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The design of the hazardous substance sorting system
Applicability check of X-ray Fluorescence Spectrometer

(Technical report)

Susumu Isoyama®*, Yasushi Donomae®, Yutaka Kikuchi*
Norivosi Katou®*, Hitosi Mivazaki*, Kenichi Tanimoto***

Abstract

Construction of LEDF (Large Equipment Dismantling Facility) is being
planned by Waste Management Section. This purpose of LEDF is the melting
treatment of the radioactive waste in OEC (0-arai Engineering Center) and
the waste package in JAERI (0-arai Japan Atomic Energy Research Institute).
It is also considered about the disposal plan of the future.

Therefore LEDF has the sorting process of waste because of the removal
of problematic substances. But that process is conducted using its human
eyes. This process needs automatic operation because of high
classification accuracy, high reliability, burden reduction of a worker.

Then we select EXFS(Energy dispersive X-ray Fluorescence Spectrometer),
and conducted the measurement of waste (a sample) with this device. That
purpose is to confirm an application as the sorting device.

A confirmation result is shown in the following.

(1) Sorting performance
Measurement is possible without pretreatment, if it is metal.
However, sorting is difficult when paint, plating, impurities, etc.
are shown in the surface.
(2) Measurement position
It is necessary to set a gap of the measurement thing from a
measurement position to 4mm or less.
(3) Radiation influence
Because the background had risen by the influence of a radiant ray,
the distinction of Fluorescence X—ray became difficult. Therefore the
distinction of materials became impossible. Aluminum is influenced
specially by it.

As a conclusion, the application nature of EXFS thing Soriing System is
high. But there is a bad influence by radiation. Therefore, difficult is
installation into the cell. In order to apply EXFS to LEDF, it is
necessary to place it outside the cell and to use as the help of the
visual inspection.

* Waste Management Section, Irradiation Center, OEC, INC
¥%#  Fuji Electric €O.,LTD
¥+ JIrradiation Center, OEC, JNC
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— — 0.838 [ 0.051 — — .853 | 0.043 — - 0.608 | 0.042 - 1.256 | 0.031 —
Cs — 1.89 — — — — — — - — - — - — -
— 0.021 — — — — — — — - — - — — — —
cd — — 1.00 — — — 1.08 — — 1.03 - - - - - -
— — 0.133 — - - 0.087 - - 0.494 — — — — — -
Ac — - — — 59.53 - - — 36.12 - — - 34. 40 - - 22. 35
- - - - 0. 084 — — — 0.236 — — — 0.235 — — 0.084
H$ - - = — — — — — — — - 2,78 3.73 - = 4.58
- - — — — — — — - - - 0.045 1 0.022 — — 0.017
0s — — — — — — — - — = = - — 1.52 — —
— — - - - - - — — — — — — 0.317 — —
ARl O Q ©) ®) X @) Q Q X O ®) Q X Q Q X
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F£3—-12 KHEHSEE IEER (R7LR)

;‘.‘Q 3

gy | mmme | mE ﬁmzz(ﬁ,m g;)fg

JTFE %) (cps/uA) o (cps/oA)
Fe 71.27 190. 366 69. 80 262. 801
Cr 18.61 70.148 18.88 97.4
Ni 8. 33 13. 926 8.15 19.654
Mn 1.79 6.284 1. 96 9,554
Cs - - 6.70 0.157
Cu - - 0.22 0.615
Pt - - 0.17 0.313
Au - - g.12 0.317
Ar - - 0.00 0.24?2

£3-13 MEGHE AEERE (FAS=94)

R | Emme | mE ,fmﬁféfﬁm %)E

Ttk | %) (cps/uh) ) (cps/uA)
Al 99, 81 0.078 99.78 0.09
Cr 0.08 1.75 0.06 1.626
Fe 0.07 2.969 0.06 2. 851
Mn 0.01 0.413 0.0 0. 376
Ir 0.01 0.574 — -
Zn 0.01 0.911 0.M 0. 856
Cu 0.0 0.624 0.01 0. 46
Ar 0.00 0.076 — -
S - - 0.02 0.007
K - — 0.02 0.018
Er - — 0.01 0.286
At — — 0.0 0.837
/] - - 0.01 0. 301
Hg - — 0.01 0. 449
Ga - — 0.00 0.504

