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Raman characteristic analysis of oxidation of fuel pellets for intact and leaked
pressurized water reactors fuel rods with different burnup
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(Institute of Reactor Engineering Technology, China Institute of Atomic Energy, Beijing 102413, China)

Abstract: To study the oxidation and phase structure of fuel pellets for both intact and leak pressurized water
reactors fuel rods with different burnup, Raman spectroscopy was used to analyze the intact fuel rods with 14 GW-d-t™
and 41 GW-d-t" burnup as well as the leak fuel rods with 14 GW-d-t" and 41 GW-d-t"' burnup. Evaluation of the
reactivity and structural changes of the fuels based on different laser powers are provided locally. The results show that
the increase in laser power would not cause oxidation of UO,. The intact fuel rod UO, pellets with 14 GW-d-t ' and 45
GW-d -t burnup consist of UO,, U404 and U;0y, and the oxidation of fuel pellet in peripheral zone is higher than that
of the internal area. The leak fuel rod UO, pellets with 14 GW-d't"' and 41 GW-d-t" burnup have undergone
restructuring and formed columnar grains, which consist of UO, and U;0g. The increase of burnup and leakage of fuel
rods can promote the oxidation of UO, pellets, but the main phase structure of the fuel pellets will not change.
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Fig. 1 Optical morphology of fuel in intact fuel rod
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Fig.2 Optical morphology of fuel in leaked fuel rod
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Fig. 3 Influence of 100 mW laser power on sample surface

B3 100 mW WK 3300 H ah 22 0 10 B
PR M5 B9 I8 5 B, WA 7 B 2 B H SR e il R

— 1 mW

W AT UL, EARE ST T, OE TR AR IS & 51 UOo, — lomw L 166 o
ny4E AL, R % 50 mW 1E 2 Raman Y6 3% 19 5256 280, —— 100 mW

%2 N UO, ARG HUR R A L D i P2 ik e i A, & S 579 em™ 812 em'!
FIE 6 2 DO5. E05. D13 1 J05 4k} &5 He#f 5 Raman F1F 45
ORI R 445 cm™, 500~ 700 cm™', 812 cm™

1150 em " i, off H 5 3¢ 2 25 k47 %) L nT 1, DOS. D13 5¢

%%*’l’%%*"l’ﬂ:ﬁ%igﬂﬂ UOZ\ U409 %H U3og gﬂ)ﬁ, @i?ﬁ% M

intensity/a.u.

B RRL B 3 22 U0, il U308 A A . UO, 1A Ak i & o= T =00
NKHELD U0,—U409—U504 X— ot R, g sr a5 Raman shift/cm™

U409 ’ﬂz ﬂ\j UOz /izl.’ﬂﬁ E/‘J ':F' I‘Eﬁ % B\% ﬁ?’f , U308 D]'J ZEIL:J—_E 3‘5 BEE'I /% E/‘] Fig. 4 Effect of different laser power on Raman
BAEAL Y, spectrum of fuel pellet

P 4 R [RIOG D S XL PR 15 5 152 15
F2 AE U0, FALWZEE Raman iEIEH T
Table 2 Raman peak shift of different UO, oxide

A 5 Al L, SEEBRBLEE DOS F1 D13 BRRL S He ke VR iR
7] Raman Y615 R B AL e, Hip 445 em ™ (BB R T
UO, Z5 Y 1 Ty, 17 5 16 PR, 28 B 220 AN [F) WA FE 10 HE 19 4 I

JE . BRAR R T U0, W 45K . TEIRRE SN0 R34 5, s e type of oxide Raman shift/om
AR A% i L JEE 4 106, 3 L% X B, Pu JG 22 10 57 42 245 7= ) o, 45,575, 1130
{0 B85 2% I 38R 30 B S W Fly 443 em ™', 439 cm? 43 U0y 160, 630

= . U50 235, 812
HafnZE 452 cm™ F1449 em™', 1150 em ™' 3 IEL R T U0, 4514 =

9 200 iR SR, Tl 5 S e 1R AR R, SR RO, S R BT, Al T B T T I R L
P 7 2 AN [F) A #E 52 B FIRS SRR 1150 em ™ 3 I AR 10 A9 A2 4 o /R IET 7(a) AT WL, D13 58 BRI HE S B Y
1150 em' 35 W65 B2 2. 25 /)N T DOS, R BT AN AE 2 T U0, MLt B o A A% i) A3 ¢ XS B 0ORE s DX B,

116003-3



wmoOoW e 5 K TR

1149 —— 4200 pm 1149 —— 4200 pm
—— 2800 pm —— 2800 um
—— 1400 pm —— 1400 pm

rim rim

intensity/a.u.
intensity/a.u.

500 1 000 1500 2 000 500 1000 1500 2 000

Raman shift/cm™ Raman shift/cm™
(a) DO5 fuel rod (b) D13 fuel rod

Fig. 5 Images of Raman spectra of D05 and D13 intact fuel rod
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Fig. 6 Images of Raman spectra of EO5 and JO5 leak fuel rod
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Fig.7 Change of 1150 cm™' intensity of fuel pellet
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