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Abstract: The operation of the reprocessing processes depends not only on the stability of the process and
the reliability of the equipment but also on the reliability and timeliness of the analytical technology. Due to
the special characteristics of the reprocessing process samples, quantitative chemical analysis of the
samples obtained from the reprocessing process is a challenging task. Traditional analytical techniques and
methods can no longer meet the analytical requirements of the advanced reprocessing process. Therefore, to
improve the speed and accuracy of the analysis of relevant components in the reprocessing process, as well
as to reduce the amount of radioactive waste generated, the sampling time, and the risk of radiation
exposure of operators, it is extremely important to realize the online monitoring and analysis of spent fuel.
The online spectroscopic analysis technology is expected to be applied in advanced reprocessing processes
due to its simplicity, information-richness, timeliness, reliability, and non-destructiveness. Currently
available spectral analysis techniques include UV-Vis-NIR absorption spectroscopy, Raman spectroscopy
and spectral coupling. Due to the special 5f electron orbital configuration, actinides of different valence
states(U, Pu, Np) have different spectral characteristics in the visible-near infrared region. For example,
U(IV) at 1080 nm, Np(V) at 980 nm, Pu(lll) at 900 nm, and Pu(IV) at 815 nm have characteristic
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absorption peaks, which can be used for the qualitative and quantitative analysis of actinides. There are a
variety of groups with Raman activity in the reprocessed material. In nitric acid solutions, UO3" at
860 cm™! has a characteristic Raman peak that can be used for qualitative analysis. To reduce the relative
error of measurement as well as to simultaneously analyze a variety of components, the technique of UV-
Vis-NIR absorption spectroscopy combined with Raman spectroscopy can be used. This review provides
an overview of spectroscopic analysis for key elements(U, Np, Pu, Tc) and other species(lanthanides and
nitrate) in the reprocessing of spent nuclear fuel. The applications of UV-Vis-NIR spectroscopy and Raman
spectroscopy in the development of online spectroscopic analysis techniques are introduced. The
advantages, disadvantages, and prospects of the online spectroscopic analysis techniques are also
summarized. UV-Vis-NIR spectroscopy data acquisition is suitable for high-speed online monitoring, but
the specificity and sensitivity in the near-infrared region are limited. Raman spectroscopy structure analysis
ability can be non-destructive in situ monitoring, but its signal-to-noise ratio is relatively low. The
prospects of on-line spectral analysis technology was summarized. First, it is necessary to systematically
study the chemical species and spectral patterns of different metal ions and establish a standard model to
realize accurate analysis. Second, more efficient spectral analysis methods should be developed to meet the
challenges of spectral overlap and baseline drift. Third, online devices and software should be further
developed to meet the challenges of instantaneous output and analysis of spectral signals under real
working conditions.
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Fig. 9 Vis-NIR absorption spectra of spent fuel solutions at different HNO, concentrations!*!)

3 HettE TRyt

3.1 Te B &
TcO; 7] & A n—n"BKiE, 7€ 300 nm LL T A 1R
5 Y W KOG %, {H NO; | ClO; %5 [ 88 F 75 Ik Ak ¥y
A AL B B 1 9 TR WML W, T LA TeO) AN & W
OB AT TSI . Te( V) L Te( VD) 2546 0] UL
I XA W W T, B S 4 AS [ R A i 7 R
], (H i T ANFEGE | A7 78 I 8] 48 25 D[R], ) 8 i
IS AT AT T AT AN

HNO, & & o1 (1) TcO; BLAR AN IE A F W Ot 3%
VE R F B, B TcO, J& F T, SR, RA &R
P2 3G e, £ 911 em ™! Ab A HREAE R & 0%, AT T
TcO; () He FE & . TcO; B2 15 5 5 NO; A i
S5 5 H AR A X 4 B, I H =065 v] i H
F HNO; % W ' TcO; 1 22 743 Hr . &l 10 Ry K [FH]
Ve TcO], 7 HNO, 748 3 i (47 2 o 35 A4 Ak 18] 181,

KA ZE AR DINOS . OH A W AR, #ESr T —
i SR F P 2 S 35 0 o 0 7K W R Te Oy R B 11
75 ¥, KBRS 0.42 mmol/L; LA & 35 1 N FR,
G54 O dre /N R [l A vk fl Sr T — R BRI A
UCVD A J5it 7 TeO; e BE 9 75125, K T B 0.015 /L,
KB BT 5% (n=5) o W Fh 7 ik B A% o il 2 38
T R AL R, BN TR 2 AL B A
o %5 ¥R T Te Pl T 7 5 b TeO;, /Y 1
B2 5E
3.2 NO;HIHiE e

TE 5 Ab HA FE P, HNO, ¥R B 2 B R 0] 22 6 R
SR FRTHE R W, TR E S e RS
T Ik f# . NO; Al 5 4 J&@ B 1 L 037, HNO, ¥ Jif 2%
SR H bR oG 2 B RS, DA 5 ) R RO R R ke
P R, o 22 7F 2k W DU HNO,/Y R £5 vk JE Xt
T3 B R[] T 3R 5 R 1 1 R4 o) % G

H AT A A T 58 41 38 38 3 30 21 A0 W I %



208 A2 5 b2 474
60 000 - () NO5 ¢(Tc0;), mmol/L: 12000k (b) ¢(TcO;), mmol/L ¢(TcO;), mmol/L:
50000 _ ) 3.00 —15.00
3 210000 - I 888 — 45.00
=40 000 = . -
= 8000 [ 12.00 So-00
=30 000 o [ 15.00 -
g S 6000 .
£ 20000 £ 4 000
= 10000 / =
2000
1 1 1 J 1 1 J
800 1200 1600 2000 800 1200 1600 2000 800 1200 1600 2000
o/em™! o/cm™! o/cm™

B 10 TcO; FINO; Mz 2 i Bl TcO, ¥R B 1 A8 fh 1%
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