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Quantitative study on uranium in uranyl solution

by laser-induced breakdown spectroscopy
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(School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China)

Abstract: Using laser-induced breakdown spectroscopy ( LIBS) combined with internal standard method to achieve the aim

of analyzing the information of uranium concentration in samples fast and quantitatively, the 300nm ~ 800nm spectra of 7ns, 20mJ

nanosecond laser pulse induced graphite sheet coated with uranyl nitrate were detected by echelle spectrometer and ICCD,

quantitative analysis of uranium samples coated with different concentrations was done. Theoretical analysis and experimental
verifications were made to obtain the spectra data of U [l 409.01lnm, Ul 367.01lnm, C [ 373.72nm, CII 383.57nm and CIII

378. 94nm. The results show that there is a good linear relationship between normalized uranium intensity and uranium

concentration when the sample concentration is lower than 5.0 x 10 "> mol/m’ ('surface density was studied in this paper) , the

combination of LIBS and internal standard method could realize the rapid quantitative analysis of uranium concentration in the

samples, this study provides reference for the rapid detection and analysis of trace uranium element in nuclear contamination and

uranium ore.
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Fig. 1 Experimental setup of LIBS
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Table 1  The information of the uranyl nitrate

502. 19
U0, (NO3), - 6H,0

molecular weight

molecular formula

content =99%

alkalis 0.10%

water insoluble 0.01%
chloride 0.002%
sulfate 0.005%
heavy metal 0.002%
Fe 0.002%

U-v 0.06%
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Fig.2 Comparison of the spectram of LIBS

a—graphite substrate b—graphite substrate with uranylnitrate
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Fig.3 The normalized intensity under with 20m] laser energy at the delay
time of 1000ns and 1500ns

S EURAERS , 208 b0 & O R AE RS 2 i, 7
SEIRLIE DL T I, B A ST VB R A RE R MR AE
S B W, XA R AR A S A E R
g

SR SR R R A AR SRR AT R
RS IR 2 DIVE 713} R (VRS ] 3 b= sl VY AT RN 2
KA, BRI SR HIOTR SOTR Z I E L, X
Je 1 T AN TC R A [ 4 25 88 AR R A s A h 22
(PP RS A o AR AR R R i H —
P B TS X T C 1, CI A CIL Y |
Bt UTL - RBS s BT 280" o S B RE & vk 2
B Bl — P E BT R, I B R AR T
PRE ™ A B

3 & it

FETF LIBS AR S50 W 55 4l A i vk B 5 063 1
KFR AR R DU AR S T SRS B LI R
FEH AL SR BB Al A —fkoi B 55 Bl ik B2 2 (Rl A7 7
BOFRZNEIC R o TR F N AR I, 8 [R)40 2 1 25
TR LRV o E JE 3R B[R] 38 B, Al e — fl i
B TS, xJE i T UILEREZ: HE CI, CIRI CIMfY)
FREAR, FE ZER BT [E] 2 1500ns B, 45 B 1K o i)
ULk CT,CII,CIMTHE%s &) BR AT 3 b Re 9 3 3
[, A, ANRD O AR BE R A A RRE R IR
i A% B A BT A4 D' 37 8 RN AT P B G % THT ) i IR AX

SEBI AT BT SR B TR 2E 2 W UL R A — RE Y
R o

2 % X

[1] ZHAO X X, LUO W F, ZHANG X W, et al. Measurement of brass
plasma parameters based on laser-induced breakdown spectroscopy
[J]. Laser Technology, 2013, 37(1); 93-96(in Chinese).

[2] LIJT,LUCP, SHA W. Quantitative analysis of phosphorus in com-
pound fertilizer by laser induced breakdown spectroscopy[ J]. Laser

Technology, 2019, 43(5) . 601-607 (in Chinese).

[3] WANG Zh, YUANT B, HOU Z Y, et al. Laser induced breakdown
spectroscopy in China[ J]. Frontiers of Physics, 2014, 9(4); 419-
438.

[4] CHANCY, CHOIT, MAO X L, et al. Isotopic determination of ura-
nium in soil by laser induced breakdown spectroscopy[J]. Spectro-
chimica Acta, 2016,B122; 31-39.

[5] JUDGE EJ, BAREFIELD II J E, BERG J M, et al. Laser induced
breakdown spectroscopy measurements of uranium and thorium pow-
ders and uranium ore[ J]. Spectrochimica Acta, 2013, B83: 28-36.

[6] BAREFIELD JE, JUDGE E J, BERG J M, et al. Analysis and spec-
tral assignments of mixed actinide oxide samples using, laser-induced
breakdown spectroscopy (LIBS) [J]. Applied Spectroscopy, 2013,
67(4) : 433440.

[7] CREMER D A, BEDDINGFIELD A, SMITHWICK R, et al. Monito-
ring uranium, hydrogen, and lithium and their isotopes using a com-
pact laser-induced breakdown spectroscopy (LIBS) probe and high-
resolution spectrometer [ J |. Applied Spectroscopy, 2012, 66 (3) :
250-261.

