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Development of a Laser Induced Photoacoustic
Spectroscopy System for Analytical Technique
of Np Ion in the PUREX Process

Takehiro KIHARA, Sachio FUJINE, Mitsuru MAEDA

Tetsuya MATSUI*, Tetsuo FUKASAWA®*, Masaharu SAKAGAMI*
Takashi IKEDA® and Takehiko KITAMORI*®

Department ©of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

"(Received August 8, 1991)

A new system of laser induced photoacoustic spectroscopy (LIPAS)
has been developed for Np ions in PUREX process. The LIPAS system is
composed of a YAG laser driven dye laser, a flow type cell with
plezoelectric transducer (PZT) and digital storage oscilloscope.

In the case of neodynium anaiysis, which was used as a simulant

1 and

for Np ion, the detection limit absorptivity was 3.1 x 1072 cm™
the detection limit concentration was 4.4 x 10~®% M. These values show
that the sensitivity of the present LIPAS system is two orders higher
than that of spectrophotometry.

The system has been applied to analyze Np(V) in nitric acid. In
order to protect PZT from corrosion, the surface of PZT was coated with
poly-vinyl chloride. The detection limit absorptivity was 3.6 x 1072
em~! and the detection limit concentration was 1.8 x 107% M for the
system. These values are two orders lower than that of spectrophetome-
try.

The photoacoustic (PA) signal of Np(V) ionms is amplified by co-

% Energy Research Laboratory, Hitachi, Ltd.,
%% Department of Industrial Chemistry, Faculty of Engineering, Univ., of
Tokyo
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existing uranium ions, Magnitude of the amplification was reported to be
inversely proportional to the specific heat of solution. It was found
that the signal intensity of Np(V) in the Np-U solution agrees well
with the multification product of specific heat of uranium and the PA
signal of Np(V) for Np solution without uranium. The detection limit
concentration of Np(V) for Wp-U solution was 2.5 X 10~% M. This value
indicates that the LIPAS system is able to determine Np(V)} iomns in
PUREX process. .

The feasibility of the LIPAS system is studied for analytical

technique of PUREX process.

Keywords: Laser, Photoacoustic Spectroscopy (PAS), PUREX, Neptunium
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BB SN D D Ei b, BHCEEP DI 4 v/ 4 IR AMIRICERT 5~ 4t vy LG
=B ER 72, 74— (NFREEERET 70 v 2 #8, F-628B) kb 100 ~
900 kHz DEERSOHAIO ML TS, T OFABEEIRIERNCKD DTS 5,

T ANE—REo T BESHEELTEL /A XEENTE Y, ATEBETE/ A Xh
SEET BB RRABEERVTTRL =Y v 7 ET0 5 v ¥ aicRET 5/ 4 X2 0l
EAEAAEND B, UHENBLL TRy 2 AN —A vF I L—s—EfoTORE, V7
g O I L TR S Fig. 35 AT £ 9, A 17 v v (aliasing) "V ik
LA LRI EETE SV EBR o, Ry I AN —AVF IV =9 —DY T ) T
EE R EERO SO T80 kHz TH 0, 100kHz 2 AL EBEEHOAHICR I A F R -
e VOTE P55, DL 00kHz LLEDH 7Y ¥ FEEEEHOBEESNELE
LB, FCTHABELTFVINA L L—YFynRa—7F (47 4 Philips #£8, PM
3320 A, BIFDSO) 2HVWT, 7RU—Y»7FEFTITEEL,

DSO W, #v 77U v/ EAEK0MHz, 2F » YA MDAV DRI -FTHD, AAEFO
F U4 XEFONEA T R L CHmc RN 2 RETH S, WAL #ES, FFT
(Fast Fourier Transform), IRigL 2 77 £%FDHHE, /¥ W ATE, B, %R
BTE, B — v VEORAN « B/ME, BHESOREOMIESOE— TP TNV -V Vv IHD
S EREE - TV B, DSO DT N L — Yy S RIKRIC & » THES A,

VN ZVN»I+(VS“VN—1)/Ct (3“—6)

T Ve @ NEIHOERIE Vs ARFOANESTHY, C @EHTZ, 1, 8, 16
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32, 64 Ofiinieh HLERTE S, EBTIXC, = 16 TIT-7o DSO @A v » P EIESEV /0
WERMEHET 5 2 SR TS0, EORDRTHHERCE D GRS, TAL-Y ¥ 7 OH
e BIEAETTS HERS L, EREBAEREEZ0HE L TIT-798, DSO E—#EI 106D
BREABRDAABEBEL TV LY, BEERES(FACCT I ZE#H LY. LA LAL0ES
OFERH BV T, | PEFOZINEERCILALEEIBEVW I EHbN S,

Photo. 1 2 ® v 25 A TEHRAIES N oKkONEFE R 1T, COBEBRLIDEBHIZL —F -
MPA AT AR L& ERRET BB LORSHER LN, S0 TETEREAEN LITVICHE
BLTOC B TS B I LD B, $700 0L & OREWIEEH 120 kHz O FBHRA 5 -
TV T EMHIP =T REBEOMER, CORBOBARES, [mV] £METET &
Lo

