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SROKBRTRIEREEZEAN LI L ZRHRDO L 2V F—(RIFHRR N -7 (558
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TOTEFFOfEIZ E 2= 2IC L BEER, 3 A — 2 Ic & 3BINROMIEEMA TRV,

§4. EBRU (e e'n) AIEHEE

KERGAG = %V F —120MeVOBTFHRE MV, BELETHE 0.=30°, EBHBERITq=
0.33fm™", [BHEE T 3 b — B=18~26MeVicitf LTI & — AT 2400 A TEBRE(TE - 7o
PEFREEAR 8N, Y5 T 0 v, TV ) - P TERRL, BREROFNICE, rEPET ORI



180

Efficiency Efficiency

Efficiency

0.5 7
] ()
0.4
0.3
0.2 1
0.1 - Efficiency
] —— TOTEFF(Bi)
0.0 e
0 1 2 2 4 5 6 7
Energy(MeV)
0.57
1 M
0.4 7
0.3
0.2 7
0.1'E Efficiency
~—— TOTEFF(Bi)
0.0 +rrrrrrréy T . e
0 1 2 3 4 5 6 7
Energy(MeV)
0.5 7
1 ()
0.4 ]
0.3
£
0.2 £
0.1 7 :: Efficiency
] ——TOTEFF(Bi)
0.0 ey T
0 1 2 3 4 5 6 7

Energy(MeV)

%9 iR B O HIEEER, ’
(a) ND1, (b) ND2, (c) ND3, (d) ND4, (¢) ND5, (f) ND6o
F3 “TOTEFF’ O BRI, EATRICLBHESE, 22—tk a0

$®?§E%ﬁﬂi 12dH Do

Efficiency Efficiency

Efficiency

0.57

G
0.4 -
0.3
0.2 7
0.1 - Efficiency
] —— TOTEFF(Bi)
0.0 +rr e
o0 1 2 3 4 5 6 7
Energy(MeV)
0.5 7
1 @
0.4
0.3
0.2
0.1—3 Efficiency
] ——TOTEFF(Bi)
0.0 +rrbrrrrrrrrr e
0o 1 2 3 4 5 6 7
Energy(MeV)
0.5
] (0
0.4 1
0.3
0.2 7
0.1 — Efficiency
] —— TOTEFF(Bi)
0.0 e e
o 1 2 3 4 5 6 7

Energy(MeV)




ADC (Channel)

ADC (Channel)

Efficiency

800

400

=]
4
=]

ey
=4
=]

PSD (Channel)

10 PSD-ADCOEHEELF .
(a) ND4 6,=17°, (b) ND2 8.=64°,

0.5 1

1@
0.4 ]
0.3
0.2 ]
0.1 - =: Efficiency

1 —— TOTEFF(Bi)
0.0 +rrrrrerr e

0 1 2 3. 4 5 6 7 8

Energy(MeV) -
IR (Bix) (8 NDT,

L e T3
[ (@) . : 1
B 6 n=64deg. |
0 500 1000 1500 2000

PSD (Channel)

L (b) 0 n=7deg. -
1 :Garﬁmav o N:i,trdn )

L L PR L L 1 L 1 L " 1 L 1 " L L L
0 500 1000 1500 2000

181



182

HMELTES AemD ¥ X2 ARAEE, 0T Y A — 5 EHE Lo H10—(@~bRI 6,=
7° & 9,=64° D& & DPSD-ADCORIKITOHRAT OBET 2T L7co RIHBHER "Cs
DavF vy VD0ATIMeVeeTH B0 & DR SETF TORTE X 0 BT DRIESN» 7
75y K 9s% B C &0 B, T OEROWAEEY H L, TOF-VDCTOHRNT
AR L OBEIURTH 5, HRESOEROE VAV EEREH T, “CaDREIREND

80— T T T H
CEx=21MeV o -
- 6 n-34deg. ]
60 S .
E - -
2 b _
o 407
= I
201 ]
09" —""500 1000 1500 _ 2000

TOF (Channel)

#11K TOF-VDCOEL ST
rhsR IR A DER DL WIS HEER R,

hiEFned, E—FHBREAOHETFnEEL oNE, ThThOBRHBRILICI vy YV /T
ANFE—Z S P VERDDE, B12-(@~EROBITE S EHBBITAIN & JOEBRRT
HETRS 2REOAHBR SN 5 HiTndk D OHNTITREDEVHBR SN S0

§5. £&0

(e, ¢ n) EBRICHBVT, HEMTH S “Cakifhy e LEKLBIEED > ohiET2WEYT 5
CEBSHsE 2C, PCEEDER O & D IEND S ORIBIKEIC R B riRD Ny 7 7T Y R BE
Mo tohs, EEZORETERHT C &M%, £, PCale, ¢'n) LD I v ¥V T TR
WE=Z S b HEENERT AT & FOEEBR TN TERMTIIMEE R B T &
Setzo EICHAT 2385, “Cale, ¢ n) FULBOBRIGHIERE, n, nOEHHERD 2 EBE5RK
DEBDFENFT OFETD %o

(e, &' n) FRUCHITREE HRIE B S i PR B O MR 3R A RN BME (I & TR 7,

(e, ¢ n) EBROBEEM TR URETRIERITIE -7cDT, B AT AL B HHFDREE,



183

200 T T T T T LIII_
- (@ ﬁ B ;
Z 150 |- { 4 = 100 =
= [ g s 1
'g 1 & 715 F =
5 100 |- i 15 ;
i i ] 2 s0p ﬁ 1.
> - ] @ [ ]
f 17 i %&é —:
0 5 10 15 20 25 30 0 .5 10 15 20 25 30
Missing Energy (MeV) Missing Energy (MeV)
N B I ] [ T T T ]
4 I3 g
(b) ] L (e) 4
o 100 — 0 60 -
I | 15 ]
2 5S¢ 1 2 a0l W -
& s ]
° =
g T | i ]
> S20 - _
o Bl | Ak 0 @@W el L %ﬁ
0 5 10 15 20 25 30 0 5 ) ‘10 15 20 25 30
Missing Energy (MeV) Missing Energy (MeV)
T T T T ] il T T T T ]
125 (o) 1 ; 60 (f) -
= 100 - 1<
5 | ] E
o 4
g B ! i
= : 1l =
< 50F % 7=
= | &
25 [ ; .
0 ok R 1 R ] T2 X o 5P ]
0 - 5 10 15 20 25 30 0 1 15 20 25 30

Missing Energy (MeV) Missing Energy (MeV)

BI2K Iv VYT I RVE—ZIRT M,
(@) 7°(ND4), (b)34°(ND3), (c)64°(ND2), (d)93°(ND1), (e)155° (ND5 ),
(f) 184° (ND6 ),
1EMeVARED & — 7 13 ¥CaDEEIREEAN DO it Fny, 1TMeVAHED & — 7 235 —F)
FIREA~ O PHFn, o



184

o T T I I

60 - -

~ Yield(arb.unit)

;:—‘l-—' ; R it AR EFER B ]
0 5 10 15 20 25 30
Missing Energy (MeV)

F12K (bex) (8 214° (ND7)

B3y % — 21T & BT ORBEIRE bEURIEIRERE T & 1o MHBIEHT ORE)
RIFERHEOEREEORML, SRHBCL>THBOREEIEPNP > THHL
0 BB DT V¥ — OREF ORIV MEEEZM T HENSH 5 T LA 5o RIEIE
2B T 5L, RIEBBIEMEORHZIRICE O &S REEERIZ T PITEED 20,

£ £ 38 ik
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59, BEOBOHHTHESLEICLY, hoT7 35y FRHMELEET 2 &L BERZDIE S5
ZREBLVDBEL TS, T, 7O VERALZ SO LEET VS DOEHTERE SN
ICSERI AR TERT 3 72, BERRDA L 720 PSD %2 AW 7z TOF HdkFEHT 245 L
7o

ABE LT}, LBk 3-07 o b vEBEROHTHESEMAT AT, L bR
HHBEL, REWBERBATTE S SITIOs 2 RAK, £, BATREL 7o b vOBESE
KTBDTiHA M Sc% F—7 Ui, EHISBMRIBIZI « BHMIEED oy v « 4
2 = VPRV THER L 2o BEEK5m, K& 15m, Sc DRIZ 2.8mol. % TH B, O
BEDSc0&E%: F—7 L THRERBEREML TRV 2R XEETIC X b HEE L,

&



186

§2. SrTiO:#E@HFD7T 0 b VHAEDET I
SrTiOs 1355 1 BT /RS & 5 B LR ~<B T2
HAMEEEED, F=NY b SR TiYOH A
T PRABIEMHONTEY, ScHEF-TLL
SrTiOs DFEFHEER T Fhox 13
Fo=Fhu=bg+ {bnu(1—x)+bgx} X
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B WTHAFLERIEOAFLERBES (VFvvay) & AVTSYyF—vavicko
| CBAOTLSBETEERL LK 3G (BRICE) 2B LB, EREOHH
BAHPIRREVEV S LHEESF OO TWEY, 1, RWRTFORSEH = % V¥ — oG
T 2 EEADE, ky FT FARIBTIR 100V EBETY F Yy a VEN—ELRD,
¥ 10keV OFFHIHITB VT H ZOMIZIE LA LDV, ThicHl, 1 v FS5vyF—va
¥ RIGDGEIT I BHIRIIE10keV ORI E THIML, 100keV DL ED SRR THIMIE 125 &
Vo FEERDED St ¥,

LALINS0HERR, dy b7 FARIBEA Y75V F—v e YRIG, ZThZRMHVO
FKBRELTHONIERTHY, BHEG L V- ERIGOREELRIZ LB TR I, > 12k
®, HEREVWE LTREALKSWEWIHEND - 72,

Pd &BERHKIRE L, RhsEEEMERLTIEBRR (B 1K) 2%25L, “Pd (7,
p) '"Rh Iz & - T®Rh H3RBEIRD S HSESEGH T T A g h, KA v 7557 —va
YRIGHBETE 3 LiomA, HESSEohLEETH IR S5™Rh (7, n)'"Rh UG
I & - TORh SHHES AR L, @EOKy b7 F ARISHEE TR 3, EEOENL S
2 >0 RhiEERINZEERIFALT, 41 v 7S5 vF—va YRIGEky b7+ ARG E—R
B, FE—skducs w3 2 EATHRETH B,
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" [ 7 /)
“ /)
101 Pd /102Pd/ 103Pd 104 Pd/ 105Pd 106Pd
4 V
7 7 4 2
A 7/ .
Vossssrl 22 oo l///// 1 (y.p) s
100 Rh 101RI‘1 102F(h ;103Rh 104Hh l105Rh
=
Z
/.
(y.n) BIG

FIN AEBRRAIOMKEN,
RHREL - ZEEIRLA

AR, TOHEICL -T2 2ORIGOHKERAIDT, ZFOFRIO>VTHET 5,

§2. £ B

BHREHIREREE L b0 ERIBICTARL 2%, 9, 45 - REREZERE L
THABESDOPILBEEE:-S 0, 2O LIcREREHWTHEARL 25 tris (acetylace-
tonato) rhodium (1) (Rh(acac)s) %27,

B BRI R TR EROBT 54+ v 7 TRONEALI ¥/ -2 IC X 518
e (BAx X VvE—50MeV) 2\, % DBROENMEIZK 100 AT, REBRET IR
BlRSIc & > TR E, WKRIORHEET>7, 1, BETOEE EFIHES 7=—1Y
¥V OMBREMZ B, ARICBEERTHAILLZERT R EZREMNT 5T L THR—100~
—130°CicfR - 120 BEBRILESEEE THREE K54 74 2HICRF LT,

LB LI FOFIETIT 70 T, MEEENYEYTHRWELL, YIATVAS A
su< b ¥5 74—tk > T Rh(acac)s K5 & £ OIS IcH W, REKRIIHBRICES» L
TENTIhD 7 57 ¥ a3 YIZ&EN 5 Rh & '®Rh OMEHEEERIE L 720 '"Rh OFHEH113206
dT, 475keV @ r8R% BT 5, 1, Rh (&8 35.50 T, 319%keV @ 7 REMHT %0
HIE 1 pure Ge AR HZE+4kPHA % F\ T 1000~200008017 - 720 REEROBEIEDRIE R,
BEAIR D Pd % 3> GHEAEGR A FRIC S L, “Rh OB OHED 517> 7o
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§3. #HE -EE
31 AvTSvxr—Y a3 vIckBREEN
F2X, & 3MIC®Rh & ®Rhick b *Rh(acac)s E LTINVENLEEOINRE, Kk

1.5 T T
Hot atom reaction
o Q 1.0 1 T .
i~ T
i
=
£ ?
1o 5
<
E 0.5 R 1 { 4
(o]
g 1
0 1 1
-3 -2 -1 0

10 10 10 10

Source thickness / g m
2 “Rh (7, n) "RhBUtic & 3 “Rh SRINROBIE AT,

RoBERIHLTEhThT oy P LIEDDERT, T I TOHENRI, WMEEFIEEN
BZNThOLMEEICH T 28D OBERKED L& EHET 2, 9, '"Rh $iANERDOAE
TH5H, "RhiZZ D2 LA EDBEEDLEBD (7, n) RINICL » TERT 5, RBER
hOPd 5D (7, pn) RIBIK & BHNASLBELONBH, FHELPBRRIGKE DS
I %EEOFS LBV ETHSH, +2EELI 3E8bhd, Lichi->T, OHEENER
BHEANTOF v F7 FARIGICKBPERET B EVTE S, Tz, NRIRBFEOES
L RBARISK, #0.6% & —EDfEE L > THY, HEREDAID SOLEELZ T TVIEWH
MUERIETH BT EDbhd, Tkt U *Rh$EANERD 4, “Rh BRBEIR$ @ '*Pd
RETHERD Rhp 5 BARLIZVWI &5, AMILLDA VTV F—va VIt RIE
ERBMLTVWEDEEZONS, ZOWNER, RBEOESICX->TH2~8%DRITEIL
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LTHY, ZOMMEIREDFy b7 b ARINC K BIEREHRLT, »RYOKREREELD

T Ebh s,
10 1 T
Implantation
8 { i
: }
= ]
T 6 :
>~
Py
P o
g 47 a ]
= o
a4 o
=
- 2 P { -
0 1 L
3 2 -1 0
10 10_ 10 10

Source thickness / xm

F3 ™Pd(7, p) '"RhRIGIC & 3 '“Rh $5AINR DR,

RERDERICBVTI, v b7 FARKIGES Y75 VT — v s YRIGTRE UGS
L BAMEOXFIMTER L LBDT, TNTNOISEZENT 5 I RIS - KRR ZE
HOTWi, COEIBEBDIETA VT I VT —Ya VILk> TNEBHEKRTEEVIE
BERSEONTE LD, ARRNTFORVPLHEEDORVIC X 2 BEHIRIRTE & OREEHKRT
BIENTEY, ZORBEEEAT I EBH L1, ZhISHL, FERRICBVWTERE
NENREL - ERINIC & > THNICAERT 2R EHVW S T Lick b 1 2ORABFT, 2
SORIEBEBEIKT 5T LETFEE LTV,

ETAT, TOLIBERRERVZEEICHEL S 300 2 > OFENAR T ORIGHAZHR
NEOEEOHELRIZTHLTH S, OFNBEZHRICOVTIR (n, 7) KIED & 5 Xk
TR NVFE QNS BRBEINICBOTREBERAZ VLI EBVL OHhDHFEIC L > TRENTYL -
357, UL, (7, n) RIGOL I BRBE 32 vF—OREBERIEDEHE, RALESIRIE
BEAERY, $3VIRH->THEREFEAEBEELRIZEIRVEV S OMBEOHKE TS
D, KFETELNK 6~THSONROEVIEINENED S TIRHEHT S EBTER,
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LEM->T, TONRDER Ry b7 PARIGEAS VTS V5 — ¥ 3 VRIBDORIGBERDE WD
ERBLI:bDEEZELON, 41 VTS5 v F— 3 VRIGICE BINROMKIZFE—BHREECE
B AEENRIc L > TAENSLTE B,

32 AVTSUF—2a VL BBRNEOAHFHIRIF—KEHE

FBIMICBVWT, 1 V75V F—va VickZERIESRBHROREOE LI L THET
ZAELTOVB &S EHANE S, SRS L @A OER E 350, KBRS gk
OBMREZRAE LB L 3ERGIT-> 7243, ZOFRTRERNERIZ2.8510.97% & W 5 f#
BEONATVS, Thid0.1pmBEO+AEVKBKIRIC X 2EBRER L HE L T3ERIL &
SBETHBIEDS, VEFTICHE L TEXBEREOE/, T1bbRKBETHHEAT I
T2 N BBOAH 2 VF — 1t 2 NROEADBGRIORICBVTHHONTVEDT
BisWwheEEL oS, TIT, LEIERSE L "Cr 2T 5ACRICBY 3 Az A VF—FHE
BEDFRHEEZIDRISDVWTHEFT B EE LT,

9, REEzxVv¥—0d & &5 °Pd (7, p) "Rh RIG® photoproton ® x % v F —
ARy FIWBSHETED, COFDOZR~RI g, Ni, CuBEDE—BRLBILHEL In, Pb
EWVS FHBSBILRICOVTIRRD SN TV B, BAEUMNLIOR~RT P vEHiGEanT
Wi, ZTTRDEIBToRRICE>TRARY b VERE- 12, ¢ RKBVETORBERE%E
ROHTEIE (RBHEER) ORIt 2005 EBRIITRDTE L, K, §Tikdoh
TVWBHMIDTHETOZRY b VEBEIL, B4 BIERONMERE L TRBET % V¥ — D%
HET 5, TONMEAVT, LSSEHRYIC X AMENBEIcky, HRMKBINEERD, £
BiEEROBHET 2 X9z 3 vF -2 RD 7o (RBKIES & 0 BEWEERAERI
DVWTRXER3)EBRO T &), FBRTRD &N RBRDFEEKEM %5 4 KIicRd, T
ZORBENERIZ, —> ORAB2ETOXBRFOREINT 2, AT RBKERFOME L
TEET 5o LIS SN/ BRI L FIEE, IRIEHHENT 2 iIc >0 TR ED LTS
BRFRRINTVS, FEOHEOBERIIB VT, B—z 3 vF—2{ELIGEGPHT Y X5
ELTIRNF-BHERELLEEICEB, WIFNLHE4XO & S LRBKICRE{b A2 HET
BT ENTEIRM oz, 7B, photoproton DT X NF —RUFFEDOHHTIRAEL, Ex
FWVF-QlEOEZ R NVF—PITKRE LD > e DTHERF->TVWBEZEZOND, TDXIN
FERET ek o T30 25O photoproton DT X VF—ZXRJ P MITBVTHH
SNTHEY, FHR OTREV, I T, TRANVF—HEET Y ZAPHMTEMUL, €—7
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70 : :
50 F \{

ol \{\H _

Rh Recoil yield / %

105
(3]
(o]

T
/
1

10 r

0 1
3 2 -1 0
10 10 10 10

Source thickness / ¢ m

4R "Pd( 7, p) '"Rh RIGIc & 3 '"Rh O KEKXEROIRIEHAF M,
TR A hoBRIC X BEHE Lo RBR

Mg, BxixrvF—H{lBLUEs X VF—OFEFBD 3352 -5 25Tz x V¥ —57%
2RET BT &R LIz, MPDOEHIZE S5 XD L S 7% photoproton T XV F— 227 b L%
bLICHELARBUINET, COEPROIEREEHATEIENTE, ORI PVED
LIS FIFURBIFEOEEICB T 2 “RhOAB = 2 vF — 27 M VEFHET 5 &iclis
RERFOAR T 2 V¥ —FIBEOV T R VF—FFHICbO > THML TV B0 T, RIFIK
g a¥EEE LT EEAR = X vF ~— (Mean Implantation Energy, MIE) 2H W, #HE
KE-TRBONIMIERHLTHEONKA VTS VvF—Va YiLXZ3BRNIGONE,: 7
gy b L-bDOBE 6T B,
AEIOEBRRICBVTIE, 5 %10 °~6 X10? pm OB I LT MIE i61~86keV
EESEONE Db ot, TOZFVF—EHMIcBWT, MIE OBIMcE-> TE#
IR WM 2EABR SN TV S, PEIOCr 2 TEALRICBWT, KBKRTFSHEAH
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10 T T T
8 + o
(4]
=
= 6 | -
.2
=
5
(=9
2
[ 4 r 7
2
=
Q
[«4
2 F B
1 1
0 10 20 30 40

Proton energy / MeV

FOX AEETHEGE L 72'*Pd( 7, p)"™Rh KIE®D photoproton D T X VFE— 2<% b g

TEBHTANVF - 2RI BEEZE LK, NTRLOMEEENSERERTEMILEE
(S.) HETRILEE (S) it L TIEmic @3S « & WVF — GRIBUT B W TN o 3 IE A A3 &
S0B LVSFRRBBONI, KT, BEHILEEN Y — 2 L15520keV & 720 137 DINROHM
BEROREVERTH > 7o, SHIOKRBRRICB I BHILEZHELZ OBE THNTS
%, Cr DRTOKIILEED ©— 7 (18, BLOKMILEEE BTILREOREOMB R Z1h T
n20keV, 330keV 720 TH 724, "Rh ZHTHLRALRICBVTIRENE NIk, 1321keV
LY, UHIOREBHILY Rl 2 vE —GEBTHIEREO BN A SN 3, SRIOEER
FTOMIE OHif%E A 3 &, ZOBEBHRNENSE(LL TV BERIZCr R EF U < B IEEE
PEELHET, L SBMILEENE— 7 LR BHEBITIZFHESELTVWS, O Ehd, §
6 Kz B\ TH S N7 ERELIE Cr 2T B AL RICB T 2 BEHRINKRDO MIE (KEM & R
BHEH T OEAI SEbNTVBTEERLTVSEELOND, £ L, MhRIEED
BFZHODIIT 20Hicid, S S5ASRORIBLETS 3,
CITRENKLESIBA VT 5V F—va Vick 3BEBINERD MIE KEMRIX, VWE F Tic
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105

Stopping power / a.u.

