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Laadr-inducad breakdown spaccromcopy haa been
applied to cha continuous dotomination of uran-
ium concontrccieas bocwan 0.1 ●nd 300 g/L in

flowing colucions. Tho Ccchniqua is rapid, non-

invasivo, ●d .unaffaccad by radioactivity. A
amcontratim of 10 g/L was uaaurod with 0.8~
precision in 3 min. Subscancoa that absorb at
cho laaor wavalonsch, suapandsd macorials, and
varlationa in cha acidity of tho solution havo
llttlc or no ●ffocc m ths rcsulcs. Eigh con-
:oncracions of airconium, cadmium, ●luinu. or
scsinloss atsal in tolutloa do noc intorfora.

coctinuo~ waauramnt or u.rania conconCra-

clons in liquld scram is nocassary for criti-
:a:lcy mfoty, ~Joc9ml control, and nuc loar
aatarisla ●ccounting. Ttm ●olucions ●sy concain
high concmtr~cions of fission products ar nau-

cron aciiccors ttuc lncorfero with nondcotruc-
Cl%s c--cay, nautron, or x-ray cachniquss.

A :ochniq-~ Lhmc La rapid, non-invasive, “unaf-
f~ctcd by raaioaccivity, ●nd that rcqulras
naithar mmpla handling nor preparation 1* do-
slrablo. Tho laser spark, wre fo~lly known
●m lancr-inducad breakdown speccromcopy (LIBS),
●ppaars La havo ●ll of that, propercios. Ua
havo inva~tigacod CM ●pplication of LIDS to
cno maasurmmwnt of uranium concmcrar’ons in

salution.

U. Mvo wrkad with DOCEISCatic znd flcK-
ing solutions. Static Solutions in saaled eon-
Cainars worm Mad for Cho successfully :omplotad

proof+f-prlnciplc ●xporimants. Mdiclonal ex-
par~nts wora parformd on flowing scream :m-
Cainod in ● case loop Ln ord~r co a~lato plant

opmraCing conditions ●s -h m possiblo.

W ~asured U.rani- concantrationa from
0.1-300 s/L, gonarally in 4 H nlcric acid. A
schamclc of cho •x~r-ntal arrangomnc is

●hom in Fi#. 1. Pulsoa from ● Nd:YAG Laser ~a
miniu ●norcy of 60 d/pulao 16 noodcd) craatod
cha spark plasus. ~a uranium solutions war.
concaincd in soalod cylindrical glaas vials.
Tho lasar pulses war. focuod rm cha surface of
che ●olucion, along a path porpdndicular to
cho liquid surface. ~o plM~ li~ht, viowad
through the aid. of cha v.al along ● direction

parallel or ●t ~5” to cho liquid ●urfaco. Waa
f~cuaad on cha ●ncranca ●lit af ● 3.5 m grating

spactruwcor.

ric. 1. Sch-tlc of tha Kxperlmntml

Arrmqemnt for I.IBS.



l%. spectrally resolved light wae detected
with a ?hotodiode array rapid #canning electrom-
eter system. The detector, which consists of a
microchannel plate i~ae intensifi~r and linear

photodioda array (1026 diodes in 25,4 rim), had
maximum sensitivity ●t 480 nm. The detected

signal waa time-resolved by applying a gate
pulse to the iaa~e intensifier positioned in
front of the photodiode array. The time ●fter
spark initiation at which uranium detection
began and the width of the detection window
were controlled by precisely timing the gate
pulse relative to the laser pulsa. Tims reso-
lution of the plaema signal wae ueed to minimize
detection of the strong continuum radiation at
early times ●fter spark formation.

Measurements of the uranium @i@al were nude
by ●veraging the 8pectra from a large number of
Laser sparks. The net uranium signal waa com-
puted ●s the number of counts ●bove the back-
ground level in ● spectral region defined by un
emi~sion line (peak ●rm). In some cases, the
net si~l waa ratioed to a background signal,
computed ●a the number of count. in an inter-
ference-free region 0.1-O.2 nm wide near the
uranium line.

Sxperimenta on flowin~ zolutions have been
conducted with two flow loops.
can circulate 12 L of solution
loop 0.5 L. Both loops are
stainless steel components.

transparent flow cell, sketched
designed so that the solution
contained.

The lars?r loop
●nd the smaller
constructed of
The optically

irI Fig. 2, waa
would be doubly

,, ...L-%2W’”’” I1 ; ; i._.

rig. 2. Sketch of f’
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The goals of our initial

. .

ow cell.

●xperimsnta were
to optimize the ●xperimental parameters, to
teloct strong uranium lines freo of intorfer -
enc~, ●nd to determine the detection limit and
conc~ntrat ion range that could be meaaured, In
previous work with tha LIDS tochnlquei on

#olutlona containing ●lkali ●nd ●lkaline ●arth
elemento, the spark wao formed in the bulk

llquld. For uranium colutiona, we found it

necesoary to form the spark at th~ liquid sur-

face becauee spark formetlon In ths bulk of tn.

solution gave no datactablo uranlun signal.
With surface ●xcitat ion, e dotectlo:l llm!. t of

0,1 g U/L was obtained. other advantages of

surface excitation are t,hat the plasma light
will not be absorbed by other aubatances in the
solution and that suspended particles will not
perturb spark foraution nor scatter the plasms
light to as great an extent. However, signal.
strength is sensitive to the dietance between
the focusing lens and the liquid surface, and
there must always be an air space above the
solution for formation of the spark.