Bk L7 Fig. 31IZ/AR L7 4 P44 — FTRINLIFES S b Y AEE S LTREITEAL,
DSO TT XL —Y v/ &TOEDBABS, [mV] ZEET 2T & & Lo Sy iRV —¥—(hF
DEHERL, oML ORTFBETERBLT LD, KA

s = SU/SL (3_7>

Lo CGHHEShAEEEEBESS[ -] &L,
4. FRHRRUEE

41 WEERF I L (D) KBRIZEDBAERHFOREIE

LIPAS ¥ 27 Ao B 3RERES RS L, Ay 27 LOMELFMT 5720, 5/
A FO—2>THAHE A+ Y4 (Nd(NO:): » 5H,0) 2B &L THTEITS> & E L
COFHTIHETER, ATHEEFEENSTRUOS fELEE BT WA TRU &ERRIC A
W SIEFAR A F THVWRRE -2 20 2bFo L E2HFMMA D, TRU OEENE L
LTLIE LIRS E, 200 T4 Nd 2R L /oA, #ER3 2 Np (V) oufiEiTo
B E— 2 (617 nm) iR VERCRE—2 (G75.2nm) 264 57128, BRLV—¥ -
DEFEER (0-F 31 vR) TRIRTE2L05TH S,

Fig. 4.1 12 Nd () ORI X =27 P VERT, I LRI Y -2 132 5752nm TH D,
COBE B AWEEE (A 8EmEl U-3410) X 2MEBR% Fig. 4210Rd, £/
IOEERHLENVBROLERIZTA (M em '] THOBEEIC L ABRTBRARBE 86 X
107 [M] TH-»71,

A LIPAS v 27 &% HWVT Nd (D) 204k & LTEONABRBHR % Fig. 4.3, 44 RU 45
KRd. TS, V- F-HNOENZEFTOEBFET, TATN 5md /pulse, 11md
Jpulse BRUF 16 mJ /pulse DHATIT-7ce THOERZEL-F-HINREIB DI
THEESEDNZENSR LN L, AFEESE (2 1) A h@BEbk ksl

— § —
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39, 64 DN LBIRTE D, EBRTIRC, = 16 TiT-7, DSOEH Y v FEBEENEV /2
FEEOMASET 20 SR TELV, ZORDAEENAICEh El s, TNV v 7D
th e EIEETIMNENS B, EBERIEREE OHE LT, DSO E—#EII0 b2
BRABOAABELTWAS LD, BRERKEEFCLTAIEEHEH LV, LALKWS00MS
OFEREIBVT, | BRECEZAIEERICAILALEEBIRVWEEDNS,

Photo. 1 2@ ¥ 27 & THAlE KON EEEERT, COBREXDIEDIZL —F -3t
BPA M AR L& 8RBT 2B SOEFHAO R, RVTLFEREFEHA LZVITHE
FHLTWEETH D &0 5, $HhIOEE0RTEERL 120 kHz O BREHEERSEF-
TNBC E B oty NEEEOMER, COWBORARIES, [mV] £RET 3T &
L7e

Fidt L Fig. 3.1 imLic7 4 P44 FORELAES S U AESL LTI TRAL,
DSO TT L= Y FAFOEORAES, [mV] #RET S EE Lo Sy By —F— )
DEFHERL, JOMHICIVAFTEESERBLT 500, KK

S = SU/S_L, (3_7>

& THESNAEELEBEES[ -] & Ui

4. EBRERRUSE

41 FHEEXA DA (M) KBEAFICLDAERHOBHEE

LIPAS ¥ 2 F AL B A2RERELFRALL, Ky 27 LOMEEZFMT LD, 757/
4 FD--2THAMHHEA YL (NdNO:); « bH0) 2B ELTHTEITI & & L
COFEFETEDR, ATHEETHEESTRUCSIEEEEIHMTWS Y TRU &EHKRICAE
o SIREFRAR AT TRHORRE -7 20 (2 6F2 L 28EP S5, TRU OBHEHEL
LTl LIERVSNE, 200 Ts Nd &R L 2B HIER, BB T 2 Np (V) oa/fRiEito
BN E— 27 (617 nm) i HEFEVEECRIE -2 (675.2mm) 254578, R —+F—
OEFREMR (n—53 vH) TRIRTELEHL5TH S,

Fig. 4.1 12 Nd (IT) ORI A ~7 b V&R, STICGH LAY -7 12 575.2nm TH Y,
COMRiTBY 5B (BB, U-3410) itk 2MEBRE Fig. 421089, &1
IDEERHALEAUBREERETAIM 'cem '] THOBEEIC L ABERARBE 386 X
107 [M] TH-7,

A LIPAS ¥ 27 2% HWT Nd (D) 25058 & LTEB LN/ RER%E Fig. 4.3, 44 XU 45
WRT. ThsiEd, V- F-HADEN XM TOERERT, ThE N bmd, pulse, 11md
pulse R 16 md  pulse DHATITo72e ThoERBEL-F—HAMREL L BITH -
TERESEONIEAGR N5, RHFBETE, (2 - 1) R @Rt el L

i64.
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TRELN LA, RBOWIEEH 107¢ [abs. ] A5 A FTEESUHNT 5B 55 L
SphTWa, LALOEBARLEVEEOMNE TS 166 x 1077 [abs. ] Q31M) THD L

