32 E AW FEHEERFIR

Volume 32 Number 4 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2022-39718

2022 4 4 H
April 2022

A HERIR-RE-R AR S T HFIRE

N EBRV, KEE, FHE, B &, FIB, TRE!

(1. BHER2 B EoR E By & R aee =, #iPH 421001
2. FITRAINE R FEA IR AR, 65 100029)

@ OB BRI Tl R R R 2 AL AR SRR R N R AR R A R . B SR
B M AN B A VA S 1A HEIR - IR - SN R B s S, SR A SR IROGIE N 1280 7)
FRAGEAT S, BJa R RIS A R EEAT TR, Z9RRY: BT SL B HEIR R - 95
= B NLA 5 20 0 SRR RE S IR H AT b 2 BERE AR R A AR AL, (RN T DURAESR: HE AL AN [R1 VR FEE AR 4R WA
IR . BRI A AR R AL A e A% B I 18] (4 70 A, DAL T RE PR A IR LA B ™ A 19
AR DI, 2R - R - S N 15 30 77 SRR AT R T Al R AR AR A T e TS AR .
KRR BOETHERR WU R RN MR eSS, MR

NERS: 1004-0609(2022)-04-1142-10 FESES: TDISS XERFRARRD: A

SIAE: X E e, PEIE, H 5, 5 B HER R - IR E- S SRR 3 ) B[] T A B R AR,
2022, 32(4): 1142-1151. DOI: 10.11817/j.ysxb.1004.0609.2022-39718

LIU Yu-long, FU Hai-ying, YE Yong-jun, et al. Convection-diffusion-reaction coupling dynamic model for
uranium ore heap leaching[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(4): 1142 - 1151. DOI:

10.11817/j.ysxb.1004.0609.2022-39718

R TEHA R GAD. TERB. Bk
AAREFE 5, 3 A Ll A= 7 A < e ) 24K T
s BT AT AR A SR B R
T HE S H R ERLAR A 5 AN 5] Rl A ROk HEAR
FE—HE I 2 AL, RIS RE AP R  HE A A7
FEXTR - IRECRS SR AL S e, 23
HE R MBS R . FRMER M HE N IR K
R EZ AR AR AN <2 e SIS 1 B T 2 U, XA
BTLHER TESHAAHERE L. Hik, Ao
XA HEIR R RS A LA A A
REIATIRABT I, LB AR, S AL A
RAFIEAR B AU, APt IR 3 2 T

E£EWMB: EXRAMFAESEIIH (10975071)
WimHHER: 2021-05-26; f&1THER: 2022-05-11

EBH,

RTHEREN iR, B A2 TR T
ZHHIL, WS 7 s R WU RCRTT,
[EEREe N 3 LN Ra 7/ ks N EE D) ke R e S
JTHMHEAT TR AT, PR T — SRR S A
HERAT Bl )3 2 R R0 R ) S A 3 ST ) A
Bl R S MRS A b, HR A BT AARVE BB
BN, EEAL TR A AR S T A
ARG S 1R HE LA R R FE <6 e Bl B ¥R L et
(AR AR AR s (EX — TR 50 5 R A HE 2 e
ANTEPRLER A0 BRI R R 2 SR S RSBt o, th
B 25 JEWHR A HE P AEAE XL R, OB
VAL RN . A SR B UL BN BEA BURE S

BIEEE: T, #HU%, 4, HiF: 0734-8282534; E-mail: dingdxzzz@163.com



HR2HEH4M KT, S B HER R - 9R - S RS B 3 ) AR 1143
RIBCHIIERS |, BB TR RS, “
AR, HELA YA R AR A " 2‘ |
O, Ah B A e e, AR 0o o IR TR RO IRAE, 7 N
HER A e T B A RO HAE
L4175 :

1 *ﬁgg@ﬁ _ rflnin+r31nax

Tin= 2 (5)

1.1 BN AFRR RS
MRHEH 0 0k fse 33 28 5 g 2 T TR AR DA% e
[ _EE R IR BRIR EE 2 IE LU R, EEAL Tl

HEIR BN A RO s A
(Lg =4npr % =—k, Ac,=—4nk r’c, (1)
e QAR I A BitE: o ARE: rN
RIERS AT HIAL s p ARSI A0 R )

s ky iR RN PR R B A Dy N T T AR

¢ AR T L BRI, 545 50 K S
IR -
SN BRI ¢ AT R At
b -1
c,=c¢C 1+?f>< (rO r) )