10 T )
g | .
S 2
S :
i 6 e 7
2 s
-
:cg T o
& 4 F e .
= .-
, L -
0 L :
60 70 80 90
MIE /keV
H6 Wpd( 7, p) Rh IGic & 3 “Rh &R D MIE {KFEH:,
4 T T ™Y
105
Rh — Rh(acac)3
5 L -
Sn
2 F B
i ——
/,i//

300 1000 1500

Energy / keV

T LSS BT & 3 '™Rh % Rh(acac) ;s iZ¥T 5iAA & OB IERE,

S. : BBHIEBE

S.: BTRHIERE
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BICr 2V 2DD B- Vi b VEERIITBAA L RICBOTHER I TV, 20K, IN
ROKRELSET 28R, BB & S IcKBIEREN K& BLT 5 = X V¥ — & —BT
BTEBRVEER TV,

ZOMIERETRIC BT}, ARK T LA DM A b EIT X » TYBEFIN IR ELRSH
—HFINEZ 20 TH B4, AOHEEROELBBITHESC, H, OTHB0, HHifsh
BOPLEBEEL TOHEL L > TRONIMILFEOEILOBTRRELEDLSL LV, D
T EEBAIGG, DRiBONl, WEEMEEL LGS SR Cr RTic & 3L RE
BIEOBEHSFE L &5 BAR L 2 vF—FRcBVTRONE VI KRRHEHITE, Z0OA
WL 2 vF— OHHELERER>OD, &2 VIIMHIETEOELAEICERAEH 5DMhE VD
BESEE TV, SRl0FERIE, ERkEERZ 3 MIE & U TKILEEDEL S 58
BARESNTEY, €OE(LFEBICERNEESIFEL TVWEIEERT—DDF— 5%
[BTLNTEN, CORRIMA, BEOHLSBOKIISITHES & v b7+ ARG E HER
LTRERINEEG S C EMREHERICK > TOHERTE LI LR, SRDI VTSV F—Va
YIRISORIGHHEZ B4 2 5 A THEHERFHMIVEEZ 2LEZL 505,

BINOBEBIMEEV 120, RIEREKENOMANZD T, BLXU< vy I Vv—T0kh4
BILBL EiFE T,

& % X ik
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TEFNLNTEMNVYVROEPYINVZFaTEF VTRV
kB (M) gt (M) oMb d 53,5 —
Yruvuzz/)—VOFE

BEEILF
BSHIE— « 88 K1E 58

§1. #&

FL— L RIEHVBRLBA + v oREMHE, SRBENERA 4 v OBEOBEE LT
EHith oI £ TOREVHIFESBEN TV 3, o L — HIE BN FEHARDET
HOW3Z Ltk > TELVWIHHOBANBE SN BHE, Wb 2 HEMRIEFESKQHEKE
EHTE, UL, BEIRZERHEICBY 2R hESEF L — b & BT
O MSERAERICE S R TH 570, HBRIMHONR LB 28BS + ¥ R TMHOHE—EK
EBP=MDI VI /AR, TIF /A4 FREBOEOATVI,

—7, EEOWERE, XYV va (1) P (M) BEDTEFNT £ ViZ X BHlHSN
a7 = ) —VORMICE > TE LK MART BT EERRLEY, ThooeB1 4 Vi3
TEFIVT £ b ViCk > THRAKOW - SN fcdhtEd L — & LTHithE h 3 7o, HERLhL
Fick 2RIBBER S HEINTVR YV, ~NaF VL7 =/ —VOMRIIEREICE T 37 =
J = VOKBEDOKRRET LB+ L — F OBRFEFOKEREAITL22HICE I DL
BHahi, COLIBTO Y FF—LLTONOF VLT = /) — VOFEBASIEI,
DEBA+vDF L — MlHISH L THET 3 L0 a N3, F /T ORERHERIH»D
EBMICHIZET 22 &1, TNFEFTREAEFSNTVIED » L SBHEDOBRBRILFEICBT 5
KBRS ORE 2 EFT 2 L TROTEETDH 5,

Z I TAMETI, #H (I) kU (I) o7 &F 7 YREMY 7 AT EF NV
T VickBAMHICET A3, 55—V 0u 7 2/ —VOMREFHICHART, ThH0E
BAAYRB—VF b vick> CTRRALASMS S L — & LAt SN G /2D,
rMERCRL I & B RRISIESBICAI SN T W B D, fHEEOTL» o, BMHIcBT 5+ —
bET = = VOEERIGEERINTRY, PHECATF & ONMEEEARIIGE L, £0
BT >WTER L 72,

g&l}l(l
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§2. £ B

21 &K%

TFNTERELY (2,4—=_V¥ V%Y, Hacac) RTIEEREERT Y E=TK, XK
TIER R, KBRS b Y v A THRL, “RIEEEE LI, P 7vtoTEF VT
Py (1,1, 1=FY7nFu—2,4—_v¥ vk, Hifa) @rfs (ECLERER
M8 L) 220V, 3,5—Y27uu7=/ - (DCP) BHTRREEER
FERIL 7o N7 8 VBT Z EE QA ETRHEL fo, PBELRRTROBINZ <2
FVRIER (BUCALZERRZSAE) %% 0% £ W, BB HERALA “Cu i3 S S B I
BT 51+ v 705D 50MeV HIENUEHRERBKF LT, %Zn (7, p) WML OEELT, ¥ —
7y b % 6 MIERRICARYE, BHEEZIXI0 M IAFUIFADVNIVET VE=T A
DU LR RIAR THIHIYBE L, 10M RIS L e *Zn REMESBEHRICAE Y (7 o
Favyhom 18MeV 7Fu b YERBE LT, ®Cu (p, n) RIBICKOEEL, § -7 v b %
2MIERIAKR E L, B4 A+ vaSHuilE (Dowex1-X8) ZH W\ THZ 2 M M CIEH B,
KTSZn ZHEH Lz, Th o ORI EEEERARKR EBS L, RRELER, 107°—
107 M BIEHRBKER E Ui, hoFEERWIFhdRRL Lotfimz 2o Vi, K
B REZEEKE Milli—Q ¥ 257 & (Millipore) ik > TE SR LIcbDERW I,

22 # fF

a) B—oU4 b vEDCPIcL A8 (1) LHgH (II) Ot

OB, 4.1X107°—3.0X10 M @ Hacac % 7213 Htfa £3.8X10 *—9.0X10 *M @
DCP 2&U~T 5 v E @B LIKREK (5nl) &, 0.10M BEERMF b Y v LKEHK
(5ml) ZAfl, pHiE 107°—10° M OBIERE, £S5V Y—N, N—EX (2—-x% ¥
2k VIR, JKELF b Y v Ak OFEB L, Thic, KEDTORRES 1.0X10 °—
9.1X10°M &7 3 k5T, HEHSR (I) /38 (I) wkEDE (Kiopl) mi, 2
5CT 1 — 2R E 5 Lic, MOSEER, Wb o—EEWMO HL, Nal (TD HF&Y v
FL—va VIRHBIC L O BEEERHIE L, &8 A 4 vonitl (D) &Kkbiz, £, 75
2 ERRE W TR E S ROKMHED pH ZHIE L 12,

b) DCPHETDB— Y5 + v O5EC

1.8x107"—1.4x10"'M @ Htfa 2 GUPUEILRRAERE, FAOD 0.10M HERKRF b Y ¥
L7k (pH3.0—3.5) &25°CT 1 HiRE 5 Lice B— V7 b YOS (Daa) BIRE D
BOEHME 72 IKHPOBEZRET 5 2 ik > TRD I, Hacac DR, k& H%o
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HEMEEROHL, WEEEL LT, 3-Y/naxXvErENZ, A5XF+E5Y—-H"5
2 (Shimadzu HiCap-CBP5, 25m X0.33¢m i. d.) K& BA X7 v< 257 1 — (Shimad-
zu GC-14A, FID # %) 12 & > T Hacac BEAR» 72, Hifa OBFEE, kL 5 BOKHE
(4.5ml) i£6.8X107*M D8 (1) 7k#E# (0.5ml) %2MZ, svokis 25mD) LHY
1R E 5 Lo R E 5 B OKHOSIBE %R FBoLE TRIES 5 T Lic & Y SHONELE
Kp2EEbic, KO pH ZHE L1, 8 (I)—Htfa iHRIcs W TR 586 (O) ©
ﬁRR&U‘ﬂ@EOD pH & Htfa O¥IBE O OBHRR (B4 51), @ KX) cHEIE,
Cu(tfa), BT Htfa @ 7 v o kv KEOAEREE®, Kz 28+ L — + OEBRER
RO Hifa OBRECTER (B 1£) 2HVT, BHiRE SHiOKMEHO Hifa REZRH L7,

§3. RBRLEE

31 B—UH bvicksds (1) LEy (1) OHEICxIT S DCP DR

0.010M Hacac ®#, & %\V30.010M Hacac —0.050M DCP 2\ T, WAWA# pH i
BY 38 (I) RUHEH (1) OMHBEEBZHAN K, B1K (a) KT (b) xhZhEH
MO~ T 8 v RUOTHELRR OB G DR ERT, WThOBREEHWTS, # (1) O

2 A4
(a) o O (b) °

log D

# 1 Effect of DCP on the extraction of Cu(II) (@O) and Zn(I) (AA) with
Hacac in heptane (a) and carbon tetrachloride (b). The solid curves indicate
the calculated values from eqns. (1) and (2).
Organic phase: (@A) 0.010 M Hacac,
(OA) 0.010 M Hacac—0.050 M DCP.



205

Hid DCP OFAEIC & O N2 TO pHEERIC BV TELSHALTEY, pHAI D 5567
12966 LA L OHIHHRAZR SN T VB, FHIS, ~7'F VR TRAEHAK2004E AL TW
Bo —%, Hth (I) DA DCP OFAEIC & > TAT S v R TR 4 A LTV B4
PHEERBEZTREBLAEHRIESOAB VL, OIS CVTHOLBSI 4 YicoWTH,
DCP DHAFIRE~T 5 Y ROB S BIELRER L D AR, ThELIEI% (M) o

WTHE LERE-B LTV,
£7:, 0.010M Htfa &, H30id
0.010M Htfa—0.050M DCP o Puig{t.
RBEHREFHCTEBA 4+ v OfiHZE)
ZHENI, BNt DHBAERT,
Htfa 08i& & DCP OWASIRIZR S5 h
BH, WThoSB/+ v icHlL T %
DOERIBIEFHIT/NE 0,

U bwRE i DCP OASIE I,
NY Yy A () P (M) 5EDHE
LEsRi, A s hichdeR
¥ -t EDCPORBREITVTVS
LEZONDE, T, ZORERIEEE
BRI T 5 729, MO %
112572,

2 3 4 5 6 7
pH
$2 Effect of DCP on the extraction of
Cu(ll) (@O) and Zn(I) (AA)
with Htfa in carbon tetrachloride. The
solid curves indicate the calculated
values from eqns. (1) and (2).
Organic phase:
(@A) 0.010 M Htfa,
(OA) 0.010 M Htfa—
0.050 M DCP.

32 B—U4H bv—DCPIckB8 (I1) &LFs (1) OMETESE
B—Y4 bv (HA) OAick3 2ligE4 4> (M*) offithicBuvwe, £BA 4 0%

Ll (Do) BRD LS ickbEn 3,
[MAZ:‘ org

Do: [M2+] + 2 [MA, @-p +]

_ Py B:[A]?
1+ 8; [A°]
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2T, BED org 3EHHEE, BRFEORVWSORIKEERT, £/, Py 3HHEREF LV —
b MA, D — AT, B, R/KMHICEI 3 MA* 7 OLEBER TS 5, KHHBO 8-
I hFbAA Y A ORER, KEApLHREI NS,

[A7] = CuaKua {1+ Pya+1D) [H]} 2
TZT, Cua Pua Kua BENFNHA OFIRE, SEABKUBBEEER TS 2, Do D
HERSLER NS OEEERES 1 RICE LD, £ OHEIELHREFTKRD 5N 73R
ETH 3, 8 (0) by 7vFoTEF T b FEEECHEES (I) OTEFLVT
F b EEADARER I ST — 51085 &3 EHE (1) RicES < FEH/ NS
(SALS 70 7’5 &, HEAY) itk ORDIETH S, H1K, 5 2Ric/nRLiciigRid, &
1 ZOEHDS (1), (2) ReESVWTHESWETH B,

%1% Equilibrium constants in the extraction of Cu(I) and Zn(II) with
Hacac and Htfa from 0.1 M NaClOs at 25°C.

HA Solvent pKua  logPua Cu(ID) Zn(1)
log 81 log B: logPu logB: logB: logPu
Heptane —0.052° —0.745 —1.98
Hacac 8.82¢ 7.74°  14.18¢ 5.29 8.82
CCl 0.487¢ 0.734 —0.65°

Htfa CCL 6.09¢ —0.144f 5.19 9.17 1.248° 3.18¢ 5.28¢ —1.84¢
a) Ref.4. b) Ref.5. c¢) Ref.6. d) Ref.2. ) Ref. 3. f) Ref. 7.

—7, HA & DCPic &k 2HitH0B& 1R, &84 4+ v oRnEl (D) BROL Kb E B,
_ [MA:] e+ Z [MA; * nDCP],,
[M2+] + 2 [MAj(z—i)Jr]

=Dy (1+2 B.sn. [DCP] ™ (3)
TZT, Baums RIROFHRITHIET 22B8EHTH 5,
MA 4,0 +7DCP . = MA, *» nDCP,,,

_ [MAz A T'l,..DCP:l(,rg
B e [MA2]org [DCP] ozgn (4)
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BT, (3) R SIRORMEANS,
D/ D=1+ 3 Bamn [DCP] 5" (5)
CORIT & T DCP k2 & BAEMOHA D/ Do BB £ .., L HHMESY b0 3o
72, D/ D, EERFHO DCP OFERE [DCP] . OBIRESS B o . ZKHD B EMNTE B,

72#2L, HA & DCP 0#fFFTid, (5) Ric#d % [DCPl.,, KU Do 2EHT 375
KRS (1) Ricksid s [A] 2ERICERES 2Hic, GHMIcEF 3 HA & DCP o
HEHZZRT 20BN D 5, BIOTIFEIZB VT Hacac & DCP I~ T 4 v T2 &k Hacac
iDCP (i=1, 2) ZHERL, ZOLATH (Bue:™) 151088 1*=1.42, 108 B 1 *=2.66 T
BB EBRENLY, FHIFKTIE, PEELRFEDO HA & DCP OMEERHARD 3 1291,
Hacac 2O Htfa OPUIE{LESR /0. I0M BIESREE S + Y & 27K (pH3.0 — 3.5) ROHE
i2Xt9 % DCP O3REFAN, L, ABHTTHA & DCP BLAEK B " Ic L > TE
Bk HA « iDCP 24589 %72 51F, DCPFE F O HA OB Dy, & HA OIS O S K
B Pua 0tz (5) NP LAKRRIcE > TERDEN S,

Diur /Pur=1+2 B om:” [DCPl.y ()
% 3 BUCAIE S 117 D/ Pya & [DCP 1o 10
OBRERT, HAIRZWLTABRER
#9 % DCP OEHMHP O HRE Chll)
&, DCP O#JEE & ROERTRD 1245
BofR¥k (11.6) M SEHE L7z, Hacac @4

109(Dyyp/Pyya)
(e»]
o
1

Bethid DCP D FR & & It e A
. 0k A A A
RmE-TEBY, BEMEICBVWTDCP D

1 1 1
KB > TVBILERLTV S, — -2.0 -1.5 -1.0
73, Htfa OSEICX LT3 DCP RIEEA Tog([DCP], /M)

EPRAEE52 4, Htfa—DCPoMWEE &3 Effect of DCP concentration in car-
bon tetrachloride on the distribution

HpBEETE R LNEVWEZZL SN S, ratio of Hacac (O) and Htfa (A).

. e [HAJw=3%10"*M, pH 3.0—3.5. The
Hacac—=DCP 22T (6) Ak solid curve indicates the calculated
< FEBILB N T & > THRIT L A5 1R, values from eqn.(6).

1088 w1 *=1.34, 108 B o :*=2.01 BB S NIz, 158, 53 ROMEIZE S NI EHIC X 5
HEMHTHY, FEREEE—HLTV S,
it > T Hacac—DCP #ith%kic 81 3 [DCPl.s & [A~] & Hacac, DCP Z 12 h OFJIEE,
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DNERE, BREEEBICMA T, GBI % Hacac— DCP O RXATEM B o« * EEH
T32Eick-T, FHICEHTES, E4RicBEoNzlog (D/Dy) & log [DCP].e D
BIGZ4H (M) KRUHES (I) ® Hacac—DCP—~7 % YHHIHRITOWVWTRT, WTFhof
BA A VIEOWTH, ZOHNHLIZDCPEEDOLERELbICREE > THBY, oy b O
R2ICESVTVW3, Thid, BEEHRTEBT eF VT € F MK 15T DCP 282 5}
TETABLTVWACEARLTWS, £/, H5RIcH (1), %6 Kic#ish (I) o HA
(Hacac, Htfa)—DCP— MU LixsERHFRICBT 5 log (D/D) & log [DCPl., DBARER
4, Weticwtd 3 DCP oghER, F 1K (b) ickUFBLALTWOES5IKRX %05, Hacac
& DCP OLA%MIE LR, #6MIoRd &S icHish (ID-Hifa R LTLD AZ
BYEAEZTWE I ENHELNER -1, HtfaZTROWEThOEEA £+ ¥ Di5& 6 DCP O
PREEEINESL, 2BLY 7o TeF AT F MEEE DCPORXER L - 1 OM
KRTULPELTOEWEELONE, F4—6KDO7 vy b % (5) RicdD < IEREHE/N-
THITE > THITL, DOTEHB . 2RO, BONIERESE 2 RITRT KhOH#RI
BohhLOERIc L 23 EMTS 50, EBECLS—ELTVS,

3
2 L
>
=
=
=
1k
0 1
-4 -3 -2 -1
Tog([DCP], . o/M)

#4148 Effect of DCP concentration in the organic phase on the distribution
ratio of Cu () (O) and Zn(I) (A) with Hacac in heptane.
[Hacacl,=4.1X10"% —2.5X 10 M, pH 2.1—6.5. The solid curves
indicate the calculated values from eqn. (5).



T T
2 -
&£
=
= 1| -
2
0 1 _,./0/’ I
-4 -3 -2 -1
1og([DCP]org/M)

#5 Effect of DCP concentration in the
organic phase on the distribution
ratio of Cu (1) with Hacac (O) and
Htfa (@) in carbon tetrachloride.
[Hacacli=1.0X 102 —3.0X 10 M,
[Htfalu:=1.0X10"2M, pH 2.1-3.9.
The solid curves indicate the calculat-
ed values from eqn. (5).
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1og(D/DO)

-4 -3 -2 -1

109([DCP]org/M)

F6X Effect of DCP concentration in the
organic phase on the distribution
ratio of Zn (II) with Hacac (A) and
Htfa ( A) in carbon tetrachloride.
[HA];x=1.0X10"2M, pH 4.8—6.2.
The solid curves indicate the calculat-
ed values from eqn. (5).

$ 23K Association constants of the metal chelates with DCP at 25°C.

