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The treatment of Cd’* _bearing sewage by natural crytomelane

ZHENG De_shenz', LU An huai', GAO Xiang®, ZHAO Jin' and MA Sheng_feng
(1. School of Earth and Space Sciences, Peking University, Beijing 100871, China; 2. College of Beijing City, Beijing 100083, China)

Abstract: The Cd™" _bearing solutions prepared in laboratory were treated by natural cryptomelane. According to the experimental re-
sults, it is at least 2 days before the process can reach balance; the disposal quantities become larger when the radius of the eryptome-
lane becomes smaller; if the concentrations are not too high, the disposal quantities of Cd** by unit mass of mineral powder will in-
crease with the increasing concentration; pH value is the dominant factor governing the disposal quantities of Cd** : the quantity of
the treated Cd** gets down until reaching the minimum when the pH value is lower than 3, and then goes up and arrives at the maxi-
mum until pH value is near 11. The negative ions in the solution affect the quantity through complexation with Cd** ions. Within the
whole range of concentration, the disposal quantities curve can be fitted well by Langmuir isotherms, with the maximum being 5. 54
mg/g. The treatment of the ions by the mineral powder is accompanied by the dissolution of the Mn® and K* ions. When the cin-
ders of the powder are leached, they still hold most of the Cd** (79.82%) separated from the solution.
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ARG FIAE, 2001) , B AT AR AR (R EREE IR 1 . A SRR A
BREPHHEAT T LBk Cd® s pEAR .

1 SERAPRHS Tk

SRR A A I 0 ) ST, A 2 R v R
SE(2001) FTk, 28 BRI T 04 OREAR 43 50 s ST 80 H 80~
120 H 120~ 160 F 160~ 200 H ~~T 200 H 5 A%, %)
B4R T 200 F 0045 %5 20 1 28 08 K5 B, BL 25 B Wk 42 1
BT (40 /N 2k, 80 CHET 10 b, 28 4T .

BEYIR b B CACL, 38 th 2808 KR CdCly 43 2 1)
FR 4 A 5 56 3 AR HZS_H BUK e il 3 3% a4 vhodb 47, ik
AIOFEA R . WA pH i1 HCL A NaOH 895, 3k
o Cd® W 5T 2 66 T TR AFS_1201 1 A AL 5
FHNEIEEF) W5, 4R 38 # o Cd®* W B 1 TRIS Advan-
tage_ICP( J6 [H 4 iy 24 ] A7) 5 .

2 SEEARSITR

2.1 ST REFEBFS pH ERNE

W270.5 2200 LR R AR GBI HE, T~ B 50 kb
NG CREWI IS o RE RIS A 00 AR 28 1 KRG sk il i,
H A% M acrotech Nichion 47 (1) ZC_2000 Zeta HL A7 0] 748 ik
HURURL I Zeta HRUAE, T 759 AR BE BI040 Wi A 23 pH {44
b 6.3 k4.
2.2 REMEMNKERSD O EBREHTM

fE— 41 100mL (1) =41 il h 2 N2 0.2 g 120~ 160
HERHR™, IAHEEE DY 5 mg/ L B 100 mL (1) CdCly #

W 7E 25 °C B 190 of min 2o F FoR e . BURERFR L 1 .
2361224 48 F172 h () CA* LR EE4F54 1,017 41,216 .

1.415 .1.451 .1. 548 .1. 392 .1. 700 il 1. 753 mg/ g. HI M1 2

e 43 ok 44, 28% .48. 64% .56. 60% .58. 04% .61. 92% .

55.68% 68.00% F170.12% . W4t 72 h 19 2 B bt A 1
KB, WIS 1 h i Ak B 25 BR B R 63%, 2 h B2
69% , 6 h FiIT 83% , 12 h FZiT 88% , < ¥ 48 h Wik #1] 45 K 2:
i) 97% LA E o (Rl B S Rk 1l 2 d BA L.

