, 28 3 Applied Mathematics and M echanics
2007 3 15 Vol. 28, No. 3, Mar. 15, 2007

: 1006-0887(2007) 03-0297-08 © , ISSN' 1006-0887

REMT, et BB

(1. R 100083;
2. s 410075;
3, . 410078)
(FR% B4R )
3 ,
TD953 A
[13]
’ / ’ [46]
Sheikhzadeh
[7]
, . Bouffard  Dixon
[ 8] 3
Sidbom
* ;. 2006-08-09; © 2006-12-28
() ( 2004CB619206) ;
(50325415) (50321402) ;
(06JJ30024)
(1963-), ) ) s ;
(1971—), s N ( . Tel: + 86-731- 2656845 ; F- mail:

11u0619 @ mail. csu. edu. cn) .



298

o1, FEMIAB \
’ [IO]- ’
1 — - -
1.1
(REV)! (.
N 3 3 N 3
(4/3)Ta; — (4/3)Nr; ri
= - = /i = i 1— 3
0= 0- o= 6 a3 ch[ a*} (1
: N ;a; ST ; Gvy;
; 0 ; Bo
s 1 , ai= a,ri=r (1)
3
AD= 0- Bp= Gyl 1- 5|, (2)
a
N
Gv = _ZGW
(o UZJ:
3 2
Y- o
k .
(2) (3)
e_ e 23
%= ka{l— %1} Cr. (4)
9{ ’ ’ Gv = ef— 90, (4)
00 or— 0] /3 V3
o = kGv R Ci= k(Gv) (06— 0)" " Ci. (5)
1.2
(13,
opes
%: - div( Pu) + q,



299

B

;81 s u
;q ( ‘(+ ’7)
( “_ ”) i
Darcy’ s ,
w=- K(0)h, (7)
: h (liquid pressure); K (0)
hi : ]
h= h-z, (8)
. (D) (9 (6)
oSy . oK
% = div(K " h1) - 2=t 5}‘
, Genuchten
(SWRC)!™
Wi = (1/ 6)(m—l/a_ 1)l/l)’
§ b (SWRC) , ,a= 1-1/b.
vI— Vyo
m = ,
1= vs= vy
vl JUY0) ;s
» (11)
_ pi= wI(0)
=02 i)’
(10) (12)
11, 1 ve-1| | e o
Shy= 5 b( 1) [— a]m . =
1- a Va,-a -1Va (esl)
ab (1_ m ) m 0- v10)°
( Brooks—Corey model) "' :
K(0)= Keam'’T1- (1= m"")%?,
a 3~ 4 ,'Kmt ’
[1s],
ki
Ksat: _ﬂg_a
: U ;g sk )
_d @
L= li) (1_ 6)27
dp .
(15)  (16) (14)

(11)

(12)

(13)

(14)

(15)

(16)



300

kzplg Va a,2

K(0)= —pom” 1= (1- m")" )%=

diPg _ 0 01— vyo ”[1 | - o) | T -
1508 (1- 0)2 1- vs— vi0) I G G S ' ()

. (13 9

K 4
ot . (esl)) T 0z + Q’
K (17 ;D ,

_ 1- (I)K(e) -1lVa Va,-a
Di= ad(0- vl(o))m (1-m=7) 7

(D (8 (19

0(851) div( D)

=- D17 (1) + Kk.
1.3
[16]
WL (tuci- 0 C- R
a_(%l:_ S (uCr— @ Ca)+ R,
:C1 G2 ;D
(‘OL(L: 1727 7N)7
W = %ﬂa?psaiy
ps ;Gi
ERRIE B Z r
£ Cll— 3 ri psGL: 0 - ::, .
a4 = a, rp=r,
r3
W= psVG 1- ? >
v ;G
(2
@ piG r3 p'; 6
= = - 3l = =l A — 1
€= 0, pleo{l A p{eo ]
, t
5C2_ ps a_e_ %a_e
ot ~ PBoot - G o’
Cmax "
/ . (21) (22)
a(ecl) Cmax 00

2 S (uCi- @ C- B C o

(19)

()

(21)

(2)
s Ri(i=1,2)

(23)



- - - 301

0(6C,) . . Cunex 90
T (T R Y P (24)
§
(5 (18 (B) (29 - - -
. H=2m, 1 ,
120 h, W= 2x10°m’/(m®s) . 2
TR
l ﬂ 1.0
%%O%L 0.8
Yl >
KIS 4 0.6
s e
dn " 9n - adn ~ In ;ﬁ 0.4
Rl %
4 0
B W
2 3
Si(z,0) = 0.348 58, (25)
I.Cl: Ci(z,0) = 1, (2)
L. C2: C2(z,0) = 0. (27)
[_ p LB, K] - ()
z z=0
B.CL: Ci(0,¢)= 1, (29)
B.C2: C0,¢)= 0. (30)
051 _
Oz l:=n 0 (31)
oc,| _ 0G| _
aZ z= H B aZ z=H =0 (32)
. (%) s k(Gy) = 10, 0= 0.30,
:0r= 0.35; (23) :B= 1. (13) (200 (23) (24 ,