CTESEMTREVWES TH B, HENSLLMIITHLULE, RERIBESRG(LLE
Bo THEE, SANT 2L BHBARKCRITTHEINOTH B, JITAHRPRT TS
12 2 IR SBA R O R RSN b, #HRMICEBENRD RO TRIVD LB DN L,
Stumpe % 0 12, L —#—HASHET &3 LN THRIN, LFUL, FRARESELHFEES
ChEE LB VWESAEEIS D, HOOEBETIR08~3.0md pulse BRETH > LHEL
TWnb, &I TLROEKRR L—# -t E#HmI pulse E LTI & & L, ARLIPAS
YR F b EREESOTRINBROKE AT, £ OFEERE%E Table 4.1 10573, RhORHIR
RBoztEhEd, [UPACTEHR SN TVARHERE W TV TVLS, k=22 LTHREL
TWBEDT, - OBREEREOEREEZ 05.45% Th b, CITRFEHETHIROESEE
AT B i, SEHEIE AR 155 IR » TREROEGHSEDITL 5, TORBROEMR
W D{SHARE A 95.45 9% OREHAE 2RHERE LTV, £/, RIBAABNAHKa, [em™ ]
i, RBRAEE - Z0MEO T VREER e (M om™' | 2R UETH O, MEMHEICIK
HLAEL B BDTRE BZMPEBOMHIES KT 50 CHMEAORBVETS 5.

cHEEELE LIPAS OB HBARRNGEZ 3.1x107° [em™ ] LBEEDOEN LD b HT
ERETH L NN S, Ewart % Harwell @ 7 v —7 @12k b 0.1 M ¥gEh Am () @
LIPAS It X 2 3 BAME s N TEY, 20RMBREER 2X 10 [M] TH-ELLT
WE, HonSORBAREBECCTES C ERENL BN S, Am (ID O € VRE
e 1L0M BEEBETOBLZ 400 [M 'em™ 1% 2BA L Ta 2R 5L 8 X 107
fem™ ] EH DAY RF LOHEHLLE - CT0EH, LERHEROUERIRINTVELED
ns,

LW THRBERAY P DD TREET . @50 Nd (D) OXFEANS P vE Fig.
16 lomd, o O TORTEBERR, 3AHETRA V- F—HADOHERT - TV Th
@,mnk7¢bf%i—F@ﬁﬁﬁk%ﬁﬁﬂi@ﬁ%<£%Lttb?5@,u—f—&ﬁ
% 4 ~ 5mJ,/pulse DEIFTOAHERET »foo KB HBSEETR S A7 Nd (D) ORIK
27 E Fig 4.6 & Ay — ABE LIRS & 5 LT Fig. 4.7 KR T, L —F—H0EB
PDHFEETF> TV VO TERZRERSZATVS, HEDAXI FAVDE=2 by 7PEDH
B, #LT{2KoBFERIMEUTY S,

42 3MEEEF Np (V) Q&

& 25 A EFNETERT 2 3M WBAGERD Np (V) 0~ ILAHZERS L. O
L bx, PIT OMHEMIOE T 3 o 7 AHNSAEBIC L D BRI N SMENE U, FE 4430
cik~ B s, PZT B E OEMAER ¢ o, PIT OREMERE R VHEE=LTa~F 1 v 7
+LoEE L, DITFR, RERVEE=VTo—F LAEPITEHVWARBRHERTD 2,

Np (V) QEEBORIX R <7 + VR GEFRABO Np (V) &KOBIXA <27 bvE, Fig. 4.8
KU Fig. 4.5 2 B R, Bh 56575 &) i@ Np (V) ORI E — 7 dK0K

_7_,
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i

NEE - THh, O 617.0nm ORINESE L 9, Np OFRTMiE%EE, \BHETRT
HEERWEES P v ATNp (V) el LEESE%, MBTHR L, RTEN I EHERK
2EEMABC LI L, THEBRTHE LA Np RS % 0 RAAMRETH W2 Np (V)
R T AL SH CHMNEES M v ATHREL, ThTHMEBIC LY VI licBts
N ANp ZREEITCBEEBKEMAS &L VIBECRETLEI S LALDTH S, L L
COFBETHETO Np S VBICEESNTOEEFEAHE kAW

NpO.* + 8/72H" + 1/2NO,~ & NpO,’” + 1/2HNO. + 1/2H.0 {4-1)

CRENALTERIEC S5 EEL 5N, Drake ™ 0FE#Ew LRIZHRHBEEEE Np (V) 045
HOMRE Fig. 410 1R L SMEKRIEH 5, Mho K 3FHEHTHE L4, HIATK=3 X
107 OEATHINEEE 10 MELETNp (V) 02295 % 28ATW5h, £ THHEK%E
W MELFRESE5EMAZ T EE Lty ERBINZ <2 M AERBED TR, VIR
AERBAR VI EMDS, NpRBETVMEEL,