The factors considered in optimization of
the experimental parameters were the strength
of the uranium signal and its reproducibility.
The parameters we investigated included Iaser
pulse energy and repetition rate, focal length
of the lens Lhat focused the laser pulses on the
colution surface, ●nd the timing of data collec-

tion. me Parameter we found to be opthum

●re listed in Tsble 1.

TABL8 1. Opt* Experinntal Par~t*r8

Laser
Nd : YAG - wavelength 1064 mm
Surface excitation
Pulse width 15 ns
Pulse energy - 250 mbl/pulse
Repetition rate - 9 Es
Focus ing lens - 50 ~ focal lungth

Time Re@elution
Delay - 10 pa
Window - 200 pa

In ●eaL”ching for suitable uranium lines, we
●-ined the cpectrnl region from 350-700 nm,
which contains meny strong uranium lines. We

used the k09.013-ru line for moae of our meas-
urements. [n the prea(fice of sirconium, which
interferes with the 409.O-nm Lins, the 4LL .610-
nm 1 ine wms used instead. Both of these llnea
are shon in Fig. 3. The meny smell peaks in
th~ spectrum ●ro ●l I uranium ●mission llnes,
not noise.

A calibration curve of the net intensity of
the L09. O-rim signal vcruus uranium concentration
is nearly linear over che range J+ l-300 g/L.
The precision of the meth~d WJS Ceterm(ned st
several concentratlo}~s from opectra obtalncl by
●veraging 50, 100, 400, 800, and 1600 reparks.

ren repl icate mearnu~ments were made for ea,.h

case. T%e retults for a concantrst ion of 10 g/L
are given in Table 11. IN each case, the hiah-
osc precision 1s obtaintd when the not uranium
signal is ratloed to background. A praclslon
of 0,8% RSD was obtainad MM i 1630 ~park~ were

averaged, corresponding cc a measurement Lima

of 3 min. If a praclairm of “I% 1s adequa:e, n

meaaurenw, jc cen be msde in id-15 s.
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rig. 3. Spectru betnan m d 413 m,
Obtsti frm ● edutia mtdn-
ing 10 s uraai4L h 4 H nitric
acid. ?+wat ~lm Iinu
are UM.

.—

so 7.7 S.6
100 6.3 2.9
400 3.1 2.6
800 1.9 1.9

1600 1.3 000

Wesauroment -do on ●olut iou contain-
ing 10 g urani-/L. Not signel rafart
to ●rea under 409.0-= peak &bOvw back-
firound . Katio 1s not urani~ counts
df vidod by counto in s background
ragicm 0, 2 N wido no-r tho urm iua
lingo

——

We investigated the effect of changes in
the acidity of tho solution on the strength of
the uranium signal by varying the nitric acid
concentration from 1-6 M. Nn effect was found.
Addition of copper nitrate, which ●bmorba
strongly at the laser wavelength, to the solu-
tion produced no effect until the absorbance of
the solution exceeded 1.5. Similarly, suepo~-
●IOU of carbon black in the solution up to con-
centrations of 1 g/L had M effect on the ura-
nium signal. I%ose result. d~nstrate that
the LIDS surface excitation technique ie Little
affected by other materials in solution.

Relatively high concentration of zirconium,
alumintm, ●tainlese steel, or cadmiua did not
interforo with tho doto-hetioa of uranium,
except for tho previously meritionod ●pectral
interfsrmtce of zirconium with the 409.O-nm
line. A uranitm concentration of 1 K/L can be
readily doterained is tha presence of 55 s Zr/L
by uea of the 411.6-nm line.

~I__PUTUM_

The Wa of LIBS to aualysa urMi- solutions
●t concentration of intcroet for proceee atra8m
●nalysie has boca ●uccecefully daonstrated.
llxpcri8ent8 on flowins ●traau ●re continuing
to dotor8ine tho ●ffects of ● siatlatad indus-
trial environwnt on analytical performnco,
meaeuro loq-tem lacer ctsbility and roliabll-
ity, and doviee calibration nthode ●bitablo for
in-situ eaalysia.

[n facilities that procsee e’nrichod uranium,
tho lassr #park could b. u84 to miter waste
stroame for criticality control. Input ●nd
intemdlato process strsame could be wasured
for procoss cnntrol and, in c-ioation with
flow rates, for in-proccaa inventory ●etbtion
end mteride accounting. Heamm9ent of ura-
nitm isotopic coqositione probably csnnot be
M40 because tho high ●lectrical field in the
laser spark produces Stark broadening of the
uranium e9iseion lhos. I’M technique should
●l#o k ueaful for determination of othor ●lo-
menta beeldos Urani- in proceoa stro~. W.
plan to lnveatigata (te ●pplicability to tho
data-inetion of plutoaiium, americiue, thorium,
sirconi-, ●nd o~hors in tho future.

1. 7), A. CREM2RS, L. J. RA13Z12MIKI, and T. R.
LoDltc, “Spectrochemical Analytla of Liquids
Uoins the Leser Spark,” Appl. Spctroecopy,
3$, 721 (1984).