£3-14 KEHSEE NTER @)
g | mmme | o o= WA L)
TR ® (cos/uny | EAEE | HE
(%) (cps/uAd)

Pb 67.65 124. 82 64. 39 177.95
S 26.35 1.30% 34.47 2.421
Ir 3.02 5. 801 - -
Ra 2.98 7.631 — —
Fe — - 0.64 1. 84%
Pd — - 0.37 0.835
Ag — - 0.12 0. 261
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LEx : #HEREIS (%)

*®3—15 MEREE IEER (TIVEZH) TE% : 38 (cps/ uA)
An-241,
Bl mem || Co-60 | Cs-137 | An-241 | Co-57 | Ba-133 | Ra-226 [Ba-133, 0780 | 2uem
piv Ra-225 {05~ 137
a1 | 99,85 | 97.61 | 97.05 | 98.58 | 97.98 | 98.71 | 99.01 | 99.83 | 9884 | —
0081 170085 [ 0.09 [ "0.088 | 0.081 | 0.087 | 0.09 | 0.084 | 0.097 | =
o |.0.13 | 154 | 188 [ 0.91 | 1.29 | 0.12 | 0.65 | 0.1z | 0.76 | 62.94
5787 [ 81.694 |102.998| 46.56 | 68.926 | 5.904 | 33.380 | 5.671 | 41.753 | 98. 046
cr |00 [ 061 | 0.77 | 0.37 | 0.5 — | 0.25 ] 0.01 | 0.29 | 12.34
0.3 117,631 | 23,050 70.010 | 14.551| — | 6.613 | 0.185 | 8.503 | 21.458
il -1 012 | 0.16 [ 0.07 [ 0.1i — [ 605 | — | 0.06 | 11.79
=986 112436 | 5,344 | 8.63 | — | 3.785 | — | 4.986 |711.865
o |—. ] 005 | 0.08 | 003 | 006 | — | 002 = 0.0 | 2.10
047 [ 041 | T.041 | 2,43 | = | 0.853 | = | 0.866 | 3.593
o = 1.0.03 [ 004 [ 002 | 002 — | 0.0 — | 0.01 | 430
504 | 17634 | 7,433 | 10,978 = [75.158 | = | 6,812 | 16.823
1002 [ 0.02 | 0.0 = = - - — [ .52
=170.68 | 0.781 | 0.448 | = = = = o PN
op 1.0:00 | 0.01 [ 0.07 | 0.01 | 0,02 [ 0.25 | 0.01 | 0.01 | 0.01 =
0287 1 7.344 | 0,469 | 0.933 | 1.49 | 22.688| 0.897 | 0.81 [ 0.826 [ =
oo |.0.00 | 0,00 | 0.00 [ 0.00 | 0.01 [ 0.07 | — [ 0.00 | 0.00 |
0064 170,42 [0.405 | 0,175 | 0.628 | 6.382 | — | 0.108 | 0.314 ] =
o |l = - - 1 0.73 | — | 0.02 ] - =
= = - = 07, 888 263 | — =
6 |l = - - — [ 0.00 | — | 000] - -
= = = = TR0 [ 6,323 | =
A T = —— 1 0.01 | 0.01 —T 000 | - =
0,084 | = = =TAwe [ 0.TT8 | = 0148 | =
o | 0.00 | 0.00% | 0.00% [ — | 0.00% | — - — - —
0.076 | 0.224 | 0.087 | — | 0.156 | = = = = =
o |.0:00 | = —~ | 0.008 ) = - — 1 0.00 | — =
0.134 | = i T - =T s | = =
I — = - = =T 0.00 | — =
0.089 | — - = - - TN =
0.00 | — = - - - — | 0.00 | — -
L T = - - = T -
0.00 | — - = = = - - - =
b T = = = = - = - =
000 | — - = - - - = = =
L T = = = = = - = =
— | 000 | = - = - = = - =
el R T TN = = - = - - =
— — = - = | 0.01 = - = -
Ra [ - = = e T - - -
— - — - = | 0.00 | — - = -
Se = - - S N 2T - - - =
- - = - — {0080 | — = = -
N - - - S N LT - - =
oz - - - = - - =71 0.00 | —
= = - = = = = e T




