JAERI-M
93-234

L — R R R L B
IR 5 AR OO B 78
GERIRF)

1993%12H

AE ERAL - TR AT IR P
Eit B 1 B R Tt o

B = B ¥ 51 W % M

Japan Atomic Energy Research Institute



JAERI-My #f— b (%, BEETHAEFRPFAEBRCDAL T 20REBEETT,
AFENMEAELT, BAREFAMEALMEEEEHERR (T319-11 K RIEIEHEH) & T,
BEELI&AECHER G, Bk, JOEIHERARTHLESER Ly — (T319-11 RuRIMED

£

EEHHABRFRARAA) TEECLZERRREE L -TEVET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division Department

of Technical Informatian, Japan Atemic Energy Research Institute. Tokaimura, Naka-gun, Ibaraki-

ken 319-11, Japan.

(© Japan Atomic Energy Research Institute, 1993

wWERAED BAREF 7 W RN
En Bl = v d 7oA &L




JAERI-M 93-234

L — —FELE BT L S RBRE ST R O R

HARR-F AR R e 1 7 v & TFHE
A Eah - BE T4 - BR O EH
Al 7ol EXRT - AR XEET

(1993411 8 9 [ S80)

BB 70 RCBOCTERE TS 5 Np 4 4 YERBRETERSMTET 5 72 LIPAS
(Laser-Induced Photoacoustic Spectroscopy) AT 4L %BFE L 7o, altHigs ST sRAEIT
BOTERESHOGT E8ENy 7759 v FARMIET SEMERF L £/, PUREXT
RCEBMTETO O BIERN & LTEEIE7 7 M- v 27 A bkRET L7

AR B VT, RTFBELE L —F - - A LTEFRET 35 7T vtel v A5 L 5K
L1, TORBBARRINERZ 447X10° [em™ 1 TH Y AV 27 £ 3TAEL O & HH
BETHILEDNR P 1, TORYRFLEZR0KkBEO Pr(l), Nd (1), Er (1) RUNp(V)
DNFBEBARI b NEREFEETRAE Lo NpDXEFEARS bARREWT, 614nmiciE pH
TRAONIVE-IPHETE L B0 -1,

AR ICBOTE, BRCTLFEH Y F54 b —F—2H0EEEe v L5 55
FYRF o285 LI, TOHRINETHEONAND (V) ORGRAREBEES —H FES 7 -4
Wig o,

LIPAS A EMEANERE A/ OO T s 4 N— VAT LR LI, TORE, Bkl
QTHEERETHLILENGh 12, SBRICCHBEV AT 62T 7 A N— VR FLREL
TN EEL NV 2HERETHSMNEND D,

A . BAETFARER & ALRERT 2 v F -ER L OEFPFRICIOERBI NI,
BAAIOET | T 319-11  SRIBEHRMEEEN BT SR 2 -4
* HILBIVERT T 4 0 & — BT



JAERI-M 93-234

Development of Sensitive Analytical Technique

by Laser—induced Photoacoustic Spectroscopy

Takehiro KIHARA, Tetsuo FUKASAWA , Sachio FUJINE
* &
Mitsuru MAEDA, Takashi IKEDA and Fumio KAWAMURA

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 9, 1993)

A LIPAS (Laser-Induced Photoacoustic Spectroscopy) system has been
developed for sensitive and remote analysis of neptunium which diffuse
in low concentration range in reprocessing. The correction technique
of background which disturbs sensitive analysis has been studied in
visible to infrared range. And optical fiber system which is important
for light operation has been also investigated for remote analysis in
PUREX process.

In visible range, the double-cell system, which has two photoacoustic
cells in series, has been studied. The detection limit absorptivity was
4,47 x 10 cm !, this system has two orders higher sensitivity than
that of absorption spectroscopy. This system was applied to measure
photoacoustic spectrum of Pr(III), Nd(III), Er(III) and Np(V) in low
concentration range in water. On photoacoustic spectrum of Np(V), the

absorption peak at 614nm, which was not observed in low pH range, was

identified.

The study was carried out under a cooperative research between Japan
Atomic Energy Research Institute and Energy Research Laboratery, Hitachi,

Lid.
% Energy Research Laboratory, Hitachi, Ltd.



JAERI-M 93-234

In near infrared range, analytical system which has parallel cells
using alexandrite laser has been investigated. It was obtained that
detection limit concentration of Np(V) is one order lower than that in
visible range.