HA  Selvent Cu (II) Zn (1)
olven logB ass, 1 log B ass, 2 10g B ass, 1 1Og B ass, 2
Hacac Heptane  3.01 5.29 2.01 3.61
CCl, 2.43 4.14 1.56 —
Htfa CCl,4 1.15 — 0.97 —

i (I) RUHSH (I) O7EF VT F++ (acac) A& DCPOA~NT & v IO LS

B&, ek i Be(acac): (108 B s 1=2.47, log B ue :=4.34) % Pd(acac), (log B

ass, 1

2.63, 10g B . 2=4.21) DLEERY LK UIEEE, LI o acac #Eficxt LTS DCP A
2FETRAETHIE, £LT Culacac), DEAFHZAZ L, Zn(acac), DEI/NE W &
Bhbhoto, i, MU ERETICBY 38 (1) ROHE (O) @ acac $EEKRT P Y 71
FuoTEFNTEbF L (tfa) 85k E DCP ORXSEH%E, UL MELRFE B3 h
SOEBFLV—PLPYAIFNVKRT7 44+ Y F (TOPO) RTY YEENY TF
(TBP) OAIMEEEASER (8, )7 LT 2 LIRD & 5 BEHSDL B,
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1) Cu(acac), ® DCP & DL&ERIE, TOPO &k amEL (log B, 1=1.28,
B.: BREBEINT) itk TF->E K&V, —F4, Zn(acac), ® DCP & D& &ER I,
TOPO & DfMEEEAREE (log B, 1=3.07, log B, :=4.66) LH/N&E\W, # TBP .({T]‘ﬂ[lﬁ’é
BOERIZBEEINT) LDREKEV,

2) Cu(tfa), XU Zn(tfa), ® DCP &L DRGEHKIZ, VWTh d TOPO # TBP & Oftmgsik
HERGER L D - L/haE i,

3) DCP LDLLGEHOARES R, &BF L OhLEBKT* L — A FOREHIC
AEHTHZ, Zn(II) <Cu(@), tfa<acac TH B4, ThFHHEA T & O fHMeE AL BRE
Huckd 5% (Zn(I) >Cu(ll), tfa>>acac) EREL ¥ TH 3,

PULoBEER, Zhon£E+ 11— o DCP & OME/EHSHHAAT & OMEFH &
KEWNCRLB T LERLTOVS, BB, DCP BEAMERLEIBMERTER > TV 52,
INSDORMNATNBEBEF L — PR L TS DCPRTo b Y FF—E L TH L — F OBEFHR
JRFEDKRBREAITHOTVEEELOND, T, TOKE/EICIBHEIEHI, acac
Sk A, TOPO 745 & o b F O MBI X 2 EMEH EEE, d50wikzhllh
DREETHBEVHIEHIREERME NI, tfa RO LGERKD acac ki b ~T
ZL/hEvoi}, &+ v — rHloBBEEEROZCEbATVE LS, Fv— MRATO
HVE = VERRR T OEEML, BTRIMO Y 7vtux FAEEET B tfafRflF 0
IDacacEENF LD BFELI/NESVWIDHEEZ OGNS, T, 86 (I) Fr— b EHA (1)
FU—F OREERICKEREND 2 FRIHS A TRV, BEHcBI 228+ L -+
OREELFHIBRL TV B I LS TRENS,, NEEALEREORE WHESH (D) F1L—F
WEBHPTOEAKER > TV 2 A[EEHNS Y, Zhd DCP OELE AT TW3
Db LI,

§4. EEBH

$1 (1) RO () © Hacae, Hifaick AHitHIcH LT DCP AHARIRA 5% 3 2 &
MBS N, TOMEE, W8 (1) &b b8 (1), Hifa & b b Hacac OBAILH L <
KEDot, ThiZ, ThS5DF L — MHICHT 2 hMEAFOSIR EL B 2BHTH
D, BRI BEMBE L — b & DCP OkEESAIT & 5 2B IHS < IREZL 5N,
OS5 To bV FF—O%RIZ, FL— bHHOF L WAENLZEEHRT 2 b0 & L TR
snz,
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ABGATT > b0, W% - 7 BRI W T I R O BATI )
FHROGIET Y Y 7 V=T OB HHLH L B E T,

& % X ik
1) BHIE—: Bt RIEKFE 1989,
2) T. Sekine and N. Thara: Bull. Chem. Soc. Jpn. 44 (1971) 2942.
3) H. Imura and N. Suzuki: Talanta 32 (1985) 785.
4) J. Rydberg: Svensk Kem. Tidskr. 65 (1953) 37; Chem. Abstr. 47 (1953) 10968h.
5) H. Watarai and N. Suzuki: Bull. Chem. Soc. Jpn. 52 (1979) 2778.
6) H. Watarai and N. Suzuki: J. Inorg. Nucl. Chem. 40 (1978) 1909.
- 7) T. Omori, T. Wakahayashi, S. Oki and N. Suzuki: J. Inorg. Nucl. Chem. 26 (1964)
2255.
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NeEF RS EEEME T OFE
PR REIC B9 5 BTFES)

— 27 vV ASFOREKEEEE
FhUT & BT BT —
SBF, B
B S0 . SUEEAEH o B Sbi
JSARSH - fiAcfnss ™

§1. (RL&HIC

BRI EFREME OBIFE L, PR L ORURBD A 1 5 F v APHERENS EHHRE LTT
PhTV5B, 22T, KRISFDE FIVEHIINT 5 72, Bt oFEEE R
NI X BBBHEREMHE T TVE Y Lipl, Z0ELBEF—5514735 )%
bLitlhyiav—vavyTdy, 14MeV T 2EEECERIRE U CERIICHY
BBEEZHIEL, EF VB LOZERERET L bR ELEBRD TV Y,

—77, BEFRRINRE A B TR R BURRE OIS B Z G 5 C LS EN B D
WBERETH 0%, BB F— s ARELTOS1), ZOFERERE %M 5 C & 13
BEIRITH %,

IhFETobhbhoE Y ics v, FEREHKMEOEBRBERET L TE 2, W
S IEEBR T 2B O W TOFHMBIR Z /T > T Bh o foo £ THENR, AEEOE
SNTVBRF VL AEREHCRY, WIS EEOEARLT S om FEMBREFHL,
Z DEEMHBE DHEB I VWTEE L,

§2. EBFE

2.1 BB

RSN, BB 2 OB AT EELEREL D 2 5 v L 24> ) — X (JSS 650—
655) ZHW o IR ENICAEMIIE 1 ZOM@ED TH 5,
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B1ER BHEHFEEME EE%)o
(wt%)

JSS No 650 — 11 651 — 11 652 — 11 663 — 11 654 — 11 655 — 11
SUS 430 SUS 304  SUS 316  SUS309S  SUS310S  SUS 347

C 0.042 0.013 0.039 0.042 0.049 0.040
Si 0.38 0.42 0.40 0049 0.39 0.67
Mn 0.55 1.70 1.71 0.95 1.68 1.77

p 0.023 0.035 0.030 0.023 0.025 0.028
S 0.0026 0.0025 0.0055 0.0185 0.0041 0.0056
Ni 0.30 10.11 11.15 13.50 18.80 9.41
Cr 16.66 18.47 16.85 22.26 24.74 17.47
Mo 0.044 0.16 2.13 0.014 0.101 0.096
Cu 0.023 0.39 0.14 - 0.083 0.12
Al - 0.005 - - - 0.017
Co — 0.17 0.22 0.013 0.26 0.21
N 0.0129 0.0198 0.0144 0.0324 0.0219 0.0119
Nb — - — - - 0.54

akHE, 35mm ¢ X30mm DR DIREETHEA L, VI, FERE L TERE 1 cn PRI 5
h&, BI0umDOT7 V= sHETAATER L, E-aE=y—-21LT, E&40pum,
FUEE99.99% 0 Ni $E % [E] CEEROMIRICIT Bk TH W,

INSEBB LU E— L=y —BHICHEICEERAL, BRY -7 v &L,

22 B &

M5, 20, 30, 60MeVD 3TEFADEFIET 2L F — 2D W\WTIT > e, ZN 6 ORRYIS
HresE 2 RITRT,

Hok WM OB &

Energy (MeV) Date Time Current
20 1990 4.723 12 :40—16 : 40 ~T5 A
30 1990 5721 17:02—18: 02 ~0uA

60 1990 4723 17 :35—18:05 ~80 A
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2.3 AUTHARY MIVAES S UVEREOHE
Kyl <y b uid, SHE Ce it A VTR TR L » ARBT 5% T, FEMH
Eﬁﬂﬁbkoiﬂﬁ@@,%@¥ﬁﬁ&ﬂiéﬂtﬁy7ﬁ®liw¥~wiD@ﬁbto
HRE, BEHE T OlEETORBIRAEE LTk o BURBIRD b 2k IR okl
bEEL, zhEh, 10008140 oRSHcs T 2ENBIIE L,
2.4 1emiFEHEROHE
WL < BB O I 1 cm HESERICOWTEHME Lz, SEOFHETE, fRIFISRIET
HBEFEL, HE»S | mOERECORERERD
oG B BWIREE D (Gy/s=J/ kg *s) &,
D=¢ +B* twms* E
LEsh, lemEESEBRH (Sv/s) & THERES (Sv/Gy) ZHVT,
H=¢ «f=B* ttws* E
L1585, TCT,
¢ =Hv=E (n/m’*s)
Wans =B BT 3 VF—BIRE (m®kg)
E =hHveHzzr¥r— (J)
B =ENFT v 7B
ThHb, ENFT v FEMBICE, WA (K OEE%Er (em) & LT Berger O
B=1+ a ttor {exp (B taur)}
EROCHELL
BEMH S r (m) OHETOS B2 NVF—DH VIHIR 413,

= cAcacexp(—taner)

4 7rt
L&EIFB, LT,

Lo =ZEZHOLWEFHRE (m™)

A =1FEE (Bg)

a = voBoiE
ThHbo WAL, 1emfREMERHIE,

1
4 zr

H: voaoexp(——'uatLor) .f.B‘E.uabs
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LEXHEY B,
BIEPSHHENBEETOH V=Bt >V TOBINIERORIC L DEETE 5,

H=—

. ZA, Zaj'exp (_,ual.t.j.r) .][j.Bj-E'j. M abs
1 J

4 nrt
TITIE, TANVF-DI0keVPIFTHBN ViR BLT Ty 7 A EOHZE LY,
1 em FERERAOHREIC L, I EHICERICHV S 2 e 0B W R2EE T AR

%%Uﬁﬁ L 7o

§3. HREEBE

3.1 1 emiREHEFXORHEHIR

Lem S EFROBMHEOT %, JSS 650 & JSS 6520 2 D DFXELD, 20MeV &60MeV FE
ek 2z T oS >VWTHEL, BoN/EREE 125 2RICR Lic, BIRED
PEREE 1m, BALE (2 Sv/h gl & L7

JSS 650 (/& Ni ® SUS430 T b, JSS652 13 SUS316 Th %, 20MeV HBH DIBE T,
FlBLU2RIcRohhkHic, BFERTERIZBVWT, “NioFSPHRLREL, 108
FERRET % & ¥'Cr & "Mn DREENKEL KB,

60MeV IRE OB L RE I BL VAR SN S L 91, Ni OIRINOEEIC X - THTFHE
LSZED->TL B, NiBFEMENTVAEW JSS650 (SUS430) TIE, BEKTEED S “Mn
METITH D, ERAO Cr EETBDHTH B, LinL, JSS662 (SUS3IE) T,
dRicRon s L5z, NI BREFERICEK TS 5D 1320MeV LRI UTH 54, “Cr &
“Mn DZFEITNA T, “Co, *Co, ®Co 75 E D Co DHIFHIERM TR OESAHERICK X
WEBELTWVA,

3.2 Co &L U Ni DiFtHERLIADERKER

NI & N, FEHRO Cu DEESECDOT, FIT®Nio (7, n) KIE, (7, 2n) K
Eh oz NTNERT 26D LR TEL, UL, Co DRETHERINTHRE, Nilck 3
®Ni Cr, p) ®“Ni (7, pn) BEDKIGIZ & » THEET %, > T, Ni OEREESARLIER
AEZ D LCTEELLS,

HIEIOME T, MIFSEIEORRE 5 B OBGERE O B 2 KT 5 72dic, 4
BT OBEEETIM U CHEEREh 0 EigiE ot E R4 » WL ERT 2lAHET-
foo % TCIESR LWL, W OTHEL 513 2 BHFECER U 7oEDs, £ o RUtE
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Cross section/ x 10" %un?/g

Cross section,/ XIO'ﬁmmz/g

104 = O Ni-57 A
E A Co-57
3 O (Co-58 o
- A
3 - A o]
h: 20
L Q
o
102 |-
o O
1 1 ooyl 1 ol 1 Pl
1010-1 100 101 102

3 20MeV JBEHT® Ni B & U Co OISR D

AR (X107 mm®g)o

C A
- O Ni-57
104 = A Co-57 ')
E O Ni-56 A
r A
i QO Co-56 &8 o
103 QO Co-58 @)O
c 0
i o
i @]
102 | & o
E A @O [m]
" o o
1 I = “
10 ? &
r Q
= e}
100 1o vl 1ol Lol
1071 100 101 102

¥4 30MeV BBEITD Ni % X U Co DHEHERIN A D

HERWTEE (X107°mm®g)o

Ni (%)

Ni (%)



Cross section/ x 10 8nn/g

Cross section/ x 107 Smu?/g
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105 ¢
C O Ni-57
- A Co-57 A
104 | O Ni-56 o
E QO Co-56 A
- A
i O Co-58 £ 0o
103 b d Q
F o]
L Q
+ o
Q
102
C O o
L o
i mH
101 [ AR Lol [ R
10-1 100 101 102 Ni(%)

5 60MeV BETTD Ni B & U Co DIETHERIA{E D
HRWTERE (X10™°*mm®g)o

104
L O 20 ey
FA 30 Mey o
- ju
O 60 Mev o ]
103 A&
L A
L A
i o}
- e}
e}
102 ) 1 TR T T T | L L
100 Hn(%)

H6K 20, 30, 60MeV IRHTD Mn—540
HERTTEIRE (X 107°'mm’ /g,
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BRItk oTHE—DTEPSERGDETELELIE, Thids—4 v b ITRDOBEICIKTFT 50
FNFNORE T 3 VE—T®D, “Ni, ®*Ni, “Co BL U *Co DEFKMHE L NI DEFE
LOBGRE, H3ho 5RITR L, WFNORED Z DEREL NI OERIKFLTVS
EDEDOND, THROEATF VL AMETIE, Ni& Co DBFHERAMEIZEL LTNI &
DAEBRLTED, 1eomHELEREZEIMZ 201, NiOSEREER/RICHIRYT 5 C

LB OMBINTH S LD b,

3.3 Mn OREHERRIADERER

“Mn 13, BEHETHRBERS &, WE IR FHETIRELE 5,

Mn OB & Mn O & OREBIZE 6 KITR Lice 208X UB30MeV Tld Mn D2
BCHHILTHED, ®Mn (7, n) “Mnic & DAEET 2 bOBKPHTHS T EHBbR 5B, L
L, 60MeV Tid Mn DR & DHEIIED 5N, HTRITRT XS, FeDRE LHL
HRESA SN, DO &1d, HTRO LI *Mn OERBIHEICOVWTHEZ %0

4000 50
54 Mn . 5 2Mn
o o ~
£ o e}
= = 4w
= X
X
o)
N 3000f ® 3
2 2 o
2 2 @
8 S 3ok o
3 e 2 o
20035 50 70 80 30 re(%) 233 50 70 80 30 Fe(t)
=7 60MeV FBEFTD Mn—548 LU Mn—52D
TS (X10™mm®/g)o
84. BBhUYIC

SEFHELZ Lem FEABRE, ABPRARETHSLREL TV S, 1o REHER
CIHET X VF = DRFOHFENREVE, BES0HIBREOMEHF TORERFEL THIEL
feDIThiR BRI RS » TV AN S 50 € DI OIIERIOTS 3ZLd 2 AlkEl &
Hbo 5HIL, Bmm» S em BEOES OMEFEREE L 75 -l bET L2
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(6) Bl « =BRERHA « /UKRSES « BEARIS - ATERTIIZEERE 23 (1990) 97.
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(8) E. Browne, R. Firestone : Table of Radioactive Isotopes (John Wiley & Sons, 1986).
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PEAEN I AR HE R & 5 RS o
i Te Rk O JtE F UL

&0,
EBJIRES « B et
BiARIgE ™ o SRISE

In order to examine an effective application of the internal standard method coupled
with the standard addition method, determination of Ti, Cr, Mn, Co, Ni, As, Zr, Nb,
Mo, Sn and Sb in steels in the JSS minor elemental series (JSS 168-6~175-6) and stainless
steels (JSS 650-11 ~655-11 ) has been studied fundamentally by instrumental photon
activation analysis irradiating 20 and 30 MeV bremsstrahlung. As results, it was
confirmed that concentrations of 11 trace elements in above steels can be determined
accurately and precisely, and that the reasonable multielement determination free from

interference reactions can also be achieved by irradiating 20 MeV bremsstrahlung.

§1. F

YIH DB TR ORI BIT BTG EAT 5 I S LA IR wB s TH b,
BRABHEPBETENTE TV S, /UK « BERDIC & - THE SN T S B HERMAEZE R
i, BEHCEBENTEE—EBRIN U bR HEGE &4 2720, BHEPRIER BT 5
TR Uy 7 AZRBHRTE, S OICHBNICEET Aok ENIEEE L CRHERE T =5 —
T 579, BEBREVSFHICRY SN, »o, ThREFHEILS SV EREE>, 20
W, CONEREEERENT, T UTESRARERCHRENICRRTE 2, B
EEEE L TED RO UAEERH OB E Vo 7B, FRIICESEBVWLEREELT
FAENIGE, FZOEMPREE NS, BicE oRH> W TERESER SO, 20
BOEDTEPD SN TELD, AR TREIESE OB (MBTEN, 27 v L)
WZNEEH L, BT 2 0¥ —20MeVE & U30MeVOHEHT I & 2 MBTLEOLE
FHEH AT 2 A o \

§2. £ B
2.1 HHERE

AHEHIH ARSI SOMBITE YY) — XB (JSS 168— 6 ~175—6) &, RF VLAY —
X (JSS 650—11~655—11) ZF\, E&X03mmOEHRICEEMTL Lz, £, KEBEN
TEIR OREHERNINA ORI 13, TR QR FISE T S & W 7o
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2.2 BREEHOES ,

HENL» HRIB00meRER L 723k HE = v 5 v & Lictt, 7 0 vil3 I3 CikEasi v 1) —
ATEL 1R 5ml, 27 Y LAY ) — X TERIK S mUciER Uiz, RS 518, Hig
BHEARNC 3RS 5RO OB —EBEMA 120 $1, MEBTLRMY Y — X T,
YUT = b EZESmIMAS ME L, ThEBTF LYV THEREES Y, & ocBSFTT
450°C, 2 IRRIBBIK LKL S €10 Z OMEO—ARI L, SHET LI =9 25T
WASEEIOMmO XLy MRICHE L, HEHEESR S Ui, (85 3 Ho e

g7, MBS, BEREORMEITS T & FRICUEEL, BEEEE L,

CNSOFEH, —IiEHE URRBICTHIEHAL, BElESDTEEL 218, AR
EHETHL, BRE7 Y7L E L,

23 B &5

FEFIHE = % ) F —20MeV &30MeV, SHIBIT0~120 p AOBTHEE X 2 mmD 447
THRIBRS IR U, SURHBSHC IV 702, IBETENIZ 18, TS T » 7 L2 kA IBE & L & —
NOREI v — 5 —OBFIEE L, 20MeVIRHE Tk 4 FE, 30MeV RS T2 2 BEHRE
L7

2.4 FRStEERIE

FEHE T %, SRERETLOBME 7V = v 2B THAEL, HEHEEROY v 7
WT—ITBEE Lico 7Y <HRER, BHES V= sRBE SERSOFNE, <4120
BARy b, BRUNN=Y F U3V Ea— g —THIKS W BRHEEE £/ T - 7249,

HER, BEOBE» O Aicbi 0E0E LTV, EBICIRY Y <8 OSSN BE
KE-TV03 6D (J3AKEI0ARE) 2AVWEC &ic L,

25 F—5RiT

BBHREIL L > TRONILZ T MU, Ay < — Tl 70 75 Mz & - R
Lico V=Y — 7 EROBESERLIT O SICERE L TiT -7
OF + ¥ AT 5 T X VF—BIEZEITS, @F vvlie— 2 WiestEs 5, O —
& (TR 20F — 0% 2R, HEBEEHEREERTET 2, QFEBLLS
ET MR ERET 5, OUEND IRFER, HEOEEER , OFRHET 0 /5 A%
WT, EBHEZITY,
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§3. fERLEEBE

3.1 EELCHLEE

TB LR, WETHEY ) —XT’Ti, Cr, Mn, Co, Ni, As, Zr, Nb, Mo, Sn
BLUSHOUTHE, AF VLAY Y —XTiEMn, Co, Ni, NbBLUMoD 5 TETH 5,

Z DEBTHEM OCPEETTS D SERT AMEED > b, OFic (7, n) KBk L -
THBL, ZOEBNEROREVLD, @FEIALENEL Clday) b0, @BRHLP
TWA Y RERHT 2 60, RAENREELE LTEAL, ERICHAVWINRE, BLUZH
5O T~ 4 135 1 RITR LI,

% 138 Available photon induced nuclear reactions for the interesting
elements and two internal standards.