JNC TN9410 2002-006

YNFFERIL
THZ4%

MCA

X $7E FEGRUSE

H—1 IRILF—oi3EEiAXBEEEDRER

913 HEHEEOCHAORE

RERR AHEERT—Y

S /

X#RETR ‘iR

H—-2 HERFAERE

RAS—BHEE

'e

N
I?"Y'\ mwl(—\ ,
\ TA5—HE(6 ¢ m)

B—3 MNAERBRROAESE




JNC TN9410 2002-006

HEA
/ AR— (HE&HEThERE)

\\ ERT—

RIE LB 6 13
®—4 XKFEEROEETE

{EFR—h / AERF

h = (A+6.5)tan @
g
A \ v\
RERAT—S
RIEEROAR 13
A+6.5 B (HR—M)ZKEIETBESET
hLEOEE h ZEXA5

—5 EMERORESE

(PLEBETORBENE) / BRI TOHOHRBLEE)

HREH
\ /%ﬁﬂﬁsﬁuwﬁ-—-‘)
I L : T | I

I
]

X#R'E /

B

K—6 mHREOHREME




JNC TN9410 2002-006

774 g2 PALE B ITN—T4: WNCARER BIE B 1 2002-02-01 13:09:33
A= 24 =R A  BESF-RKESR 01/01
{cpsiua] TRU
0.80
2
&
0.60
0.40 4
FILEZDE—-Z
0.20
' ‘\ [ % i % .1 ' ‘g
[ gl Zﬂs‘c‘égé g 3 23 ¢
VIS ER g Ry B He £
0.00 \‘ 1.='f AT U\n.”f‘.;\.:_'u\._..!qk___f. .-/\\-I'\.__.-.-_' ¥ .
.00~ 10.00 20.00 30,00 i~
[opauA] Na-Sc
2
w
0.075
0.050 1
TIVEIDE—-2
0.025 ]
- 5
/’ A < ! 2
',’ % \‘I 3%2 g I ‘ 'z X ]
il 83 3 g2 LA 3
2000 W, e = B> ‘.\_J ] '.M#‘N,;a;\,jw 7
0.00 N 5.00 10.00 V]
- oy d
-7 BRF[ZINIREI@®EEREL)OTO7 74 NVF—%



JNC TN9410 2002-006

774 A r ALLBIE/TAIl ST IN—748: INKEER HEBR + 2002-03-08 16:03:22
FARL—F4 aAvk : MlES-RE-&R 01/01
lepsfuA) THJ
2
w
10.0 1

TIEZDE—-IDHERE

//\"ybﬁ'i'j‘/FCDJ:ﬁ

5.0
[
g
s
p iz 8 2
’ (2 s |
), [ FIE
'\ : E %
0.0 b =~ > ~ / :
000 ~—-=" 10,00 20.00 30.00 fKeVE
fepajuA] Na-Se
0.75 4
FILIDOE—HDiEKE Fe, Cr, Nild, BIRED
VAR X7 v Ao g ngﬁ B CS)DEIBTIVLES
0.50 ‘ CLIEBEHZNTLS,
0.25 -
5
'—
E
0.00 v ; - : .
000 ~~. e - 5.00 10,00 eVl

H—-8 HRR[ZIIfGI(E@ERBOTO77MIVT—%




JNC TN9410 2002-006

TY>H— F'— 5 LIRS A AU H
FEHE~1 BEXHANEBEEDX—-700

FEE—2 FERER GUEE : Bike



JNC TN9410 2002-006

BIEMBEBGRHNTIND)
MG EIFE ¢ 10mm
(BAOE : $13.5mm)