(17 ,  Visual Fortune 5. 0

B ” )



302

@
S

T AERSHE C,
o o
[\ w3

—
=]

i
)

e
=

e

REWHERE F/%
EY

- F=5E—0.5:-0.003 3¢ +0.085 1¢
L R*=0.9%47

e
¥

=]

1 1

Cmax 5

o

0.34

B S,

BEEHE ¢/h

(b)

0 20 40 60 80

5 10 15 20 25 30
B HiatE ¢/h

(b)

0 20 40 60 8 100 120
BHETE ¢/h

()

0 20 40 60 8 100 120
B HiBfE ¢/h

(9



- - - 303

: F l :
F=5x10"1~ 0.0033:+ 0.085 1¢. (33)
5 ( )
0.4 04 s
1) , ,
2) ,
3
3) : ) )
4) 18] 7
5) ’ ) ; ,
[ ]
(1] , , . [J]. ,2002,22(1): 46-
48.
[2] , . [J1. ,1998,18(3): 234
240.
[3] , , . [J]. ,1998 17(2) : 121 126.

[4] Pritzker M D. The role of migration in shrinking-core leaching reactions controlled by pore transport
[J]. Metallurgical and Materials Transactions B, 1994, 26B(4): 901-910.

[5] Bartlett R W. A combined pore diffusion and chaicopyrite dissolution kinetics model for in-situ
leaching of a fragmented copper porphyry[A]. In: Proceedings of international Symposium on Hy—
drom etallurgy [ C] . Teheran: University of Teheran, 1973, 33+374.

[6] Nguyen V'V, Gray W G, Casas J M, et al. A theoretical investigation on the transport of chemicas in
reactive porous media[ J] . Water Resources Research, 1982, 18(4): 1149-1156.

[7] Sheikhzadeh G A, Mehrabian A, Mansouri S H, et al . Computationa modeling of unsaturated flow of
liquid in heap leaching-using the results of column tests to calibrae the model[ J]. Heat and Mass
Transfer , 2005, 48(6): 279-292.

[8] Sylvie C Bouffard, David G Dixon. Investigative study into the hydrodynamics of heap leaching pro-
cesses| J]. Metallurgical and Materials Transactions B, 2001, 3: 393-408.

[9] Sidborn M, Casas J, Martinez J, et al. Two- dimensional dynamic model of copper sulphide ore bed
[J]. Hydrometallur gy , 2003, 71(10) : 67-74.



304

[10]

(11]

[12]

[13]

[14]

(15]

[16]

[17]

[18]

, , , . [J]. , 2005, 5:
F10.
Helmig R Multiphase Flow and Transport Processes in the Subsurface: A Contribution to the Model-
ing of Hydrosystems[M]. Berlin: Springer-Verlag, 1997.
Lasaga A C. Chemical kinetics of waterrock interations[ J] . J ournal of Geophysical Research, 1984,
89(2): 4009-4025.
Dullien F A L. Porous Media: Fluid Transport and Pore Structure [ M]. New York Academic
Press, 1979:123-149.
Genuchten T Van. A Closed Form Equation for Predicting the Hydraulic Conductivity of Unsaturated
Soils[ J]. Soil Sci Am , 1980, 44(5): 892-898.
Robert W. Bartlett. Solution Mining: Leaching and Fluid Recovery of Minerals [ M]. Singapore:
Gordon and Breach Sdence Publisher 1992: 147-186.
R , . [M]. : , 2002:
192-195.
Smith G D. Numerical Solution of Partial Differential Equations[M]. London: Oxford University
Press, 1965: 1723.
. [D].
2006, 26-46.

Simulation of Coupled Flowing-Reaction-Deformation With

Mass Transfer in Heap Leaching Processes

WU Aixiang”’, 1IU Jinzhi’, TANG Ling-yan’
(1. School of Civil and Environment Engineering, University of Science and
Technology Beijing, Beijing 100083, P. R. China;
2. Schodl of Mathematical Sciences and Computing Technology ,
Central South University, Changsha 410075,P.R . China;
3. Department of Mathem atics and System Science, National University of Defense

Technology , Chan gsha 410078, P. R. China)

Abstract: Governing equations for a fully coupled Flowing-Reaction-Deformation behavior with Mass
Transfer in heap leaching process were developed. These equations were solved using an explicit finite
different method under the conditions of invarable application rate and constant hydraulic head. The
distributions of the degree of the saturation as well as the distributions of the concentration of the
reagent and the solute was given. A cubic relationship between the mineral recovery and the leaching
duration is obtained based on the numerical results. The relationship can be used to predict the recow
ery percentage of the valuable metal.

Key words: heap leaching; porosity evolution model; saturation degree; mass transfer; numerica
solution