DEoXdic L cHEBE L= cELREREL Fg 411 g, ChERLEETLE
BERTRVESERHETLTVAZ 905, Nd OBA & ERCERRA®BLE & LT
5, BeiEic ks Np (V) @ 979.8nm KU 617.0nm @ >0 RINERICE T 2HEHRE N
FAFig. 412 kU Fig. 413 R L, ZhooRMBARME LIPAS D & 2 HE L fER%E
Table 1.2 iK77R % Nd OE& (Table 4.1) EHN3E, o BEEALEHLST, KEF VIE
fbe=nTa—F 4 v Ll L X3BENETRARSAT, BEEI0 T HRBRETH S
TEERLTVA, £, Np (V) BEBREEC, Th&Ed 5L, Np (V) DRKE—-70 9
5, TAREEEARATSH S 979.8nm TO Cp L9 & LIPASHRS S IC—HiEWMEL S - T
W3, Cross % @ Harwell ® 70— 7% LIPAS It & b | MBEERDO Np (V) K20WTH
FraET-Tih, BRHEBAERZ X0 M TH-EHELTVE, COHE Ny 775 F
LOEHSHONEL - HEBEZREBEALLTED, CCTE2CLHELNIHHEOHETS
245, BIEEUCMEES > TOS, T/, COEELE X 107° Mid, HALHEAMN TRE Feed I
BHAETAEZAONZ Np EEH42X100'M (100mg,/ £) B2 05 % KL, Ch
» MY 5 &M IE~OBHAPTRTE 5,

BEWT Np (V) OEFE2 <y b VIZDWTERETV, TOREREE Fig. 414 R0, HEK
D wic Np (V) O X3RN <2 b L% Fig 415 10RT, Zhd Nd 0B L EK
2, L= H M AOEFHOFMIERTT-> TRV, ThoEREKTEE, E—2 by TOMNEIIRF
LTHhah, E—2hEEkic7o—FEiE-TWa, £/, LIPASHERETHALOLED
», BAEVRL—F—HAOEFHO DRS00 N LBV, 610 nm fHlTicEAR
Std, L-HF—HHOEHEHFSZE3LDO 72 b FAZF - FOEFH L0 IRfLoFEOEA
BE, SRESEBELEFNEESE N,

43 3IMEEEER U (VI) ZEFEFTTO Np (V) O
BUE 7o 2OBTTRUA 4 v ORXEWME L TRORBEEAT A4 VHIIEY 5 v TH

i8_
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%5 . TRU 4 4 v OMEMFTICBVT, COv 7 vOEEEFMMiT 2l CREFCEETH 5,
FITICTIRND (V) OAFIcBE 5 5 vOEBEFMET 52 LT b, FLHE Feed #H
DY S vBEEEBEE 1M Q0~20g/ L) THaE, TOXRTWENp LHAFTLY I
BEA0IM & Ui, SEEROEWL U (VD &AEFEDEY Np (V) Lokig#TTOH
EAEAFES 0IMTOEVWEELNLY, 77 YOREARAKCHOA S LOEVRET
HEEAHED LT Lic L,
cpEEELNREES Fig 416 iR T, BIE Np BMAROHEE (Fig. 4.11) SHE~NTH
%ﬁk%(ﬁofwéc&ﬁﬁﬁéo%$:ﬁ%ﬁ$%6ﬂéﬁ%ﬁ@KHNDQH%®%é,

§ =372 x10* X C+1.74 x10" {4—-2)
THY, vy rHEROES,
§ =434 X 10* x C+ 1.81 x10' (4-3)

LHEAhD, CCTSRERCEBLNALNEEEES [ -] G4TESR), Cld Np ORE [M]
TH B, REWERO—MEIE (2 1) RKRU (2-2) RTHRINB T LEFicB~ &
HEOEEBRE 2BEE LTATELSNEOE, (2-2) XD a (2) THENp (V) ©
EVREEHEL T FAEL BT ETHEH, Fig 4.17T12ms U VD OBRIA <=7 b Avip
5 e D X O ICHIERE6TOmmicsid 2 UNVD) OREERBREAEEDLEIGNDL
W, UWD 250N EEBESOERIIREASEVWEEDLNS, (2-2) AV, r, ro, E
RUTREEAE -ETHLEELONL D, MICKFBESHIETE 74 -5 LT
EZohd b0, TITHECr LSRRG 8 T3, MY 5 = WKEKRD § iK2WT
3 BT - fods, Cp 20Tl Fig, 418 1R TR CV 255 5 2 L 03 o foo RUHAIE
&7 U (VD) OB ARE L8RS Fig. 4190 () &, 7/, Fig. 418255 A L -1 G
A|EBCLic L ORFELAERE (b) KFET, TOI &Lk, JOHENY I v OREE
HMES 5o b A THE LR ot £ITFg 416087 — 5% Co THIEY
hid Fig 420 ket & 5icien, (4-3) b

S = 3.76 % 10° x C+ 1.71 x 107" (4-4)

&Np%ﬁ%ogéw(4—2)ﬁ&ﬁ&&£ﬁbmméoit,:@Cgﬁ;é%@@,Fg
491 @ o RAREICRERIC b & B T EHRD o 1. A%, LIPAS #FAE 7o v 2 LMY 55K
T, U o vEREOBEL &G CHBEE IEESREEA L0, L b LIPAS LER
CHIE L TEOREETO ABEE L,

RES 7 — % 2H0TRIRBRA HLE L7455 % Table 43 KRd, ChERB LT T T
DTy A SRERE KL, v v EEROHSRINBRESE L > TV E, THIFEAN
I LA LDOTHLEBDN, CO& S OB LN Np BIMROBELD S HVRE
MELNEEMEINL, 772, < CTELNRHURREE TS A BMEHE TR Feed #H
@Np%ﬁ@&6%%?ﬂarwéoEMEIETNp%EC&TE%?M@Eh@&Di:
LI IZE ANV, EHTEORSTIIEIIMEND 14 Y EERLLILTEELE,