The optical fiber system for application of LIPAS to reprocessing
has been examined. The sensitivity of fiber-PAS is two times higher
than that of absorption spectroscopy. However it is necessary to develop
a beam operation system and a photoacoustic cell optimized for optical

fiber system.

Keywords: Laser, Photoacoustic Spectroscopy (PAS), PUREX, Neptunium,

Near Infrared, Fiber
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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 Kadius 2.0 mm
Beam Power
1054nm {Fundamental) max. 6i0mJ/pulse
532nm (Second Harmonies) max. 190mJ/pulse
355nm {Third Harmeonics) max. 80ml/pulse
Dye Laser Tunable Range 300~T50nm
Beam Radius 2.0 mm
Beam Power
617.0 nm max. 36mJ/pulse
Laman Shifter Tunable Range T00~2000nm
Beam Radius ca. 0.5 mm

Beam Power
1210 nm

max. 2.9ml/pulse

Table 3-2 Parameters of near infrared laser system
Constitution Parameters Yalues
Alexandrite Laser | Pulse Width 30-50ns
Medulation Frequency 10-20Hz
Beam Dianeter ca. 3mnm
Beam Power
750nm (Fundamental) max, 500mJ/pulse
375no{Second Harmonics) | max. 100mJ/pulse
Laman Shifter Turnable Range 600-2400nm
Beam Diameter ca. Jmom
Bean Power
980nm (N; 20atm) max. ZOmJ/pulse
1230nm{N; 20atm} max. TmJ/pulse
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Table 3-3 Comparison of

—234

some iaser systems

Laser System

Specification

YAG+DYE+RS

YAG+DYE+IR

Autotracker

Alexandrite+RS

Cutput Energy
(mJ/pulse)

YAG 800(1064am)
YAG 350( 532am)
DYE 87( 600nm)
RS 7.5( 980am}
(S1 5 Ha 30ke /)
RS 7.3(l225am)

DYE 34( -600nm)

DYE 7.7( 980znm)

[R 4-6(1225om)

RS 10( 600rmm)
(AS, ;N:150kg/ )

RS 50( 980om)
{5, ;D:70kg/ )

RS  20(1225nm)

(S1;H.30kg/ c) (S2;N:150kg/cd)
Short Term Stability | x20(RS,8:) +4 (1064nm) £+ 5{720-800nm)
%) | £34(Rs,S:) +7  ( 532o0m) | £10{other region)
Long Term Stability -3%/h 5%/h 10%/h
~300Rh (dye) 20 (IR-dye)
Pulse Width {ns) | ~6(RS, S:) -8 (1064om) 30-50
~4 (RS, 5:1) ~6 { 532nm)
Flequency (Hz) | 2,5,10,20 5-14 10-20
Havelength Width (om) | 0.05 0.1 0.1
Wavelength Accuracy 0,003 0.1 0.1
(am)
Beam Size (mm) | ~3 ~3 ~3

Table 4-1 Comparison of Detection Limit of Nd(ID

Analytical Method Spectrophotometry®’ PAS
Molar Absorptivity & [M '-cm™ ']V 7.20
Slope of Calibration Curve S [M7'] 6. 97 3.38%x10°
Standard Deviation ¢ 3.00x107° 1.05%x197"
Detection Limit Concentration 4 _s
LBIX L21%
TP ke 8. 61X 10 6. 21X 10
Detection Limit A?§o§?t1V1ty 6 20X10"" LATX 1078
ac [en™]
1)Calculated from absorption data, a=CxXe

4)HITACRI, U-3410

2) Cszx U/S,
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Table 5-1 Beam Diameter Collimated and Focal Length after Beam Emission from
the Optical Fiber
VYyXOESER (L XET AN | VX EY-LES | ERATOE— AR
f [mm] D FEg (mm] D FERE [mm] ® {mm]
5.0 18.0 5.0 0.5
10.0 18.0 15.0 0.5
50.0 10. 0 0.3
70.0 10.0 0.3
15.0 18.0 15. 4 6.8
50.0 15.90 0.5
70.0 14.0 0.5
100.0 10.9 0.5
25.0 50.0 70. 0 2.2
70.0 50. 0 1.2
100.0 40.0 0.8
50.10 70.0 180.0 3.0
75.0 135.0 2.8
§0.0 122.0 2.5

Table 5-2 Comparison of Detection Limit of NdCII) by Fiber PAS
Analytical Method Spectrophotometry®’ Fiber PAS
Molar Absorptivity £ (M '-em 1" 7.20
Slope of Calibration Curve S [M™'] 6.37 1.46x 104
Standard Deviation ¢ 3.00x107° 2.57x10°
Detection Limit Concentration -4 s