) FH 68 PR U0k 0 2y Ak BB 55 G 4 e 1T 2 I A
AN[) S50 AT e 20 . WD 255 1998) I HIAS [k & MnO,
LB K As (9256 2], 30 min £ 3 Ak O i, A 52 A%
(1999) 17 2C MnOy A4l (1) W B 52 56 Ab & W > i 1 1) £ 4 30
min; Morgan Stumm 1 Posselt 2554 45 tH, MnO, #f Mn®* F11L
Al BH 5 1 WL B T 665 5 1 hy T Loganathan 25 (9 B Zn** I

Co® fOSZIERM, T 1~ 2 d A I FVH, 6 X Hg™ AL
PRV AT 1 d BA (O EE 2T, 2001) o Rk, EE AN AE
BIFE~F- 1 W i it 2 bF L 24 h LA b2k B, FERIESE — M0 T30 A
ZINIEH 12 h BT .
2.3 FYRENERESNEZ®

{E— A% 100 mL 1) =fi P Iy 0. 05g A [\ R 11
BRI, SRR 50 mL .Cd* HKIE N 2 mg/ L [ CdCl,
VA, WL 25 °C, pH AT P, fEFE R 190 o min 1) 7K #T R
o P IESEARG 15 h S0, IR, A LA RE SRR
(56 R 1 FroR . e |l 0, 8R4I X Cd® (92 BR bt
FEAR (1o i 48 0, AR /T 200 H (1) 22 B 4L T 2 R4 80
~ 120 Ff 2 4% . 302 DA A B AT B R A2 1 9 /Dy, A 67 BT ik
FE & (1 Ll 2 TR b, e B fr b pli 2 15 %

F1 HEMNEBRERIFW

Table 1 Effect of grain sizes on disposal quantities
Riges H B mg LG mge g LbRE %

> 80 53.5 0.926 4 49. 56
80~ 120 53. 4 0.8896 47.50
120~ 160 51.8 1.1043 57.20
160~ 200 49.3 1.4928 73.59

< 200 48.3 1.6208 78.28

2.4 FYRENERENTE

{E—Z %] 100 mL (¥ = b AR 42 4 120~ 160 H
AT A BRI TOBY, S IMANREL 50 mL Cd®* BRI K 2
mg/ L ) CACl, ¥, i 1% 25 °C, pH R T h 2k, fE 863 190
v/ min I 3 25 P IE S 15 h S B0, BRI, W AE

SEMIARHE R LR SR R 6 R, S s, BEA

fit 2y 205. 98 \144. 10 97.00 45. 60 F1 24. 90 mg I, Cd** %
AN 0.4577 0.6446 0.8521.1.1213 F11.5320 mg/ g,
HNE 1) 25 B 05 53y 94. 27% 92, 88% .82. 65% 51. 13% Fil
28.71% . WP R IRE A 0 CA™ 2 B B R I A1
DT >, A A S R A A8 i 9 b, A H
Jy 144, 1 mg B, 2 EREEAIIA 90% LL I .
2.5 MRFRA pH EXEWE X o’ BFI

435 EL NaCl \NaNO; \KCl .CaCl, il K,S04 A 4k b e it
T, AE— 5 100 mL (1 =S A 0.05 g Ride g 120~
160 F )& B8, S I3 A7 A [ i ot ( G 2 88 250 02
mol/ L) JEBN 50 mL (Cd** [HEH 2 mg/ L (19 CACL, # 34,
WRIE 25 C, FEFEE 190 of min [ 7K 3% 85 1 IEE R 15 h
Je 5, 3 R, AR () 4% R AT T B B RO Cd®
(2B it . &5 5% 2) Bor, BB SRR cd® i %
I ok B 3 pHL LA T 10T 9, 20 pHL 2 21 9 et e e 3
B RARL, B SO B pHL AR 14 T e i B RS . A Jon e
ANGN I LR 43 5 A NaCl A NaN Oy I 3 A 38 40 (1 28 4k it
76 pH /T 3 6, 6B R CA™* A9 22 B 5 BV 0 pHL 2110
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pH (G TH i FRAE . AERRTE RN 211, AN ) M AR BT 1) 47 7

