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O 2 0RHEMEO6R €% (micro-laser Raman spectroscopy, MLRS). X 54t Hi T g1 (X-ray photoelectron
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SO 1) BX41 BUbK B B A bk AT R Y
FMEE, R FEAT B 2Rk A SRJ5 1% % XPS
FEE, R X FEO6H T RERE 4 B UF, 75 A [R1IE B2
I 2540 J5 B il R 1T T 3R A R I S o

X H13%: [ Horiba jobin yvon 2 & XploRA B &
WOt P 2k, FC4& A 532, 638, 785 nm 3 FiAN[H]
PR BUR IR, BX41 BARE I BB xT UF, #F 5
HEATRAE . M2 ¥ FRETEH 50~ 4 000 cm™, #&
Kk 532 B 638 nm, LY H< 25%8L 10%, YEE
50 LDW, %FfLFL4% 300 pm, 2&%%6 0 100 pm,
M ZI2E 1200 gr-mm™ 58 1 200 T, # % B8 G I A] 10~20
S, RFE(E A X H 5~10 K.

ESCALAB-250 %! X Hf4keiFRenk i, *&H
THERMO A&, {X#AJK H AT 2>10° Pa. DAofL{f
16 Al Ko(1 486.6 eV)IH & NBUR IR, KT HLE 15 kV,
DI 150 W, g i O F = 3R g &2 50 1 25 (HMA) R 4R
HeHL T . HIEEARE A 30 eV i, F Ag 3d5,(368.3 eV)
PREEAC, IR TE 0.6 eV. ARSI, 5730
B 3 keV, U 3 pA, HBE 500 pmx500 pmo

2 HFR5R

2.1 RBXIEDH

T UF, A 2 R S a1, DA A ) 25
MWL E A%, HFHAREMNENFERZ, HAl
MERRIE ) F EH UF,. UFg. UOF,. UO.F;.
UO,F,2H,0. UOFs. UO. UO,. UO3. Us05. UO,*
. BARCHKRZ SCHRRIE 7 5256 53 18 71 5 1) &
BALA A2, H TR A SIS AR
R RBEFER R, SRIFATE 5, HAFEMNE
THEH BB IE TR LG = . £ 1 5w 7T XAl
IR SCHRHR TE 1A [F) Al A B 0 B 2 o T R E A9 2R 3 R
X N 35 B0 U 1) U1 J 4 A 12022,

% 1%&H, 200~500 cm™ yu A 3% N U-F.
U-O #1725 g4k 30, 500~990 cm™ ¥8 FH 3= B2 U-F.
U-O K O=U=0 % [ 47 41 3l S SO B AR 4 3l H
W, UF, UFg IR IR Wi IX 78 LA 38 %096 [ (700~100
cm™), UO, % 7E 400~780 cm™ yeHyu [, k&
U304(750~850 cm™), U, UO,* Fz UO,* I 7£ %5 w %
HE [ (770~990 cm™). Pointurier 252N £ 31441 & T
EZ L NEIOE: R AL/ S bl B S PV E =D e
K. AR EERIEE 1 & Pointurier 25 A [ 5E 45
FHIWT UF, 7825 S b 2 e Bk 72 i 26 B 1 2 Fh
k&Y.

7E (2545) C, MIXHEE 50%~60% F, X2 AR
[ B B 28I UR FE S 2 AT B 2ok b . ] 1.

T HUAMNRSHERERLARBIEIA

Table 1 Raman characteristic shift and assignment of

uranium compounds?°?2
Raman shift/cm™ Uranium Assignment
compounds
667, 532, 202, 142 UFe/UF, U-F
868, 552, 660, 389 UOF, U-0, U-F, U-F-U
970~930, 260, 234, 146 UO,F, UO,*, U-F, 0-U-0, F-U-F
950~935, ~430 UOZEZ'ZHZ U0, U-F
820, 590 UOFs U-0, U-F
800, 325, 450 uo uU-0
1156, 576, 635 uo; uU-0
750~850, 100~550 U30s U-0, -0-U-0-U-0O-
787, 826, 100~400 UO; uU-o0
850~950, 780~870 uo* 0=U=0
800~900 uo,* uU-0
FiR!
51
Room temperature ~ 200 °C 305 a

1320

Intensity/a.u.

