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Abstract The mixed SRB population was acclimated and immobilized in Ca - alginate gel beads, and the immobilized SRB
was used for removing Ni’* from aqueous solution. The kinetic characteristics of Ni>* biosorption by immobilized SRB were in-
vestigated. The experimental results demonstrated that the immobilized mixed SRB was effective in removing Ni** from aqueous
solution, and the maximal absorption capacity was up to 931.9 mg/g dry beads (DW). This biomaterial should be a promising
biosorbent for removing heavy metal ions form aqueous solution. The kinetics of Ni** biosorption onto the immobilized SRB fol-
lowed pseudo-second order model and the biosorption process over the entire adsorption time range fell into two distinct stages,
i.e., physiochemical sorption stage and bioprecipitation stage. Further study on diffusion kinetics showed that intra-particle
diffusion was not the only rate-limiting step, there were several adsorptive mechanisms involved in the entire adsorption
process. Fig4, Tab 3, Ref 14
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11 wk. R )5 Fl Postgate B 355 it — B WML 3G 5R, A H i
B SRR — K. 35558 wk GIRBERFAE & SRB M, KE
HR2g (TH)/L

Postgate B 35353 (p/g L") : KH, PO, 0.5; (NH,),SO,
1.0; Na,S0, 1. 0; CaS0, 1.0; MgCl, - TH, 0 2. 0; #F B R 45
3.5 B REE 1.0, PR MERO0. 1; FiEZ80. 1; FeSO, + TH,0
0.5.mBE3%k/KZ%E1000 mL, /0.1 mol/L HNO, 1 0. 1 mol/L
NaOH, %7 pH 5 7.5.

Postgate C 35353 (p/g L™') ; KH, PO, 0.5; NH,CI 1. 0;
Na,S0, 4.5; CaCl, - 6H,0 0.06; MgS0, - 7TH,0 0. 06 ; 2LB 4
6.0; B3B8 1.0; FeSO, - TH,0 0.004; — /K 1R 44 0. 3.
Fi 0.1 mol/L HNO, 1 0.1 mol/L NaOH #&¥5 pH & 7.5.

1.2 BR& SRB E#MBRRISERE

10 g IERMAPUINATER T 500 mL A K4, BAE
40 C,ImA SO mL 4KE N 2 g (TH)/L MAEBFRIE
5 RIGREFZRE LN 5% CaCLER T, B BT,
TR 2 mm ZEHBERIE/NEE, R )G A BEdh kP ik, 4 CTRE
R AR R A N, .

1.3 BRMEEERS SRB EEHE SRR

¥ 5 mL #EHEREG5 A8 SRB Pkl A &4 400 mL Postgate
C 557309 500 mL B EWER T, 35 CHEREFR, 7Td g
VW SO, W
1.4 EE{ SRB BHMEERWMzH S

& NI BB AT 4 NiCL, - 6H,0 ML % FKkECE.
¥ 10 mL 3RS WA SRB FORIINA 100 mL Ni** ¥R N
100 mg/L, SO2~ ¥REE K 500 mg/L g%, N, 5 min,
BREEES O, 35 C, #& % (125 v/min) B, EE R E 2 mL K
BE Mgk N HREE.

1.5 EIZE{ SRB BABMEEE (Cu. Zn, Ni) &R
W5t B

# 5 mL SRB ORI 53 AN A &4 15 mL Ni** ¥ 10,
25,50, 75, 100 mg/L B9 W, IR ES DO, 35 C, %K%
(125 v/min) 2 h, MEFBTESBKRE. ‘
1.6 SHFH=*

FKEEB R Ni* R R RS 6 B T KA R Tk
W5, {38 K Varian 6 AAS. SO;™ #k[EF] DX - 100 DIONEX IC
e,

2 #R5R
2.1 AR

B59% 24 h J5 , B SRB BRI R P HNER THE
RIBETIEY. ¥5377 d )5, 3R SRB Bk g sk 3 F SO~ 89
HeHE M 3 862.3 mg/L TREF] 1 758.6 mg/L. B AT
M SO, WERE TR LHEMISMESH SRB #
HEABTHMIEE.
2.2 SRB EIEHEBRIW B Ni** thzh H2

B 1 ¥ EMRS A8 SRB Tkl iy K5t 2. SRR,
M5 HIE SRB JURI AT A3 M Ni* ", SRB F0RL Y R Bt 3
FIEET T 43 AT M B 7E 20 min 353 W B4, TR R
40.99% ,$R S5 4545 T 10 min. A 45 min FF 44, SRB i