Blomont (I Feaoion U mase DRSS Gay
Mn "Mn(100) (7, n) %Mn 312.2d 0.835 —10.2
Ni *Ni(68.27) (7, n) Ni 1.503d 1.377 —12.2
Cr “Cr(83.79) (7, n) SiCr 27.704d 0.320 —12.0
Mo 10M0(9.6) (7, n) Mo 2.7477d 0.140 - 83
Ti Bi(73.7) Cr, "Se 3.341d 0.159 —11.5
As ®As(100) (7, n) "As 17.78d 0.596 —10.2
Sn 1250 (1.0) Cr, p) iy 2.807d 0171 —~ 7.0
Co %Co(100) (7, n) ®Co 70.9164d 0.811 —10.5
Zr 07r(51.4) (7, n) 87 3.268d 0.909 ~12.0
Sb BSh(42.7) (7, n) 23h 2.70d 0.564 - 9.0
Nb #Nb(100) (7, n) “"Nb 10.15d 0.934 — 88
Ce “Ce(88.5) (7, n) Ce 137.7d 0.166 ~ 9.2
Fe “Fe(5.8) (7, pn) %Mn 5.591d 0.744 —18.7

MBS & L TR, BETHRM Y ) — XTI UcCe 2 Lz, Thid, kiko 3
DOEHOM, CellHiETh TR, FLEAALF -0 Y wRERBTI20TE
HDNy 7 759 Y EREFBCENBVEDRINLZ D TH B, %12, 30MeVIRSHT B
WTIE, TOCeDREMITT Y v 7 ATHEFebNIBETLRE LIt — 7, AF VL AHY
)= 2T, BEPcEEh TV BCrEREE TR E LTI Lk,

32 HUTRIRRT IV

20MeV, 30MeVIBEHIC L » TERONLT VX RZ b VvO—FlZEE 1 ~% 2 KicxR L
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Too AL EBBWTEDF v <iid, Mo : 0.140MeV, “Sc:0.159MeV, "Ce : 0.166
MeV, "'In:0.171MeV, *Cr: 0.320MeV, ™As : 0.596MeV, ®Co : 0.811MeV, *Mn : 0.835

IR

0.140 %Mo

c
Ce
+8
SING

TT Hlllll
1

0

0.171 11In

0.511
0.834 54Mn

~
=
©

T IIIIIII]
0.320 SICr

0.596 MAs
58Co

T IIlII!I

0.811

- COUNTS/CHANNEL
=)

|
f
10° I [ R N T T B R B | I‘ ]
0 1000 2000 . 3000 4000
CHANNEL

- Gamma-ray spectrum of JSS 169—6 : irradiated with
20MeV bremsstrahlug (after 3 days).

T TTTTI
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TT Illlll|
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%2 Gamma-ray spectrum of JSS 169—6 : irradiated with
30MeV bremsstrahlung (after 3 days).
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MeV, “Ni:1.37TTMeVTH %o Kp 520MeVIBHOAA/Sw 7 759 Y FOLSVBTFRD
EBEOE - BR->ZDHRITE L EHBDD S,

3.3 ELLIBKIL - BiiE

1 & 15 ARG, BEUHMEIEE 2 RITR Lico IELBAHRIGE LTR, EBENK
TEEE—ORESRZBTRP LERT 5b0s, BREU I XVF—OF V< fRERHT 2
B - DR T 50D EHH 5,

26 23 Interfering reactions with several interesting nuclides.

Interfering reaction

Nucli.de Target nuclide Reaction Prod}lct Q-value
determined  (abundance, 94) ' nuclide (MeV)
S1Cr(0.320MeV) %Fe(91.7) (7, an) SICr —19.7
“Mn(0.834MeV)  **Fe(91.7) (7, pn) *Mn —18.2
2"Nb(0.934MeV)  *Fe(5.8) Cr, pn) *Mn —18.7
(0.936MeV)
%C0(0.811MeV) %Ni(26.1) (7, pn) ®Co —20.0
%Ni(68.3) (7, 2n) *Ni —22.5
(0.812MeV)

Fl—ORERRE B TEPOELESDELTIE, P Yy 7 ATHBED *Fe (7, an)
R ST % SCric & 3CrOERICKT B15E &, “Fe (7, pn) LD 54T 5 *Mn
WX AMNDEBICHT BUENH 5, 72, BERL A VF—DF VwiRE T 5818 -
TREDBERT 260 E LTI, “Fe (7, pn) FIGD SHEKT 5 “Mnic & 5 MnDEEITH
T BHENS B, THIE0.936MeVO Y v < AR L, “"Nbd0.934MeV D # v < & B
4%, CoDFERITAWVS ®Co (741 : 0.811MeV) 13, ®Ni (7, pn) RIEA S4EKT 3 ®Co
Wk BEE, ®Ni (71, 2n) BUGHSAERT S “Ni (r#R : 0.812MeV) T X BUEERT 5,
NS, MBEIFCNG, Fe2&4BE L, E—2EELD L ZhThOIEDHESH ERKD,
2RAEELIC C Ik DITET BT &1 Lico B2, 20MeVIBHICHY 3ERICH VTS,
THERFELE RGO QEA20MeVIEfEIZH B 1, BEAEHESNLBO I ENRD SN
DTHIERITH VT &1z Lizo '

34 TEEFHE

ErersmpIE e T & 5 E BRI,

Wa=W.*/ [(R*/R)— 1]
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% 3% Analytical results of JSS 169-6 and 170-6 samples.

Concentration of element (ppm)

Sample Element 20MeV 30MeV Certified
JSS 169-6 Ti 117+ 4 115 9 120
Cr 995+ 27 913% 20 960
Mn 4095%121 4069+375 4100
Co 32+t 1 30t 1 -
Ni 508+ 20 476+ 9 470
As 53t 5 46+ 1 50
Zr ND ND —
Nb ND ND —
Mo 706+ 23 706t 29 690
Sn 1056+ 4 108+ 5 120
Sh ND ND -
JSS 170-6 Ti 1116 5 987+ 41 1030
Cr 479+ 26 403+ 30 420
Mn 41631126 3456 +323 4100
Co ND ND —
Ni 7721+ 26 708+ 36 770
As 317+ 4 313+ 9 310
Zr ND ND —
Nb ND ND -
Mo 101+ 3 100 9 100
Sn 659% 60 604+ 27 660
Sh ND ND -

ND ; not detected

WS HHEBATERENS, T, Wilg) FEBEMNTHROEE, W (g) RHEMLLT
ROBTH B, $/c, REXUR'GEBICHRA LN v < & NIEEE ST v <8 & O EE
ToOY -7t &, g0 zhTh 5,

35 E=MEE

EBIE, WETHRM Y — X TiISS 169—6, 170—6, 171— 6, 173— 6 BLUIT5—6,
2TV VA Y — X TIHISS 65011, 652—11, 653— 1135 & U655 — 1112 >\ THF- 2o

EEEE, 1 v —X 3 AWK OPEEEERE TR Ui, TRERD X O HASAR
SOFHHMEE S 3 R~ 6 FITR L1,
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¥ 43  Analytical results of JSS 171-6 and 173-6 samples.

Concentration of element (ppm)

Sample Element 20MeV 30MeV Certified
JSS 171-6 Ti 514=* 14 464+ 53 460
Cr 720+ 39 652+ 61 700
Mn 4310+ 41 41511492 4100
Co Fokok 22+ 1 —
Ni 1063+ 93 1016108 1010
As 471t 9 424+ 29 460
Zr ND ND -
Nb ND ND —
Mo 435 24 380% 10 390
Sn 381+ 33 265+ 72 390
Sb ND ND —
JSS 173-6 Ti 24t 2 20t 1 —
Cr ND ND -
Mn 4269140 37201433 4100
Co 387t 3 385t 11 380
Ni ND ND -
As ND ND -
Zr 173+ 5 165 8 160
Nb™ 300t 9 217+ 9 300
Mo ND ND -
Sn ND ND -
Sb 51 2 51t 1 51

ND ; not detected, *** ; not determined

20MeVIBHR TORRIC o WTR, FEE, BEL BIFSENE SN, 30MeVES D
B, HeriEod 3k (Cr, Mn, Co, Nb) i£2WTi3, TEE, BELLN5>&R
R oo PIZEWETHEM > Y —XDJISS 170— 6 TOMnDEFE, 20MeV TILEELE,
BEE S LVERMSE SN, 30MeVICBOWTRERME, BELLHFDIVERIES
hTwizwh, i, L & Rhosic wWTsR ok,

WBILHEM Y —XDOERBICBV TR, HASMBROBEENEZ SO THRWITROE
BTE/ (JSS 169, 171:Co, JSS173:Ti, JSS174: Ti, Cr)e AF YL XY ) =X D,
JSS 65312 B B CoDIERIE, PHEE L BN T DORENT IZCoD#1,00045& N T Wi
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% 5% Analytical results of JSS 174-6 and JSS 175-6 samples.

Concentration of element (ppm)

Sample Element 20MeV 30MeV Certified

JSS 174-6 Ti $okok 31+ 1 —
Cr Fokok 14+ 4 -
Mn 4240+128 3439+ 586 4100
Co 2719+ 4 259+ 14 280
Ni ND ND -
As ND ND -
Zr 206t b5 183+ 12 200
Nb 197 6 180+ 20 200
Mo ND ND -
Sn ND ND -
Sb 94+ 2 93+ 3 101

JSS 175-6 Ti ND ND -
Cr ND ND -
Mn 4528+ 173 492811218 4100
Co 135+ 9 131 7 130
Ni ND ND -
As ND ND -
Zr 422+ 17 397+ 21 390
Nb 110+ 5 63+ 18 100
Mo ND ND -
Sn ND ND -
Sb 207 6 198+ 5 190

ND ; not detected, * * * ; not determined

ERTELh -7,

TITHEDH BTHROBIE LT, METHEY Y — XADNbD20MeV & 30MeV DIE £ [ % 12
EECLTT oy b LESDEHEIRITR LIz, ThckbE, 30MeVTIENDOEHEN
DILVEEREPIEEZ TP, ERMEOHE, EHEIPH-TVWEILBOPE, &1,
—fil& LTISS 169D EBFER A EHEEIC LT oy L, ZNEFEARITR U, ElEHE
W6t U TR 1 OBIRDSE S, 50~4,000ppmDEFFEFHOC DL S B THKic >V TR, IE
WREBNTE T ENb T, EBIT, Ny 2759 Y FD 3 o TERETRORHER%
ko, ThEEARNTR LIz, MBTHEY Y — X TR, 20MeV, 30MeVTEHELRZWE A SN
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l

%63 Analytical results of some samples in the JSS stainless steel series.

Concentration of element (ppm)

Sample Element 20MeV 30MeV Certified
JSS 650-11 Mn 5492106 5449+527 5500
Ni 29621135 2892*115 3000
Mo 428+ 14 452+ 8 440
JSS 652-11 Co Fokok 2142+208 2200
JSS 653-11 Mo Kok 134+ 3 140
Co sokok Hofok 130
JSS 655-11 Mo 1015+ 28 1039+ 52 960
Co 2188+ 54 1999+ 307 2100
Nb 5147+ 22 5076+ 7 5400

stk ; not determined -

1 o725, 30MeVOEBBRIBEE EET L WVEREZR Llce 2T VLAY ) — X2 W
TIRLTHEVY, NIOSHESRIEBERICKRECEEL, NioGHEN 1 %» 515%IE
b5 ERHBRE—HEREETT 5 &b -7

3.6 20MeVERET, 30MeVEREITOEEEROUBLEE

20MeVIBSHT B VT IE, 2N OEREGE T 3 5 7o HEE 6 30MeVIRE I
OENETT B, 2070, BEHECAEREEE T2 8EMEL, Kill, Ny 2777
v v RTFMY, IHEOER O RNEL I - 7272030MeVIREHIZ B W TER LIz { WITRD
EEMNEBIERTE R LI - o ZOREE, TRHEOHER—IERE, HMFEZ6%
IR & W0 S 156 TRIFISRERMBE S o

—7, 30MeVHBSTCIRBUN AR EMBAEINL, BER LR Uik, SEERL Cr,
Mn, Co, NbiZ 3FENED S, THODOMEPNELE >, ZORR, EBTEXTSH
FNOIREMT ITEDEREBLOBERPREDEL0EDHEbDIB 1o LAL, I
EOEELZFRVTER, BESLES>TOEATETHELRIE 70



(ppm)
1000
O 20MeV
A 30 MeV
=4
8 \
B 985175 SS173
100
=
[
w2
[}
=
[« 9
10
10 100 1000 (ppm)

Certified value

%3 Comparison between the present and certified values for Nb.
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Comparison between the present and certified values for JSS 169-6.
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100 7
.Cr\
10 7 Sn
g . Mn
& 1T
g Co
= NiAs
Rt
§ . Mo
1
Iy 1 Sb
Nb
Zr
A .
20 : 30

Bremsstrahlung enegy (MeV)

%5 Detection limits of interesting elements in the JSS minor element series.

4. ¥ @

TEHERS NP % F O TR O LB T HEHEAT 21TV, SMETRIBEYD TRVHEET
FBTX2ENHPD SN, TOTEhSEMREIOATTIC I VT bIEEERINAERIERIC
X BRBFHEMEDITIIERN TH 5 T EDFIETE 720 RRIITEFEEZWA 5 729HIfT - 7220
MeVIBEHZ Z OEMES M RIBI N Edbh o T, E7, BRSNS OSkINETE
S AT U 7dER, SSREE OB THEM AT TREkD SERT 2HURESE A 50
FledAFRITHE > TV RBVITR bR S, PoREL(ERTE,

1, TEHERINPUEREEE, XFXEREICOVWTER, BRETETO & T, KBS
FAEIBR O A OMFRIC B> T iR E LB,
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e F LT

WERRT, &b
Ty NIE RN et

Multielement photon activation analysis of NIES CRM No. 8 Vehicle Exhaust
Particulates has been tried by using the internal standard method coupled with the
standard addition method and the comparative method. In the case of the internal
standard method, Na, Mg, Ca, Mn and Fe in the sample were used as the internal
standard, and 17 trace elements were determined in good accordance with the certified
values. In this method, it was shown that the homogeneity of intersting elements in the
sample could be monitored simultaneously and effectively. In the case of the
comparative method, the sample was irradiated with a comparative standard (NIST
SRM 1633a coal fly ash) at the energy of 20 and 30 MeV, and 20 or 21 elements in the
sample could be determined respectively. Figures of merit of photon activation for this

type of matrix were more than ten for most of the elements to be determined.

g§1.

T AR C ik S g B U - BRiEestil & LT (BB ] 238U T
WBo EREEE N VR VOBRBEERTED LN bOEERRICARI L. bDTI 5T 7 A
FE b w2 2 ET EHBRIHERORE TS 5o 7L 7 4 V5 —ick - CEEREROMES
BRWTH B dEIc AEEREORE EEX 5, T, TAITk > THR S NARERD
Pl X BB THEH LA COTBBRARHE LTV 585, Z OB OB—HEDRH
HREASHERE & 7o RIS L 72NIST® Urban Particulate Matter T3 % @ & 5 1 [ &
Bohd, ARpHcEEOREE Bbhi, £2T, AE TR, H—HoMR, SE0R
B AR 5 70, FEERINPIESERE & & H1220MeV, 30MeV RET T O HEREIC &
Bk bFERL .
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§2. £ B

21 BAHBIURE

EST A ST OIS ESUEINIES CRM No. 8 [ BEEEHEHNITF | SEHatsRicit v,
R T IEBOERE N — 21 L, HRETERT 5 B o BT @NIST SRM
1633a coal fly ashZFIH 9 5 C &Iz Ui, TLRIEBE INISTORIMES X OFREEDORE T
WIRWIERITD WTIEERIIERE R IC & - TR S NP R W,

BRI E A U 7o Bou sk O BRI TR O IR FIOE FEESE . (1,000 ngg) %
AWl KBLKOFrSzF v ) r—3EEE LD, 3 BREIBEMTHRObD
2R\,

2.2 EERMS L CRHHEERS

BEEPHIN T 1 gic, EEEN TR E—ERBSURAHZRML, BHERENZ &, 7
70y Ry THRTIC, SRENME L, —H, BEERRSE, AMBEBBLUF ST
WYY = brE2mIMAT, R7%F v X5 —5—THEBLI, ¥VLE BBFLv v ok
TG, T/ = BLUHERERRESE, 00COBSFHT 2 B Lz, BRI R
BRI 1gTh - oo BHITBAER LD 5#9250mg % & » TERI0mmD =L v bR
KRB L e b D&V,

BHERRINEE T RELED & 513 U 7oiinatiel & & S ek sk & < vy MRITEREL L
AEEFED o HEBETRFNEBORE & HBEED 7 54 7 v ¥ 2 8200mg % [AH I T
L, REICAFEICHA L,

2.3 BHESIVEIE

FREH AR 5 v F —20% X UB0MeV, BRI ZNENHNT0B L U100 t ADBFRHE%E
E& 2 mmOAEMH CHIBMEFICEH L TiT- 720 BEEMRZNENE BLT3KEITS -
oo MR, SARRBEEL, BHAERA VS -ty b LT

BIFE 13 OrtecttBIHPGeki 25 (FWHM 1.9keV, HEXI%hE30%) % CanberraftfiSeries35+
MCAI B L, EBHIEREE %MW T v OEEHE 21T - 720 20MeVIBHEE 3 BETE 2
W, 1 8%, 1ERK, 30MeVIREGEH IS4 5 K, 2 B8, 1EME, 3EMEkc
B ORUBIE Ulzo BRICHA LIRIGS L CERMEON T — 5 25 | BITR Lo,



236

%13 Photonuclear reactions and nuclear data for 24 elements
to be determined or to be used as internal standards.

ety Resction WM Harite SR O
®Na (100) (r, n) “Na 2.602 y 1275
Mg (10.0) (7, p) *Na 14.659 h 1369
“Ca (2.086) (7, p) K 22.3h 373, 618
“Ca (0.187) (7, n) “Ca 4.536 d 1297
53¢ (100) (7, n) “3c 3.93h 1157
®7i (73.8) (7, p) 3¢ 3.341d 159
“7i (5.5) (7, p) ®Se 1.821d 984, 1037, 1312
2Cr (83.789) (7, n) SICr 27.704 d 320
%Mn (100) (7, n) Mn 312.20 d 835
Re (2.2) Cr, p) %Mn 2.579 h 847
%Co (100) (7, n) %Co 70.916 d 811
®Ni (68.27) (7, n) "Ni 1.503 d 1378
%Cu (30.83) (7, n) %Cu 12.701 d 1346
%7n (18.8) (r, p) “Cu 2.580 d 185
%7n (27.9) (7, n) %7n 244.1 d 1116
BAs (100) (7, n) "As 17.78 d 596
®Rb (72.165) (7, n) *Rb 32.82d 882
B3r (82.58) (7, n) §ImGr 2.795 h 388
®y (100) (7, n) sy 106.61 d 898, 1836
©7r (51.45) (7, n) 87r 3.268 d 909
®Nb (100) (7, n) “mNb 10.15d 935
Mo (9.63) (7, n) Mo 2.747 d 140
1B3h (42.2) (7, n) 125 2.70d 564
s (100) (7, n) B0s 6.475 d 668
1%Ba (7.854) (7, n) BBy 1.196 d 268
0o (88.48) (7, n) 3Ce 13744 166
ph (1.4) (7, n) 23py, 2.169 d 279

§3. TERLEE

3.1 EERMAEERICLSER

2=y — W TOWMEO AL BHMRTIE, REHITRITARE TIKENPERS, LpL,
KECRERTEOFMBE—ITThNE I ENEET, ERUMREESLTLOMEL LI
1o, BEEBIC X BNRIBITORE P>t BB Lgicd LT b5z F vy r—1 2ml (K
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B> ) 57 VEA~0.5g) MATcE T 5, BRNISRNEE OERBAS 1ge ol &b
5, HE0NEHEYE L THRSNIcE VWL B,

PRI S IRSTEL % (3 Fed> 5 @ *Mn, BBEH%IEMegh 5D *Nak Catp 50 ¥K, “Ca, 138
fi%1Catp 5D “K, “Ca, 3MIKIINaD 5D *NadMnip 5D “MnhSFIHTE 72, HERTI
oD ®Se, “Sc, “SchMEHEICFIA LT RN, AR CRTIOSHEEIDIL  NIEE I 3
A LIED 5 T,

ITTCRDERIEREE 2 RITR Ul BEEERIMDE—W A, 5125, FnEE % 4 5E
LTENTNER LT, 4HOEBO VT NOTROMEOEERE 10% 2 I b0k
5K, BRI R S SR Z ORBAN T3 L TH b, B—iRmbsfrbhi: < &2
BoMlo NbECSIZDWVWTI}, ZRNZTNFepr 5D *Mn, IhoD P ek 2 y#OER O %8
EULTe Ffz, Cric oW TIEFell & BIFERRIE ORI E1T - 120

% 2% Determination of 17 elements in the NIES CRM-No.8 Vehicle Exhaust
Particulate irradiated with 30 MeV bremsstrahlung (Internal standard
method coupled with standard addition method).

