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Remote Real-Time Uranium Concentration Measurement Using the

Nitrogen Laser and optode
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Abstract

The remote real-time uranium concentration analysis using nitrogen laser, optode, photomultiplier and
optical fiber is studied. The optode for the remote collection of uranium fluorescence is designed. The
fluorescence intensity at time zero is calculated in order to exclude the quenching effect and the
temperature fluctuation and used for more precise estimation. The fluorescence change is very sensitive
to the uranium concentration change. The method shows the detection limit of 0.06ppm and the
linearity between 0.l1ppm and Zppm of the aqueous uranium concentration.
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Fig. 2. (a) Structure of the optode, (b) Direction
of beam reflection at the concave mirror.

287 Aol

dAH AN *2E v= FA 19

. Mz Az
Optode ZHE ¥ &3 Naxs FEujaolA #HFA
32 wsgul ® Ao ALgd Az 2w
IP2RA(HAMAMATSURN) & vk &3 2AL o 2
Y3t o] A3} AGAE F$S 1A

tgiend, Q7bAeh
A

s}

& =70090A4 -1200V7HA) 7hE Theetth Bl 9
Zol7] fFA tholltm Atolel] AFE AZsIGlo
Frujeel ol5g HHAA g ABY 54S
HA et gk AdAlElE ALgSITE 28 3 ¥ A
4L 8 A E A Sulde] sEkolt
BAx sugozRy P2 AFAIE HEsH|

ol AEz wprojof dy, olF Hd 3dA
q

ol

o B o

re
fu
N

o

a4

Z 7%g 2 AYEENE At AbgsgTh
a8 4e 94 Y 5AS A8 AEE d9 FE0]0
o, A Ao ma X1, X10, X100 3 @A o5 |
Aol 7hgdtet. #AA Fude 28 YdsdAE off
I Fag d9EE nHEEd o ke Y FE
£ da FEZ70e ool HAn 14 $EEAE K
BB3351 (Burr-Brown)-& AE-atSith BB3S1Y 4
ddde] FETE AHgstel 93 a2zt 107004

olm, gAY £ udx vzt 100 oJdoz i)

jal
2]

N \
/ §Cathode Anog‘exj\
i §_\+f‘x\\;@f’x\;ﬁ\’§,ﬁ;\;._f4\;,al@_/ |
N P : i
' [ ! . N
AN § ‘ ji
L |/

RijR2ROIR4IRS! B6. 27 R8! R9!RI0
SYTREVVENVILEVEERVVREVISPIVEDIVE VYR VTN
! i

2 _HY.700~1200v) Ly 1y LTI
2.2aF 4.7f i
* RI=RI0=100K :
R2~ RB=47K
R9=70K

% 3 dA FuBHHAMAMATSUI
9 3R,

Fig. 3. The circuit diagram of photomultiplier tube
HAMAMATSUGL 1P28A).

1P28A)

~- 364 -



A4

n
2

(1) o oA 32us 2 VEIROH,

1/{d+g)S;In (S, 15008,/ S2) di{d+g)

Sz e ¥(1—e™¥%)
[1—(8,/Sy) ~#@*e!

1,

33 4(2)

AE

gate A HE s 2 2

o =R A
- oy
By
o E._Jlﬂn
— uacT
k) Ky it
W ol
oy 53 B wr
T T
T N o g
5~ T F ¢
o 2 W
_rr_.L _O_E).rv
o B A o T
.uw.au&_ do
B oo oo
L
Mo 5 R
oF T - B
rxT X
WETE 4
K O T
NE oo
Mogp A
o o IS 2
|
mmfw
.m»,,;u_ J
m%mQA

3308
4.70F

{5]:

calibration

precision

3]

LA F2 AR

AU

Reset

©

Fig. 4. The circuits diagram of preamplifier.

Analog Switch
(For Gate Time

Signal In
CMOS

I

\_,
1z

+

PN

Time({Microseconds)

2. Analog integrator

Fig.

=

==

BN
TR

Fl ek

3

#7k A4

1
e

I

Hr
Klo
<)

g4

o™

A

3
il

tLNO04
T MM{Metalized Mylar) ASMEHEZ 74

&0l

20U3283I0N]
Jjo Aisusiyy

3 Fd ol (CMOS 4066)

(a)

571 sl ALgE of

&3]

o

s
=
M
g

ol

g e e

cconds)

%

c{Micrs

T
Liadd

& 9% gateAl

=365 -



o] ¢ UAA ] A

A

2 ¢ o] A o} 3

4

—t

e e @ e sk g

—

S nauansaIon]y
jo Ayisueiug

Laser

. th d

('(ox) nouporatoniy o Aysumug

Time(Microseconds)

{c)

Flucrescence Decay Time (101s/div.)

b4

fd

Shot

18 7. Optode

Fig. 6. The method of determination of integral
sections and derivation of initial value.

(okeh).