EAT—

e
& : SEFERL ZHRRF TIREW)

Bl {7 &
(BECIER : ¢ 13.56mm)

ERYR—- b

B L WK

i @R R — MERIOW
EHRTHD, HEOFHEEL
1 REFERQTNS,

e~ AELLE
BERE—-5 #EBRAORE2 (FR—HER)




JNC TN9410 2002-006

R R BLOSTERMEUIER

&N

KT R T W PR ¥ @0<9)
EE-6 MR

fEglsR—

EHEANR—Y



JNC TN9410 2002-006

f&—1 WAXBEIMEBORET—F DHH

1. BIRT—& 06 OMBEHBOEER

ERERERDE, WNEREETHHLTVWEE, EAXBEITTREDRE
BE, d-APERENBFEELIENWTREZRETZILHHD. 1 %UTD
FTEIIOWTIE, FEZSDTEREENEVOTERRLETH S,
HETINIZUL, RIEBEFNXULEEHRLZN. AT VR,
CrENIOEFEETHRIMRETH D, XeBFOCuEInDBRTHERETH D,
MITDONTIE, SERAPBREEN TSN, THILS-ka#g LPb-MaD TRV
F—2RBEEHRZN =D TH . SEOEBRAIES=PTH 2.

(Ph-Mafi & S-ka#i EHET B DEEE TS 5 A DL

BB, TIIZULAOXHEBREPMOMEITHENTHREEZHAI DR, KK
FTOTNIZTLADOEREXEEEXBEDFENS) ORNKENWZDT
HBa

2. T—HDEIHH

W (R Z2EHLT6REOME (& A7 LA, FIVZZU A, 8, .
B OEENSEAXBRAET—F (BERE. sEMTER. E—2U X
b BESWHR, 707 71)0)) 2REHRE-1~61TR7,

BERR - LICRLENET —F2fE LT, EHEOLBRATEERER
LAFICRY,

@ BlEskHF

CZWREIRICERA LSS A—I R INTNWS,

[Frx8R) 2. SWMETFIARERERT. SEEERAREBOSTTH S
20, FHHKRILTORXRETH2N, BRHBHERGEEZRET DD, Ti-
U(ETHEEE . Na-Sc (BILEEH O 2 DI/ THEL T 5,

[TG) WEXBEROY—4y hTEERERRWNEREFEATS., XBEEEIZ
BIILEBBIH U TIEEWESOKY, Bmimmmsicx U TIEVWELSKVASE L T
W5,

Tpd) BXBEERTESIXI0uATH AP EBRORERIIEE THRES
N5, ¥EERHBE SN - NXBRENKERZEBML, Ty RYT A
(RRERRED) AKEL D, FOEDBEERXT Y R LADPBIEEITRS &
SEERMBEHENIZI L FO—-ILENTHWTEDERERINTNS,

FI) T4 NI —DERTHLENSEOHE TRIAETHD. &L (—)
EL TG,

BREARE TBA (keV) | TREINDHEHOIRINF—EWDIAHZ, TDI5
M (keV) | TRENDEFHOLRINF—IIH L THNEEZITH> TS,
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PIERFRIIE MTime(sec) ) ITRENTNEA, EHEREMMI0BTHTy R
FA4h D.T.1 2M26% THIUL, BHRERFMIUB ENIZ &ITh 3,
QEMDITHE

INEFABRF QRAET—F 2B LR, RICRINB3ERIREIhE
LEZEWRTAHN, MEOEWLERIIDWTRTHEEOIZTEEFSSNO
BERICISANPL N (E—ZUZR M, B—=2707 74DV THEE) .
@E—r7UZk

