30 RN TRREER 348
Table 3 Heat transfer coefficient of overhead floor
s P T B/ SRER ERRI WMEEME,  EMERER %&?é‘&c
mm  [W/(m-K)] [W(w’-K)] [(m’-K)/W] D=R-S BIERK
R 20 3.490 25.49 0.01 0.15 1.00
IKYPEREH 30 0.930 11.37 0.03 0.37 1.00
MFREE T 150 1.740 17.20 0.09 1.48 1.00
IKVEREIE 7 0.930 11.37 0.01 0.09 1.00
SRR W RAR LIRWIREAR 30 0.030 0.29 0.91 0.26 1.10
BRI 237 1.04 2.34
MARIE R, =R, + SR+R, = 1.20 (m* - K)/W
MIRAEMER K=1/R, = 0.83 W/(m’ - K)
F4 HHEREE
Table 4 Ground resistance
i T e St I SRTIR Y al  l
HRA 20 3.490 25.49 0.01 0.15 1.00
IKYPEREH 30 0.930 11.37 0.03 0.37 1.00
IKVEREIE 0 0.930 11.37 0.02 0.24 1.00
BBy 100 1.510 15.36 0.07 1.02 1.00
FIHE L 1300 1.160 12.99 1.12 14.56 1.00
T 2% 2 2 1470 1.25 16.33
HEHFER, = 1.25 (m® - K)/W
£5 SEEREH
Table 5 Heat transfer coefficient of external window
gﬁ%gf’;g 123‘%—; :6 0.04 % (3.0(3);0(3)_20) 0.49 <07 <47 <l
gﬁ%g;ﬁfg 1220/%;‘ :6 0.37 i (3.0(3)'?(3)_20) 0.49 <07 <3 <0.5
§§$;$§I§ 1220/‘%,:_]3 :6 0.30 [l (3‘0(3)'?(3)'20) 0.49 <07 <35 <l
§§$;$§I§ 1220/‘%,:_]3 :6 0.37 1t (3‘0(3)'?(3)'20) 0.49 <07 <3 <0.6

MG THRE R, R A LR E S
IS A BB K =0. 87 W/(m” - K) <1.0,
BHEMERK=0.62 W/(m® - K) <0.7, 28238k
WAEREB K=0.62 W/ (m® + K) <1.0, Hb T $1
FHR, =1.25 (m® - K/W) >1.20, DA K% P i %] Bt
[ A T S EEY i 3o b P R QNS S =5 1)
TREW AR 1E) (GB50189 —2005) 56 4. 2. 2 &4r
HEREKR.

4 B

=A

ARPIFE T AR R I AR K

=

B ARG 38 I Bt il P A A 0 B R B SR
T —4F 2 B9 IR B, A A B S N B S 1)
B EH, M FE S, ERE R LW, T
FREFIAME RN AT L. @i
PR B SEPR A A, SR AL AR B K =0.91 W/
(m* - K),REEHRREK =0.67 W/ (m” - K),
H B RRECH 3. 08, FH R BN 0. 51, AR
BB AR R BT H#E) (GB50189 -2005)
FRHEREOR. R LRGN BARR , (AT REROR
HOR R4

(T#% 41 )
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HHREK AL B {5 Je b iR I R gh 12

B R AR BRI ARR
(AR T BRFHREE R TERFR, AL KX 430074)

i B GARHEKGEERPER 7.70 g/t B4 F190.30 g/t B8, NISIRTPRIE BEEMHER, AN
ARG TR X A B B 163, i BB A bR e BEURTR 2% LI AR 8 0 B AR R A B i ik 15 TR E AT T %
SR, IR R RN B BB & R R B J7 24T T 39, B 2 e T B i it 2 i il
AR SRR, BERRE 250 v/min B, %R B RS2 ER Y 2 RS e ¥ A 1 -29/3 -
(1-m)? =kpt, LMY B HRE R D' =10. 807 exp( — 9 855/RT) , e’ *mol '35~ L WMIGILEL R 9. 855

kJ/mol.

