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B AT EBALIS MM SRR P MG i B 5 Cu®" M1 Ca* " A WFRAR , Co’" S BRM A RE N MC RBEREES R
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Cu’* Biosorption by Bacterial Alginate Extracted from Aerobic Granules and Its

Mechanism Investigation
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Abstract: The biosorption characteristic of copper ions onto dried Ca-alginate made of bacterial alginate extracted from aerobic granules

’* onto the alginate, effects of pH and alginate dosage on Cu®* biosorption

was investigated in batch system. The biosorption rate of Cu
capacity and adsorption isotherm were analyzed. The biosorption of Cu’* onto the dried Ca-alginate was a rapid process. The maximum
Cu®* uptake was 67. 67 mg/g at pH 4, initial Cu®* concentration of 100 mg/L, dried Ca-alginate dosage 0.7¢/L. Accumulation of

>* releasing from the dried Ca-

Cu’" followed Langmuir and Freundlich adsorption isotherm. Cu’* adsorption was accompanied by Ca
alginate and H* uptake, indicating that the ion exchange between Cu’* and Ca’* requires H* for charge balance. FT-IR secondary
derivative spectra and atomic force microscopy analysis gave proof that, the reaction of MG blocks in dried Ca-alginate with Cu’* and
Ca®* were different. Cu®* may form complex with MG blocks, leading to a much more ordered structure on the surface of the dried Ca-
alginate. The dried Ca-alginate bio-adsorbent was regenerated by 100 mmol/L HCl with 91% Cu®* recovery.
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1.1 FEFRISRERREREANRR

FEBRGROEREIERENERS B
#R[6].
1.2 BRFREh A Al 0 08 B 50 o 2

W RBA B EL R A DNA B§ .RNA BRI E R
BEEAT A6 difb T B SRR IR R R B - R
ERRELEY S B (Sigma 24 71§ WER M NAT
#)1 RSN R sk W E DNA S B, B DR K%
NEEARSTE.

Koo /e BB WE 20 /L MERWABBZR
(20 WL) IUAZE 50 g/L CaCl i+, TU BLBR BR ¥5 %t
JE UL, B 12 h 5 3R JBE JBURL 190 2% 45+ 3 i 3 5K
IR RSB BORL, E R T K U BV K
FAREH Ca’' ,60C T4k

1.3 BB

43 BB 50 mL, — E ¥k BE Y CuSO, ¥ E F 100
mL B, A —ERBN T HEBRIGRERS
R A 590 ( AT ST R T 3R AR 45 YR B3R ) , 347 pH, LA —
SE B (8] 15 R BRURE B 52 _E VB VP Cu® " IR B

Cu®* B 52 77 ¥ 3R B BAAR A 00 20 B 68 39 B9 0K
M AT B RKE L mL Cu®* FRET 2 mg/L
BIRE SR BIMA 0.5 mL 0.1 mol/L #) EDTA ¥ .
0.5 mL pH =8.5 f§ NH, - NH,Cl 8" . 0.2 mL2
g/L B RAN 0.2 mL 1 /LIS N B W, B Ja
AEEFAMES mL. LRASABBES L, T
450 nm Ak I 52 R BE .

FTEHRSEMHE Cu® RME ¢ mg/g) HE
ARK:

g=lo=9? (1)

Kb, q R BT A B H & (mg/g) e, RRBR
B Cu®* BIMIR R ( mg/L) s RRR MR BB+
Cu " BARWE ( mg/L);V EmR Cu”" BWWAER(L);
m ZRBMFIRR(g).
1.4 RHHLE R E
1.4.1 R3S Ca’ WilE

¥ 0.07 g TRERSHRMFBME] 50 mL pH {H
H4,Cu’" HI 44 Mk BE R 100 mg/LiY CuSO, B F,
PA— % B9 B 1B (R B 30 52 b Y MR Cu® " 1 Ca”" 9k
BE.HEP G RANARRN I BARMNKELE
B, Ca"* R B F iy (1CS-3000, DIONEX).

Cu’" B Ca’* Y& Q (mmol /g) f3+H AR W

K(2)Frm:
Q =aM (2)

AT, QRTERBRMARM KBRS C* I~
R K Ca" WEE/RBRBM M Cu® WERE
(mmol/g) ;q F AWM # Ca* B B (mg/g) B
Cu* IRHt & (mg/g) , iTEARXRRR(1); M £R
Ca’* #1 Cu”" W EE /R & (g/mol).
1.4.2 5MEiERRE

¥ 0.035 g T BEER %5 R M 7] 20 51 B A0 £ 50 mL
pHE N 2, 4, 5,Cu”" ¥ A ¥ E N 100 mg/L K
CuSO, ¥R , 15 B B (- 45 /5 BB R B A Cu’ ™ 9
T HRAS R M A T 60°CH T , R /5 ERIKRK Cu®
B T 3 BR 45 R B R0 4 3 R 4L A ok A (WGH-30/
30A,Micro Photonics, £ B ,KBr i) #4709, I
BTt 4 000 ~400 cm ™. L1506 B9 — B S HOL
R FIAX A B BB R AR
1.4.3 ETHEMEIF

