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SHTe tHT 3 mm KA BL R I FEA S AR T 0.02%,
BT AAHEFER ST 3 mm AR LB RE TR . G
B REFERIAT T AL EE, ARG AE S = N HEAT IR
PR, WU A B R s Bl AT
MR, JEAEIIIRAEERS . AT = A7
i3 At v AR AR B R R A

1 SEIg

1.1 SEIawt#y

SEIGATRER A b E 7 SR MR R, (E
B AR 2B VR AR B [l By T OB S S 0 A
(27 By HEAT T A BT, e 3 A 27 1y 45 SR AL
1. B ALO; M Si0, & iy, Al fr fis#) 358
mg/kg(H! 0.0358%), it FIE T e 15 R,
T 0.02% 18l B HEBhRE. AR =220
AT, KA ghleA . PHRLE R R4 . H XRD
IINTEE RN 2. B REFETT 73 B S MR >6 mm,
5~6 mm. 3~5mm. 1~3 mm f1<1 mm, %] ICP-MS
58 BRERE Sl B, BRI o0 &5 R At e L
3. R 3 A, BT R R R Ay AT A

F1 GRS
Table 1 Main chemical composition of uranium tailings(mass

fraction, %)

MgO ALO;  SiO, Mn CaO FeO U

0.65 8.31 74.21 0.10 2.58 3.14  0.0358

R 2 ARET P HrEER
Table 2 Mineralogical composition of uranium tailings (mass

fraction, %)

Chlorite Ilite Quartz Feldspar Calcite

10.6 5.2 59.7 19.4 53

3Bl R AT A A
Table 3 Mineralogical composition of uranium tailings with

particle sizes and content of uranium in different particle sizes

Particle Mass/ Mass fraction/ Uranium content/
size/mm kg % (mg-kg ™)
>6 29.58 36.43 489
5-6 9.49 11.69 463
65 18.67 23.00 377
1-3 13.53 16.67 156
<1 9.91 12.21 113

¥y, Kigk 3 mm DLE (KRR RS E S m T 350
mg/kg. Wi BCR IKIELARIURIEFE P AOHN, L9
RS e A BB A o
21.92%. 15.21%. 16.85%. 46.02%.

12 EREE
SEHG B AL . 40 kW AR T MRSy,
150 kW B8 20 ML, ICP-MS(7700X, ZHE42).

1.3 KWHZE
1.3.1 P kb 3

BEALEIGARE 81.2 kg, SEH] 3 mm FRifkdi i B
F2/NT 3 mm [RIRIORL, 642 R i FEERE DY 237545 57 -
DI RO PR BE (10~40 KW)FE 40 kKW (948 20 Tl i
BN, WK 1), WATHINIhE 1~40 kW
HESEATH, MR 2450 MHz. ¥ RE#RE A 168
mm X 130 mm X 45 mm [P, PR PRCE TRk
e, WO IR AR, TR

K IR PRAL BE(50~70 kW) LERZ I8 3 Tl i
P dEaT, WA 1), HIEDIE 1~150 kW 3ESEnT i,
WA 2450 MHz. SKHI¥ R TFAifEd S h Lk b
(177 AT R
1.3.2 i A

B BRSO Bl R AT S, 465, BRI

Bl 1 i A Bk A
Fig. 1 Microwave pretreatment equipments: (a) 40 kW
box-type industrial microwave ovens; (b) 1-150 kW tunnel

type industrial microwave ovens
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100 g FESIEBE 2 Ri4%E 74 pm DL RBHTHFER . &
HE 2 ) A O (R A1 (7 Al A O R 0 95 HE AR 6 1
B HIRG S HL PR EE 4:1. BRIRIR)IE 30 g/L fic
HRRHA, BN =R, SRS B/ ik
L Bh PR 2 3 200 t/min, FEFERE] 24 he BEPEsE )R
eI 5 /L MFRTRIRVERIEHE I, HETuk,
FH IR 23 o V20 s i 1 1
1.3.3 A