BESNEZHEXBOE—IDUZANTH B, THTNOXBEDOITRIINF—
B ENet 3 (D BE) ARENTVND, BMEQBEAMN (cps/uh) &72->T
WHEHIIXAEERBRENRICIVELL., —ETRAVDOTLABEY D
BWELLTWS, RPOFOREMIWEE—ZIIEESEOT— Y UBICE
RBLIZE—=ITHS, 2B, E—U )X MO/ FeKaESC & A FeKaSIMAiH 5
BINEI R F—ABBEEAXBREEREFOL— THSROHIE T ELK
Ekidinn,
DEEFTHER

HMESNLZE-D LBENS, RBREFTORZOEESFZITHORERTH
Bo WEHFHEE T 7 FAZINVITA—F#E (FPIE) KI3MBEERTH
Do
O¥Y¥—r7arr1i

RHSBICHOAAEXBOLRANF—ICHTE2RETO7 7ML TH S, &
HXBMELTHRBSNEE—ZICRZOBERZERL TS, BEXEESE (Ti-
U . BICHEER (Na-S¢) D 2F v U RIVENTHIZDWTERL TS,
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RERER-1 (1/72) HBREIRCK) : #&]
MEREF
EEL: EDX-T00 FTHE: XS JUA—#: 10mm) A LK
SR TG kV uA FI HUA (keV) fE#7(keV) Time(sec) D.T.(H)
Ti-U Rh 50 TH 0-40 0 - 40 Real - 100 26
Na-Sc Rh 15 48 &E 0 - 20 6- 4 Real — 100 26
EUSITER
JtFE: Fe, Cr, Mn, Zn, Tl, Rh, Ca
E—-2UX B+
FyrRIEA Line keV Netd2FE (cps/uhd)
Ti-U FeKaESC 4.62 2.122

CrKa §.40 1. 458

MnKa 5. 86 2.436

Crikb §.95 0,219

FeKa 6.38 575,577

MnKb 6.49 0. 365

FeKb 7.02 88.968

ZnKa 8.60 0.257

TiLa 10. 26 0.392

FeKaSUM 12.76 4,482

Fe SUM 13.38 1.377

RhKaC 19,20 1.053

RhKa 20,12 4,422

RhKb 22.60 1. 367
Na-Sc RhLa 2.67 0. 056

CaKa 3.70 0. 096

FeKaESC 4.63 0. 281

CrKa 5.46 0.381

MnKa 5.88 0.513

CrKb 5.95 0. 057

FeKa 6.37 76. 804

MnKb 6.49 0.077

FeKb 7.03 10,632

ZnKa 8.56 0.058

FeKaSUM 12.76 0.580

Fe SUM 13. 41 0.191

RhKa 20. 26 0.000
ERSITER
TR THTEER BiefEE NE-HH S74R EE (cps/ud)
Fe 93.989 % ¢.193 ER-FP FeKa 513. 021
Ca 0.416 % 0.016 FER-FP CaKa 0. 201
Tl 0.215 % 0.013 ERB-FP TlLa 0. 541
¥n 0.169 % 0.008 EB-FP MnKa 0. 900
Cr 0.122 % 0.006 E&R-FP CrKa 0. 881
Zn 0.088 % 0.008 ER-FP ZnKa 0. 261
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AEER-1 22) BERAMROQ : &

TrAE o E (K) BIFETN—~T4: PCRRER HI5E B T 2002-01-16 14:19:19
FoL—Sg = b L MBS -AE- R Q1/01
{epsiuA] THU
B0 1
2
80
40
20 A
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2 T* 22
3 £ = £° g 2
) qug%wﬂ £ 2 |2 i
0.00 10.00 20.00 keV]
{epaiua] Ne-Sc
2
s
4.0
20 |
2
3 <
3 g i g '\ 2 2
. 3 08 ¢ Bl & fe
0.00 5.00 10.00 [kaV]
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ArER—2 (1/D)
st

HBRFUR(R) : A7V A]