2000 1500 1000 500

T>250 °C 667 485400 245 P
725
wr - 5

U,0, powder 1320 913
S o
S o o
> [800°C,10h
2
‘D
c
g uo,
- 500°C, 10 h

UO,F;
250 °C, 22
. A .
2000 1500 1000 500

Raman Shift/cm™

B 1 R 5% AR RIS R 6 0
Fig.1 Raman spectra of different uranium compounds UF,
heated at stated temperatures and for different time in air:

(a) room temperature~200 ‘C and (b) above 200 C

HE 1AW, UR ESSPINIE 200 CH, &Y
Fasg, o8Okl BIE AR A A1 (H1E 250 CLLE,
FE S R T B O R A BB, JFIZETING, U
UFy K& TSR, Fi 20 KA U0,
UOyF,. U3Og UOs 55 Z Pl &9 A4 1 .
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2.2 XPS &k

W UF, R} B AR 23S AN [ L B 258005 PR it
AIEN XPS 7 H25 = G AN AT ArTES Ik 2, 73
FIE] 2 s 0~1200 eV HLFHUIE 254 e 76 Bl A ) XPS
Aeil. HHE 2 B, UR SR ERIM E 2R A
FiU.F. O, C%, Hr, U nmIDLHETIER 4dy, (979
eV). 4dsy, (746 V). 4fs;, (392 eV). 4f;, (382 V). 5ds), (98
eV). 5ps» (200 eV)%, U Jo&m LML & S B MIRESFAAE T
i, FIGE 1s g, O JuE 1s IEAI C JoHK 1s 45 &g
435N 686, 532 1284 eV. BEE G TR (EHFik
HTZE ), SRS G RRIER A TR, 5 Y Rk
FRARE IR, I B & e R AR 2 b RS AR .
o, O 1s W AW 58, 50 WA B Bl A AL ) AN T G
Fols UWEARWR e B 2k, B A8 54k ¥ 78 & i
(>400 C) FEARTEFALHMPELY); C 1s If
SREAAK, ARFAER AR N R IT R T
U, TR ER R B ARG N LB B AR 1Bk

Bl 3 9 UF, AN [R5 BE I 2805 U 4F X387 R &4 4
) XPS 3, XFRi U 4f WEh7 & TR IEA IR 2 s,
F 3 N CHR[23, 24]4R B AN R B A ALY U 4F S TR g
HxrZH. HEEFL, UF £8P A A FIEE
4G U AF WA BT Ar F8 , 6 HH AR Bk T 22 Fh S A 4 il
AH: UO,. U0,y U0z UO,F,. Uy05%%.
2.3 AREIBERH R NIERER

1E (2545) C, MXIIEE 50%~60% ~, F|H 53
W UF, 75 23 S 30k 5 ORI S B0 7, o il ik
177 17 ANASTRVIRBE p RO 8] B 1) 5238 TAF o 15 Bz i)
] Ch) Y UF, B 5 I AR 8 R BLE 2 K (g/h),
PL InK 5 1000/T i/, B 4 8 UR FERTE S SP AN
TEE R 2 InK 5 1000/T ) Boltzmann & ik, R =
0.994, UERINM RN T

U 4f
382
O1s Uddy, Udd,
530 740 974

(ot
U sd,,U 5p3/2 2845 \ \ 900 C
97 194

F1s el
687 400 C

300 C

Intensity/a.u.

(il

RT
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Binding Energy/eV

K2 UR 2 AS R I U XPS A1 AR A1 4L
Fig.2 XPS full spectra of UF, materials after aging at different

temperatures in air

uaf 380.4— 3814 39125~
— 900 C
400 C

300 C

Intensity/a.u.

370 380 390 400
Binding Energy/eV

3 UR 2P FHRE N 205 XPS U 4F AR 40 FL AR
Fig.3 U 4f spectra of UF, materials after aging at different

temperatures in air

#2 UREZSHARBENYEG U4 ENTHER
Table 2 U 4f peak binding energies of UF, after aging at

different temperatures and for different time in air

(eV)
Temperature U 4fs, U 4f;, Satellite peaks Assignment
Initial, RT ~ 393.0 382.1 397.0, 386.0 UF4,UO;F;

300°C,22h 3935 3825 - UF4,UO2F;,U0O2.«
400 'C,10h 392.3 3815 - UOs
900 'C,10h 392.3 381.4 391.3,380.4 U30s

R3 NHE[2B24RSTEHEXD UM REDEEFTXSH
Table 3 Comparison of binding energies of the U 4f and
satellite peaks for different uranium oxides from

references[23,24](eV)

Sample U 4fs, FWHM  Satellite peaks U 4f7, FWHM
uo, 3913 ~1.95 387.0, 398.0 3804 1.95
U0, 3915 ~2.10 387.0,398.0,399.8 380.6 2.10
UO; 3928 - 396.8, 402.8, 385.7 381.9 -
UsO0s  392.6 ~2.4 399.0, 402.5 381.7 2.40

12.16 (1)

X—2.03
1+exp(——
Ty 16 )

HE 4 B, UFR £ P SE ON AT 70 R
BB 200~400 Cild BEEH, SORE FER, BT
TH AR O Ml—E & H0Q)MhFIER, 5 UFR,
A0 RO A ) 2 P G ) A T
Ja ;400 C LA iR FE SRR I ROE 8, 2 Pk
A BB B YD B ARG UsOg N T