X LB X
TP o) 8. 6110 3.51%10
Detection Limit At_z‘lsogntlwty 620X 10" 9 53% 1071
@y [em™ ']
1)Calculated from absorption data, 2) Cu=kX o /S, 3 a.=CiX e

4)HITACHI,

U-3410
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1.0 T T T T T T T T
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"~ [Pu(IV}]=9.90 X 1073 M
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- T [HNO3}=3.0 M 1
TE 0.6 1

Absorbance [c
o
T

0.2

OI)L- ! L L I l | I 1 I —
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Wave Length [ nm ]

Fig.2-16 Simulated spectrum of UCVI), Np(IV. V. VL) and Pu(IV> in PUREX Feed

Condition
~ Excitation Beam - - P éggsr%;g
YAG Laser Pumped | ¢ Reference-Cell  Sample—cell
e 11 ik mm— C—F--—---- D
 ND-Filter

[Pre—Amplifier | | Pre-Amplifier |

[Band Pass Filter | |Band Pass Filter |

||

Digital Storage Boxcar
QOscilloscope integrator
Trigger Signal ' | |

Fig.3-1 Schematic Layout of LIPAS System
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Fig.3-2 Schematic Diagram
"of the TUM (Technische Universitat Munchen) LIPAS System ¢&

Excimer
faser

Oscillo-
scope

Power
Meter

5 Sample pholoocoustic cell

Pawer =0 @ —— — e
moniter Ir—
|
.S .
Dye T N
laser 1 Beam
| slops
}
! R
POWCF
menilor, L~ e —
Conlrolled

R Reference pholboocouslic cell

Cscllloscope =—-

Printer

Compuler conirclled eleclronics

almosphere box

{

Fig.3-3 Schemctic Diagram of the Harwell LIPAS facility ‘™ &
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He-Ne Laser
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N\ S Alexandrite Laser Supply

Fig.3-4 Photoacoustic Spectroscopy System for Near Infrared Region
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Fig.3-8 Photoacoustic Cell of the TUM (Technische Universitat Munchen)

System 11
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Fig.4-5 Absorption Spectra of Nd, Pr, Np and Er using HITACHI U-3410 as

spectrophotometer
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Fig.4-6 Photoacoustic Spectrum of Np in Water
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a) Before laser beam introduction

b) After laser beam introduction

Fig.4-13 Photoacoustic Signal for Nd(I) Selution at 750nm
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Fig.4-14 Calibration Curve for Nd(I) at 750nm (Single Cell)

% Calculated from the molar extinction coefficients of Np(V) and
Nd(II )
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a) Before laser beam introduction b) After laser beam introduction

Fig.4-15 Photoacoustic Signal at 980nm before Removal of High Frequency

Components

a) Before laser beam introduction b) After laser beam introduction

Fis.4-16 Photoacoustic Signal at 980nm after Removal of High Frequency

Components



JAERI-M 93-234

(M)A Pu® (ADAN JO SIUIIDI}}800
UOT)OUT)X@ JR[OW By} WOI] Paje[nd[®) %

(1190 13u1S)

wuQg6 1% (MDGA JOJ 9AINY UOTIRIGITRY BT-F “ST4 (M)A JO wni10adg uot3diosqy Li-FSid
[1/iow] (iNAA jo uonenuaduoY [wu] yiBusjanepm
«0F &0l v-0F <0l 00LL  000L 006 008 00 009
T 1 T 1} T T _ 1
jouyjge= 8 % - 40
wuoge Wibuaeaem - =}
101 o >
i o >
— Q w
o o
= 2
] O
® Db = o % 1520 8
= . W O
—n i
| & 086 o
- —e0} w
o T, G0
| | | | wOF

-0k s-0L o-0L 1O

[i1ow] (A)dN jo uonenuasuog



JAERI-M 93-234

Concentration of Np(V)* [mol/i]

107 106 105 104

104 T T T |
T .
[ S
e 10°-
R
w —y
L ,
T 102
=
o
(&)
0] -
b= 10|
o Wavelength 980nm
L =2.3! |
o € mo

1L | |

105 104 103 102
Concentration of Yb(ill) [mol/i]

Fig.4-19 Calibration Curve for Yb(H) at 880nm (Double Cell)
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Fig.5-1 Schematic Diagram of LIPAS SyStem for Reprocessing
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Fig.5-4 Beam Operation System for Optical Fiber
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