BT K e Ni** B B P AT, A KR R BT
“ORBHIE T SRR B R— A TIRE R M, SRB U+ SRB B
BifE SO, BIFAR H,S, 53X 28 H,S i 5K i Ni** AL AR
NiS JL¥E , 76 /5 H17T LI ZE 2] SRB SORL S ML 247 15 A LR,
XEETTEY) A NiS JLTE. £EK 3 1 080 min J5 , FEFF 4+ BIE T
E Y SRB FRLRE AR 4 LR B N E EWEIHE
Ry R S UUNE, B R/K B0 Ni*° S RE LMK, SRB
R A KB EARN H,S RIS PR NRR S.
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Fig.1 Ni** removal rates (r,(Ni**)/% )

2.3 SRB BRIMM Ni** BOEh IR E

HBFR SN2, e — SR — RN s TR R
BMRAEE = SRB BT Ni* 9UR i 3h 1% Lagergren - Anna-
durai ~ Krishnan'"* ") s — R R FK T :

log(gq, ~¢q) =logg, ~ (k,/2.303)¢ (1)
q.F q & Ni** BB W B N 8D ¢ (R MR B, SR R mg
g ', kR RBHEREFE L (min™").
ZHREHFEER P RR T
t/q=1/(kyq.) +t/q (2)
ky 2 SRR R E R

BN Y5 EE SRB AR — RN _RRMHNEER
Table 1 Kinetic constants of pseudo - first order model
and pseudo - second order model

— &R Pseudo-first order model — &4 % Pseudo-second order model
k,/min ! !

0. 0031

®1

R k/gmg'mn' ¢/mgg”' R
0.874 3.4872E-5  775.19  0.992

g./mg g~
413.6

F 1T — SRR "R R 2 [a) i B RN
Wt BB 25 R 7E NV WD R VR B 100 mg/L B, R — 4K
RIS R MRS EE SRB RS B AR b Ni* ™ (R T
HEFAR SR (R =0.874) MR — BB S 2109 o, th B
BT LRI GBE , Hil— SRR RS TR ERERISE
5E SRB IR A WBEXS K b Ni** B0 Bt 3 0 2. P GO RN T
LAFRAR LA SRR (R =0.992) (H2) il R
B ¢ 5K E G BRI B, B RR S E 2 1) SRB
REWBEA X ZVI 0 0L T ARG AL 5F BARM T
FAEE SRB BURL 5 Ni* " Z [R) § 4k 3 R, 3X 5 S v 2K 2
(R B S K PR B AR TR M RN BT S TR LR R — B,
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1'6] ¥=0.04051+9.83549E-4 X k= /1" )
144 kp%ﬁﬁmﬁﬁﬁﬁ(mg g_l min "**).
121 TS MERRAG E 2 SRB BRI M Ni* py RN iksh 1
. BN 3 iR, WE 3 AT LUE AR S 7 b SRB 5
2 5 NT 2 AR R BT R M R AR i R
£ 0% B Y HUOM B MY BE R SR S5 . Mt & 5% 8
ez 0.6 %, SRB BRI M Ni** 25 T BB B A9 B2 4 O B0eL
0.4- MY EL % 2 44T SRB IR Ni** MR
0.2 800 =
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t/min 600 /./
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Fig.2 Pseudo - second order modeling ( ) of nickel sorption kinetics 3 ..
Eaoq g
2.4 EEISEE SRB BRI Ni** - #zhhF 7 300 /i
R AR & 41 [ SRB FORK ¥ MU RE R Ni°° 1938 3, 200{ ™
SRB LR A 43 2 3 R D REEBGUAREY RO ; 100_/
2) BFRMBIALA; 3) B NY L 0 . ' . ' . . .
SHER B BT A% v AR R B AT 10 min i) C,/C, — ¢ fERIT 0 3 1015 00023 30 3

‘8, SRB BRI B Ni°* A9 8458 % 4 0. 091 2.
LA, BBl N D B R B 3 . AR 3% Weber -
Morris 2!,
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Fig.3 Plot for the intra-particle diffusion for Ni’*
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Table 2 Rate constants during the two stages and over the entire time range

% —BrBX Stage one (0 ~45 min)

% M Bt Stage two (45 ~ 1080 min)

473% Entire time range

-0.5 1

k,/mg g™ ' min R? ky/g mg™" min "~

1. 0.5
R?  k,/mg g™ min

R? ky/g mg™" min ! R? k,/g mg™" min "' R?