Concentration of element (ugg)

Element o1

N2 No.3 Nod Average Certified
Ti 199 225 196 183 201+18 10)*
Cr 26.6 256 27.3 268 26.410.8 25.5+1.5
Co 32 35 35 33 3.410.2 3.3+0.3
Ni 198 184 17.1 175 18.2+1.2 18.5+1.5
Zn 1010 1050 1060 1050 1040+ 20 1040+50
As 317 3.07 316 3.29 3.1740.09 2.6+0.2
Rb 494 425 421  4.60 4.50+0.34 4.6*
Sr 107 97 99 97 100+5 89+3
Y 088 097 0.8 0.93 0.92+0.04
Zr 501 551 570 5.03 5.31£0.35
Nb 0.39 046 0.38 0.45 0.42+0.04
Mo 6.92 6.87 641 6.79 6.7510.23 6.4*
Sbh 6.31 625 591 587 6.0910.23 6.0+0.4
Cs 0.26 028 0.25 0.27 0.27+0.01 0.24*
Ba 135 133 119 115 126410 (90)*
Ce 343 345 345 3.39 3.43+0.03 3.1%
Pb 223 221 224 213 220+5 219+9

# : Reference value *: Analytical value presented by Okamoto.
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FR OREESMEIE I LA TR ERIED OTEBRRENSE S hicoif L, SEIENI®ZnS
L2 DEBTROERBABIEE BV —8BER Lico K, As, SrOEFRIEEICK L
PPEY, BaDERBEMIT LEDORERME NI, £, TIFHIEIFEHRSEEICNL
P DEDDEER LI

PRI C I R B & RN O BRI B o e R ISR (RY) &R DR
(R) TZRZTHAEL, EBTHI LB 2, 2O, FTFROEOHE T OEKBEHHED
HRE—EEFE L, %om OFMBREERE Lz OVHEERY, Kifdx ORMmEET
DEHREEEO R T LT (R*/R) 2§1EL, TBEARDTE o TOHERERE
RO —ME 2T ¥ 31 3IERITEDTH 525, SR EKCRE—HSRY 5h a5
REESUETH B, 22T, ERICERNEORE LFENEEZhEh 4 ETOR ERDE
DIEHEEE AR D 2o Ni, Zn, P X UShO 4 THORNEEETR & DL OBHERZE O R
SEELEE 33T Lico Nide D@ “Ni (1378keV) DRPIEEHENAE & OERBURELL (22T
R rEE— s EEY) ORZERFRUEORETREL, ML TLD bCal L TK
XWMER AT Lo ZnbNik FEOERMSE SN, TN HDITHKE FHITPbPShT IR
BOSE TCat b DE 7H & OREHORER/NE, Mgl ODORFEBFMALHT AT
SMEORE DS BKEL, ZOREEFZInPNIOBELEBE T /o TDOT L5,

%33 Relative standard deviation of activity ratio for untreated
samples (R) and spiked samples (R*).

a) Ni (1378keV) ¢) Pb (279keV)

Internal std. %RSD(R*) %RSD(R) Internal std. %RSD(R*) %RSD(R)
Ca(373keV) 8.5 3.3 Ca(373keV) 0.3 2.0
Ca(617keV) 8.2 3.6 Ca(617keV) 0.6 2.6
Ca(1297keV) 8.9 39 Ca(1297keV) 1.2 2.5
Mg(1369keV) 5.1 1.8 Mg(1369keV) 4.0 1.5
b) Zn (185keV) d) Sb (564keV)

Internal std. %RSD(R*) %RSD(R) Internal std. %RSD(R*) %RSD(R)
Ca(373keV) 12.8 0.4 Ca(373keV) 14 2.2
Ca(617keV) 12.3 1.3 Ca(617keV) 1.1 1.6
Ca(1297keV) 12.2 1.4 Ca(1297keV) 1.2 2.9
Mg(1369keV) 6.8 2.8 Mg (1369keV) 6.0 4.8

Na(1275keV) 13.0 4.2 Na(1275keV) 1.2 2.0
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AEHA TPbRSbiZCa®Nad [al—DBEE AR LTH D, #ITZnPNildCa®Nad BT 5 58H %
WY T EMSPotc, Fh, MgidCa®Nal BAHBRIETBE &b -1, D LOkERR
HIFCORRENTH Y, KRB CTRINEHETR SRR, PIBETHRES L, TBLRE
S LONHBHT LE—HLTOIRVWEEZ 5,

32 HEGRICLBIEERE

30MeVIRE TIICox R Fa L DITHAHY 2 BB CTERTRE TS - 720 20MeVIBH TIX, 1
HEROCH 5D "COERBMEL, SIOEBNELS ThH -7, k72, Mg, Ca, TiHEN S
D (7, p) RIBOEEANZ SN 5700, HHEKICIEEILE A OHRIHFGED K H S
NIFHRRIZIED, 30MeVIRE OBEBD X =7 b VITHMT 227 b ABB LN, X5
i, DERRICBIEE DR OEENSTRETH - %o

30MeVIBHI TOMHEIT OV T, PUEHEE T » A BIELIANE, Na% "NaTERT 30
Mgl & BPFERRIG, HicMg% *NaTERT 5BONad (n, 7) RIGPAID (n, a) K
I & BUE, Fex *MnTEET ZEOMD (n, 7) RIGIC & 2HEORHIF 51T - 720 20
MeVIBH TOXPHTIC L 5 RGO HFSIIKHDTE ST, SHIEMg, FeDEBRBEORIE
BITH M - o,

30MeVE L U20MeVIBSHZ & 2L COFERBIEROF & DA NEEE DR P AEH O
TRAEEE & BITHE 4 RITR L7, BIFITRENIZTHRD A 7B L RN cORE—%
ARBID 2RDNA T H H1200mgEZ NN SESI L, 6 EERLIEREOYY &
TR A RITR LTV B,

30MeVIRS TIZ205TK, 20MeVIRS TI3E 5ICCshMA 72l TROER%IT - 70 T D1,
ERBBITOIER - 1208, BrolE bt hrc, $72, 20MeVIRE TI3ScPCu bl T 72,

Fe, Ni, Zn& dIRHBWEWEBETEEN TV AL bbb 5d, FREOEERZE X
&<, ABANTORE—DRREME AR Uz ds, /N4 7V TIRIERE OB 158 W 23y S his
Mot E, WEEEETREETREOMBESH S MITE 5D L, HEOBE TR
RROBERER FOBRTH 5 OO RELVWEEZ 5,

Ni, Zn& $i230MeVH & U20MeV T D ERER (VUL ORER LA HIC N L TRV E
R UTzo HITShbD30MeVH & U20MeV COEBFER RV I & FEEEPCEEE Ol
R ERWVEER Ulco THIPNEREE B L UB0MeV, 20MeV TOHBREIC & 5 EBRER
HOThELIRL TR, EERNETOTIOn 2 DFHE, 20MeVTOIHEY — 27 D
FrEOMREE, SO —B L TR EERBEISNELHSEE X 5, As, Sr, Ba®b
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% 4% Analytical values for NIES CRM No. 8 “Vehicle Exhaust Particulates”.

(unit= ng/g)

Element Comp(30MeV)  Comp(20MeV) IS-STDADD NIES Certified
Na 1970£70 2010£60 STD 192080
Mg 92030 99080 STD 1010£50
Ca 5190+90 5320210 STD 5300200
Ti 27417 360+44 201+18 (270)*
Cr 25.9+1.1 26.4+15 26.410.8 25.5+1.5
Mn - — 82+4 (75)*
Fe 43801180 5300660 STD (4900)*
Co 3.0+0.2 3.3104 3.4%0.2 3.3+0.3
Ni 15.4+1.0 16.7+£2.2 18.2%£1.2 18.5%1.5
Zn 8101100 8101140 107040 1040 %50
As 3.01%£0.12 3.15%0.14 3.17%0.09 2.61+0.2
Rb 3.98+0.19 4.1510.28 4.50+0.34 4.6%
Sr 91.3+2.4 101+£3 99.914.6 89+3

Y 0.88£0.11 1.06£0.22 0.92+0.04

Zr 6.55+0.25 6.551+0.19 5.31£0.35

Nb 0.80%0,08 0.94%0.11 0.421+0.04

Mo 6.564+0.34 5.891+0.20 6.7510.23 6.4*
Sb 6.611+0.09 7.01£0.28 6.09+0.23 6.01£0.4
Cs — 0.31£0.05 0.27£0.01 0.24*
Ba 121%2 132£9 12610 (90)*
Ce 3.321+0.12 3.55+0.12 3.43£0.03 3.1%
Pb 24118 226+8 220t5 21919

STD : Element used for internal standard, * : Reference Value,

*: Information Value (presented by Okamoto, 1987).
L UCed 4 TEOEBME FPEEEDORFR L B —H L 2 BMRIHERSEEIT L TRPP
E\WE%ER Lo Na, Mg, Ca, Cr, Co, Rb, Y, Mo, CekLTPbid WINOFHEDIER
bHEEHFHAN THIEECSEB L L,

3.2 FHHTOEERE

AEEEHN T A E N 2 TROERBE 2 5 RITR L, EBREIERICHM LA y
BE— s TONy 775y Y FABOEERED 3EEH5Z 5REL LTRLI TRALLE
BICTE LR RERO rg e fIRT 2 B0 2 VF— (keV) ZEHKLT5, £ O
BTHET0MeV & 30MeVORKERZED 5130 T 0D 5o 5 1 BIZHEBH O TRBE X
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L, 20MeVE L UOMeVIBI TORKEE 70w b LcbDTH S, BEOHVWITEIE & KE
FEL, BEMEWTRIGEESROWERSS D, £ 7 O IF20Me VIBR O H AA E W,
INEABFHIMECTORMEER 50 £ TAT, HHOTHRIEE %R CTE- 7o % Figure
of merit &MU, EBRWBEBOHLRE LTW5, Mzl Figure of merit 81, 10, 100&

8553 Practical detection limits in 20MeV and 30MeV photon
activation analysis of NIES vehicle exhaust particulates.

(unit=p g g)

Element Detection limit Element Detection limit
(20MeV) (30MeV)
Ca-373 70 Fe 85
Fe 67 Ca-1297 69
Ca-617 66 Ca-617 24
Ca-1297 39 Ca-373 ) 21
Zn-185 29 Ba 12
Na 25 Na 10
Cu 17 Zn-185 9
Ti-160 12 Ti-984 8.3
Zn-1116 10 Zn-1116 7.4
Ba 8.1 Mg 3
Mg 5.5 Cr 2.3
Ni-127 2.6 Pb 2.3
Cr 2.3 Ni-127 1.8
Pb 2 Sr 1.8
Mn 1.5 Mn 0.8
Ni-1378 0.5 Ni-1378 0.5
Y-898 0.4 Mo 0.5
Mo 0.4 Y-898 0.4
Co 0.3 Rb 0.4
Rb 0.3 Co 0.3
Ce 0.2 Sb - 0.2
Sr 0.2 Ce 0.2
Sc 0.2 As 0.2
Y-1836 0.1 Zr 0.1
As 0.1 Y-1836 0.08
Zr 0.1 Nb 0.08
Sh 0.1
Nb 0.03

Cs 0.03
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1 Relationship between sensitivity and concentration of each
element in the “Vehicle Exhaust Particulates”.

B ETAITEEEVTWV S, 85 Figure of merit 2510%#8Z % &, +070E CEERIHE
Th 50, FREOBEEEDTRTHEL TVWE I BN 5,

§4. &

FEERIMPESE L BB DB WEBMARETH 5 T LR hvh e & big, ERpcEBAD
LK OMBARGR, H—EEM S5 A TOIEFICEHBFRLR L EWRENI, ¥, £
 ORERTHRIMEE B —HT 3EBE LN, L L, AEoE—HEERT 2 LEDBIC
PR D ERENTE LW EREHRNT 2 ERE L, HEETOFEORVWENEONE T
EETEPDTBLMENDA Do

F 7, REFHEMEATEAREO L 8~ b)) v 7 XOMROERHE LT, FEREICER)
AL L5 ENTEE N, &I, 20MeVIBE T IZ30Me VIR I e~ CHRM I ER D
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CTE, BERICOEATEIHEADGE SRR ENLS, L L, 0MeVTELICHIET
& TBREIR INPYREYE R (SRESR VB AR ISR L T £ /2Na, Mg, Ca, FeSSOEETEN DL
BB BEDME A S B, AFEO & 5 Ic EETHEEIEVRE CRIEENET T 3
CEIED, TOIRDBYBPEETCRERINT 3B EDTRBNELIA S,

£ % X 53
1) FAARBHE : BRI, No66 (1987) 124.
2) K. Okamoto : Anal. Sci. 3 (1987) 191.
3) BRI, /S\ARRE | MEPFE#RE20 (1987) 61.
4) BiAAIEE, SRS - BETZ 21 (1988) 243,
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BEEST - piAfE "
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§1.

WER NEOEEEEVHED 2 bOEERE A THYBNDS, VWELE  ORMIEEML %
PPETVWE, BHTH, BEAEEE D, CUEEBICOVTRE, BohTWsT—2 b3
BV, HHEHREYI 7 ORIEIC & - TEGER, EYHEE AGER, FHEROMI
DS N B, BEA AR, HIERIOSH T OMREOEEMBMETRT 5 CLickb, B #H&H
OYBEOBRHOD * 71 =X 5%, BRICET 3% OEMERL LN TESLEDNS, L
U, MEHREYERET s EORS, Bk 5, BEHEEYE OO TEER, »POATF
RE Nz > T LE > TV B, 20WA, 0 & D NI > WTEEAT 2172 D BT
i3, AESIERES TR O RESBEH EA R E D THERRBAMTETH B L VA 5o
BFHEHMEATIC & 5 HBR LI OFEHEL TRATTICB L TR E { ORISR SN TS
n, REOEARMHELAICENTVS ™

KHFE T, B1SREFHERE (1974~1975) W& D Y 2 4 « SV LBERE, + VI VE
B LU v MR TS R0 > 5 0 1 > RS L, 30MeV HIBIE
BHe & % ERHEL BT R LA 2175, A4TLRICOVTANEEB O THET 5o

§2. £ B
21. & 0H

15 ERERIEE (1974~1975) kb, BEKIEDY =¥+ « SV ABRE, 4 Y7 VE
B, BLUF v AR TENRRERLAVTERS hicE o > b0 1 AKDa T4 v
7 (N0110702) AFBERE & Lico EGEESE 1 KICR T, HRIZI9TH4EIAIATIE D,
IR IR EES62mTH D, 85N HkHES0emDR 0, i h VIR B O TRIRHERY)
T, 6~8cmOEX YN, AAOE» WERER & L TiEs N7,

2.2, AMAH

KERHERY) % 2 71T > T L emE VIR U, 2~ 3 emfElig TR A IR 23k L,
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EROWTEE LSRR L VIR L, YA VEARLET VY = S RICRE L,
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200mg % 0k EFERRDI0mmBED 7 4 27 i L THW o 2 [AOBHESRI ORI 3 EDEKT «
I BREEBEIICAEECHALTRERAR & L,

2.3, BEBITAE ,

HALRF R T IEREIOEER OB T HREINESR I & 530MeVHIBHRS T, AREIHAL
foaliba 2 ~ B IERIRE Lo BRI, BEMEX hcilibE OltecBiGe(Li) A 25,
Canberrafll ¥ ) — X35 +HEFATEB AV T A7 bax b — L,

24, =

EEE, EEENEEOEERE OGRS, R OBIEEZ L TITRE - /oo &k
DEBICHVIGEL ZO rfRz A V¥ — %28 1 RIORT, ERENTRD D BCsB X UIE
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%1% Nuclear Data for 24 Elements.

Element (Z iﬁ:;:;’choi% Reaction 1:11(:115;: Half-life 7-ray used, keV
As As-75(100) (7, n) As-T4 17.78d 595.9
Ba Ba-136(7.85) (7, n) Ba-135m 28.7h 268.2
Ca Ca-44(2.09) (7, p) K-43 22.3h 617.8

Ca-48(0.187) (7, n) Ca-47 4.536d 1297
Ce Ce-140(88.5) (7, n) Ce-139 137.2d 165.9
Co Co-59(100) (7, n) Co-58 70.8d 810.8
Cr Cr-52(83.79) (7, n) Cr-51 21.7d 320.1
Cs Cs-133(100) (7, n) Cs-132 6.47d 667.7
Fe Fe-56(91.8) Cr, pn) Mn-56 2.579h 846.8
I 1-127(100) (7, n) 1-126 13.0d 388.6
In In-113(4.3) Cr, 2n) In-111 2.83d 171.3
Mg Mg-25(10.0) Cr, p) Na-24 15.02h 1368.6
Na Na-23(100) (7, n) Na-22 2.602y 1274.6
Nb Nb-93(100) (r, n) Nb-92m 10.15d 934.5
Ni Ni-58(68.3) (7, n) Ni-57 36h 127.2, 13716
Pb Pb-204(1.42) (7, n) Pb-203 52h 279.2
Rb Rb-85(72.1) (7, n) Rb-84 32.9d 831.6
Sc Sc-45(100) (r, n) Sc-44m 2.44d 271.2
Se Se-76(9) (r, n) Se-75 118.5d 265
Sr Sr-86(9.8) (7, n) Sr-86m 68m 231.7

Sr-88(82.6) (7, n) Sr-87m 2.8h 388.4
Ti Ti-47(7.4) (7, p) Sc-46 83.8d 889.3

Ti-49(5.4) (r, p) Sc-48 43.7h 1037.5
U U-238(99.275) (7, n) U-237 6.75d 208.0
Y Y-89(100) (7, n) Y-88 106.6d  898.0, 1836.0
Zn Zn-68(18.8) (r, p) Cu-67 61.9h 184.5
Ay Zr-90(51.5) (7, n) Zr-89 78.4h 909.2

FBTBEAICE, P 50388ke VD IR ®Y (7, 2n) Y EC "SeFRIC & 5 mSrod
YIBEEILD, Fi WCsh 5 D66TkeVD 7 HUIFIHO I y R EEIE 570, "YH 5
SN 5485keVD 7#% FIWVTHITE L7z NbicBIL T, ®Fe (7, pn) *MnRUGIC & - THE
BT % PMnd» 5 D934.5keV D ¥ #ASETS > TIHEIT S 2 72, "MnDT44keV, 1434.1keV D
KD AR CHIFSTE AT 5 720 ScltBIL TR *Ti (r, pn) “"Schutic &0, T8
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g & [FERED “mSchHHERL L CTIFEI I 2120, TiOFEBEA XKD -H & TScOEEEDHE
EiIc > W CRIEAIT > 720 Ca, Ni, Sr, Ti, YIEOWTRE | BlTRESNhTWBE 240D ¢
BE—7 2AVTRDICEEHEOFHEEEH U THIWEE Lic,

§3. HRLEER
ATRIT OV TR SN DTHRERO—HES 2 RITR T £72, BILRITOVTONHTHRER
L a7 OXREPLDOES EORRER 2KITRY, H2RIE, {4 3EOHHOEREDOYS

% 2% FElemental Abundances of the Core Sample.