Fig. 7. Fluorescence signal through the optode. ;

<k
v
Nlo

(#1),

o
o

{a) Fluorescence signal: (b) Pulse width
of gate determination; {c¢} Fluorescence

1 ppm uranium(up), distilled water(down).

signal{S1,52) to be integrated

one short multivibrator ¢! 4538, 7}#lAa 2 7 g)A]

aFaiTh

o] 4 optodeE HE u

to,

8

A

ofm

Kl
=
oK

oy
all

Zeol9, 0.1ppm~2ppm7tA] HM Ao

=,

=
SLE

BEE A

6.091

o
=]

10ppb~ 10ppm™ 712} t}

g

# pH

oF o M ol
. LB
EAOox
o oF % gf
o~
2
Ho X7 N ol
B e O, X°
o T
w B
wo — MU o)
NN - K
4 M)ﬂr.
T 2w
L G
do < <) Ko
—_ __
< g M
it T Ho
v E 7 &
® a7’
e B
R Ho o]
© R odo ik
o) o= o
e A0 My T
W A T
MR onE e

T
o o
@

) o,
A

o, EF5olA
& ReolFm gk

MRS T el s

i

TE

4
==

ooy A4

Rl optodes

LR e

A FEd ¢+

-
£

of

=1
]

A

Concentration {ppm)

A

E

54
=z
&

% o)

it

2 A

=

3

[e]

ot
™o

"
e
o
<

o

ol

Fig. 8. The change of uranium concentration vs

ey 9[Rol uld

optaod

fa

the change of fluorescence intensity.

157} Batel 98X optode

Z

- 366 -



22 o T, A of
A4 AN $EbE vE EAS Adsdu. golH
Bd F gy $EF $EE vehded Ze
AZHe ok 8~10z0H, tEE A Fr# oA
wzl 7hAofA AmE
w3 AA A AR optode o TEE A, AA
g fdx 55U AFAA YA FHE AR 2
A3 2 dgleod, FAAT WS 1R FAERE
TP B9 At %‘3?}01 ofH & A stellAe AA
7 ety BT Al &8k ol &= Hddn
a2 9% A £93 598 A R(3Mol HNOs, -2
F 5T o 30ppm)ollAl EAE g3 Addoln, 7] F
2L AxrYojA2 ALET ()9} 416nm o] Fgo]
WA ZHo] FaYolAe o 1/6 A ALHAE A
£33 Aol E BAFT Qv FRH LI Aol
Aol A tha ZAeE 2 4 A3, olide AHe fdo
Ziolng 4 9 g3magoel thd LS on|
o @ G Aake ooz Wgste o 105
Us 2 433 ZAaHeEs ¢ & v
T ¥ I kS '
- R L
TJ i —:.
£ E
3 |z
Sl | 3
2 IS S T LIPS B
E | o |
z —L o
e ; I
3 VT T U
.

Fluorescence Decay Time(50ns/div.)

33 9 A g ¥F Az
(%Dt *“*310111(‘3}3“)

Fig. 9. The fluorescence signal in reprocessing
solution. [Nitrogen-Laser{up) & Dve-Laser

(down)].

Optode g AadolAE ol§F U4

AA7 &
EALE

datEA

¥ 5E 5
Agate] AlZ
dold w3 ¥

Aol A

=3

2~
T

o] mgder 7FAY

o
J

o oo 4 e wiu
oX,
[e3

ol
o

BT 24 249 AR Gl AGEH
2349 #5848 B

Reference

(1} Christophe Moulin, Stephane Rougeault, Dominique
Hamon and Patrick Mauchien,"Uranium
Determination by Remote Time-Resolved Laser-
Induced Fluorescence,” Vol47, No. 12, PP. 2007-
2012, 1993.

[2] Haruo FUJIMORI, Tetsuya MATSUI and
Kazumichi SUZUKI, “Simultaneous Determination
of Uranium and HNO; Concentration in Solution
by Laser-Induced Fluorescence Spectroscopy,”
J. Nucl. Scien. & Tech, 25[10], pp.798-804
(Oct. 1988)

[3] U. Hoeppener-Kramar and E. Mainka,
"Zeitaufgelosto Laser-Fluorimetrie in der In-Line
Prozebanaluik am Beispiel der Uranbestimmung,”
R-P No. KFK 4782,(1990).

[41 GH. Vickers, RM. Miller and G.R. Haugen,
"Time-Resolved Fluorescence with an Optical-
Fiber Probe,” Anal. Chim. Acta. 192(1987) 145,

[5] KW. Jung, JM. Kim, C.J. Kim and JM. Lee,
"Trace Analysis of Uranium in Aqueous Samples
by Laser-Induced Fluorescence Spectroscopy,”
Vol. 19, No. 4, PP255, 1987.

[6] SM. Lee, JM. Kim, JS. Shin and C.J. Kim,
“Compensation of Fluorescence Quenching by
Extrapolation of Fluorescence Intensity,” Anal.
Chim. Acta, 264(1992) 125-129.

[71 GH. Hieftie and G.R. Haugen,"Correction of
Quenching Errors in Analytical Fluorimetry
through Use of Time Resolution,” Anal. Chim.
Acta. 123(1981) 255.



Ardol Aot FAFE o] &F dHA ANT +&F = FA 23
% 4% i i

Ol )\P E 0] ')F U]

19573 14 1544, 1980 4 FAME3 A AEE AR, =E 97-6-3-07 p. 2082
sl w dAbEs } (% A AR e MA eI} Wb,

AD), 19823 Toed AT

B E2G(FEAAD, 1996 % R

‘”5’3‘ 2 AMEs s W CAMELEA A6H AT, ER 976307 p. 20HE

A}zvg, 19863 - @A Y=Y
A4 AYgdrd. FHdEor oo golA AF,
A AN

A ARWSE AN EATE AARAL

A4
radetelR Add A =F B4-1-06 p UBE
Gl A AEdea A dr)gey zas,
1951 89 2494, 1994 =3t
7led A, 24 g5
A AT A

- 368 -



