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ABSTRACT

In this study, UO,-2NH,F, the precipitates which has low solubility, was obtained by chemical precipitation method to recover and
reuse the trace uranium from the liquid waste producing in AUC process and for this compound it was characterized by means of
chemical analysis, TG-DTA, XRD and FT-IR analyses. This compound was analyzed as UO,*2NH,F and the shape of this precipitate
was hexagonal type, having the size of 2~3 um. Also, the intermediates were obtained as UO,F, UQ,, UO;, and U;Og by the thermal
decomposition over the temperature of 220, 310, 515 and 640°C, respectively. It is concluded that under the condition of a constant
heating rate of 5°C/min in air atmosphere range of between room temperature and 800°C, thermal decomposition reaction mechanism
of UQ, + 2NH,F is as follow; UQ, + 2NH,F — UOF — UO; — UO; — U;04.
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Fig. 1. Experimental apparatus for the uranium recovery.
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Table 1. Uranium Concentrations According to the Temperature
and pH Changes of Final Waste Solution

Room temperature 60°C
pH U concentration (ppm) pH U concentration (ppm)
8.2 100 8.2 7.8
8.5 59 85 3.0
9.2 4.8 9.2 3.0
9.5 30 9.5 1.8

UOQF2+ H,0, + NH4+ — U0, - 2NH4Fl« + H,O
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prepared at (a) 60°C and (b) room temperature.
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Fig. 3. Particle size distributions of the uranyl-peroxide
compounds prepared under the different temperature.
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Fig. 4. Infrared spectra of intermediates : (a) 220°C, (b) 310°C.
(c) 525°C, (d) 640°C and uranyl-peroxide compound.
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Table 2. FT-IR Peak Characteristics on Each Intermediates

Interme. Temp. A B C D E F G H
UO,2NH,F 25°C o o o o o o o o
UQ,F 220C o o w o X x o A
uo, 30°)C o w w o x Xx Xx W
U0, 50°C o w w o x X x A
U304 640C o w w o0 x X X X

Stretchin;
(or ben dingg ) U-ONF N-HOHN-HNH NF O-H

0 : strong, w : weak, A : medium, X : none

3.2 sl =y

7] 3.1914 AHZE uranium peroxide 33HE2] 7123
ol BAd tigt Aa= 7] Bud v gomP] Bre
220, 310, 515 ¥ 640°Colx EE3l Al & Aoz ¢
T SIHES FI-IR #4342 Fig. 49 3R] Jehidz,
o BN A3E Agste] Table 20 UYERIITE S0
FHES 353 98 7] AZE uranium peroxide 3}
o) tE FI-IR F2ZE B 1420, 1873, 2846 cm o)
A1 NHg ol 98k § 337k etz glon, 3245,
1640 cm™ ol O-H Agel ojat A&AFe 93t &4 7
A, aelz Basle] Al &% 839, 1471, 2979 cm el
A & gZ27F vea ok =3 U-0 A%l 23 A
Z g ot 4 FIAE 887 cm oA YER}L Y=
Ao gXE AZH HFEL U-O-H-N-F 9450 FAl
EAFL des ¢ Ak

A AZE uranium peroxide S-S 220, 310, 520
3 640°CollM BES AT F z}zke] A|EE FT-IR £4
< & Zlo| 7] Fig. 49 o YeRidnt A2l U
EFt 2979 cm oA EAYERA B 9% F4 =)
220°ColX= 3338 <kskE spectrum € VERAI Qo
3245 cm oA YEUE olLd] o8 Uehtd F4 9=
HA] el oFstEo] Yehls A0RRE, A4 Ao
220°C7HA] g3 HAE 734, o9 Fig. 59 Vel &€
B3l A2 RE &5 FFNM NH,, Fo g% &
e HEA ARMeE YR & F ok agx
Fig. 59] A=2olA 220°C71A] &€ E8llE Aoz e T
s A3 B oo AN izt Ao s
dojR o] Mz Z ALY Y& £ 9 99 o=
R JYPH T AL & & Uk

g 220°C9 310°C 2=9041 48 FT-IR spectrume
B 220°ColH EAEd rye &5 =19} uranyl’)
o ot F4 A} &S ARSS & 4 e, o
£ t29 DTG @838 FHezry 4= & e,
DTG SAellA dojzl o] Fiof siFsl= A|2H2% (on-set
temperature)9} EZA-2X%(final temperature)25FE A @zk}
oj& g ARG E W HlwE F AT YL ¢ &

50

UOp2NHF at Room T.

45 |-

UO,F at 220°C

U0, at 310°C

Weight Loss [mg]
F-y
Q
T

UO, at 515°C

35 = U304 at 640°C
30 PR SENPY RPN U U SR ST R Y
0 100 200 300 400 500 600 700 800
Temperature [ C)

Fig. 5. TGA thermogram of UQ, 2NH,F in air atmosphere.

AT EZF 310°CS 515°ColM B9 FT-IR spectrum
B 3200cm”’ $-2olA O-H stretching band7} THA] AJ
B8 AE & F et ol olde FEIAA A R
¥ NH,7} NH;, Hy, H,0 528 gEsi=EE 30l
H,07} T U0 {3 2oz A9 4+ Ao

ol2 BRIl sl IR FA A FS ALl
A w ol gt AFEgk ) AolE B F gled,
ol UOQ FE=EIE H,07) thAl gl ol
sl 722 FAHHAY 640°ColAIE uranium peroxide
3RRHE FAEAY H0 s el §5 g3st ¢
ds] Alen, U000 sigshe §5 9390 700~800
cm'o] AH WA vehtz eS¢+ gtk

3.3. f&8H Mechanism

Fig. 69 UQ, - 2NH,Fol i3t TG-DTA ¥4 Z4E
Elflen, U0, - 2NH,F= 719 33 AAY 43
3] B35 ARE AN g88] He AL ¢+ Jded, 2
GE3 L TS 2 HAE ARE Ao dAdrh

5.0

Exo.

45 I

>
=]
T

Weight Loss [mg]

o
o
T

Endo.

3.0

N . . . . N .
0 100 200 300 400 500 600 700 800
Temperature [ C]

Fig. 6. TG-DTA thermograms of UQ, + 2NH/F in air atmosphere.
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step I:dehalogenation of UQ, * 2NH,F — UQ,F (~220°C)
UO, * 2NH,F — UO,F+2 NH, 1 + 122 K1
step II : dehalogenation of UOF — UOQ, (~310°C)
UOQ, * F— UOQ4+ 12 F,1
step III : reduction of UO, — UO;(~515°C)
U0, — U0+ 12 0,1
step IV : reduction of UO; — U304 (~640°C)
3 UO; & U0 + 172 Oy
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Table 3. Thermal Decomposition Mechanism and Weight Loss

of UQ,-2NH,F
Decomposition Weight Weight Max. Peak
mechanism loss [%] loss (%] Temp. (°C)
(calculation) (experiment) P-
UQ,42NH,F-2F
> UO,2NH,F 5.05 5.08 176
UO,2NH4F-F
— UO,NH,F 5.04 5.01
UO4NH,F — UO,F 53 542 -
UO4F — UO, 591 5.95 240
U0, — U0, 5.29 5.30 490
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Fig. 7. X-ray diffraction patterns in intermediates in (a) 220°C,
(b) 310°C, (c) 515°C and (d) 640°C.
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