__9_
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B b b I —HBREASDINERS S EBbNG, £Ohizid v VB, PZT OKES
EEEDLMERGOREILY VAT LAORELPVETHD, Np M4 VIR RERLE
W EEEE T AR~ BT 5 L bEETH 2, —BHEHBESITORSE, BioEl
ThBROEELEZFT ZAENS D, FIOERARIKOBRERE VD, KOFEEEET
FTRES/NEAZHECEATEELEL-TVWE, TOLHIECH) 77 VvV AHD RV
AEEL, KOEBAABCRETA VAT LABRETH L EEA OGNS, T IOTERTH
HAoBEHcbERTHZEEBDR S,

5. AR KA O RIERE L OBRES

5.1 PZT OfiEEH

Fig. 3.4 )R U7z PZT O (A) (B) Rt ow s 1 v 7 2a8BHL TEY, oM cR
PN D AR LD /4 XHREL, BREESERT 2T 1 v 7 A0HH LEESR
FOLONBELH-TLES, BEFHOORABEOHKE £ b KR L gH (A) TH0, PLT
EEET A B LSS R VDD PO T RNKELEL S, 22T (1) BEBMEOR N
SDTaA—F 4 v 7954 (2)BRETIIDBEER (A) 2BEEM L TVWHEBEICRT S
HED 2RicH>WTERH L,

(1) a=F 4 vZi20wTTH 5, PITI&EE (BL%£200°CLLE) THREHREERDN
LEENNEE LD, SETOENMTIHNAER I —F ¢ v 3RV, £ TERTHELLM
THOEWEAT I MAEBBT S EEL, KEXVELE= L, BEE=VZ X7 VRY
BEE)ZFLryD=22RE L, COSE_>OFE0I- iz 0WTHE, BRICLS/
A REBRETEN P o/, CHiFa—F ¢« Y/ NMLOEHES PAT 2ERICE I I LHTENL
Botrtd, HBVWRPIT.2€y v T3 —- rHBERTLE - /o, PZIT SiHEE L
B Lb0EELONG, RBLAZDOIBHERVHEILE=AREYR, BREEXE /4R
DFEAMAZ B LB TES, LALIOT— FHOBBIEFMEIZ 107 Q& 0, MAKE
HEO 10wt % HEETEL2 BNTHY, MALEERET 2 EChoBAEERE T 242
BdhBe 4.2 HTHRARIAWIERIZCOPIT EHWIERTH D,

Az (2) OREFIC>WVWTTH 54, 321 TFFig. 3.4 12R L7 PZT (Type 1) % Fig. 5.1
T & A BRI RT3 2 2 ERA K, BANCIHNEORBICA - LRI (A) RE&
#(B) EREBEICHEICNEBT Lo 1 Lz, Chickd, BRiRLBV L b Lo BHE
LB U7 OHIE A &8 - 72 T & TR o B B S s A, THBR AL & kT o FERR
2ottt ABLEFTHTRBEANTLEI LA T, ChEEDI—FT 4 v FREY
F-VEBEEEELTED, I OMBAEAL TR CEAVETL, RRICESDI T 4
VIBHBELTLE D TN oti, COE YR -, R—ZAMROLEPITO®T I v
7 ZREICEA LT T ARICRETARIICLVERT b0 THYD, TONETHEYTS
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M E b S HEEEESYLISLENS B EEDNSG, F0cdhicidz e AR, PIT orE
EASDLIMEREORBELP Y 27 L ORBIEBHETHD, Np 14+ VICHFR-HATRELE
N A ST BIERMNE~EHT A EVEETH S, —BOCHESITOES, HICEE
Th2KOEBLEEST 2HENG D, HIREFRNEIKOBIBRE W, KOEBEET
FTRES/NEAEDBEIENTEE2hEEL-TVWE, FO0DIZB N 77 LY AHD L
AFEEL, KOESARCKRET S VAT LABRETHLEEAONE, ERLIDOHERIR
BAoEHIcbERTHLLEDN S,

5. ME ARG HERE/LORE

5.1 PZT OFBEEM

Fig. 3.4 12k L7z PZT o8 (A) (B) B0k 5 3 v 7 AFH L TE Y, ZOHWIICE
Db A &SRS L 4 RBREL, BRBRESHRTIELS 1 v 7 APER LUEBEGR
ZDOHOHML > TLE S, HIFHOORMABOWEE> £ b IR L B8 (A) THo, PLT
ZEETAEOBEEMI T VDO IO TRPYELLE, 20T (1) EEHECHEL
bOTI—F 4 v 7T BFE (2)BREFIC LGS (A) 2L Em LT VWiEiiRIT 5
HEO 2RIV TERIL 7,