R AR R S B . 4i 0y, SRIGFREL 1 g
FEME TRV S I, ALY 12 mL 5%k IR %
W 02% R, #A. TET 60 CRMHIR
Hl#sH 3 he HOHIHIAAAL, 2% RN ot I
BEPE, IR 200 mL HETEEREE,  SEBORDESRRA
BIANEL 50 mL. AWiEsh R, &R R,
BN 15 mL RBERR . 2~3 R R WA 5 A H1,
AR A TR R R A BT R 2~3 A
T 3~5 min, RN PR A VI A A RORE i T R AR
Wk, SERIIMA 20%IR IR EH L 50 mL, $E3)HEE
TR RAIE KA I FE 3~5 min, JIA 0.1% K%
TR 3 AR 7~ 71, FARUERL IR 2 VR R R Ty
RS 1S s AN RN Z T M52 IR A UV 5 .
1.3.4  TRAFTESIER

B R RE B kAR 74 pm LUR, SR BRI FR
#fE BCR %) R i b (AT S . AP IRUF

S FRFLIN A : WERARRI 2 g AR E T 2R
BN 40 mL 0.11 mol/L HAc, JAEIHIELIR %5+ 22 C
A NHELLREY 16 hy, ARG EOAHLH 3000 t/min
L 20 mine R EGOE I EIEBRFEA 50 mL A&
M, FOKMBERIZIEE, #2459, Frl.

AR JRAS: ) E— 3R i 40 mL 0.5 mol/L
1) NH,OH-HCI, J5 2 F3ideiob B A 59 mRye IS .

AR 1) Bk N 10 mL H,0,, $i
F) 55 SR E 1 h JFHAKE IS 85°C, FHmA
10 mL H,O, 7ETE /K46 - FF 85°C 1 he A 50 mL
Imol/L NHyAc, Ji4k FiGHe Ul B IA 99 B i .

WA ) b gk N 20 mL & HCL #
2 mL HF } 5 mL H,0,, {£H#WR N a1
SEA%, AH, WduE. KIS 50 mL AR,
RUKMBERNZIBE, #8459, Frll.
1.3.5 SEM M85 17 85 15 o3 bt

X Jir R T A 3L PR A A0 AH R 4 S TS &
Fide 74 um LLR, {§ MLA bavEGIRE T A 3E47 8
FE, RGBS, JEE SRk T, WE R

A TR 2

2 HR5E

2.1 R TRALIE 3 4R H AR A M0
2,11 kDA AR 2R )5

B Z R A P T R AR AR . BB T D) F
Y914 104 20, 30, 40, 50, 60. 70 kW, LRI
30s, ANFE SR AL EE s THE 0 B 2(a) TR .

HE 2 n &, B T D)2 3G R, Rl R
It it BE AL ZR MRS . Tl Th 20 10 kW I, i
K AN 67 C; Ml sh= K 70 kW i,
R 5z el b 512 °C

AN e Th e 5 Al AR K O R W 2(b) .
HH L 20) I, REIE AL FLINT, R R Al th &
N 75.63%, BEAG TR DI ZR R, Al th R 5 E Tt
XA IR g 8 3o At A B R R T R T B A kAR
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Fig. 2 Highest temperature(a) and uranium leaching rate(b) of

tailings after radiating for 30 s at different microwave powers
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74 pum DA RS, K SRATE S AR B R, )
M, R A R S R R R
IS BT A0 ROORE B 45 5 Bt AR A o > i T B 1
4 50 kW I, HINZ HZN 80.12%, AH LA AL FEZ 2
T 4.49%. L JE OB B F R M ORI A BITEE HY R
TN X RUA B N FAAE S AT IR R 4
e B LR R, AR K R g R, 2
T v I 8 AR SRORE T e R AR — RN B E AR A
R P KA i SRR — e e gl ok e
TERe Ly, BRI I AR R A,
2.1.2 MR ) AR SR B

BB T F N 40 kW, BRIXERIER 2.5
kg, FEIITA] 2059000 15, 30, 45, 60 90, 120s. %
SEU ) by v 3 i 52 5% AR ] 3(a) . HIE] 3(a)
R, BEAE b R ) (R e, RV R TR B B 2 T i
AR TR AR Wk o A [t HEUIST T (1 2 i 02 6
UL 3(b), HHE 3(b) RIAN, Hlrist 2 B R R ) 15
IngeTh G A%, 2 B e R ] 5 30 2 v T
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Fig. 3 Highest temperature(a) and uranium leaching rate(b) of