Interval along the core column

Element

1—2cm 7T—8cm 15—16cm 22—23cm
As(ppm) 26 + 0.4 1.5+ 0.2 1.3 + 0.6 18+ 13
Ba(ppm) 1200 +153 1070  + 80 1080 * 36 1160 + 52
Ca(%) 2.64F 0.27 2.36+t 0.27 2.40+ 0.16 2.45+  0.20
Ce(ppm) 114 =+ 6.3 102 + 22 99.2 + 8.1 94.8 + 11.1
Co(ppm) 249 + 55 205 £ 3.9 242 + 1.6 227 + 23
Cr(ppm) 110 + 1.3 108 + 1.7 108 =+ 3.2 111 + 36
Cs(ppm) 55 * 0.2 44 + 04 44 £ 0.1 48 £ 05
Fe(%) 5.41% 0.09 490+ 0.19 5.33+  0.09 5.641t 0.22
I (ppm) 38.0 £ 0.2 241 + 1.2 30.4 = 3.0 537 + 2.1
In(ppm) 89.2 = 2.0 812 £ 49 85.9 + 9.7
Mg(9%) 2.19+ 0.16 1.90+ 0.09 1.92+ 0.05 1.99+ 0.09
Na(%) 2.93+f 0.07 2.65t 0.01 256+ 0.06 2.55+  0.08
Nb(ppm) 147 + 08 128 + 0.9 124 + 0.9 132 £ 14
Ni(ppm) 422 + 1.8 36.6 = 3.4 36.6 + 4.9 463 + 2.3
Pb(ppm) 82.6 + 4.4 70.2 895 + 6.5 91.1
Rb(ppm) 154 + 6.7 135 + 24 135 + 94 130 + 128
Sc(ppm) 9.7 £ 0.1 6.7 = 0.3 98 + 0.1 104 + 0.1
Se(ppm) 47 £ 0.3 36 = 05 29 = 0.6 3.0 = 0.2
Sr(ppm) 335  + 19.2 321 * 6.6 320 + 26.8 360 + 11.7
Ti(ppm) 6460 +136 5570  +312 5600 +325 5860 1343
U (ppm) 41+ 06 31+ 05 3.1+ 06 2.4 + 0.3
Y (ppm) 375 + 1.3 338 + 1.1 33.0 + 0.3 329 + 1.7
Zn(ppm) 172+ 24.2 144 + 245 156 + 20.2 174+ 334
Zr(ppm) 208  + 16.0 204 + 13.8 202 + 16.2 182 + 15.1
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2 Variations of the Abundance Levels of Elements along the Core Column.
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S HEHERE AR D I b DM, As, Co, U, ZnPIAD0TTHEONHEIZ, KEBHHL10%
PRDIRZETE SN B 2RISR L TR WD 5 BEOHB AT EIc > W T H, 13EH
BOBETH NI, F2ROPYEESHZHED, UTHRITNTIOVTESHHOELEERE
DEEI/NE , HRYIOHBIZZIZEASEABBVEVZ S, COTEEFE2RNPSHIE
BRIV B3 EEbN S, AEBRTE SN2 7HD 9 SOSEOIILE B & 7 it
REZ, LSk > TUTRbNIEREDAHERD & & I8 3RITRT o AL & 515K
B L UHE22RFERERIBK I & - THRES N/ FiiE O 16 R O 2 LB TR E L, 167T

% 33 Average of Elemental Abundances of the Core Samples.

Element This woilitoéocz. V.”%) 11\8{3(())31{3 of Maruyama eiclaﬁ].m
As(ppm) 1.7 £ 0.8 (47.1)

Ba(ppm) 1130 =72 (6.4)

Ca(%) 2.52+ 0.12 ( 4.6) 2.61+ 0.08 2.61%+ 0.05
Ce(ppm) 102 £ 5.0 (4.9 914 + 39 924 + 1.3
Co(ppm) 243 £ 1.7 (6.8) 219 + 1.1 221 = 2.0
Cr(ppm) 106 + 4.1 (3.9 875 + 56 88.0 + 4.4
Cs(ppm) 49 = 04 (17.3)

Fe(%) 547+ 0.26 ( 4.8) 5.64F 0.30 5.40% 0.12
I (ppm) 445 = 18.7 (42.0)

In(ppm) 8.4 =+ 28 (3.3)

Mg(%) 1.99+ 0.11 ( 5.4) 241+ 0.10 2.39+  0.09
Na(%) 2.61+ 0.12 ( 4.5) 2.79+ 0.07 3.01+ 0.09
Nb(ppm) 131 £ 1.1 (8.6) 155 £ 1.4 158 = 1.3
Ni(ppm) 422 + 4.2 (9.9 48.3 + 10.4 51.3 = 1.7
Pb(ppm) 85.2 + 14.3 (16.8)

Rb(ppm) 138+ 6.7 (4.8) 138 £ 55 141 + 3.7
Sc(ppm) 96 £ 1.5 (15.9)

Se(ppm) 33 £ 0.8 (23.2)

Sr(ppm) 331 =+ 233 (7.0 345 + 21 344 + 15
Ti(ppm) 5900 +260 ( 4.4) 6210 £200 6210 100
U (ppm) 29 £ 05 (18.3)

Y (ppm) 330 £ 1.9 (56) 326 £ 1.3 32.0 £ 0.7
Zn(ppm) 160 =+ 13.2 ( 8.3) 190 + 65 190 + 34
Zr(ppm) 201+ 11.1 ( 5.5) 1714 + 22 159 + 71
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FILOWTCERESE, FIRITRLAEDIE, ZOI6MIEADS 5, AEBRTHW AT+
7° U &AL ASE ONo110501 E N1 117012 D W T DODHHETH 50 (3B 1 RBIR) KEBR L
Ul 5 OWZE I BT 5 15ERIC >V TANEEET 5 &, MgeROTRERRENTE
{—FHLTVWBEEVZ B,

FEBRCUTTIE L TORBEAE SN, I 7% 2~3mELHITH LI b
b 5 TESHHOLHIRIED 51T, F oS TER UL T Y 7uvbiunicd, H
BB OWTHRT 210 RV 5 - foo L LERE CHRBAWTETH 2B THU
(bR BV TE C OHIERLFIIEEI 2O 5 2 Lt &k b, HIEROH T HRACRAISERSY
DEVEEEIC D W THHRT AEOREBE 7~ 2 2T T 5 LN TE S LEDN S,

AP ARITE D h b, EEHE OO RIE R R PR ~ > — v
70— 7 DERRICEE BB L E o %70, BESHEBIERY) BRI - HRE—
‘hkoEEESF L BEEEPLES,

e E X ik
1) T. Kato and M. Kato : J. Radioanal. Chem. 57 (1980) 105.
2) hOEESEER, MR, RS SAAEDE - Bk 1983 (1983) 49.
3) T. Kato, M. Endo and M. Kato : Mar. Geol. 53 (1983) 277.
4) SULFKEE, DEEEE, nESELE ShAEDR  AEETTRISTIRG 16 (1983) 283.
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§1. RULHHIC

WETIE, FLOKME - HETTOERBMORILARIC LD, BeitiEhitEshs, +
B3, BMchkT 2—kEiy, EUb - BIERGERE T4 Uk s Eo ki, ZC
ICHE & BRIk T B IS & ORI, TN X 2RI &> SRS
nTW3, HEhTE, WYX DMEIESTEED D SERMOTER S h, ThiHY
TEBAEDIC X > THRS N TEBYNGEZ 5, TEO ARIEBOMINGE, ok MERD
FA 7 VEEL, SHITEED CABERIESERL TV 5, HERAROEFICRR I
WMEFPCERBIELE X2 2 EBO—0TH %, TOEKT, SEIEhcBI 2 REEES
EHICHIEL, Z I TORITLROBELZERT 5 &3, A2 & HIRBIBEOEEL £
==L, ZLEEHT 5 LTHBROTEETH S,

FIWETIE, LLEOX > BHADLS, BT 54 + v 7 2RO ETBEHED T (PAA)
BHT, MEHREOERMERWAERET S X< HEMMT (ICP—MS) Hicky
T EERE OBBE~BME TR EITE - 1 ERERS L, MOEOBEERLL L L
biz, ThsHERRIC D W T OB L ORBUE FRIIGENR S,

§2. EEsERH

SEDHTZITE - 72D (3 H3EERERE], SO—1, SO—2, SO—3, SO— 40 4RKTH
%, SO— 1~ 4 & Canadian Certified Reference Materials Project (CCRMP) 2 & 3% T
%0, Land Resource Research Institute, Agriculture Canada ic X DI E Nz dDTH 5 Y%
TEOEMB Y AV TaT s —LTHRDbEN, TEMEOR EHE LY, BECEAR-1F
WSy ARG, T3EWTER FEE LY, HERMA ST ARERMERCE ABLCEOm
Micd b, S TRESDE  BILREY ORPEEE S BRBIXSE T 5,
FHESHERESRISO— 113, A4, Ny 20, Hull D3R TEREE N, CED SO
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B+ (Regosolicclay soil) T, BIMEEE(LEZY CORWIEERRS CHk T 5L
WTH b, t-T, BHOMAEERKLHERSHRS NS LIETH 5, TIBIRESR
SO— 213, 7 ~w 2, &~y 2 HItd Montmorency Forest TERENE 1uic, BED» SO R
Ryt Td B, & FVIMLER, BETKETCRELLHRCEVLT, WRICZRIZE
BUIERY D SEHREEHSE L, ThBTEROBPT VI =y A&V IX T NVEBHL,
FHkE EQICTHEBEISEET L2V, T OREE, KABOELRE LHRMEBOERE
(B, T3 =0 LOERIIOR E - 1) HFE L # K L EDIR S B o T DR
EFYV VBB, it B QB ICECEETERE L0 5 . DIEEERHS
0—3W, #F4, A v AN, Guelph T TSNz, RBKBEFEEOCETD %5,
pEsEERETIcE, LIE LI, BB O CaCOTliIe, BERRIREEEZET, =
BERERESEISO— 4 1, HF 4, VAN F v VI, Saskatoon DILETHRINE iz, AEZETS
TEEOF V) —CsLTHB, COLRFELLBRE DA T v T DOEFEELREHHGIR
& BIGHEEEIEA & REEOBRER TR E N b, F =V — €L ABIE, BEIRFEED
Foz L BEIGEVBTH S0 EARRBLFZELTWEOT, MITFHICZBOERYIZERL
T/, HEKEEbIckbNE I XTI NEDRV, ZORE, BrELEVRELHLLT
WHIEEEE b0

§3. | CPEESHE

FMpEL T 5 X< (ICP) BESWIER, ICP%2A 4 ViRE LTHMYT 3 EEANE Y CTH
n, BEESEhORBEHRES L CBBRETROBREMTETE B, SEANALE R
WARAIEE LCHREMcEB SN T3, $ 1R, SEERL cHERROEES
W &\ 72 ICP — MS ORI A RINITR $ o @I BEBISRIRIFRTR’, “EE
FROEBAEBZAV b0 BB LTV,

ARFEI R 754 ¥ —TRRICEh, A7V —F » vN=TEHENT, < HMEKE
DB, 75 ATHNBASNDG, 77 A7 IREERETTE 1 TEICGET 5RINECS
n, TCTHEHIAER RS, FEICHEREEL CTRTIREEL 50, BRENCA A+ v OPRRBIZE B,
D75 Xehi TR, 14 MLBEBEOEVWTEDNBLIES LlOhF4 v EE>TVWETLE
BHILN TV S, [(CPEEBSITEBEOROEESHANICPLERANTE LA ¥ I —T =4
AWATH Do DAV —T 24 Z%FBLT, BEFKHEA 4 vBZ0FE, RAZETFT
EBT 2 EREOIEI~NEEA SN D, COBMMIDY 7Y vra—ve, RAIDAF<—
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et 9 E vz 179-7142 Icp
P9 88 N4 7 RABE ICP RF
RF K BR
i teoo—oo——— ] ;
NS e ST L ot
‘—i—L_
= {

p— = 17
I ————in |y {r@%' 77@&5
[ J J - > /
[ HESS 7B ! 1774*'7‘(/
MER
‘ Fr—v i

RF DC
ERE - 2

00

1
KE1vbo-v MCSs 2 IV Ea—2
179-7:142 sk

BN MEHREENTEEE B\ ICP—MS OEREKE

I-UhSRY, TNTH I mTONSBRESD, BEAFHNICEASNAREAN4 v
BV v XE, UERBRT AT 4 V5 — 2O ICERERE R - TRHBICE S, L v TR,
AFT—a—=VEBBRLIAZF VDI EDT S AHE LicA & VIS UOhE, IGE, FE
BIRENT, INBMOIXVF—DZSoteA 4 v E—sE UTEBERTOADICESE
FES, BEERBTRARLTE A vEZOEE /BN (m o) MG TEBS € 5,
BRI F +» ¥ 2V b o v EIFEI 2 _IREFREMEESHV LA TV S,
ICPEEMTEOBHIE, (IBHOTRITS>OTEBME L ~VOSHAERE, (8TEDR
KW HSElRE, ()R X7 P VOSERICHMTH Y, WERMNEDOARMBTEL L THEH, &
REOMTICEEL TR, ()VSy 2 759 v F2=T Uk SDIHE, (275 X<BERIC &
BYFETRERROZI, QEETEPLDARS M VDT LESHE T 2HE1H 3
EBFONTVS, Fiz, BHENHTRICILED, SRNAKIIR FORERER 2,
HEHLEY, HBBUEARORET, $F+ V7 —FRELTAr2AVWTT I X RICEA
ENB, 207, Ar*, OHY, OH,*&WoteNy I 59 Y FRARY P ABEL S, 20
R, ThooE— 7 EETOMBITRORH I L 55, $7, HR, BIERRE Wigs
Vo 7R VW BB 5 b, CIOT, ArCl*, SOY, SO, 1 ED4 4 YHELT, T
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NobIEE—2 L1 5, —F, WEPSLD/Ny 7 759V FARY b NOFEIBDIE,

ICP B BN EE O R 12 ICP FobEIc B LT 2~ 3HTm\ s, Bohd Al 4 vE—
LDWEIRT 5 A DBESHITRE EIEL TV S, BT, BRKENL Ar T AREBOR
BhAEL, TROOBRBILBBRETH B, £, TRICHVS LA 4 vicxdd 5, 1hE2
i1 A4 v OERETEATIA S LD ICHHET Z0END 5,

AW B BITTHEA 4 v O E— 2 ZERT 5lc b » CREEHERTIcE En s 1T
FicHskd B EREA & v RBEYIA A v, HEVIE2MA A VIEEDE— I BENICHRER
IROES LB VL HIEBRURETH B, 12721, HETRICHKRT 28+ vO&— 78I
KA Y VT HERT B EERBTDE GV, Eh, TN AR EOIEFETROBEL(L
DEWITTED DDA F VIEEATLEE 5 74 7OFHIc >V, HESRNERICES A
TR ARNL, LT s Lk, PRYOBERRT 5 LNTEY, Fi, <
MU w7 ZARAE VR AR L T A T EIC L o THHBETHI LN TES Y,

§4. RMERFEBZROAEL | C PHESWITOAESRM

ICP BB W B IIERE O ST H: I3 EAN T 13 ICP #EA iR CIRF IOt arED
BAIAVBHELE LTSS, £F, WHRRER0bg% T 70 v E—A =i, BIERR -
7ol (1 1IRS) B8 nlZ2Hf LTHRYT 5, &, ICPRILAITTIHEARE, 18
B CHEIRYT 5725, ICPEEMTOBEA T, EED, S OUELET 5701, HREAVTHE
L, 100007 L CRIERKE T 5, 78, BERKRELTE, BHEOERT L LL
&1 (REBADS, 99.9%78 0 Lz Pl L OMEE) &, B/NROBEEA 4 b L B EKE K
EARWTYERR U 7AE 25 U oo AZHERIK DIFIE 131,000ppm IZHHEE L TH b, MERZE
1< b DI FEEA L 4 e L, R/ V—T74 (Li—Ge, Rb—W, REE, Pb—
U) BB EEREE, 75 VIBRREE bBITHV I, HIERIEERR T OTRIRE &
1 ppb 7> 5100ppb TH 50 TRTOREARICIE, BEROF Y 7 b ZHESZEHNT, A
WEsTEE LT, v Yy A (In) 2—EEMNA T

LA, AFFCEWEE R, BEBBEBTERICERE S h e VG PlasmaQuad (VG
Elemental, Ltd., Winsford, Cheshire, England : PAEBIREENET) TH Do MIESRME
EH1RICRT o RICRENTOIOWEEICEET 2HIERMEE A —h — OHEEHEIRE - oo
ERERTRTI VY Ea—F— a3V bu—LENTED, 2—¥—FAEORNCRERIEIC L
LT — 5 % NS UTERRIER 7 7 A WETER T 5o sEHARORIER 7 5 v 7, BHER,
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%1% SEAW ICP—MS ORIESRE,

1. Ion Source (ICP) :

Forward Power 1300 W
Reflected Power <10W
Coolant Flow 14.0 1/ min
Auxiliary Flow 0.5 1,/ min
Nebulizer Flow 0.8 1/min
Solution Uptake Rate 0.5 ml, min

2. Mass Spectrometer :

Type Quadrupole Mass Filter
1 st Stage Vacuum 1 —2 mbar

2 nd Stage Vacuum 10~ mbar

3 rd Stage Vacuum 107" mbar

Sampler Ni, 1.0 mm Orifice
Skimmer Ni, 0.75 mm Orifice

3. Analytical Parameters :

Sampling Position 10 mm beyond the coil
Dwell Time 0.5 ms
Number of Sweeps 120 or 240

DK, 735 v, EEREOIEIIT-> 120 12, HFicdic-> T, @E, JB—1, JR—
LZREL, AFREREF = v 7 Ui

Ala, HEEESEIc oW T, ICPEESHEHC XD EBAT 2R A T%E, Li, Be B
Se, V, Cr, Co, Ni, Cu, Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Cd, Cs, Ba, La, Ce
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Pb, Bi, Th, U
DABTLIRTH B0 SEIDHTRMIC BT 5 Wk CORMBRIERE &, V, Ni, Cu, Sc
Zn, ZLTCritBWT6~1ppm, ZhPANDOTETE lppm P T THY, 205 b, 267¢
ZORHBRIEE 20.1ppm DI T TH 5,

§5. XEFHEHMELATE

TIEERES o, Ca, Sc, Ti, Cr, Mn, Fe, Co, Ni, Zn, Rb, Sr, Y, Zr, Nb, Cs,
Ba BELU Ce DITILHRIZ OV, HBFHIMEANTEITIE - 720 R OBEHLIT 3HILAFER
THEFREEEOET 51+ v 7 52FAL, Ex 2 VF—30MeV, EHER, 120 wA
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DBEFHEES 2 mno FEH CHIBHEH <8 L TITRE - 720 SEHIE&ARE T Men DALE T
3 RS L 720

BN EHMESE D S D 7R <7 F VORIEIC I, Canberra #HH& ¥ ) —X40+MCA
Vit U7z BG&G—Ortec #18 Ge #ith2s (GEM—40195), =EBHM~( 72 - oF v b
RM—101, BHiEl FM—16 84 578 5 HBMIEREE 2V T, BLRS, HBEHcs L
T3 5 720 TRETEH 2 ~ 5 K5, 5~1215f, 3~4H, T~I0HBXU3I~4BEHDS5>
ORIFERRICA T, BIESEVEL, TRICHET S 740 SNESRSRVRRTO A <
5oL — s AR, EBEIHEE, Bohi rERA R kSO E— 2T — 5L
<, FERE, RERMESLOBHY 5 v 2 AMIEE Uk, HBEIC & 0iTa- 72",

§6. SRR

FHEEHESE SO— 1, SO—2, SO—3, SO— 41>\ T ICP EBAHTHEIC & 5 3HTHE
HATEMES Y& & bI0E 2 R, RBTFHEEAEIC X AWRRE, Hibd 5 ICPEE
R & BEEERIS O NTSOIME & & bt S RITR Lo $7, H2RIE, BOBRLAKE
DEREREE & bic, HFTHEROHEED S0 X L ORRE (REY%=100X (57 —STHE)
YHEkE) dRLTH %,

6.1. ICPEBHHTEIC & BAHRROTEERNE L EHE

LEEW ICPEBEANEHC & 2BV TR, A TEOKBH T, RHRAR
BE X DR VBRI B 1 58 R UEIE ORI RE (2 10% T Th s (2R,
BB R TETRIC > \WTIE, MEBETHEE LTRHENERE TS5 L bd-T, TN
FEROFEIRM D TRV,

@0 3% LRSS O EOZEEE, HEhickid 32 orkoREICERBEL T,
e, BLETIR 5 ~10ppm PLE, ELEICOVLTIH L ppm BIROBRESSNIE, 8D
R UBIEOBEEMIZ10%LIT IS 5, # 03K URITERRE OREHERZEAH S 1 10% 2l A 7o D
i3, B, Ga, Ge, Mo, Cd, WD 6ILETHb, CDHH, B, ZLTHEZL Wit2W0TH,
BIEAREARIC B BRO A Y —HESFEL VL ETFREN TV 5, —H, Cd,
Ge, MolcoWTlE, SEMAVEEzEY 5 N5 OTRBESREBATIR TS 5709
128 R LRI DRENKEZVWSDEEZ 5N b, Gall 2V TRERASE - XD LZWAR
Ao DIFEMNTWBEREE S H D, SROBEETH S,

SEOHFICHBNT, FIE 6 TR T, 80K URIEOMEEREN L 212206 2B A
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So-1 So-2
ICP-MS Lit. RE% | ICP-MS Lit. RE%
ppm SD SD% ppm SD SD%