X NP b ARPITERE: D
NERBRAER A RURL S B2 X A R B R 8 f
N AL r 0 AW AT

KRR (D) FFEAT I, FRRDMT A
FOUREL FA) s ALY -

dr ke

-1
-
TR X 1+><r0(r0—r)] 3)

1.2 KRR

HEZ BT HE A B /NS [ BT 4 S 2 A 1) 4
Bl HORLRE S AR REE T I A 07 4 A A
FLEGFAT RAE . ARV, SR 2 AR L I
BRI A R R & EER BN A, DAL
PP BRI RTINS A R RGO A
i NI, RS iR, Hry R
iR A IR AR . (D) TR, R iE R
U USE 2 87 TR R T R0 J2 R 2, BT AN i
I, AT R /0N s T AR R B K e I T AR )~
BIBR R AR A 0P R BT, G a(4)
J7

1.3 W AFHH

X T TR AR AL R R AR, AT
FALBRFR I n, AR5 RIORL 2 8] LA RBURE P
SUEAALER, WA

V[l
= (6)
R VO LR AR AR s v R
A
Vfileo,ﬁV (7)

i=lm=1
e TRRGUESEG MO DR TR 24
$s Vi, S DRI A B0k A

TN IR 5 5 R R, MITT A

Ethm ,—fn ri=w,-V,-(1-n) (®)

e w S DR S S R
HY(8) P 5 H 365 AL A RO KL -
3w,-(1—-n)-V,

M= = ©)

2
4nrs,

14 W ARFESHREH

B A & R A Ay 5, AR EN A
THFERRIR IV ELAHSE, B (1 5B A 0 T R
FRREAT o WA MRV P R R V)V R B BE S5 1)
SRS s E LT

d(v0c,;) do,
s =k,M, & (10)

W O HES KE: o TR iR A TH AR
WRIRIREE: kb, WA A IRAELL, BRI A B Al
FVHFEICI AR R o &
%ﬁumﬁAﬁm*ﬂ%:
de,,  kk,M,-4nr?-c,
@ Ve an
SSETEAEBR R 0 R R A, B AR 3




1144 T A e E SR

S0 K R R FE R IEE, A .
de,,  k,GM,-4nr?-c,

dr — V.0 (12)

e o RN IR SR BAE R BRE ;. G
JHIAT A A

BT g Al E s, ik ey
AR a W RIRN:
a,=[1—(r,/ry)* 1% 100% (13)
e N RN AR R SR 7 R AR

1.5 XPR-RE-R B E N HFRE

TEHEZAT HE, VA Jon (R A ) B 5 VA IR R 1)
Tiatg, FEIRAAERR . IREL RN EY AL AR
U 4SO, FH RIS AL HEZ LA B
L DREG SOBLIRE SRR, AT R X
T-TR - SRR & 3)) ) A0
oc, o’c, oOc, dc,

=D —-Vv—=+ 2.4

ot 1? 0z

b o WERIREE ;IR 4046 TR BRIk

FEs D RIREHIE TR RS v ABIRIERE; 2

NI HEIREE, §HERTH 290, 17 Fz A1k,
LGRS

¢,=0 (220, =0)

(14)

LT
c,=c¢, (z=0, =0)
% =0 (z=H, 20)
0z
2 I
Kb o, WAIKIE .
HIHE AT -
¢,=0 (z=0, =0)
UGS
¢,=0(z=0, 20)
% =0 (z=H, t20)
oz
dr. ke, bk, 7, B
T p x |1+ szxr—io(rio—rt)
=1,2,---,1 (16)
L EE SR

r;=r;, (220, =0),

2022 4 H
AR
or,
P =0 (z=0, =0)
or,
P 0 (z=H, 20)

2 AR

DRSS RTAR — T N 15 B ) A A
YRR AERA A %, R 3R Al L i ey
BATAER G . SEICH A E -9 mm, T
¥ A5 45 A-0.5 mm. +0.5-1 mm. +1-2 mm,
+2-3 mm. +3-4 mm. +4-5mm. +5-6 mm. +6-8
mm. +8-9 mm 3Lt 9K . FHEIFED) )
B ol A B AR S B A 5,
TAORUEARE AR AT, AR mE iR,
WA FIRLZ BT AR S R AR, e BN
1 m, ZHEFNENSS em. B A FI 8N
0.177%.