2.5kg tailings after radiating for different times at 40 kW

W, FIRERT LR SR R U DA 40 kW
FRIRIN (Rl 45 s IF, AR RS, N 79.94%, b5
TRER AR N R), Bt A 2R S B . X UE B Bt A
HEUINT[A) PR K, R v il P32 3o e B T i 3 S5 Bl e
g, i BEaR . AN DR A B i 4
PERIEE, TR ThR A 40 kKW, SRS E] N 45 s IS BE
FEWE m, BINE H AEBE A

2.1.3 R R R 1)

BB IES Th &Ry 40 kW, $EI 30 s, BEGR
IR 1. 24 34 4. Skgo AAFURTER
IS THRE SN & 4@)Ps. K 4@mr s, b
R PR N, mEiR AT . XN
RST80T S TR RS S e D . H
AFX IR Th 2% RN U TR) 8 A K SI2 6 182 8 [ T 3
I, R i FHRAE RS IR /N o AN [T (1)
A RS AR R ] 4(b) TR . el B 4(b) rT A,
PR TN 1 kg B 5 kg Y0P, Al R AR e
RN, BRI, APIEHE 2.5 kg Ry e AL HEARL I i
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Fig. 4 Highest temperature(a) and uranium leaching rate(b) of

tailings with different mass after radiating for 30 s at 40 kW
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2.2 UK TRALIE R MEEHIE AT O AL IR
22,1 Tl AR BT RV Al O A

P4 22 I AN [R) Th At TOAL BR R R 40 43 BURE 5 4
T U(VDA U(IV) & . AT g R ILIA 5,

t S v %N, BEAE T DO AR BN, R U(IV)
TR BT BRI R 3G . R 20T 30 kW Ak i
30s Ji, R R N 186 °C, phi Wb U(IV) Jit
EOEUN 28.54%, AHELXFIEAL1Y 46.32% R T
17.78%. U(IV)TE HAR S VZAFAE, © Al 7E 2SRl
Ao 1eBE, RN
3UO0;+0; — U304 (1)

TR AT B IR — R N L FE bl i e, 2
B TR, AR UV 58 4E, TBRGE st
AW UND, XEF TR (2R
i, WA UAV) 2> 5080, e/E I HLEE A £
L.

75

N
[V

Mass fraction/%

0 10 20 30 40 50 60 70

25 1 1 1

Microwave power/kW
5 AFEMIEIEFAL B AT TR R UV UV)
EEAs 1R AR A,
Fig. 5 Viriation of mass fractons of U(VI) and U(IV) in
uranium tailings pretreated under condition of different

microwave powers

222 TR TAL XS R bl AR T A R

TEAN ] Dh 2o AL B4 A R s v Bl IR A7 T
AWK 6, R TR 2.5 kg, FEEEH] 30 s,

I 6 n %, Zeit 20 kW fpdm s, Rl ey
W SR AT T 0 B0k 37.47%, W]IA J5 A4 T2 B
N 16.85%, NAEASRIIESECH 15.21%, FRES
BTR A E0N 46.02%, Xt IRAIMILE, 59 RR SIS
SRR T T 15.55%, BRI R R 1 N
119 Co X Ui WA AR, sk R A v
(Bl T I SR S BT AR A A 1) 99 BRAR IS e fk, AR

= — Weak acid soluble form
e — Oxidable form

55 4 — Reducible form

v — Residual form

e ‘/\/__/\/

Mass fraction/%

5 1 Il 1 1 1 1
0 10 20 30 40 50 60 70

Microwave power/kW

6 ARSI AR AL B AT R (R A7 S22

Fig. 6 Viriation of occurrence form of uranium in uranium

tailings pretreated under condition of different microwave

powers

TR . SRt 70 kW R IR S, R
HREIAR] 512 °C, U RV b ) 59 FR P I Al i & 7y
N 10.95%, AHECT X HRALE 21.92% 0 W FAR; o7
LA BN ] JEES Al IR 7 B RR 48.7%, AL
T RAZHIR) 30.06% W] 38 I o 3X B R Tl 4R s A A
A% R T TP Bt A 59 1R B IS ) m] A RS AR AL A B
1, FAR TR
223 TRBCTIAL 6T R rh A A B R I 5

Kl 7 Bz b R REFIZE 50 kKW B4R 5t 30 s S5 1
FEEFER) SEM 4. it ReRE el &, B 7 K
BRI O B4, K SEAE /NG T007 40 A ik
AW B 7 S ke vt A, Ik
fEMAT Pz, Rk 4 v g, S5 P A
Bl MR SRR 88.89% (D), HILAET
ZHEKAGAGE, AR RSB A 11.11%. K
Ty e iR, AR 4 AL Tk AL
Je TR AR S AR AIORL W S8 22, Al T o o B0 3
45.82%, 1AL BT 73 20 R N 54.18%.