Li 51.52 1.74 34 48 7.3 11.72 0.31 2.6 9 30.2
Be 1.76 0.07 3.9 198 -11.0 2.15 0.36 16.8 2.0 7.7
B 21.48 8.72 40.6 19 13.0 6.04 066 11.0 25 1414
Sc 17.88 0.87 4.8 17.7 1.0 9.94 1.62 16.3 11.3 -12.0
\Y) 136.03 2.58 1.9 133 2.3 58.75 478 8.1 57 3.1
Cr 180.06 6.80 3.8 170 5.9 10.33 0.02 0.2 12.3 -16.0
Co 28.56 1.31 4.6 29 -15 6.80 0.01 0.2 76 -105
Ni 91.61 0.33 0.4 92 -0.4 6.00 0.04 0.7 8 -25.1
Cu 59.38 0.30 0.5 61 -2.7 4.95 0.47 9.5 8 -38.1
Zn 139.23 3.76 2.7 144 -33 123.30 4.14 34 115 12
Ga 24.94 2.18 8.7 24.1 3.5 24.16 6.05 25.0 24.3 -0.6
Ge 1.76 0.21 12.0 1 757 1.42 060 42.2 1.5 -5.1
Rb 127.54 9.29 7.3 141 -9.5 70.36 4.12 59 77 -8.6
" Sr 331.14 22.08 6.7 331 0.0 345.78 19.81 5.7 331 4.5
Y 24.14 1.37 57 245 -15 4189 2.05 49 40 4.7
Zr 56.88 4.19 7.4 84 -32.3 79.07 4.09 5.2 760 -89.6
Nb 10.54 0.55 5.2 11.7 99 22.61 1.13 5.0 22 2.8
Mo 0.67 014 21.2 2 -66.4 1.88 0.40 21.2 2 -5.9
Cd 0.01 - - 0130 -95.1 0.07 0.03 500 0.130 -47.2
Cs 5.01 0.13 2.6 507 -1.1 0.35 0.07 21.0 041 -142
Ba 849.83. 16.70 2.0 870 = -2.3 967.44 19.87 2.1 1000 -3.3
La 52.18 2.30 4.4 54 -3.4 41.84 2.62 6.3 46.5 -10.0
Ce 107.08 2.83 2.6 102 5.0 108.64 6.94 6.4 112 -3.0
Pr 12.05 0.27 2.3 11.8 2.1 12.38 0.69 55 143 -134
Nd 45.56 1.81 4.0 44 3.6 53.34 4.36 8.2 57 -6.4
Sm 7.90 0.29 3.6 79 -0.0 11.59 1.42 122 11.8 -1.8
Eu 1.71 0.07 4.2 1.57 9.0 3.20 0.27 8.6 3.15 1.6
Gd 6.15 0.57 9.3 6.1 0.8 9.55 1.20 125 11.1  -14.0
Tb 0.87 0.01 0.6 088 -1.1 1.48 0.12 8.1 1.62 -8.6
Dy 451 0.48 10.6 45 0.2 7.96 1.24 155 8.8 -9.6
Ho 0.84 0.01 1.4 1.1 -23.7 1.46 0.14 9.8 1.7 -143
Er 2.23 0.13 5.7 2 116 3.81 0.60 159 4.2 -9.3
Tm 041 0.05 11.6 0.42 -2.1 0.57 0.06 10.3 0.54 57
Yb 2.12 0.15 7.2 2.24 -5.2 3.13 0.42 133 3.5 -10.7
Lu 0.33 0.06 169 . 0.31 7.6 0.47 0.02 3.8 0.46 1.4
Hf 1.54 0.09 5.7 25 -38.4 2.18 0.22 10.2 17.4 ~ -875
Ta 0.77 0.04 5.1 0.7 10.1 1.12 0.07 6.6 1.15 -2.4
w 0.72 0.21 29.2 0.7 2.8 0.35 0.20 585 0.4 -135
Pb 17.52 0.16 0.9 20 -12.4 17.41 0.19 1.1 20 -13.0
Bi 0.29 0.00 0.4 0360 -184 0.01 - - 0.033 -77.0
Th 11.80 0.26 2.2 124 -438 3.02 0.04 1.3 3.8 -206
U 156 0.05 33 1.71  -9.0 0.61 0.00 0.5 098 -38.2

Lit. : fEiEE =W,

SD

RE26 : 100X [(#rfi —HESHE) HEbEE ]
(R DR LRIE OHEIRZE, SDY% : #05& URIE OrExHZtE(RzE
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025  FEnEsEstElc o W T O ICP—MS kR (00%)

So-3 So-4
ICP-MS Lit. RE% | ICP-MS Lit. RE%
ppm SD SD% . ppm SD SD%

Li 12.08 0.76 6.3 9 342 19.25 0.54 2.8 17 13.2
Be 0.73 0.01 2.0 0.81 -9.8 1.08 0.17 153 1.26 -143
B 2.47 0.06 2.5 26 -90.5 221 0.25 11.4 43 -949
Sc 3.70 0.50 134 52 -289 6.26 1.30 20.7 8.4 -255
\ 35.62 1.56 4.4 36 -1.0 82.93 4.76 5.7 85 -2.4
Cr 22.78 0.42 1.9 27 -15.6 45.12 1.37 3.0 64 -295
Co 5.44 0.31 5.7 5.5 -1.0 9.02 0.26 29 10.4 -133
Ni 13.94 0.30 2.1 14 -0.4 22.61 0.98 4.4 24 -5.8
Cu 13.19 0.06 0.5 17 -22.4 19.25 1.07 5.6 21 -8.3
Zn 4496 2.16 48 483 -69 89.44 4.00 4.5 94 -48
Ga 6.55 1.21 18.4 6.4 2.4 13.20 466 353 10.7 234
Ge 0.44 0.26 59.4 3.4 -87.1 0.77 0.25 327 3.5 -78.0
Rb 37.54 2.93 7.8 39 -3.7 65.16 4.12 6.3 69 -5.6
Sr 234.24 18.34 7.8 222 5.5 164.27 10.14 6.2 168  -2.2
Y 16.28 1.04 6.4 16.4 -0.7 17.41 1.26 7.2 22 -20.8
Zr 63.78 5.06 7.9 156 -59.1 84.70 6.75 8.0 270 -68.6
Nb 4.42 0.47 10.7 6.4 -30.9 6.76  0.36 5.4 10 -32.4
Mo 1.08 0.03 3.0 2 -459 124 044 357 1 244
Cd 0.01 - - 0120 -95.6 0.17 0.10 583 0.340 -49.6
Cs 1.07 0.08 7.0 112 -4.1 268 0.04 13 288 -7.0
Ba 282.92 8.61 3.0 290 -2.4| 71452 1644 2.3 700 2.1
La 1583 0.41 2.6 169 -6.4 2543 0.59 23 282 -98
Ce 34.40 2.48 7.2 34 1.2 52.24 1.70 3.3 54 -3.3
Pr 4.13 0.09 2.2 46 -10.3 5.92 0.04 0.6 72 -17.8
Nd 17.07 1.11 6.5 17.2 -0.8 22.85 0.41 1.8 25 -8.6
Sm 3.48 0.24 6.8 3.47 0.2 4.58 0.11 24 4.7 -2.6
Eu 0.77 0.02 3.1 0.74 4.4 1.05 0.03 3.3 0.97 8.7
Gd 3.08 0.26 8.4 3.12 -1.2 3.68 0.15 4.0 3.9 -5.6
Tb 0.53 0.04 7.6 0.50 5.6 0.59 0.03 48 0.61 -3.0
Dy 2.64 0.21 7.8 2.8 -5.8 2.99 0.25 8.2 35 -145
Ho 0.57 0.03 54 0.6 -5.0 0.56 0.08 135 0.8 -295
Er 1.53 0.11 7.0 185 -17.2 1.70 0.16 9.3 2 -14.8
Tm 0.27 0.11 410 0.3 -9.3 0.33 0.07 203 0.35 -5.3
Yb 1.42 0.02 1.6 1.67 -14.8 150 0.03 1.7 2.1 -285
Lu 0.27 0.05 17.2 0.23 189 0.30 0.06 18.6 0.37 -19.6
Hf 1.59 0.03 2.1 429 -62.9 2.17 0.17 8.0 8.0 -72.9
Ta 0.15 012 754 0.43 -64.4 0.37 0.13 353 0.62 -40.9
w 0.35 0.13 38.0 0.6 -41.8 0.64 0.20 31.8 1 -364
Pb 12.35 0.52 43 13 -5.0 |  13.37 0.19 1.4 14 -4.5
Bi .0.06 0.00 53 0.066 -13.9 0.13 002 129 0.140 -9.8
Th 3.66 0.20 55 3.88 -5.8 7.50 0.00 0.0 8.6 -12.8
U 0.95 0.02 2.0 1.11 -140 1.79 0.02 12 238 -248
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B3R HEBFHEHMEAWRER & ICP—MS o &k 2B R,

So-1 So-2 So-3 So-4

Lit. PAA ICP-MS Lit. PAA ICP-MS Lit. PAA ICP-MS Lit. PAA ICP-MS
wt.%
Ca0 2.46 2.32 - 277 2.67 - 20.71 20.91 - 155 1.58 -
FeoO3 858 8.9 - 7.89 822 - 222 250 - 337 346 -
MnO 0.11 0.11 - 0.09 0.09 - 0.07 0.06 - 0.08 0.07 -
TiOy 0.87 0.79 - 143 137 - 033 035 - 058 057 -
ppm
Ba 870 870 849.8 1000 1200 967.4 290 188 2829 700 773 714.5
Ce 102 109.0 107.1 112 1174 108.6 34 35.2 34.4 54 57.4 52.2
Co 204 295 28.6 29 8.3 6.8 76 56 54 55 9.9 9.0
Cr 170 163.6 180.1 123 153 10.3 27 305 22.8 64 67.4 45.1
Cs 5.07 4.82 50 041 - 04 112 058 11 288 253 2.7
Nb 11.7 45 10.5 22 24.2 22.6 6.4 6.5 4.4 10 10.4 6.8
Ni 92 83.0 91.6 8 4.7 6.0 14 11.6 13.9 24 20.6 22.6
Rb 141 1206 1275 77  68.2 70.4 39 359 375 69 675 65.2
Sc 177 186 179 113 102 9.9 5.2 5.9 37 84 6.8. 6.3
Sr 331 300.6 3311 331 3117 345.8 222 2134 234.2 168 162.8 164.3
Y 245 23.7 24.1 40 415 419 16.4 9.9 16.3 22 229 17.4
Zn 144 65 139.2 115 111 123.3 48.3 39 45.0 94 46 89.4

Zr 84 813 569 760 756.3 79.1 156 175.2 63.8 270 3045 84.7

Lit : e ™

5TEMBBTHRELT, Sc, Cs, Tm, TaWBIFO B, CDH5B, Cs, Tm, Tald, O
TN, 0.4ppm YT OEREDBRE ITHMRES0%EBATESD, Zhih bEEE S
WTIE, BIFSHERSEONTOS, ScicBIL T, L THMREZESA 2 WER AR &
oo, FREBSOEIARETH B, BiicoW\WTId, ZOEEME X120.1ppm 210,
MHETEBWEA OS2, VIRBIL TR, AHOSRICEE L THV 288K I hkd 2
FCI°O*" Do DIFEE — 7 3% 5 T EHBHSNTV B4, SEIOOHEER T &  —5
LThD, i, B0&E URE OHSHEERZE b 10% AT Th > T, IHEDBERIETIT V.
SlE, ICPEEBMTECL AN LItko > b, BREOEV LD 6 A DOTR I
WTIE, DTSR OHRED S OMEHEThOBRERIOBLI T TH D, HIiEEOHENT,
ETEBAFRERBE SN TV 20 Bz, HMRPTRS EMICHESRD 51 TW 5 BCR— 1
2D W T OAHHEROWIRE D & O Fhiz, F— s BFRECEWEE AL ORI
WT, 6%LITRTHB"Y,

6.2. FXEFHEMEAWIEL ICP EEBATEIC L R DS

5 3 RIEBFHEMONTIC K 200k %, ICPEBAITEI & 258, BURRE
DVTOHIHES YL EBIRLTH B, CORPOMLAEL ST, ICPEBMFEI LS
R ECBFBIMLEC L 2BRIZ OTRITBOTOTN OHERMEE L —FLTED,
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ME L BICENINHETH B ENHLLTH S, SHIFELLABE, Bad Znicfil
T ICPEESWEDH B S PICENT WS, —F, Zr, CricBiL T3, ICPEENITE
EBERICBOTE, LI LEHEEEXL Y SEVESE STV S0 LT, StEFIE
{biEIT & 2 HERIIHEEE EBD TELV—EERL TV 5, HE- T, Th5DILROHHTICEIL
TR, MUTTE~AS &S CEBENTETH 2B THEHMLEO T, BHENTETH 5 ICP
EEMELD bEFTH 5, LFELIS® Ce, Co, Cs, Nb, Ni, Rb, Sc, Sr, Y D47 —
ZIZBL TR, WTFhoBEILL > THHEHEICIVERAB O TV S, MOWTEAR, Sy,
Ni, L T1ppmUTOEEED CsicRILTIE, £, ICPEBANERIC L 2RO MR
EZHITH b0 ColtBIL T, MAEICLIBERPRS—FLTVEDIIHLT, TOHD
BEHERE S ICEBEDOEVSEADONS, NbIcBIL TR, &EEARKIC L 20T REE
DEVESTWB I ENH B, TR, BIHREIOEV & W, FHENETHEED b
DT,

6.3. THEARICHITS ICP EENEIC L R ROIERE

SRS W T O 7 — 2 DIEHERE 13, —IECid, BoNoirE LHERELE OZ D
FNERET 5 LI L ORFT B ENTE S, 2T, 4B SN HIEFER IOV
TO ICPEBAWEIC X 20 E EHEEE S L 0ZD, HRECHT2EIREFRELL
(#2%, RE%)o ZOHEA, HHEHEIIKH L THWESRKEVESIRT I (+) 22,
VHEDOH BHEREE L D /NS VWIBEEBRB <A F R (=) & LT, TORRERICLIcDPES
THb,
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BoNAEOERESEVRERE LT}, 9, ICPEBMITEICLZMTOEE (H
) BEL, 10%5BLTCOIEEBS TS (T4, B, Ga, Ge, Mo, Cd B&
UW)o 72720, ThoDRICALTREIRPOBVTE S, £, HAPICBY 2 BE
PRHEBEFRICHE LT E0ELRVIEEICD, SNENEL, EEENSEL L, —3 o0 Cs,
Ta, Bi® Ho, Er, LuM&ItB 2HRBELOL—HRE DI —2ATHA 9, Bilc2W0ThH
LEBAZVOTEIND 5RBVTH 5, 20T, HEZ 0D bODOREEIC KT 55
VIY VT e 25— GERT AAMTELHREE OLA—BLELSN D, BIKITBWLT,
AVHEROEHRMIC S £ VRIEDO WV Li, Ni, Cu 0—#DF— 2 it R oA HEEE & DR X
BA—EUL, $2VEZOXIRFERICLZSOLBFNKLNDH, 50DETH, TOLLDR
—HORRERFET S LB TER,

PLEDRRD E i, BEEATEIC@EOSHTEOIEME 2% L IIRRE LT, (DBRICEHA
WOIMHEET 5154, QERMETICHERMRS & LU CRR» ST 2388, Lofoh
TW3, WIFNDBERICS, AFFEREBHEREICE L TURWMEZRT T LB b, B3Rk
W, Zr, HE @ 2WTOAHHERNE U RIS L TRV, F/, —#8dD S, Cr, Nb,
HREE, UlZ2W\WT bR D SRV TN TV B, iclfiRiz& 5z, Zr & Cr
BB T BORT LA ORBAIEEE S B —BAR LTV 385, BN
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HEThH % ICPEEMTEIC L DRERIE, Tho LD EVEZRLTY 50

Uruno ' ([ EBEL I D92TEFTH> SEEEL L 72)1110% H,SO4 « HCI « HF « H,O OEBRRRIC
K MR U755 R, s & LC, tourmaline, garnet, zircon, sillimanite, rutile 23%
BEL, i andalusite, corundum, hercynite, leucoxene BEF 5 &, LT, WM
brookite, staurolite, kyanite, dumortierite 25383 5N 5% Z E%EHE L TV, BT LU,
RRRUER DS 43 7535412 (3 hypersthene % monazite H3E TS o —7, ARSI,
ICP RN & AT EMTIC S 7 - T, HF+HCIO, +HNOs % W e I3 % <
DKL, EERSEEICRENTH 50, BikE, BcitREEPREERE I L THE,
MBI BT ENH BT EEERL, ThifbEaiciis TR SRR,
#1721 monazite B EMEE L, TP ERRBICABDORDTH B LFH LT 5,

Uruno "0 05HEEE U 7 TERSII O RERSY (ZZERSI TH 545, TD S5, zircon ¥ spinel §i)
(hercynite) X KEEIC bFET 58 ThH 5o Toyoda and Haraguchi® i&JB— 1,
AGV—1, JG— 10 ICP RN & BHIITROAITICH 72> T, HF—HNOEERIC
X 2B &, NayCO; 7V ) AR & B AMBROWEZRWT, T ORREHEL TV S,
zhickhid, JB—1, AGV— 12V TRMAZETREAEENLOY, JG— 12V THE
EZET (Thb~Lu) @BV CHHEBSENED O, TN Y IERNT & 50 TRER i rp ik FHoH
fbikic & ZIEBEAITEREBO—HZERTCEZHSMITLTV S, TORMPS, o3
JG— 1IcBAL T}, ERTEMEE LTV S ? gircon 25, BARICK » TRTRICIBET S
WERER, JG— 1itBY BAMRSIEOEIT L BAHEROB VAL Ul LEGR LTV 50

PIED T &5, zircon, spinel 3%, monazite & OF LI EH T 2EEHBIL T
1E, TRERMEICHE LT zircon  spinel DSEIEE D, Zr, HE, Cr PEMIIHMBHEREY S < A
F 2T, X SIEBIET Db OBRELEEEAITIE, monazite I8 EBEFE T KR - THE
#FHERTE <A F 2T E  EBTEENE, Zr, HE BHEREI LT~ 1 F 2 filic
30~90% K % < ¢°h, BARTIET0~30%< 4 F 2flicdh, BHELHE 55 Ce TRHERE
LB —HLTWASHD ICPEEBAITORKE, SFIWT 5 &, RBRQEICHB T 5 zircon D
BEA, ThoOAFERICEELTVWALEESN S, zircon DERBICE VAL 5 Hf [HD
HEAEHE D S OF N Zr DZ N ERIFE L, HREE LB 3 L—HOBERZD 35D 11
TTbs E3M)o zirconhiziz U bBET AT EBMONTEYD, URRD ST 5HERE
MmEDTA FANDFNR S, zircon DEREBHEL TV B0 b LA, zircon DEED
CNOLNDTEOEE LT DEELTVWEWVDER, Z0 50 zircon PITIZBEELET, &
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1B T zircon ZD b DDBOBYETH BT EEEHER LTV S, Nb DA F+ ZH~DF
NEScOFNEBRLTVEX IR bRA B2, Zr OB,

Crid, BENEVEETHEOINTESS, GLABWIORE <A + 2 AlicFhT
WEREIRD B EM D, SHEOFERICOWTIE, chromite DERIC X 2HED I, B
IR B R ERIER S & L CZ O—E Kb NI i b b 5o BitoWTh, HEEED
REGERVES, STRERSLT A F 2[ICKEFTRTVE I s, BOMRTITHERD
SR L AT BEMES K & W [EREDTIRELE IR Gelco W T b TE 278, HEMEZ D b 0
LBV DOTHERTERL,

Plbo &Sz, £k P O Cr, Zr, HE ®, ERTETEBE ISV TE, ThooTE
EREE CTECHY), 7805, zircon ® chromite 2SEEIC & 2 AMEICHE L TG IT < WEH
BHY, INOMETTOTEE LIOESITE, ICPEENHTICE W CIERER ASE WA f 5
BROENE, fE->T, chromite 2% < HY ZBEREE~EHEE, BL Fzircon 2G5
BIEREE A PRSI Bk T 5 H R IC B W TR EBSUETH B, Zr & CricBiL T
&, FEBSEONTE TH ANBFHEMLEEHAT 2 Licky, 2oLomRc>VTH
DUEREDOOTHERZM 2 CEDHRETH D, £k, Bohier— 5 I fESEODF = v 2
THIENTE S,

§7. &8 @

5B 4 RICSEINT LIRS W TO B LR AR D & F VR & & bR L
THbo TORTEH, —HOWHSMTHEDEVNTEICO WTONMERIZBRVWTH D, Zr
& Crit 2V TRABFHIMEEIC L BHREMAL TV S, Gak WIDWTORESRL
THEH, INORBCETSEETHY, HIBERB BV, ZogEb e, DTt
B O &S LR L OB I > W TEET B,

7.1, HIRROE SR & LR O

EEREBEANICE, W E 2SR OB RERYN M ERSIb - B TH Y, B
MTH BEADHM LR EM TSV T WS, Z20EHKT, HEO(LEEKE, it
RS 2EAOMRE T 52 Lid, BRHERHOEVIIEE2EL 3 L CEETH 5, Hi
ZREIT DA OER O E D ZHTH 505, WROTEMHMIC >V TOERD &
T POBENTVS, BARITR LI DDEF VB EZnZE 0, UCC : Kk
MR OHEEMR, PAS : KRBT S Wi- BB OFIGMEL, CS @ 4 F & Bk kR o
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Ha4F TIEESE MR & IR O € 7 OVHR Y