EBL: BDX-100 FTES: AR aAVA-—%: 0mm REr: L

SR TG kv uA Fi BA(keV) 47 (keV) Time(sec)  D.T. (%)
Ti-U Rh 50 TH 0-40 0-40 Real - 100 26
Na-Sc Rh 15 48 #& 0 - 20 0- 4 Real - 100 26
EESHER
5TEE: Ar, Cr, Fe, Mn, Ni, Cu, Pt, Au, Rh, Sm, Ag, Cs
E—-2URF
2k - |V Line ke¥ Net3BEE (cps/ud)
Ti-U ArKa 2.54 0.249

CrkaESC 3.64 0.568

FeKaESC 4.62 1.184

Crka .38 111.624

CrKb 5.92 16.744

MnKa 5.92 5.869

FeKa 6.38 297.407

MnKb 6.49 0. 880

FeKb 7.04 44,854

NiKa 7.44 21.5803

CuKa 7.96 0. 460

NiKb 8.24 3.791

PtLa 9.40 0. 325

AulLa 9.74 0. 305

Fe SUM 11.78 1.187

Fe SUM 12.76 2.088

Fe SUM 13.40 0. 646

RhKa 20.18 3.932

RhKhb 22.70 1. 061

SmKal 40. 30 0.079
Nz-Sc Agla 2.94 0.100

CrKaESC 3.64 0.130

CsLL .77 0.120

CslLa 4.34 0.196

FeKaESC 4.65 0.253

CrKa 5.39 21.618

Crkb 5.90 4,081

FeKa 6.37 44,562

FekKh 7.04 6.579

NiKa 7.44 2.552

NiKb 8.23 0. 443

CrKaSUM 10.76 0.072

Fe SUM 11.77 0.229

Fe SUM 12.75 0.255

RhKa 20.23 0.003
ERSHER
SR SHEER BHEE AE-FTHE S8R BE (cps/ud)
Fe 69.796 % 0.168 EB-FP FeKa 262, 801
Cr 18.877 & 0.074 EB-FP Crka 97, 400
Ni 8.151 % 0.072 EB-FP NiKa 19.654
Mn 1.964 % 0.025 ER&-FP MnKa 9,554
Cs 0.699 % 0.028 EB-FP CsLa 0.157
Cu 0.219 % 0.011 E&E-FP CuKa 0.615
Pt 0.171 % 0.012 E&-FP PtlLa 0.313
Au 0.123 % 0.008 EE-FP Aula 0. 317
Ar 0.000 % 0.000 E&-FP ArKa 0.242
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AEBR—-2 (2/72) BRAMRX) : A7V A]

7rArg o SUSK (K) S N~T % POARER BT AR : 2002-01-16 14:25:08
At i% A b WESH-KE-GR 01/00
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0.0 qu- U’\LJ\J\ = i °F &
0.00 10.00 20,00 keV]
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AEER-3 (1/3)

HREEG : 7229 Al

MRS
EBEE: BDX-T00 F[HS: K& VU XA-%: 10{mm) XE: Ll
STETER TG kV uA FI HA (keV) B4 (keV) Time(sec) D.T. (%
Ti-U Rh 50 30 #& 0 - 40 0 - 40 Real - 100 26
Na-S¢ Rh 15 851 #E G - 20 0- 4 Real - 100 26
ENSTER
JtE: Al, Cr, Mn, Fe, Er, Cu, W, Zn, Ga, Hg, At, Rh, Ru, Sm, S, K, Ti, V
Lu, Pt, Ge