TAVARES 21 SCOTT R0 \mf 5t &2 W9, T
TR E IS B N AR B 2, Y )i
P45 5y B ILAER Ok R L AL, 4 e ks 12 Ak
IR, AFTCRARE T EAEZ ALO; M
Si0,, ‘BB TAETEP BT, A1 T e IR n #ise N
M, 1M U. Mn fl Fe LA IE T RIS TEYI I, Tk
RIS TR AR R, P9 RO e ) 1 22 e Sl
T P AR AN g, A AT AR 8] AL ] 1
FABR . T IR S BRI, AR,
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raniu
dioxide

7 SR RIZE R O AL B R ) SEM 13
Fig. 7 SEM images of raw tailings (a) and microwave

pretreated tailings (b)

R4 BRI AR FE S R PR A i e s
Table 4 Mineral liberation of uranium mineral in raw tailings

and microwave pretreated tailings

Mass fraction/%
Occurrence form
Raw Pretreated
Locked in ternary+ particle 55.43 9.30
Locked in binary particle 33.46 44.88
Liberated 11.11 45.82

AT R, ATBE IR Y, DR, AR I
AT, RBEEERAR 74 um LLR, S0k A
P ity PR e (1 B A RS s LA 1) 18 o 3
TR I B S B ) N 4, B Tl
CHIE

3 %t

1) T A I 8] 5 R i 2 oo 0] R i

BRI R . b, ik D3RR A I
M) 5z 38 5, ke AL R ) e 4% A A2 Pk Ty %6 S0k W,
SRIRINTE] 30 s, FEWSFUE 2.5 kg, BLEER KR
R LR TN EAR L, $Em5 T 4.49%.

2) TRl TR BE AT RAE R Bl AN S A
BREZ, Mt s BB &%, 40 30 kW
AR 30 s 5, R UIV)it 240k 28.54%
AHECXS HRALI 46.32% FBF T 17.78%; £41d 20 kW il
WA 30 s Jo, 59 IREEIGSAN IR BN IR A T S T
15.55%, XAFTHIREH .

3) S ik it A B S 1 R R S R AT A Rk
B2, Bl A B R R, AR TR
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Effect of microwave pretreatment on leaching behavior of
uranium in heap-leached uranium tailings and its mechanism

YANG Yu-shan"2, YU Qing"?, HU Nan?, DING De-xin’

(1.School of Resources and Safety Engineering, Central South University, Changsha, 410083, China;
2. Key Discipline Laboratory for National Defence for Biotechnology in Uranium Mining and
Hydrometallurgy, University of South China, Hengyang 421001, China)

Abstract: Heap-leached uranium tailings usually contain uranium more than 0.02%. In order to lower the content of
uranium, the uranium tailings were pretreated by 2450 MHz industrial microwave. The factors, including microwave
power, irradiation time and tailings mass, which influence on the leaching behavior of uranium tailings, were investigated,
and the mechanism of microwave pretreatment on improving extraction of uranium from uranium tailings was discussed.
The results show that the optimal pretreatment condition are the microwave power of 50 kW, the irradiation time of 30 s,
the tailings mass of 2.5 kg. And under this condition, the leaching rate of uranium increases to 80.12%, which is 4.49%
higher than that of the control group(75.63%) under the condition without microwave pretreatment. Under a certain
condition, the microwave pretreatment can help uranium valence state and occurrence form to beneficially transform to
leaching. After irradiating for 30 s at 30 kW, the total amount of U(IV) decreases by 17.78% compared with that of the
control group, while after irradiating for 20 s at 30 kW, the total amount of weak acid soluble uranium increases by
15.55% compared with the control group. The MLA analysis shows that the mono mineral particle of uranium
significantly increases after microwave pretreatment, hence the increase of uranium mineral liberation is beneficial to
leaching.
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