(1) 3=F 4 ¥ ZI2\TTHAHH, PLT @&l (BL€200°CLL) TREEMRPRDN
ABENKS LY, SERTOBMIAELEL T -5« vV RBEEEV, 2 CERTHELLN
THOBLWESTF2— PMEFEAT2CEEL, WER VB, EEE=VI 27 VRY
BEA)ZFLryO=242RE L, CO3L>OBE0 - MHitowWTiE, BRICKS/
A ZEBETENP ot ChiZI—F ¢ YN LOENSES PAT2CRICBSI I LB TEN
Dot HEVRPIT A2y FT 3B — rBERTLE -k, PIT B L
B L b0lEIOND, BBLASO) BRERVELE=AEYD, BRCXS /41X
ORELEMZ B EHTE, LALIOT— FHOBRIEFRMI 107 Q L&V, AR
wEO 10wt % b TELz ENTH, WAKEZWET S EChoBEERN T 242
Bk By 4A2HTHRNIAHERIICOPIT ZHWEERTH 5,

e (2) OWBIREF I >V T TH B4, 3.2IHT Fig. 3.4 wRLA PZT (Type 1) % Fig. 5.1
TRt & SR RERT 5 2 2R A, BAMICIMNBEOWRBIC L - R (A) iR
(B EERICHECAET L L, Chickh, BTRFEEBbnciin Mk
L LS VHIE A S8 - o O & TR OB A ERS flo s, TRE RS EhT SR
52FF01ECABEFTATRBEINTLESI LMD »Te. ChESDI—FT 4 Vv FiZEY
T VBEHELELTBD, I LMEBAEAL TR CBRENHEITL, BRICEEDT—F 1
VUDEBELTLES ot COE VYT -, R—ZXFROEEPITDES I v
y REEICEEG LT T ABICRET AL VERTL60THYD, JOJETHETS



JAERI-M 91142

@DC®EV$—WMﬁUQHUUDC®ﬁ%ﬁ%%ﬁﬁﬁﬁﬂ?5%¥ﬁﬁéﬁ,%+E&§
5mﬂﬁumﬁttﬂgﬁUﬁﬁe:wQWRﬁ&saagbgf,n—f4yfﬁ%mmgm
EEIATHEBNRTVWS, 22T, o PZT % Type T &FRL, Nd TERE L FEEBRAEITL,
cau@T@ﬁ%&%wéc&uLtocam%Tm;%@%ﬁ%Fgﬁzm%L,%@&mmﬁ
& Type I OREIRR (4.118) & OHEE% Table 5.1 KARds ThERBE, Type I &H~
t@ﬁw%<aq1maﬁ,ﬁﬁéﬂn<m%ﬁt§5ﬁﬁ§htmé@v,%%mchwe
DOFRE ~— 212, WEAKERITE &L,

5.2 S¥THERER L oS

ccvm,ﬁﬁﬁ%miéﬁﬁébf,wﬁénéﬁﬁgﬁﬁﬁﬁmﬁLfﬁﬁ%ﬂ%ﬁféo

%ﬁ(Z-l)ﬁmﬁwt,B,Cp&@vaﬁﬁﬁwﬁ;otRﬁL,it,r@p—w—
m;vtmiét&<P>%£méﬁ%éﬂax—a—m,m,r&UEaﬂéo?abB,
%m%ﬁ%&tbmv—w—mﬁ(ﬂﬂﬂzmﬁ)%%<L,bﬁ,wﬁﬁ%véétwrm:
ﬁdu&:&mxb,<P>é%Méﬁ5:&ﬁ?%5otﬁL,%mﬁﬁﬁétomuuw—
M SMEEHBA 5 & BHTRIVE DM ;- - O (21 R Ladisry, 2ok
%ﬁﬁﬁmﬁﬁm%ﬁ?%%ﬁﬁééoik,E%ﬁ%mv—ﬁ—%@ﬁﬁ%ﬁ%t%&ﬁm%
%%&?kb,%%Eﬁ@ﬁ%%ﬁcfﬁ<c&ﬁﬁ¥T&éo

&m,%&Lt%@@ﬁ%%momr@ﬁﬁéo%&Lt%@ﬁuﬁ%%%m;b@méné
ﬁ,CCT&éﬂﬁl#BM@ﬁEZ«%ﬁﬁﬂ?5$Tm,:omﬁﬁ®%§4yemyy
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RORMII v E BRI L THE 7 o — 2 v E LTVWEHITH S, 7oL PIT tBeE D8
e & A EOMBEEISEBBRRLITAEELRVERETSH 5.



JAERI-M 91—142

7. T T v & 2 HrE~ O B T O RRES

71 FoERSIFEME L TOBHESE

(1) AT LOKS

LIPAS ¥ 2 5 £ 2 MR 7 0 £ 253 ER e L TER S ¥ 510@, Fig THIRARTHREL Y
AF AT RUNENSEL, COLEDRLA VMG, KT AN —TUr—¥-REEETLHLE
L DDA EMOEE L O EE L THRESISICEREL, L — ¥ - RUESAERSOR
A VFF v AEBETHESAADEHHICT 7 A TELBREZECRBETELLIKT R
ETH B, '

K7 P AN WTREBEHTHEZR L 28, RV —F—REERHONKY 7 15—
FHHNBREL—F A2 APIEETES, 771 = oHH L —¥ 37
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A EEEI-S>VTE, 2 7R 3Imme, BE2 m OBE 7 7 4 =28V T 50 md,pulse
(532 nm) OWEE TMAAEBEIS L, L LELRCHESS D, ASDEOERICE - TK
X BNESRLZ, 500nm FHETIRE0 % 2HMALBENEEFT LA, (hEBEQIINL
LEEN B IR - THEREA T, B T50mm LLEOBEEBTRIOK LT EL-TWE, £
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FEdlc-owT, ZOAfEEAmET 5,
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T E RS, o HEEoRIERE LTk EERTH 2, CORERMT 2L,

a
+

) (7-4)