UCC PAS CS | So-1 Lit. So-2 Lit.  So-3 Lit. So-4 Lit.
wt.%
SiOy 66.0 62.8 64.93 - 5498 - 53.42 - 3372 - 68.37
Ti02 0.5 1.0 0.52 | 0.79 0.87 137 1.43 0.35 0.33 0.57 0.58
AlyO3 152 189 14.63 - 17.59 - 15.10 - 5.80 - 10.22
FeyO3 - - - | 8.59 8.58 8.22 7.89 2.50 2.22 3.46 3.37
FeO 45 6.5 3.97 - - - - - - - -
MnO 0.077 0.11 0.068 | 0.11 0.11 0.09 0.09 0.06 0.07 0.07 0.08
MgO 2.2 2.2 2.24 - 3.83 - 089 - 8.42 - 0.8
Ca0 4.2 1.3 412 | 2.32 2.46 267 277 2091 2071 1.58 1.55
NapO 3.9 1.2 3.46 - 270 - 248 - 1.01 - 1.33
KoO 34 3.7 3.10 - 3.18 - 2.94 - 1.40 - 2.07
P90y - 0.16 0.15 - 015 - 069 - 011 - 0.2
HyO~ - - - - 3.80 - 3.00 - 037 - 2.9
€Oy Rt I
LOI - 6.0 - - - - - - - - -
ppm
Li 20 75 22 | 515 48 117 9 12.1 9 192 17
Be 3 - - | 1.76 1.98 2.15 2.0 0.73 0.81 1.08 1.26
Sc 11 16 71179 17.7 9.9 11.3 3.7 5.2 6.3 8.4
\ 60 150 53 136 133 59 57 36 36 83 85
Cr 35 110 35 164 170 153 12.3 30.5 27 674 64
Co 10 23 12 | 28.6 29 6.8 7.6 54 55 9.0 10.4
Ni 20 55 19 | 916 92 6.0 8 13.9 14 226 24
Cu 25 50 14 | 594 61 5.0 8 13.2 17 19.2 21
Zn 71 85 52 139 144 123 115 450 483 894 94
Ga 17 20 14 | 249 241 242 24.3 6.6 6.4 13.2 10.7
Rb 112 160 110 | 128 141 704 7 375 39 65.2 69
Sr 350 200 316 | 331 331 346 331 234 222 164 168
Y 22 27 21 | 241 245 419 40 16.3 164 17.4 22
Zr 190 210 240 | 81.3 84 756 760 175 156 305 270
Nb 25 19 26 | 105 11.7 226 22 4.4 6.4 6.8 10
Cs 3.7 15 -1 5.01 5.07 0.35 0.41 1.07 1.12 2.68 2.88
Ba 550 650 1070 | 850 870 967 1000 283 290 715 700
La 30 38 32 | 522 54 4138 46.5 15.8 169 254 28.2
Ce 64 80 65 107 102 109 112 34.4 34 522 54
Pr 7.1 8.9 -1 12.1 11.8 124 143 4.1 4.6 59 7.2
Nd 26 32 26 | 45.6 44 533 57 17.1 17.2 229 25
Sm 4.5 5.6 45 7.9 79 116 11.8 3.5 3.47 4.6 4.7
Eu 0.88 1.1 094 | 1.71 1.57 3.20 3.15 0.77 0.74 1.05 0.97
Gd 3.8 4.7 2.8 6.1 6.1 95 111 3.1 3.12 3.7 3.9
Tb 0.64 0.77 0.48 | 0.87 0.88 1.48 1.62 0.53 0.50 0.59 0.61
Dy 35 4.4 - 45 45 8.0 8.8 2.6 2.8 3.0 35
Ho 0.80 1.0 0.62 | 0.84 1.1 146 1.7 0.57 06 056 0.8
Er 2.3 2.9 - 2.2 2 3.8 4.2 15 1.85 1.7 2
Tm 0.33 040 -1 0.41 0.42 057 0.54 0.27 03 033 0.35
Yb 2.2 2.8 15| 212 224 3.13 35 1.42 1.67 150 2.1
Lu 0.32 0.43 0.23 | 0.33 0.31 047 0.46 0.27 0.23 0.30 0.37
Ta 2.2 - -1 0.77 0.7 112 1.15 0.15 0.43 037 0.62
w 2.0 2.7 - 0.7 0.7 0.3 0.4 0.3 0.6 0.6 1
Pb 20 20 17 | 175 20 174 20 12.3 13 134 14
Bi 0.127 0.25 -1029 0360 0.01 0.033 0.06 0.066 0.13 0.140
Th 10.7 146 10 | 11.8 12.4 3.0 3.8 3.7 3.88 75 8.6
U 2.8 3.1 25| 1.56 1.71 061 0.98 0.95 1.11 1.79 2.38

Lit : HESEME 219, UCC : KEEME FERHIAR OHEE MR
PAS : KEFRLIZICTER S N o B OISR
CS : &7 FTEIRHIRIGR OHETE ALK
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FeO+Fe203
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WK, TH B, UCCRCSIFERE LTI, TEEBSGEE M ICHE T\ —7, PAS
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NIbOTHD, = OHRIREANIC SRR, 370b 5 RO R E %D LT
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TOFLITR VY — VO %R T o 266 [N TRUFE O Z I8 II7E < v b L DR
mRD TR L RTH 0%, HIEMEEEE oM EER L, BEEEES S A T
AWEETH . MEMLH TRICHVT, KEHSEG S NEMTRETED, SHTRL
TOBXEMETH 50, THHDORPS b, TMEMEDTIL—BLTVEI EBP 53, T
(IR T & 5 I—H OB LHTHE P Nb, Ta 75 L1285\ THNTREER & STHME & ORI 72
BORBED HNBY, ZHSRE OB — RS EEE T 5 1ZE OBV TR,

HERH D55, SO— 3 REMAVDEVA, Thid, RESEIMICEATY 50T, B
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EVHEEBALTWVS, CIA KA TERDEINS 100X [Al,05, (Al,O;+Ca0* +Na,O
+K,0)lo TITT, CaO* IZRERIRIIY & IBIKA & ZBR 0 - EERESIYIThIT B1) % CaO OfET
H5bo CIAW, LEHBREBET 2ROFESHENTHZELH, BULIERIC LD & DRk,
THIME L2 25D TH B EEATEIV, TOEFHHTE/LL TORVWERIIBT 3
507 SRE LS DRI 100% TEALT B0 SlESHT LA HEREHC B 5 CIA i3, SO—1
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§1. 12LBHIC

EEBTFERY v JOFEEENZLLBENTVEY, YRS VARERY v/ EER
(TAR) KBVWTCHHEHTEENUEB LV L — 2 BEHBEHEL L THRABEE>25
37, BEFICBVTIRY ¥ 7 ORIRES ¥ 72 BIEADHEED A /o7 — FBE ASRIRE & 75 -
T3, £ITERTNE T & RBHDLIC X 2HHREE L BEBED 2 2iIchin s, HiF b
VYR VEEZRIBOVTW DL OBt > EFABEINTE Y, BHE IOV TRHELER
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Table 1 Present and required parameters of synchrotron radiation in TAR.

Parameters of Synchrotron Radiation

6.5GeV. 30 mA 8 GeV. 20mA 8 GeV. 100mA
Loss,/turn 6.8 MeV ,/turn 15.6 15.6
Watt,/ m 205 kw,/turn 313 1565
1.4kw,/m 2.15 10.7
Photon Numbers 1.58%x10% photons,”s 1.29X10% 6.47X10%
Critical Energy 26 keV 50 50
Absorption : Al 3mm 20 20
mean :Cu 0.08mm 0.55 0.55

free path
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Fig. 1 Absorption mean free path ( Aabs) of Al, Mo, Cu, and Be as a function of photon
energy, where the numbers (beam enrgy in TAR) at the top locate at ec.
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Fig. 5 Side view of the experimental setup for e- beam radiation.
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Table 2 Temperature distribution of irradiated samples.

AL10 Al 20 Cu3l Cu25 | Cu25 | SUS3
@ 196 - 110 124 88 407
@ 159 171 90 - 75 385
® 139 160 89 — 71 290
@ 130 145 87 96 67 247
® 129 141 - 95 68 -
® - 100 — 79 56 182
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The interferogram of coherent synchrotron radiation emitted from a train of
bunched electrons accelerated by the Tohoku 300 MeV Linac has been observed at submilli-
and milli-meter wavelengths by a polarizing interferometer. The energy of electrons and
the bunch length are 150 MeV and about 2 mm. When the optical path difference is equal
to the distance between the successive bunches, the interferogram shows the same
interference pattern as the one observed at the zero optical path difference. This indicates
that synchrotron radiation from every bunch is coherent. The result is in good

agreement with the theory based on the classical electrodynamics.

81. Introduction

At the early stage of study of the synchrotron, coherent synchrotron radiation (SR)
of bunched electrons in long wavelength region was treated theoretically."” Several years
ago, intense coherent SR in the far-infrared region from electron storage rings was
predicted by Michel,” by analogy with the intense radiofrequency radiation from the
pulsar. However, coherent SR from storage rings has not clearly been observed in the

far-infrared region,*™®

since coherent SR is expected in the wavelength range comparable
to or longer than the longitudinal length of the bunch, which is typically a few

centimeter or more in the storage rings. Coherent SR in submilli-and milli-meter wave-
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lengths was first observed by our group using a linear accelerator,”” in which the bunch
length was about 2 mm. The observed intensity was enhanced by the factor of about 1 X
10° in comparison with ordinary incoherent SR, and was proportional to the square of an
electron beam current. The enhancement factor was in the same order of magnitude as
the number of electrons in the bunch.

Thorough understanding of the coherence effects is important not only for the devel-
opment of an intense light source for the far infrared spectroscopy, but also for studies
of relativistic electrons in high energy physics, free electron laser, the radiation
mechanism of the pulsar and so on. According to the classical electrodynamics,*'® the
electric field at an observation point is related to the current density vector of an
electron beam. If twd electrons follow the same deterministic trajectory with a given
time delay, a certain phase difference between the two radiation fields is determined and
interference between the two fields will be observed. On the other hand, when some
interaction in the electron-photon ensemble'” has an essential role to emit coherent SR,
the interference of SR between separate bunches will not be expected. According to
Michel’s theory,® SR emitted from nearby electrons within a size of the wavelength is
coherent; this suggests that SR emitted from electrons belonging to different bunches is
incoherent, provided that the distance between the adjacent bunches is longer than the
wavelength.

To clarify the emission mechanism of coherent SR, an interference experiment has
been performed; an interferogram of the light pulse of coherent SR from the successive
bunches was measured by a polarizing interferometer,'” whose maximum optical path

difference covered the distance between the successive bunches.

§2. Experimental

The experimental assembly is shown in Fig. 1. Relativistic electrons accelerated by
the Tohoku 300 MeV Linac were led into a magnetic field of 0.206 T to emit SR. An
energy of the electrons and the energy spread were 150 MeV and 0.2 %. A radius of the
electron orbit and the characteristic wavelength of SR were 2.44 m and 404 nm,

respectively. An accelerating rf frequency of the linac was 2856 MHz and a repetition of



281

Fig. 1 Schematic layout of experimental setup. Synchrotron radiation is emitted at the
point P by relativistic electrons accelerated by the Tohoku 300 MeV Linac. The
trajectory of the electron is shown by the broken line. The electrons are led to a
beam catcher through the beam current monitor. Ms:bending magnet, Mi:
collecting mirror of SR, W1, W2: wedged quartz windows, Ch: chopper, F: filter
set, G: grating, S1, S2: slits, C: collimator of the interferometer, WG1, WG2:
wire grids, FM: fixed mirror, MM: movable mirror, Ds, Dy: helium-cooled Si
bolometers for interferometer and monitor. The grating in the spectrometer was
replaced by a plane mirror during the interference measurement.

a burst was 300 pulse“sec. The burst means a train of bunched electrons with a duration
of 2 p sec (see Fig. 2). The distance Ls between the successive bunches was 104.97 mm.
The longitudinal bunch length was estimated to be about 2 mm from the characteristics
of the linac. The average beam current was observed by a secondary emission monitor
downstream of the bending magnet, and it was about 0.5 A during the experiments.
Emitted SR was collected by a round spherical mirror with an acceptance angle of 70
mrad. and propagated into the polarizing interferometer through a far-infrared grating

spectrometer equipped with suitable filters.'” During the interference experiment, the
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Fig. 2 Schematic diagram of temporal structure of electron beam from the linac. A
burst includes 5.7 X10° bunches and the distance between successive bunches is
given by ¢t (=L : 104.97 mm).

spectrometer was not used as a monochromator, and a grating in the spectrometer was
replaced by a plane mirror. The maximum optical path difference between two arms was
about 110 mm. Two wire grid polarizers, WG1 and WG2, had the wire spacing of 20 wm.
An angle between the direction of WGI and the electron orbital plane was 45 degree, and
the angle of WG2 was 0 degree. SR in the far-infrared was detected by two helium-cooled
Si bolometers; one was used to observe the interferogram and the other was used to
monitor the intensity variation of SR due to fluctuations of the beam current. Though
the upperstream side of the quartz window W2 was in vacuum, the interferometer was
under the atmospheric condition, since the atmospheric extinction was not so severe at
short millimeter wavelengths.

For the interference experiments, it is indispensable to distinguish the interference
modulation from the intensity fluctuation of SR due to the beam instability. To examine
the monitoring system of the interferometer, temporal variations of the beam current(Z,),
monitor output (V. ) and signal output (V. ) were recorded for several minutes. The
results are shown in Fig. 3; L, Vs, Va and Vi/ V. are shown by (a), (b), (¢) and (d),
respectively. During the experiment, beam conditions were not altered. As shown in Fig.
3d, the monitoring system was appropriate to correct the fluctuation of intensity of SR
due to the beam instability; the S,/N ratio was 82.9. Sampling data of the beam current

itself was not sufficient for the correction.
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Fig. 3 Temporal variations of the beam current (a ), signal output (b) and monitor
output (¢ ) for several minutes. During the sampling time, experimental
conditions were unaltered, and the abscissa shows sampling number. The ratio
of signal output to monitor is shown in (d).

83. Results and Discussion
3.1  Interferogram
Fig. 4 shows the observed interferogram which has been corrected for the intensity

variation due to the fluctuation of the beam current. It is clearly shown that the inter-
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Fig. 4 An observed interferogram of coherent SR. Sampling interval was 0.1 mm in the
optical path length. The vertical bar shows three times the standard deviation of
the measurement. The interferogram was measured using a low-wavenumber-

1

pass filter of 35 cm™.

ference modulation at the optical path difference around zero is repeated at around Ls.
When the optical path difference is Lg, the interferogram shows a sharp minimum just
like the one observed at the optical path difference around zero. Fig. 5 shows the
comparison of the two minima in an expanded scale. The open circles show sampling
data at the optical path difference around zero, and the closed circles show those around
Ly. For the closed circles, the optical path difference (abscissa) has been shifted by Ls.
The interference pattern represented by the closed circles is the same as the one by the
open circles within the accuracy of the experiment.

The interferogram at around the zero optical path difference shows interference of
coherent SR from a bunch with itself and the one around Ls shows interference of
coherent SR between the adjacent bunches. It is apparent that photons emitted from the
separate bunches are indistinguishable. The result indicates that SR from every bunch is
coherent.

The result is interpreted as follows. We consider light pulses of SR emitted from a
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Fig. 5 Comparison of the interference modulation in the observed interferogram in Fig.
4. Sampling data at the optical path difference around zero are given by open
circles, and those around 105 mm are given by filled circles after shifting
abscissa by the distance between the successive bunches Lg, 104.97 mm.

train of bunched electrons and treat the phase relation of electromagnetic waves,
assuming plane waves. Let x be a curvilinear coordinates along the circular orbit and an
observation point be far from the emission point. Let N., Ny and © be the number of
electrons in the bunch, the total number of bunches and the time interval between
successive bunches. The notation x" indicates a position of the j-th electron in the n-th
bunch relative to the bunch center and S(x) is the distribution function of an electron in
a bunch. Let r. and r¢ be the optical path lengths of the interferometer for a movable
and a fixed arms, respectively. Then, the electric field at the observation point is given
by,
E(o)= r:\EEEO( 0)K(o)exp[—i27 0(rmn—ct)] +exp [—i2 7 0(ri—ct)]1}
X [Elexp(iZ mox’)] 6 (t—n )
= B 0)K(0) | X exp(izw on ) | <Ne [ exp(—i2 7 0)S(x)dx>

X exp(—i2 7w oro{l + expl —i2 7 0(ra—ro)1}, (1)
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where | E;( ) | % is the intensity of SR at wavenumber o (=1/1= v /¢) from one
electron,” and | K( o) | ? is the efficiency of the beam divider of SR.

Then, the interferogram is given by,

J’ET( o)E*(o)d UZJ‘B( o){1+cos@ 7z o(ra—r))id o, 2
B(o)=21E(ao) || K(0)|*G(o)<N><f(0)>, (3)
flo)y=1 Iexp(—iZ 7 0x)S(x)dx | %, (4)

Nj
G(o)=| Z:exp(iZﬂon z)|*?

_ {m( 7 oLBNB)} :

sin( 7 0 Ly) )
where B( ¢) stands for the spectrum of coherent SR from the train of bunched electrons,
and f( o) for the bunch form factor. The function G( ¢ ) gives the interference effect
due to the successive bunches. The angle brackets show a mean value averaged over the
bunch train.
When the optical path difference approaches to the distance between the successive
bunches, the optical path difference can be replaced by,
Fo—71= La+ra —rr, (6)

where r.’ —r: shows a relative coordinate shifted by Ls. Then, the electric field is

expressed as,
Ex( o) = E( 0)K( U)<Nourexp(—i2 7 0x)S8(x)dx>exp(—i2 7w orv)

X {[1+exp(—i27 a(ra’—re))] | 'glexp(ﬁ ront)|
+ exp(—i2 7 0(rm’ —ro))[1—exp(i2 7 0 LsNs)]}. (7

The interferogram is represented by,
IETET*d 0=JB( o){[1+cos(2 7 o(rm’ —r0))] — 4sin( 7 0 LsNs)

X cos( 7 0 (ra’ —r))sin( 7 0 (ra’ —re+Le))/G(0)"*
+ 2sin®( 7 0LsNs),/G(0)}d o

=fB( 1 +cos(27 o(r’ —r)+ O(L/ N} 0. ®)

when Ns>> 1, the interference pattern around the zero optical path difference is repeated
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at every Ls, as has been observed.
3.2  Spectrum
Fig. 6 shows the low resolution spectrum transformed from the interferogram using
low-wavenumber-pass filters. Double-sided interferograms were used to calculate the
spectrum. The maximum optical path difference was about 5 mm; hence the resolution
was about 2 cm™ (60GHz ). The measuring system was calibrated by a blackbody
radiation source of 1500 K, which was located at the emission point of coherent SR. An

accuracy of the absolute intensity of coherent SR is estimated to be within a factor of

1.5.
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Fig. 6 Low resolution spectrum of coherent SR transformed from the observed inter-
ferogram. Resolution of the spectrum is about 2 cm™ (60GHz). The spectral
intensity was calibrated by blackbody radiation of 1500 K.

The theoretical spectrum given by eq. (3) shows rapid oscillations due to G( ¢). Fig.
T shows the high resolution spectrum transformed from the one-sided interferogram; the

maximum optical path difference was 110 mm and the resolution was estimated as 0.09
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Fig. 7 High resolution spectrum of coherent SR transformed from the interferogram.
The resolution is about 0.09 cm™ (2.7GHz). The spectrum in the narrow wave-
length region, 1.00 mm < A <1.05 mm, is expanded in the inset. The upper
vertical bars and the figures in the inset show the theoretical peak wavelength of
the higher harmonics of the fundamental frequency os, 0.095 cm™ (2.856GHz)
and the order of the harmonics.

em™ (277GHz). As shown in the inset of Fig. 7, the spectrum shows the rapid oscilla-
tions corresponding to higher harmonics of the fundamental frequency defined by op=
1/ Ls, i. e. the accelerating rf frequency of the linac, 2856 MHz. In the case of such a low
resolution spectrum as 2 cm™'. however, the oscillation is smeared but,‘s) as shown in

Fig. 6.

Though the resolution is low in Fig. 6, it is sufficient to see overall structure of the
spectrum of coherent SR, which is qualitatively in agreement with the previous results.”®
The spectrum has a peak around A~ 2 mm; the peak intensity is enhanced by a factor of

more than 10°, in comparison with ordinary incoherent SR; the enhancement factor is in

the same order of magnitude as the average number of electrons in a bunch, 3.6 X 10°. The
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peak wavelength is, however, about two times as long as the previous results. The reason
for this disagreement is not clear at present, but is considered to be due to the change of

some conditions in the linac.
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