BEAL)E 20 o/L MEREEBYKERET
FRmEML NC, ABEHNBER B, ATHE,
FEERTH#HE—BatE. B 50 g/L CaCl, FH], 5
BEZBR L ARSI ZBER, EZREHE,
FRTARNTRE. Br—Ho LR 8F EWH
B pH =4 # 100 mg/L CuSO, W, X I =
BEE FZRABHERE, ZRTBAXTRE. ¥4t
B H R RM Co® MERM Cu*" MERETRT
41 B 1% 4% (SPM-9500])3 , SHIMADZU, Japan) F A #
fil B A L EE
1.5 MmRiiK

¥ pH =4, ¥ 15 ¥k B & 100 mg/LE CuSO, MW
HR RS R SRR A5 R B R E T 25 mL 100 mmol/L
HCl ¥ W, F — <& o 18] fA] BB B <& b v& Cu®”
WE.

Cu** BB HEARXMT

R MR R Cu® WE
ok = R L oo o ™ %

(3)

P& S 3 A FATRE, B EE R

BAGR, TREEN(25+1)C, BFBYIH pH H
¥ 0.1 mol/L H,SO, #H¥5.

2 HREiE

2.1 SRS IR 3R 45 R F
% DNA B, RNA B§ IR SR 2IL )G , 7 AL
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£ BRMS RN ZERR pH R X Cu® R &
FAS 4k WL 2. pH = 4 B 1 IR M & W] 3K %) 67. 67
mg/g, L KF pH =2 Bf #9 20. 81 mg/gfl pH =5 B Y
46. 34 mg/g.

HTRRIE Nk B-D HEMERKE (M) M
oL HEEBRERE(G) MR, M B-D HEMER
(M) Ml o-L & ¥BEEEER (G) REMFEF H(pK,)
M5 3.38 F3.65, % pHEKT M HBEEFH
pK, =3.38 8F,CO0" 5 5 H* & /XA B TKH
FERULIE, HHS Co’ MEBHET, B pH =2
it Cu® IR BRI S pHERTF C HEEFK
pK, =3.65 Bf , 3R 5 COO A FRERA, 4 Cu** Y
ZARE R, B6E pH 4 M5 B Cu®* IR E
HpH=2 BF 435I E T 2.25 570 1. 23 £5. jsh,
pH B BRI WL R 2 EMABRRMKERHS,
HISEFE pH Xy 4 #1 5 6F, COO™ &AL TR
A& EFE— B pH EHEERS G’ KR
BENBBRK. ZRERER, pH 2 4 55K
REAE.

2.4 WREFIEANEX Cu®* R AR

FE pH =4, Cu’”" ¥ 1A ¥R 24 100 mg/L B, % %8
TR T B E5R MR it (0.7, 1.4,3.0 g/L)
SHEW T Cu" " RAWENE W, SRLEA 3. YK
BRERMANBMERTEH, B F AR SBEER
ML BWE Cu® MEREAR, G RAWKER
. B &N 0. 7g/L B9 Cu®" BRAWFE 52.67
mg/LREZHINE N 3 g/LIFHY 9. 82 mg/L, FH W #
AEMBERSREANOBMERRER C°" WX

60

sol H¥pH = 4
- Cu* ¥R 100 mg-L™!
- 40t
&
o 30
¥ 20
&
10
0.7 14
#imi/gL!
B3 mpwmmBdRRsRE Co’ K
Fig.3 Effect of biomass dosage on Cu®*
biosorption of the dried Ca-alginate
2.5 BEFEL

H50.035 g T BERRAS T B 70 43 B BN E) 50 mL

pH {E 2 4,Cu”” WA BESF 5124 1., 50, 100 #0150
mg/Lfy CuSO, I , LA —E # Bt 5] 4] B 1l 5 1= 78
Wb Cu’* YR, B8 TR B IR R 38 B R A B B Cu® ™ ¢
. ¥ Freundich 1 Langmuir % ff} 45 % 3] & ¥ 32,
ZRNE L WA WHERXZREEE R, Freundich
Langmuir #7888 5 7 # 8 R EL W B Cu®* 95
B H, FEBR5 R RS R M Cu” BB LA
Ve R R R, I B R B R 2 T A 0RO B L it
Cu®* LA BB 35R. B Langmuir AR S F], %
FRAT MR FE 3R A B KR B g 84. 76 mg/g, X HL T3
EIEERE BT HA s BRI R

R SR, BA R AR MRE .
£1 WRFSEMA Cu’* BRH Freundich
#0 Langmuir #8 #&
Table 1 Freundich and Langmuir constants of

Ca-sludge alginate absorbent

Freundlich # 7 % % Langmuir 1 % % 3
0 = k(e,)" 0 = quubn/(1 +bey)
k I/n R Tomax b R
4.9235 0.6205 0.990 6 84.76 0.067 9 0.9893
2.6 Cu* WK