S = kE (a —
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S = kE* a (7—5)
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S, = KkE[1—exp(—az)) (7—-17)
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= kEeexp(—az)s [ 1—exp(—Aa)] (7—9)

L5, Aa BESNSTRE,
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R 0.6 £518 5,

. SEDC e, BRALALEOESE LT ETHEFORNEMETE 2REEEOH L &5
Fipots L LEHS, RIXOBOARTHERIICL Y £ VN TORMOMRFIEC 21
Hetkhid b, SHRFEBRICIOBERMERIEL T (LEES 5,



JAERI-M 91142

7.4 WHFERE

FULEE TR I3 & 1 B SHHTRE I Bk & 1 2 BHE O h TR IS & 00— I IAHRIE
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Table 3.1 Parameters of laser system
Constitutions Parameters Values
YAG Laser Pulse Width 9 nsec
Modulation Frequency 10,5,2 Hz
Beam Radius 2.0 mm
_Beam Power
1064nm (Fundamental) max. 610mJ/pulse
532nm (Second Harmonics) max. 190mJ/pulse
355nm (Third Harmonics) max. 80mJ/pulse
Dye Laser Tunable Range 300~750nm
Beam Radius 2,0 mm
Beam Power
817.0 nm max. 36md/pulse
Laman Shifter Tunable Range 700~2000nm
Beam Radius ca. 0.5 mm
Beam Power
1210 nm max. 2.9%mJ/pulse
Table 4.1 Comparison of detection limit of Nd (IL)
Analytical Method Spectrophotometry*’ PAS
Molar Absorptivity e[M*-cm™!']V 7.20
Slope of Calibration Curve S [M™!] 7.0 1.6x10%
_Stand.a.rd Deviation ¢ 3.0%10-3 3,510~
Detection Limit Concentration
8.6x10°* 4,4%1078
C. [ M1 (k=2)
Detection Limit Absorptivity 6. 9 10-3 3. 1X10-5
ay [emt]¥

1)Calculated from absorption data,

4)HITACHI, U-3410

2) CL=kX a /8§,

3) CtL'—'CLX &
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Table 4.2 Comparison of detection limit of Np(V)

Analytical Method Speétrophotometry” PAS
Wavelength [nm] 979,8 617.0 617.0
Molar Absorptivity e [M~'-cm™ ']V 2.25X%10? 1.92x10! 1,92x10!
Slope of Calibration Curve S [M~'] 2. 2X10% 1.9X10! 3.7x10%
Standard Deviation ¢ 2,6%107° 1.86%x10°3 3.3%10°¢
Detection Limit Concentration
2.3x10°° 1,7X1074 1.8%107¢
Co [ M ]2} (k=2)
Detection Limit Abforpt1v1ty 5 9%10-* | 3.3%10-3 3. 4%10-5
oL [em']%
1)Calculated from absorption data, 2) Cu=kX ¢/8, 3)ar.=CLXe

4)HITACHI, U-3410

Table 4.3 Comparison of detection limit of Np(V) in the presence of U(VI)

u(vD) No Yes
Molar Absorptivity e [M~!-cm™!]"’ 1.92X10! -
Slope of Calibration Curve 8 [M™!] 3.7X103 3,.8x108
Standard Deviation ¢ 3.3X1073 4,7X107®
"IDetection Limit Concentration
1.8x10°¢% 2.5X10°¢
C. [ K }¥ (k=2)
Detection Limit Abscorptivity 3. 4% 10-5 48X 10-5
@y [em!]¥
1)Calculated from absorption data, 2) Cu=kX ¢/5, 3 a.=CL.Xe
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Table 5.1 Comparison of detection limit of Nd(I) by two type PZT

PZT | TypeI (Fig. 3.4) | Typel (Fig. 5.1)
Molar Absorptivity e[M~!-cm™']"’ ' 7,20
Slope of Calibration Curve S [H~*] 1.6X10? 2,8%10°
Standard Deviation .o . 3.6%10°¢ 8.5X10"8
Detection Limit Concentration
4,4%107¢ 6.2X10°®

CLHI® (kD) ° °
D o0 Lini ..
etection Limit Absorptivity 3.1X10-" 44X 10

L [Cm"lj‘”

1) Calculated from absorption data, 2) Cu=kX ¢/5, 3 ar=C.Xe

Table 5.2 Comparison of the acoustic impedance and tranmsmission ratio

EBH=FO
BB VY- A B OFERR
[X10%N-sec-m~?] (%]
r—2® 10. 6 44
r—2® 30. 3 33

(FEO4ye -1 vall, 4) | (T,:41%,T2:80%)

