢
s 20 F
z
s
L L 99 L L
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

Standard addition concentration of Fe [ ng/0.08g-sample ]

Fig.3-3 Standard addition calibration curve for Fe determination in MOX-A and MOX-B
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Fig.3-4 Standard addition calibration curve for Cr determination in MOX-A and MOX-B
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Fig.3-5 Standard addition calibration curve for Ni determination in MOX-A and MOX-B
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Table 3-1 Analytical results of Fe, Cr, Ni concentration in MOX using standard addition
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method
Analytical value SD" RSD?
Element
[ ng/g-MOX] [ ng/g-MOX ] [%]
Fe
MOX-A 3.8X10° 2.9% 10 7.6
MOX-B 2.9%10° 3.3X10? 11
Cr
MOX-A 8.2X10° 2.0X10 2.4
MOX-B 6.5 % 10? 2.8X10 4.3
Ni
MOX-A 4.4 10 2.4%10 55
MOX-B 5.0x10? 44%10 8.7

1) Standard deviation; 2) Relative standard deviation

Table 3-2  Comparison of results obtained from DCA-AES and ICP-AES
Concentration in MOX _
e [ ug/gMOX | lef:rence
DCA-AES ICP-AES L]
Fe
MOX-A 3.8X10° 3.5%X10° 9.5
MOX-B 2.9X10° 3.1x10° -6.8
Cr
MOX-A 8.2 X 10 9.9 X 10 -18
MOX-B 6.5 X 10 8.2 X 10 20
Ni
MOX-A 44X10° 6.1 X 10 28
MOX-B 5.0%10? 4.7X10° 6.1
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