E—-ZUZXM
Fv o RIVE Line keV Net3EEE (cps/uA)
Ti-U AlKa 1.48 0.312

CrKa 5.40 1.643

MnKa 5.88 0.33

Crikb 5.88 0. 246

FeKa 6.38 2.835

ErLa 7.04 0.459

CuKa 8.02 0.742

¥ La 8.32 0.500

ZnKa 8.64 0. 883

GaKa 9.22 0.720

Hgla 10.02 0. 589

AtlLa 11.40 0.833

RhKaC 18,22 7.79¢0

RhKa 20.14 6.681

RhKbC 21.40 2.773

RuKb 21.72 1.568

RhKb 22.68 2,358

SmKa1 40. 16 0.292
Na-Sc AlKa 1.48 0.093

S Ka 2.29 0.0

RhLa 2.68 0. 047

RhLb1 2.81 0.034

RhLbC 2.94 0.084

K Ka 3.32 0.023

CrKaESC 3.64 0.015

TiKa 4. 50 0.028

V Ka 4,92 0.621

TiKb 4,92 0. 604

CrKa 5.39 0.535

Crkb 5.89 0.080

MnKa 5.89 0. 046

FeKa 6.36 0.707

FeKb 7.02 0.079

Lul.a 7.69 0.098

CuKa 8.00 0.087

InKa 8.60 0.181

GaKa 9.30 0.085

PtLa 9.49 0.066

ZnKb 8,49 0.027

GeKa 8,94 0.102

PtLb2 11.34 0.112

RhKa 20.19 0.001




JNC TN9410 2002-006
AEER-3 (273) BBRRUROR) : THEZZUA]

ERATER

PA IS E] STRER EBHEREE NB-EH 178 3BE (cps/uA)
Al 99,781 % 1.331 E8-FP AlKa 0.0690
Cr 0.064 % 0.001 E&-Fp CrKa 1.626
Fe 0.058 & 0.001 E&-FP FeKa 2. 851
S 0.023 % 0.001 EE-FP $ Ka 0. 007
K 0.017 % 0.001 EB-FP K Ka 0.018
Mn 0.011 % 0.000 ER-FP MnKa 0.376
Er 0.011 % 0.000 E&-FP ErLa 0. 286
At 0.008 % 0.000 E&|-FP AtlLa 0. 837
Zn 0.008 % 0.000 EE-FP ZnKa 0. 856
W 0.006 % 0.000 EE-FP Wla 0. 301
Cu 0.005 % 0.000 EE-FP CuKa 0. 460
Heg 0.005 % 0.000 E&-FP Hgla 0. 449
Ga 0.004 % 0.000 E&-FP GaKa 0. 504
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AEER—4 (1/2) HRRURO) : #]

il it g
EEA: EDX-T00 FHER: XT| AUA—#%:10(m AE>: LK
SHTIER TG kV uA Fl A (keV) 4T (keV) Time(sec) D.T. (%)
Ti-U Rk 50 S HE 0-40 0 - 40 Real - 100 24
Na-Sc Rh 156 356 8 0 - 20 0- 4 Real — 100 25
EEaiTER
JTE: Pb, Rh, Fe, Pd, Ag, S, Cd, Ti, Ir
E=2URX P
F4 32INE Line keV Nets8EE (cps/ud)
Ti-U PbMa 2.36 4.853
' RhLa 2.68 0.538

FeKa 6.38 1.938

FeKb 7.06 0.291

PbLL 9.16 8.322

PbLa 10.52 186.793

PbLn 11.30 3.778

PbLb4 12.22 11.676

PbLb1 12.58 185.874

PbLgh 14. 26 1.145

PbLgl 14.72 22.158

Pbig2 15.14 6.522

Pbig4 15.74 0.914

RhKa 20.18 4, 564

PdKa 21.02 0.736

AgKa 22.02 0.372

RhKb 22.58 1.17%
Na-Sc S KaESC 0.59 0.035

Fela 6.71 0.019

S Ka 2.33 1.087

PbMa 2.33 0.709

RhlLa 2.67 0.209

Rhib2 2.95 0.114

CdlLa 3.20 0.079

CdLg! 3.68 0.062

TiKa 4,53 0. 063

FeKa 6.38 0.574

FeKb 7.06 0.086

IrLa 9.15 0.192

IrLn 9.62 0.243

PblLa 10. 50 0.709

PbLB1 12.58 0.511

Irlg3 12.94 0. 106
ERSITER
TSR SHER BiHERE LE-HE S8 BE (cps/ud)
Pb 64.393 % 0.196 BE-FP PbLbt 177. 950
S 34.474 % 0.136 EBR-FP S Ka 2.421
Fe 0.642 % 0.019 EB-FP FeKa 1.849
Pd 0.3711 % 0.017 ER-FP PdKa 0.835
Ag 0.120 % 0.010 E&-FP AgKa 0.261
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ARER-5 (1/2) HBRRUECK) : &)