FERARIE WO, pH B AR 11, SH DAL B KA SR 2 B Ak ) S 22 K, TEBME A R, LR
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Table 2 The disposal quantities of Cd** under different electrolytes and pH values
G L i NaCl NaNO; KCl K280, CaCl,

pH i L it PH i Lt pH i Lt pH i Lt PH {ii Lk pH i PR
2.57 0.5490 2.37 0.6917 2.40 0.916 8 2.46 0.2123 2.59 0.5833 2.43 0.5232
3.20 0.3922 3.14 0.2302 3.17 0.8373 3. 16 0.3849 3.36 0.8262 3.11 0.5720
6. 10 1.3663 5.93 0.6097 6. 11 1.2339 5.96 0.9142 6. 17 1.0557 6.39 1.028 4
10.52 1.5655 10.71 1.7677 10. 71 1.876 5 10. 64 1.8422 10. 69 1.8528 10. 6 1.9137
11.31 1.516 8 11.30 1.7377 11.29 1.822 8 11.32 1.9190 11.33 1.8027 11.39 1.8343

2B kB pH E 04 28 4k SR S Y pH I AE 3 BL R R, Bl
LY pH A B AR 4 bl e 00 BH S 7 k08 2 A7 R T
Wb Cd® e RR B A5 K R AR, X Cd® LR R R 4 R
i I B AL REAT 06, AT AT Ca™ ML TR KT 19
AR . O SEIRA, 7630 pH A/ T 2 B, o5 MR Gt

Apa fhy o 12 b A Ay e A L

02 ) La TR PIT A '.|L|j~!_. T lhd[llldll el (H.

L 1998) , 17 2 PR e
Bfi pH {7 B AR AT 1 R a3 . Bl i pH AT, vl it e P
B D, A B AR, SN pH i - T
5 A28 TR (1) 1 P 85 D, Cd™ 5 T HE R, 25
SN, 2 pH L 6. 3 I AT H 2 0f 1 0G0 G i, Bl pH
ARG CA™ 5 2 10T 0 PR RO IR P | O, B ik — 25
THE . pH A 0078tk 238w B Cd™ (KR . K WAE I i
AR CA™ 5 OHT 84, BRAS T CA™ (R S, 8 R B 1) 96k 59
()7 1 % . HOK R FE S b Ll AL R S48 45 1 B cd™* +
OH™ =Cd(OH)*,Cd* + 20H™ =Cd(OH)Y, Cd** + 30H"
Cd(OH)3 ,Cd* + 40H™ =Cd(OH) 3 . 3XfH 24 7E pH {4
(A A e R e R BB A« A o e 8 R A X 25 Bk ek 1)
W T DA S 2 R 351 A 5 T BB B R AT W A T
R Y R B 8 4 2 T Hl G, B NOS (CL RSO3 AE
FETT T T W PR/ T L 2206, T LA IS 5 7 0 9 L B o S
L O Rl 6 7 NN (11 AR L T B O3 Rl £ ) 1 T 0

C> Sy AR 1 10 7 A, L 70 9 30 v 1) A 16 T B 9,
igffe' CI AL Cd™ AR R (0 2% &, FRAS T 30 1 cd® ik

e, AL 2 Rk v/ . KBRS P SR o G A A A

FHLEELL T LR EA: Me + €17 =MeCl", Me?* + 2C1
=MeCl%, Me®™ + 3CI =MeCl; , Me'* + 4CI° =MeCli” (Me

ey

REESM) . WHTY fLﬁ'mmmﬁn&mmJ CI™ (1)
J, b g T8 b3 B AT CI7 MSE R . BB T A7 E )
AR O T AT A R SE M, S
FEAE AR 4 T 4k e B i, 1) B 28 7, i v A Wt A
AL A stern 22 J0 A (il 4 48 HUAC 4064k BT 387 T A8
30t 11 T R P 2 1A e T ke, AT AR AT 12 T < o A T R
TR A
2.5 ﬁ%ﬁﬂ‘n Cd** BYR Bt 58 5234
“F A 100 mL (=M, A 0.2 g 120~ 160

EiFl’-Jﬁt‘cmw ki, 548 SN 100 mL Cd>* fIRIEGH SR 1.2,
5.10 20 50 .100 mg/ L FIf) CACL, ¥, #JE K 25°C, pH 4
TR, A5 190 of min (K6 3% 28 IE LR 72 h
S B, I, 0 R BT IR L R e L SR ST
YT W B ik, &5 UL #€ 3) nT 4 Langmuir 925 M 55 I 26 ok

LA, FLERE AN G A B RP= 0,982 5, 3 idh A 3 1 431 4 vy
1’1&)@% el 5. 54 mg/g.