[8] FICHET P, MAUCHIEN P, MOULIN C. Determination of impurities
in uranium and plutonium dioxides by laser-induced breakdown spec-
troscopy[ J]. Applied Spectroscopy, 1999, 53(9): 1111-1117.

[9] KIMYS, HAN B Y, SHIN E H, et al. Determination of uranium
concentration in an ore sample using laser induced breakdown spec-
troscopy[ J]. Spectrochimica Acta, 2012, B74/75: 190-193.

[10] JUNGE C, LID H, YUN J I, et al. Quantitative determination of
uranium and europium in glass matrix by laser-induced breakdown
spectroscopy[ J]. Spectrochimica Acta, 2011, B66; 761-764.

[11] XU Q Y, ZHANG Y B, WANG H Sh, et al. Detection of trace im-
purities in uranium using laser induced breakdown spectroscopy|[ J].
Chinese Journal of Lasers, 2015, 42(3) : 0315002 (in Chinese) .

[12] STAVROPOULOS P, MICHALAKOU A, SKEVIS G, et al. Laser-
induced breakdown spectroscopy as an analytical tool for equivalence
ratio measurement in methane-air premixed flames[ J]. Spectrochi-
mica Acta, 2005, B60(7/8) : 1092-1097.

[13] ELHASSAN A, GIAKOUMAKI A, ANGLOS D, et al. Nanosecond
and femtosecond laser induced breakdown spectroscopic analysis of
bronze alloys[ J]. Spectrochimica Acta, 2008, B63(4) ; 504-511.

[14] le DROGOFF B, MARGOT J, CHAKER M, et al. Temporal cha-
racterization of femtosecond laser pulses induced plasma for spectro-
chemical analysis of aluminum alloys [ J]. Spectrochimica Acta,
2001, B56(6) : 987-1002.

[15] SHAIKH N M, RASHID B, HAFEEZ S, et al. Measurement of e-
lectron density and temperature of a laser-induced zinc plasmal J].
Journal of Physics, 2006, D39(7) . 1384-1391.

[16] LIU X L. Study of enhancemental characterization of femtosecond-la-

ser-induced-breakdown spectroscopy [ D ]. Lanzhou; Lanzhou Uni-



545 &

%5 3 1]

A AR A A R OGS Bl S 335

[17]

[18]

[19]

[21]

versity, 2014 ; 20-21 (in Chinese) .

WOLF P J. The plasma properties of laser-ablated SiO, [ J]. Journal
of Applied Physics, 1992, 72(4) . 1280-1289.

WALLIS F J, CHADWICK B L, MORRISON R J S. Analysis of lig-
nite using laser-induced breakdown spectroscopy[ J]. Applied Spec-
troscopy, 2000, 54(8) . 1231-1235.

CREMERS D A, RADZIEMSKI L J. Handbook of laser-induced
breakdown spectroscopy[ M ]. Chichester, UK: John Wiley & Sons
Lid, 2006:110-111.

ZHAO Sh R, WANG H L, LU M K. Application of internal stan-
dard element intensity-screening in quantitative analysis of iron, tita-
nium and strontium in soil standard sample by laser induced break-
down spectroscopy[ J]. Metallurgical Analysis, 2018, 38(7): 33-
37 (in Chinese) .

DING Y, XIONG X, ZHAO X Q. Quantitative analysis of laser-in-
duced breakdown spectroscopy of P and S in steel sample based on
internal standard method[ J]. Acta Photonica Sinica, 2018, 47(8) :
0847011 (in Chinese).

CARVALHO A A, LEME F D, LUZ M S, et al. Internal standard
fused glass beads for high silicon content sample analysis by laser-in-

duced breakdown spectrometry [ J]. Journal of Analytical Atomic

[23]

[24]

[25]

[26]

[27]

Spectrometry, 2018, 33(7) ; 1243-1250.

CHOI D, GONG Y, NAM S, et al. Laser-induced breakdown spec-
troscopy ( LIBS) analysis of calcium ions dissolved in water using fil-
ter paper substrates; an ideal internal standard for precision improve-
ment[ J]. Applied Spectroscopy, 2014, 68(2) ; 198-212.

ZHANG J J. Quantitative elemental analysis of LIBS based on the
calibration-free method [ D ]. Beijing: Beijing Jiaotong University,
2010 13-14 (in Chinese).

ZOROV N B, GORBATENK A A, LABUTIN T A, et al. A review
of normalization techniques in analytical atomic spectrometry with la-
ser sampling: From single to multivariate correction[J]. Spectro-
chimica Acta, 2010, B65; 642-657.

PAN C Y. Research on online composition analysis of molten steel
under vacuum by laser induced plasma spectroscopy[ D]. Hefei: U-
niversity of Science and Technology of China, 2015; 25-26 (in Ch-
inese) .

ZHANG X, DEGUCHI Y, WANG Z, et al. Sensitive detection of i-
odine by low pressure and short pulse laser-induced breakdown spec-
troscopy (LIBS) [J]. Journal of Analytical Atomic Spectrometry,
2014, 29(6) : 1082-1089.