HMERY
EEHA: BDX-T00 FHEST: AT JVA—%:10mm ARE: L
SR TG k¥ uwA FI BRA(keV) BirkeV) Time(sec) D.T. (%)
Ti-U Rh 50 5 HEE 0 - 40 0 - 40 Real - 100 25
Na-Sc Rh 15 59 # 0 - 20 60- 4 Real - 100 25
EESHER
JL#:. Ar, Ca, Cs, Cu, Rh, Sm, Ag
E—2URB
F4 rRIB Line keV Net58 B (cps/ud)
Ti-U ArKa 2.94 0.244

CaKa 3.76 0.238

CsLa 4,26 0. 364

CuKaESC 6.26 2. 061

CuKbESC 71.14 1. 867

CuKa 8.02 764.322

CuKb .88 117.326

CuKaSUM 16.00 6. 059

Cu SWM 16. 94 1. 965

RhKa 20.10 2.941

RhKb 22.68 0.755

SmKatl 40.14 0.066
Na-S¢ RhLa 2.68 0.052

RhLb1 2.82 0. 045

Agla 2.97 0.086

CaKa 3.63 0.076

Aglg? 3.77 0.160

CuKaESC 6.27 0.271

CuKbESC T.17 ¢. 540

CuKa 8.01 57. 446

CuKb 8. 87 8.305

RhKa 20,27 0.0600
EBOER
SR SHRER Rt A -2 E SR S8R (cps/up)
Cu 99,543 % 0.1%6 EE-FP CuKa 694.730
Cs 0.345 % 0.030 EB-Fp CsLa 0. 361
Ca 0.112 % 0.008 E=E-Fp CaKa 0.040
Ar 0.000 % 0.000 EB-FP ArKa 0.239
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MERR-6 (1/2) BEBEIRGK) : 258

BEFRY
ME®: EDX-100 FTEHET: A] UA—%:10m AE>: LWL
PHUTRTR TG kV uA FI HUA (keV) BB4T (keV) Time(sec) D.T.(%)
Ti-U Rh 50 54 0- 40 0 - 40 Real - 100 26
Na-Sc Rh 15 59 0 - 20 0- 4 Real - 100 25
EESHEER
JL#: Rh, Ac, Mn, Cu, Zn, Ag, Ca, €o, Ra
E—=&4UR K
Fy 32 E Line ke¥ Ne t3&EF (cps/uA)
Ti-U RhLa 2.68 0.293

AcMa 2.92 0. 251

MnKa 5.96 1.277

CuKaESC 6.32 1.250

ZnKaESC 6.92 1. 751

CuKa 8.02 474.304

ZnKa 8.60 137.566

CuKb 8.90 §8.062

ZnKb 9,54 20.635

Acla 12.68 6. 305

CuKaSuM 16.02 2.358

Cu SUM 16. 69 3.229

ZnKaSUM 17.16 1.372

RhKa 20. 16 2.680

RhKb 22.60 0.714
Na-S¢ RhLa 2.67 0.063

RhLaC 2.79 0. 057

Agla 2.96 0.073

CaKa 3.65 0. 046

MnKa 5.95 0.575

CoKa 6.99 0. 544

CuKa 8. 01 37.780

ZnKa 8.60 10. 343

CuKb 8.88 5.328

ZoKb 9,49 1. 851

Rala 12.41 0. 041
ERSWER
SR SHER BEREE UE-SE 51788 BE (cps/ud)
Cu 65.108 % 0.164 EB-FP CuKa 430.010
In 34.442 % 0.113 EE-FP Inka 251.659
Ac 0.17% % 0.014 EEE-FP Acla 0. 441
Mn 0.170 % 0.008 E&#-FpP MnKa 1.183
Ca G.100 % 0.008 E&-FP CaKa 0.032
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