KR A CHRBBK 15T MRRE; B BA; g2

HE 5y 2S5 :X703 SCHERFRIAES A

0 51

A OE R RS R B R A R K £ 0 TR IR
P, B A MR AR 4T 0 B e RS ESR
BT R LR AR R R PR K I
R K - B AL RN, I )
pH i E &8 U S AL DT B FIRHX
M ARSI 1 ¢ K= 3 ~4 ke BI5E, H.
ALBEJS RK T2 R TR & TR S TR LR BN T
9. AT R AR AL - R
REXTE AR - Bk v AL B B 1E R K AL B S
VEHEAT T BRER B IS Y, BRI AR 94%
DB SE X B R 0 5 RIS Ve M Ak 25 i 4y
Prol i, IR B A S BN 7.70 ¢/t RA TR
[ A AR

A A W R HE A URERE RS
A, R HIESSIAE B R A A a8
R R TGREST TRENE, B8 TREL
LRR SR MR B A, I X R S LI T 0]
PR BEFERECHEIENEM EX R
R RS ) F LRI T IR, Bl T %
FEAGE A BR, IR 18 B i BRI RER B ==
WLIGALRE.

I SiREFRREREER T
BRI HT TSV R WAL R A & R 1

Y fs HHF:2012 - 03 - 05

doi: 10. 3969/j. issn. 1674-2869. 2012. 05. 009

HFEBRKEA IR - BRI A IR IR R AL 2R S
PR KGR, RN EER S A ERL
= 1.
x1 ABRATREEAFRS—RE
Table 1 Main chemical ingredient list of the test sludge
Ag(g/t) Au(g/t) As
90. 30 7.70  0.43

B 4 Cu Pb 7Zn

FH5Bw% 0.36 1.18 1.21

2 BEITERSHREHANFRE

RPINFARERNES
2.1 BEREEFSEENH%ERE

VAL AR S o B e R , 5 S 2
FRAIE T A (KO P I R FE B P B DA R
AR RTBVE V2 0 A . W M0 S5
AL R PR 20 R SR BB R R S, B
R B T ILA BB : DR i 25 1
TR 171 [ A R 1088 @R ety — 5
G (A5 BVt 1 5 [ OB 2 A 12 R
B @R 2 B AR =40 2 o S R T Sh
5 OB I 0 2232 T 2 T U2 160 4 YA
v
2.2 BARHEHES

B T b0, (BB 5 TR 255 T BRI, R
3o PR O K/ IR AR IR 4 45 493 53 A 44959,
FLR BT AR AT i, 5 e 40 0 A L 3

PEB BT E3CHE(1989 - ) 2 WL RITA B Bh S AR . BT 18 - SR S AR
B2 RUR, B8, BILATITERIN. BT 05 1 FREEH AR B W BE TRAL A T AUK SR A 275 e g . = 8

fRERRA
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B3k

AAHE. E#EE 2 KR HEE S HIRA
BRI A B 2R AT, R
A2, RV AT RE 1 R B SN 8l T R

IRGEA S B Bl 1 2 IR B, B E = B Y
RV T SRR BN ST R
AL, SR P T RO R R, S I
FR R 50 WAL R B AR
R RO AL 2 RS A BRI T — 4%
TLRE, 4 25 BRI 8 F im0

W R :

dN/dt = = [dariDy(c —¢y) 1/(o6) (1)

ECEN &

dN/dt = = [4mrD'mry (e, —¢' ) 1/ [o(ry —1) ]
(2)

ST AL B -

dN/dt = —4xr’c’ k (3)

(D) (2)F(3) H:D, HEBRAY BRE
D' ER YR R EGS AR ER
BN h&RTERT 2 ¢ WBE /R B o S R R i
FIRITH R R B b R A2 R R R
(1A 52 0 SR 2 s SR EMA S R TE ¢ B 22

A A2,

BRAL UL B =, A

dN 472 Dgce

E= B ro(ry =1) Dy Dsr2 )

0'6[1 + oD’ + 06kr2]

B S DL ITE ¢ BB h .

r=ry(1-n) (5)
SJBTERT 2 ¢ 1R IRBC -

N =d7rp/3M =471, (1 =)’ p/3M (6)

K (5)FI(6) 1, S BN ¢ BSR4 M
pTo 43550y T (A S RE 40 AL XS 43 BB 9 B )
InP.