RIE Arrhenius J7F2E: InK=InA—E,/RT, X} UF,

y=-18.28+
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RMTERER L2 2 NMER .
200900 C inair Zx BRIk, JE4E G AH G SCER BERMIGE , A UR,
o | olaram i R DL 0 2 5 R T 45
~ 8} (1 =S+, UF, £ 300~600 CiufnWE
E| 2 B UO,F, il UyOg -
= 4UF4(s)+502(g)—>UO,F,(s)+U304(s)+7F2(9)  (2)
121 (2) HRMFAER, UF, K0 R Bk 22 42 %
a4l UO,F,, Ff H UO, i #4k A U304:
22 20 18 16 14 12 10 08 UF4(s)+2H,0(g)—UO,(s)+ 4HF(g) ©))
(1000/T)/K"* 2UF4(s)+0,(9)+2H,0(g)—4HF(aq)2UO,Fy(s) (4)
3U0Oy(8)+02(g)—U304(s) (5)

Bl 4 UFRTEZES PR FNR R 2000 InK 5 1000/T #1428
Fig.4 Fitting curve of InK and 1000/T of UF, after aging at

different temperatures and for different time in air

I 200-400 C in air °
y=12.48-12.04x
. 8- R=05.6%
s
o -10t
<
z
12+
14+ °
2.2 2.0 1.8 1.6 1.4
-6.16| 400~800 C inair
[ y=-5.88-0.28x
_6.20| R=96.5%
p= i
S -6.24}
= [
-6.281
-6.32¢ ’ L L L
1.4 1.2 1.0
(1000/T)/K™

Bl 5 UF EZ A FERER 2 InK 5 1000/T L ME1&
Fig.5 Fitting calibration curves and linear equations of InK vs
1000/T of UF, after aging at different temperatures and

for different time in air

FE b 7E 23 A0 AN [FE BE B 208 InK 5 1000/T 28 Rk AT
Iy B (400 CNF A MRS (B 5 R,
FPLA 15 B 26 7 B2 A ¢ 2 2 N Arrhenius
Tifs, AR
A=2.63x10°, E,;=1.00=10° J/mol (200~400 °C);
A,=2.79x10°3, E,,=2.33%10° J/mol (400~800 C).
B ERTAL, UR, 78725830 #ib 22 R  AB B

(3) KA U0, T RE#HKIRAM, HAifb
Jei LR R UOs 4 HF 446 UO,F,:
UO,(s)+H20(g)—>UO3(s)+ Ha(g) (6)
UO3(s)+2HF(g)—UO,F(s)+ H20(9) (7)
UF4(s)+1/20,(g)+4H,0(g)—4HF(aq)+U05 2H,0(s)(8)
3UF4(s)+02(9)+6H,0(g)—12HF(aq)+U30s(s)  (9)
U304(5)+1/20,(g)+6H,0(g)—3U0; 2H,0(s)  (10)
(4) BEEEE (2700 C) %1, UFe £ KR
EE RPN

2UF4(5)+0(g)—UF(g)+UO,F,(s) (11)
3 & it

1) @I AH OGS A R S, FFRE T UR,
5728 SR Al 2 S SR PEAE 9, RIS 36 25 1R T8 I
i 5 A A4k &9 Raman £ XPS A8 4k it ]

2) 200~400 °C 5 ¥ il , UF, #h ik 27 g o 1 5 4 K
(RMIFEALRE E, 29 10° Iimol), E Bl FA ik 1 2 Fib
B EALYIH . UOsF,. UgOgy UO, B Uy, UOs %%,

3) 400 CUA RIRFESFAM, RN IEEALNE CRUWE
1LRE E, 29 10° J/mol), = B A AL M B 2 18] 1) 44k
N, FEA AN UsOgo

4) UF, 75255 I 3 25 R 3 %6 52 B p R 2118
(A5 £ 3
Bigt: fEScIRd R, BB, BEE. EEMSEERMET
% 2 A 0 T RO AT PR, R I3 R 0 MRS
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Thermal Chemical Reaction Activation of UF, in Air

Zhong Jingrong, Yu Chunrong, Deng Hui, Ren Yiming
(China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Thermal chemical reaction characteristics of UF, material in air were investigated by micro-laser Raman spectroscopy (MLRS),
X-ray photoelectron spectroscopy (XPS), weighing and morphology observation. Based on the physical and chemical properties of UF4,
we have obtained the Raman and XPS spectra of different uranium compounds after heating at stated temperatures and for different time.
The results indicate that UF, sample is equivalent stable until it is heated to 200 <C in air, and its Raman spectra almost do not change. But
when heated above 250 <C in air, the surface color of UF, sample changes obviously, multiform uranium compounds are formed such as
UO,, UOzF,, U30g from Raman and XPS analysis. On the other hand, the chemical reaction rate of UF, in air shows a trend from fast to

slow.

Key words: uranium tetrafluoride (UF,); Raman spectroscopy; XPS; chemical reaction; air
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