— 25m
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Table 6.1 Comparison of the LIPAS systems
TUM KfK - Harvell ANL BBt — HaE
& BREEDHULS R BEGLY | BREDNLS i
# 7E U, Pu, U, Pu, u, u,
i Fo An Np Np, An Am, Cm Np
e & 495-530 390-660 420-460 566-587
(nm) 815-850 5004431 710-760 492-528 608-626
' 826-836
v — ¥ Excimer Excimer Excimer YAG,Excimer YAG
VAT A Dye . Dye Dye Dye Dye
¥ - A I vy I TN vy v
(S, R) (S, R) (S, R) (S, R) (SDO&)
t W fAn % AFVVA ARRE ARtk -G R
(A3¥RE) -7o- -7 -
PZT &t A 4t 4t A
BEEA : (AFaVAFA=) (R B M)
EOMLD g G U, Pu BEALEY | -EE(90C) U#FER
¥OO® vk HER bIEHE |[LIF
U(VI):8E-7 | Np  :<4E-§ U(ly):3E-6 U(VI):7E-6 | Np(V):2E-6
Pu(IV):7E-8 U(vI):5E-6
Pu(VI):3E-8 Np(IV):2E-7 | (BERE]
B TR | An(II):2E-8 Np(V):2E-6
(mol/ 2) Np(VI):1E-6 | Pu(IV):1E-8
Pu(IV):1E-7 | Pu(VI):2E-8
Pu(VI):1E-7 | Am(II):6E-9
Am(I0):2E-8 .
8363 URiEFRE) §0:].') (EERK) (REVE) (I R)
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Table 7.1 FElements in the spent fuel of PwR (28)

Element : g/ton-[1 Ci/ton-U.
Actinide Elements
Uranium 9.54x10° 4.05
Neptunium 7.49X10%2 1,81 X101
Plutonium 9.03x10° 1.08Xx10°
Americium 1.40>10% 1,88x10%
Curium 4, 70x10! 1.89x10*
Fisson Products _
Tritium 7.17X10°? 6.90 X102
Selenium 4,87X10! 3.96x10"!
Bromine 1.38x10! 0
Erypton 3.80x10% 1,10<10*
Rubidium 3.23X10? 1,90 10
Strontium 8.68x10% 1,74 X108
Yttrium 4.53X10% 2,38X10°
Zirconium 3,42x10° 2.77X10°
Niobium 1.16X10" 5.21X10°%
Molybdenum 3.09x103 0
Technet ium 7.52X 107 1.43X10!
Ruthenium 1,90x103 4,99x10°
Rhodium 3.19x102 4,99x10°
Palladium 8.49X%10? 0
Silver 4.21x10! 2.75X10°3
Cadmium 4, 7T5%10¢ 5.95X10°
Indium 1.09 3.57x107!
Tin 3.28x10! 3.85X104
Antimony 1.86X10! 7.96 <103
Tellurium 4,85X10% 1, 34x10*
Iodine 2.12X102 2.22
Xenon 4.87x10° 3.12
Cesium 2.40%10° 3,21X108
Barium 1.20X10° 1.00X10°
Lanthanum 1.14x10° 4,92%10%
Cerium 2.47X103 8.27X10°
Praseodymium 1,09x103 7,71 X10°
Neodymium 3.51X10°% 9.47x10!
Promethium 1.10x10? 1. 00X 10°
Samarium 6.96X10? 1.26X10°
Europium 1. 26X 102 1.35X10*
(fadolinium 6.29X10! 2.32%10!
Terbium 1,25 3.02X10%2
Dysprosium B.28x10! 0

Burn Up : 33MWd/kg, Cooling Time : 150 days
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Table 7.2 Calculated concentration of Pu, ¥2§)Ru and Tec in the uranium

solution after partitioning(za) (30) (31)
Ion e () DF Ratio!’ | Concentration?’| Absorptivity
(M tem '] (%] L N J:0.34) ar ¥ [em™']
Pu(I) 35(560nm) 9.8x10"8
Pu(IV) 70(480nm) 10¢ 0.93 2.8X107° 2.0%1077
Pu( V1) 500(820nm) 1.4X10°8
Np(IV) 70(730nm) 1.7X107®
Np(V) 380(980nm) 103 0.079 2.4X1077 9.1%107%
Np(VI) 40(1220nm) 9.6x10°®
Ru(VI) | 0.18(470nm) _ 2.6X1077
Ru(VI) | 0.23(380nm) 108 0. 47 1,4%10°8 3.2%X1077
Ru(VI) } 0.30(320nm) 4,2x1077
Te(IV) | 2900(300nm) 102 0.13 3,9x10°¢8 1.0x10°2
Tc0,~ 4000(247nm) | 1.6x10°2

1) meolar ratio to Uranium , 2) after partitioning
3) a@. = concentration® X e (A1)
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Fig. 3.1
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Experimental setup of LIPAS



JAERI-M 91-—142

Piezoelectric
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" Fig. 3.2 Flow type cell
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Fig. 3.3 Process of polarization
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Fig. 4.3 ‘Calibration curve of Nd(Il) at 5 mJ/pulse
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Fig. 4.4 Calibration curve of Nd(IL) at 1l mJ/pulse
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Fig. 4.6 Photoacoustic spectrum of Nd (1)
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Fig. 4.15 Absorption spectrum of Np(V) by spectrophotometry
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6.2 Schematic diagram of the Herwell LIPAS facility(“) (19)

L ——

Cross section view of a single sample sample cell block

showing relative positions of sample cell, quartz rod,

silver mirror and stainless steel piezoelectric transducer

housing.(ls) (17)

M - 2.54 cm diameter, 0.63 cm thick, front surface, silvered
dielectrically coated, borosilicate substrate.

PZT- 0.9 cm diameter, 0.5 cm thick piezoelectric transducer.

QTZ- 1.0 cm diameter, 10 cm long, fused quartz rod.

SC - 1.000x1.000 cm quartz sample cell, flame sealed.

SS - stainless steel housing
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