B (S)M6) A 4) B, RN IR E H
FIHEARK, 7R i A o R T A, £
FH o' B RS

0-_571+30'r0|:1 -29/3-(1 —77)2/3] .

Dy 2D’

3[1-(1-x)"] 3Mc

[ ( p 7]) ] — 0, (7)
Pro

() F, B =T o RELFZT BE
2R AT Y 2 R 2R 5% T AL 2 B 2R %)
R REE AR B R, AT R TR 8l 4R
R

A NI R O B — i R R, B R
n, WA LLT 3 FiEAL .

100 30T o6 1 Sy
0 RO I =4 2

AR A AL F R Z 0] ZWg AT, o oA
By S, s R
_ 3MDcht

8
wpr, (8)

M

wl o6 1 3ar > = by
ék>>Ds%H o L R R RGN

B2 Y RO R A 2RI, R e R
PLEE ], T RE AR «

kecM
1= (1-p)*? =22 (9)
rop
‘,30'7'0 0-_6 30"'0 L N — S 2
A PR L R

T2 B 3 AT s A3, e Dy [ i = )=
R, TR -
1 _2?_ (1 _7])2/3 :Mt

10
o (10)

3 BIAFEFEEM

FERE W L 2: 1, pH = 2, MnO, JR WK E N
6.80 kg/m’ , BEPETRF K 250 t/min S04 TF, A8
T 3 R U BR Mk BE 2 O B T AR 2 B IR B
Sy 2% i Y R AR M, 25 LA 1A 2.

R 1 A 2 AT, £ 1038 AR R A ]
HIFER TR T b 7, (B3 3R TR 5 i ] S R 5
WA L R B R 7 R (8) , ATHIE
TR SRR SR I &t B I A R A R B 8L
P FE L AR 2 iR IR S B4 R i Ak
2 N7 T R TR [ Ay 2 B R B A T
LA BRI A ST P AR A 07 2 (9) AT 41
BRI ILE 3 FIE 4, th B =2 4 B fi
RIFTRE(10) BEATHLE B4R LA 5 FE 6.

70
60+
<50
iw -
—: 30+
20
10F

0

—— (.0700 mol/LL
~— (3. 0820 mol/L
—k— (.0925 mol/L.
=3 (3, 1000 mol/l,

0 1 2 3 4 5
t/h

1 AESCN RETEHNRHESRNHEEXRA
Fig.1 Plots of leaching rate of gold and reaction
time at different SCN ™ concentrations
R 3 - & 6 Al 0, Bk = =P SR AL Oy
FE(10) FRASREHGI R C R, SRHA(10)
W 2MD ¢/ bpry =k, kp HFRILY BLR B, W 5 72
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B5H

P, & ARHBOK AL B EIR & R g R sh S 33

ELA

B2 TRARETEMNRHRSREREHXE

Fig.2 Plots of leaching rate of gold and reaction time

at different temperature

~4= 0. 0700 mol/l.
0.3F —%—0.0820 mol/L
—&—0.0925 mol/L
¢ 0.1000 mol/

0l
0 i 2 4 3 4 5
t/h

B3 FRESIN RETFL-(1-7)"5
RUHNERXER
Fig.3 Plots of 1-(1 -=m)"* and reaction time at

different SCN ~ concentrations

0.35r
0.30F
0.25¢
0.20
0.15¢
0.10}
0.05¢
O

1= (1= )3

B4 FRBETFI-(1-1)"5
EHEENXER

Fig.4 Plots of 1-(1 — )" and reaction time at

different temperature

0.087
- 007} —— 0.0700 mol/LL

a —a—(0.0820 mol/L
2 0.06F  —a—0.0925 mol/L.