78.98 0.98 5.92E-5 0.996 49.07

0.98 1.76E -5 1.00 3.49E-35 0.992

B3 4REN, FE-RMEBRAEL O ~45 min. ZHTE
SRB (¥ tEEEE R k, 75.98 mg g™' min™"’  BAXRRH
BREEXFR BT LUHEY BHIATE S —Fr B SRB FiRiE 7]
YR BT LA PR B 3, R R 1 AE X W B SRB I I T
TEVRBR Ni** ob (Y FT8RAE A K. 55 B Bt SRB 80KLIK 41 5 1% Bt
HHHR49.07 mg g~ min~ "’ {HBI7E 45 min J5, SRB MRS
P16 B B R ORLXT Ni*° (IR B
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Fig.4 Ni?* removal rate (r,( Ni’* )/% ] over initial
concentration range of 10 ~1 000 mg/L

MILEY BOTIRE , SR T BURME— P TR B 3 S A1
PSR, MR Rk, = G, CONFIEHRE, Hib n=1/2. %
M, EL—E, n ST L0 ES B n 5T 1.183. 84,8
PP B R — MR R s il R S SR L.

2.5 FHEMHR

YRR ERAT [E F SRB B BEFURLIR B Ni* * f) -7 R bt ith 2% 4m
B 4 BR. R EW 6 N B U R 10 ~ 500 mg/L (78
P, 1SRRG IE & SRB FURLAf 7K o Ni** I BREFE 67.9% ~
87. 0% Z 7], 76 W M- — B i 8] iz v DR 2% 30 B9 S vy S
BB SRB Wig R R N PR R EA RIFRIG 1.

FEIEFTEOT , — i B o W Bt 25 2 B e T8 R 4 R
BTBTVR B . SRR B O AR B B X X I RS R [H] A
FHEHATRLS . BF RIS IR R B 7 #2 2 Freundlich 4516 IR Bt
F#2(4) 1 Langmuir R HHE(S).

q. =kC" (4)

4. =4,6C./ (1 +5C,) (5)

K ¢ RRM AR (mg/g BRMA) , . WERKEHER
(mg/g WA, C.RERMPBTAFEWRE (mg/L), k.n
b RERL

23 FI|th T SRB Bk ML B /K B Ni** ) Langmuir 77 #2 F1
Freudlich 5B 7B R HEHAMEXFZR. RS REY £ 35
C, Ni** ££ 10 ~500 mg/L ¥ B TE W, 15 3R B 45 B % SRB R
A BB M Ni° RS Langmuir 5 254 Freudlich 77 2
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Langmuir 7B+ ¢, Fi% 931.9 mg/g (T SRB HkL) , LLBA
— BB SRR HRAE I & P A MR B R B R Y g, B SR
& BRI A — R SRR P HE 1 & A R 50 & R
AT, EAT I E R A R B T R Y AL 2 R, T A B
R RS EEE SRBIES A A SR, 7ER M

2t SRB REREHEK 1 SO~ ST ARIHTE SEIR A H,S, H,S 5
VR R B RUBLE UK B BRAL YOI s RSO PR
TH AR R 2 HOh B— BER E R AR, AN
SRB B G W, XM HERBEHENEIE N RAERMENE
J1,1¢ SRB BEF A R A®EANBTETE.

®3 BRMEEESRB RARMNEERMABRMER

Table 3 Isothermal equation and constants of Ni** sorption by SRB beads
R Model F# 3 Equation ¥ Constant R? SD P
Freundlich Q. =0.066C% ™2 k=0.066, 1/n=0.712 0.953 0.112 <0.0001
Langmuir 0. =0.071C,/(1 +0.076C, ) _=0.932, b=0.076 0.956 0.838 <0.0001
3 4t ib search progress of adsorption of heavy metal ions by microorganisms. Mi-
Zn

MRS A IR A SRB BB X Ni** HA R4 0 R B
it , FoAF IR R AT BEAF & Langmuir % 77 B HAF A Freundli-
chHR T, BRRMAEER g, 5% 931.9 mg/g (T SRB F
) B— RSN R RT R A R R RS EIERE
SRB BB YIRME N B A SRS RS IR,
BNV 6 2o A T B0 Dy 0 PR A 2 R RS S0 0 A T O S
BrBL ¥ e B R R OB N B 3E R e — AR AL
42 R R SR AR LR, W B SRR A B R BB S
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