F 3 MMERZWNEE
Table 3 The data of the adsorption isotherm

MR E  mge L7 ! 1 2 5 10 20 50 100
P S mge L ! 0. 020 0. 186 1.524 6.429 11. 000 39.772 89. 371
W B i mgrg ! 0. 490 0. 907 i.738 i.786 4. 500 5,114 5.3i5
W i 27 9% 98. 00 90. 70 69. 52 35.72 45. 00 20. 45 10. 63
2.6 FRRKE ¥ 20 h JailuE . BEEE P, W A ki ok, b1
{E—Z%1 250 mL =AM Cd* W H 200 mg/L PN 250 mL B9 AR, I 250 mL ZE IR K, B PTG

) CdCly #3200 mL, JG A ZY 2 g( L =8 FIseas
2.0322 g, AbFE CA* (91 4 2. 000 2g) 200 H BLF () 4 4
™, pH A i, T 25°C B3 200 of min KR 5 2% D 4R

20 min Jiiid g, I 500 mL 28 10 K 22 128 . K Y 43 D8
FEALAE 8O CHLAT I LT 6 h. UUEME AT DLk 35 DEuk i
TS R AR R, R R AR K A
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A AE Mn® FIK® 3, Mo (93 I BE29 0 9 ng/ g, K* AW
HAEZ N 72 ngl g . MIEHP AT E 4 8 31 CA>* Bl [ Fr g,
Mo il K® (3 Y BERE K . R X Cd® 0 W B B R
2.255 mg/ g I, Mn®™ (¥ LA 445.2 ng/ g, K* IOV AL A
229. 4 ng/ g: A HMGE ST IO R 420 1,800 mg/ g, [H R HE I
BRI 79, 82% . WA R BT CAT AR R b 00 W £
BT AT (i) 45 B vp A e Mon® R K, o) BAIA K Bl B0 47 46 22 B
BHAT S, 3 5 i 7 P47 I ) pH (G T 3 IR B R A pH
AT R AR 1 7 e 1) 858 B 0 A AR X 1

PERAT 2T R (4 Cd®* BEAT XPS 6% 4 b 4 3L (18
1) % W), XPS ilf /iy Cd 3d° W 55 /0 0] LA 4F Bk 3 i, B
405.1 405.4 F1405.7 eV . X 3 DAL A 3 Fi A Ca?

4k 2 BR 855, ARAT T 66 B X B T Cd™ 5 T g5

Mn®™* K* R i L H* 3X 3 R J"LZ.I‘ITJ'ﬁiﬁQWLu%
— ‘
2000 405,V
I Cd 3d3 ]
1800 411 s-.v
41600 | ]
(-9
~ 1400
o W WW
1000
36 414 4z 4|o 308 406 404 402 400
AV

1 WRBH Cd® R TRE B XPS O

Fig. 1 XPS spectrum of natural eryptomelane
adsorbing Cd?*
3 4 ®

(1) FOREEBIRAb B £ Cd> B K 76 303 F I 90 3 T i
T2 2 d Bh b AHAETFAR 1 h P9kl ik o1 iy 2 B it 1) 60% LA
s BEE PR AR S, A T 0 R R X At fl 22
HGN, IR Cd® 2 B AR B AT TR Tk (4 58 o v 4 A

(2) FRMES I, B pH R Th & B A 6 Cd®
12 B B PR A, 7 pH (12928 3 W35 B8/ A1, J5 B pH
ELEY TH S I 4K, 76 pH {4 10 BT B BUBE K4 . Rk pH A
it 6.3 IHT A A T AR G R, APt g T A A A 1 i
MU 138 . 0 A7 /8 PR AR R 40 ) cd™ 10 2 B
i,

(3) FARGEHPH X T4 B 1 Cd™ o WAL R 5 ik 2k fi 1R
I H ] Langmuir 289 05 PR 25 300 26 e Sk, JF o ot 73 11 3L
Cd™* fd KPR 5. 54 mg/ g

(4) A AL B S cd® B K L B PP B A KR
Mo ¥iH . A B S R, SR8 IR S U0 B 4 i
CA™* i [ Fy, 1545 ik 2 B B 0Y 79. 82% .
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