| 0.05F % 0.1000 mol/l,
—0.04]
© 0.03f
a0.02f
~0.01f

t/h
BS5 FRESCN RETI-203-(1-1)"
5 ENXR
Fig.5 Plots of 1-2m/3-(1 —m)*? and reaction
time at different SCN ™ concentrations

AR 1 -20/3 = (1 =0)* =kyt, g T WALILAR
BRI AERAYE, T LUK S R 6 & 2R s 2k
PR, DIZRAEAH C R B r SRAIMT LSRR, B

0.09
Q 0.08 1
~ 0.07F
T 0061
- 0.05F} —4—-298 K
T 0.04 } ~a—303 K
< 0.03F —&—308 K
S 002t =313 K
A 0.01F
0 . L d
0 1 2 3 4 5

t/h
EH6 FRBET!-2n3-(1-m)"5
RHEEEXR
Fig.6 Plots of 1-21/3-(1 - 1)*”* and reaction

time at different temperature
HELRRIN £y AR SCN™ ¥ T KR UWY
AR B C R B 2.
FIFAR Ink, =In(2MD'/bpry’) + nlnc, B3
2 PHIBE, h Ink, X Ine, 1EERTLITREIE 7.
BT ,n =2. 119 8,r=0.999 3. TR, #HEJ

R(10) 45 %
1 2.1198
1-2g-(-pF=2M2C
3 bpr;

K2 SCN REMZUT WAL, HRR
Table 2 Effect of SCN™ concentration on apparent

diffusion coefficient &,

SCN ™ ¥ J&/ (mol/L) kp/h™ r
0.070 0 0.006 4 0.953 4
0.082 0 0.009 2 0.957 0
0.0925 0.0116 0.961 5
0.100 0 0.0137 0.962 7

—42r
_4.4} y=2.1198x+0.5948
a6 R2=0.9986
K -4.8
_5l
_57 L ) ) J
2.7 ~2.6 -2.5 -2.4 -2.3

Inc,

B7 k5 BIXF
Fig.7 Plots of £, and ¢,
AR T R MY BR BT RO
PEARC R B 3.
R3 BEXNRAYERE L, R HRE D HIRM
Table 3  Effect of temperature on apparent

diffusion coefficient %, and diffusion coefficient D’

53594 1-1.1198 -1
D'/em mol s

BE/K ky/h! r

298 0.0137 0.9450 0.200 4
303 0.0149 0.9417 0.217 9
308 0.0158 0.9319 0.2311
313 0.016 6 0.9282 0.242 8
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Kinetics of leaching gold from processed sludge of nonferrous
metal smelting waste water

LI Wen-jie ,CHEN Yun ,YU Xun-min ,LI Qing-xin ,GUAN Hong-liang
(School of Environment and Civil Engineering, Wuhan Institute of Technology , Wuhan 430074 , China)

Abstract: Processed sluge from nonferrous metal smelting waste water contains gold 7. 70 g/t and silver
90.30 g/t. Extraction of valuable metals such as gold and silver from the sludge can not only reduce the hazards
of sludge on the environment, but also avoid wasting resources effectively. Ammonium thiocyanate was used as
leaching reagent for extracting gold from the arsenic-free anode sludge ( secondary sludge). The apparent
kinetics of the gold leaching process was discussed by adopting the unreacted core contracting model and the
controlling steps of the leaching process were confirmed by tentative method. The results show that the leaching
process is under the diffusion control of solid product layer while the stirring intensity is 250 r/min ,the kinetics
equation, the diffusion coefficient and the apparent activation energy are 1-29/3 - (1-5)** =k,t, D' =10. 807
exp( -9 855/RT) ,cm”®** mol ""**s 'and 9. 855 kJ/mol, respectively.

Key words: nonferrous metal smelting waste water; sludge ; ammonium thiocyanate; leaching; model ; kinetics
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