Fz1 R A R REC

Table 1 Size fraction composition of uranium ore for
experiment
Size/mm Mass/kg
-0.5 0.556
+0.5-1 0.556
+1-2 1.111
+2-3 1.111
+3-4 1.111
+4-5 1.111
+5-6 1.111
+6-8 2.222
+8-9 I.111
Total 10.000
K IR BRIC H IR, VAR B I AT e B 1Y

SIBHR{ER AR RIN A b, WIRE A L R
Wi, ST R RN IR, BT R R
ETHEMBM . RiHR HEHE 350 h, 7E0~130 h
BB, B AFERRECR, IR BRI E N
20 g/L, FE131~350 h BB, VIR 0t R ik i B A1
215 g/Lo B 10 h BUR H 5 1 3 pHL o A4
WIE.
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Table 2 Values of model parameters

Parameter Value
b 1
k/(emh™") 3.9
D/(cm*h™) 0.065
D, /(ecm*h™") 25
v/(cm-h™) 44
f 0.024
N 0.405
0 0.350
G/% 0.177
k/(gg™) 0.05
pl(g-em™) 2.76
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Fig. 1 Calculated sulfuric acid concentrations at different
depths and time of leaching column
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Fig. 3 Calculated uranium concentrations at different
depths and time
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Fig. 4 Comparison of calculated uranium concentrations

with experimental ones in leachate
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Fig. 5 Calculated leaching rates of uranium for different
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Table 3 Time required for leaching rates reaching to 90%
for uranium ore with various size fractions at bottom

position (z=100 cm)

Size/mm Time/h

-0.5 121

+0.5-1 159
+1-2 246
+2-3 390
+3-4 593
+4-5 854
+5-6 1145
+6-8 1695
+8-9 2304

F4a4 BREHARIREEA RS J+8-9 mm T AR
ZRIL F 90% Fr i HA I [1]

Table 4 Time required for leaching rates reaching to 90%
for uranium ore with +8 -9 mm size fraction at different
depths

Depth/cm Time/h
50 2130
100 2304
150 2478
200 2681
250 2855
300 3037
350 3257
400 3414
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Fig. 6 Calculated particle sizes (mean diameters) for unreacted portions of various particle size fractions of uranium ore at
different depths and time: (a) —0.5 mm; (b) +0.5—-1 mm; (¢) +1-2 mm; (d) +2-3 mm; (e) +3-4 mm; (f) +4-5 mm; (g) +5-6
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Convection-diffusion-reaction coupling dynamic model for
uranium ore heap leaching

LIU Yu-long"2, FU Hai-ying', YE Yong-jun', HU Nan', LI Guang-yue', DING De-xin'

(1. Key Discipline Laboratory for National Defense for Biotechnology in Uranium Mining and Hydrometallurgy,
University of South China, Hengyang 421001, China;
2. China General Nuclear Power Group (CGN)Uranium Resources Co., Ltd., Beijing 100029, China)

Abstract: The leaching of uranium in the process of uranium ore heap leaching is the result of the coupling of
convection, diffusion and chemical reaction of leaching solution in porous media. In this paper, the convection,
dispersion and reaction coupling dynamic model for uranium heap leaching was firstly established by theoretical
analysis and mathematical modeling, the dynamic model was then solved by finite element method, and the
solution results were finally verified by uranium heap leaching test. The results show that the established
convection-diffusion-reaction coupling kinetic model for uranium ore heap leaching can reflect the changes of the
main characteristic variables in the column leaching, characterize the concentrations of leaching solution and metal
uranium at different depths of the leach column, the leaching rate of each fraction of uranium ore particle size, and
the distribution of shrinkage nucleation for each fraction of uranium ore particle size at different time, and it can
accurately predict the leaching rate of uranium in the ore column. It is concluded that the convection-diffusion-
reaction coupling kinetic model for uranium ore heap leaching can be used to predict the leaching rate of uranium
and regulate the process parameters for heap leaching.

Key words: uranium ore heap leaching; convection: diffusion; reaction; coupling dynamic model; column leaching
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