L 100 mmol/L HC1 Jy fif W& 37 X % MR 45 # 17
Cu" MMEHE, HERIE T EREZIH S
Cu’ MR TASHRYEME Cu® 1. pH =4, W HR R
k1 100 mg/LAY CuSO, V¥R H* 52 ML J& #Y B8 BR 45 TR M
FB BT ERE 4. LRERER,Co”” WHERHE
FEAR R, A 7E B VR S O FF 4R A9 10 min Py, BEER Y5 b
BB Cu’* AR IR 3k B #4555 B F45. 100 mmol/L
HC1 ] %6 it W W 25 AR 45 & 91% iy Cu®", L H
Cu®" Ay [ W A IR B R O B A2 R A

2 #RE ] 100 mmol- L™ HCL
0 | 1 1 1 1 N
0 10 20 30 40 50 60 70
B 8 /min

B4 Cu'" MRtk

Fig.4 Cu®* desorption curve

3 BMAEEER

3.1 BMRRIERET Ca’ MR
ZWE, % pH =4, ¥4 Cu’” ¥EE 100 mg/L, 3
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K% AT EIFORLIS WY B IR R EL A Cu’ B A 4y e A AN L AR R i

735

B A5 IR B RIS & 1. 4 g/ LEt, B BR 45 % B I 7E )
Bt Cu’ i B EBER Ca® MIBRHL, 3 A Bk Ca™
(g BE SR & (0. 753 mmol/g) B K F R M Cu’* # BE /R
& (0.730 mmol/g). [5] & & 3, W B} Fz B 58 LG , O
% pHEH ¥ IEE 4.02 F+EF) 5.26, B) Cu®* "B H
WRFEHFEAR H B %K (0.066 mmol/g). B
ERMFIRB A Ca’ SR Cu®* F1 H* # B /K
BEEAMY (1:1.013). X R, TR &M F %t
Cu' BB EETRRARRE  BRFH
Cu’* SIRMAE Ca’ RMMWANTEREH WSS
Sk 4 +5 o, 7 4G
3.2 45 =K REOLES
HEBRGRERBREMNE pH N2, 4.5
Bt Gu® ™ B R B R 3 B4R A B 40 40 E R R IR

() FHMBAXHE
B AT

pHS

pH 4

pH2

800 900
B Pem!

1000

Hs
Fig.5

BRHLHMNb B-D HERBRARE (M) M a-L
EIEVERERRR AL (C) 3,880 cm ' & M BREMN 4
fEWE ,7F pH =2 A X E 878 cm ™', K M R 2
EFERERREM. EH pH=2 RESE5H &
BEBRE, FBULH R FFLSE Co’" KEES R
(20.81 mg/g). Wb, B FEF MBRENH MM #i B

EAE

byt

BAE

EhE

S.HTFANS M REOLE R URMEESF LENSE
WIB(5 8, L 750 ~950 em 'K (i) [ 5(a)],HIZ
BRI XM fM1500 ~1700 ecm ™' KA [ 5
(b)], EMREMBEIRX " WO SEOE
LSR8

B 5(a) WA, FETRERERSR
M R pH R 2, 4, 5 BEXt Cu®* B MR B 52 B 3% 3 4
MEAERSXERRAMENOI) B FHOLE,
21 B R i 7 B A — 30, HIAE 890, 951 Ml
903 cm "' A5 B B MO4SAE R U U4 . 4R Leal 21 AR
K, ER3IAMLERRIEEBER ST MM B,
GG Bt MG ik B B R AiE % e 0 , JiE BH | 37 6 0K
BRAPERMWAEZERLEFNSHE MM B, GG
B MG ik Bx.

(b) BRI 4 e 5 X 24 1)
B B i

1696

| |

1600 1700 1800

¥ /om!

SFRBALT R MBS R MR A BT R pH 3 2, 4, 5 Bt Cu’* AR BH K R A B 4 F0JS RO 41 5h = B S 803 R

FT-IR secondary derivative spectra of the dried Ca-alginate before and after Cu?* biosorption at pH 2, 4, 5

1 MG R B T W i 37 iy K T8, pH = 2 B 880 om ™'
R I B9 75 30t 156 B IR B B R i A & A 78 R B3R A%
. pH =4 Bf MG # BB 5 —4F1E 1% 960 cm ™'
%, ULBH IR MG B AT fE S Cu®' 4. /B #E Davis
LB, B A BB Cu' G SR
Fif Ca’ WL ARES. B, Cu®* LA LB # D
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3 NI ST EIBORLIS VR A P SR BR AL X Cu” " B A W R B R AL B 4RO 737

2 45 3 4 Fp o 167 A5

(4) B BBMAS R FEEERRER,
T E RIS VB S B A R M R MG Bt 5 Cu’t A
Ca’ " #AWIT AR, Cu’ i85 R K REH MG
BBEREES pH=4 HERLEN > TEBEHN T
Cu’" 5 MG i BRME SR, BRER KA. BT H
BHEMWIER Co’" A HEERSRENEHER
HFI R BENAE SR, N FTEREWES T
HARSRE,C WHBS I Ca’ FiR.

(5) &k 100 mmol/L HCL 2 1 W% 37 5] 5] 4t 91%
Cu®* , Bt 7 10 min 7] X 3] V4.
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