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Ch-1 W& J Cr(VI) s Bz DX I ] o 70 R B 9404k pH {EN 8~10 I, Ch-1 RIEJR Cr(VI)¥) s Rid 28
FEAMIE, 24 pH<8 F pH>10 B, SN FEHELN . Ch-1 BIEJE Cr(VI) RIS N A FJ N, (BN BE R Rh R
D, RNGEFR N, Y RIE BRI K . AR B 50%, 30%, 20%, 10%F0 5% X R 5 I 2
Bor5lh 57.521 1, 51.630 6, 45.976 4, 24.002 5 F1 7.326 5, FAMIGLAED 4 6.89, 14.75, 19.24, 33.54 1 72.52
kJ/mols  Cr( V)2 V&3 J5t 5 I3 Bifl 45 4 e H2e e 1) 388 I e o) 9 BE0H R 1) DR e VRS I DX, 2 40 vk 2 P 1t 92D
BT 9%, FENE NI, FEHIE T Ch-1 WIRIR Cr(VDIF 5 T 2450k #JE 0 30 °C, pH1{H 10,
RN E R 20%.
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Kinetic of Cr(VI) reduction in alkaline media by Ch-1 bacteria

CHALI Li-yuan, WANG Yun-yan, ZHAO Kun, SHU Yu-de
(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of initial pH value and Ch-1 bacteria inoculation amounts on reaction rate were confirmed with the
change of Cr(VI) concentration in the process of bio-reduction. Kinetic equation in each condition was established and
the corresponding apparent activation energy was also calculated. Meanwhile, controlling range of Cr(VI) reduction by
Ch-1 bacteria with changing the bacteria inoculation amounts was obtained. The results show that the reaction rates are
approximately the same at pH value of 8 to10 and decrease gradually when pH<8 and pH>10. The reaction order of
Cr(VI) reduction in alkaline media by bacteria is zero. The reaction rate decreases and the apparent activation energy
increases with the decrease of bacteria inoculation amounts. The reaction rate constants in bacteria inoculation of 50%,
30%, 20%, 10%, 5% are respectively listed as follows: 57.521 1, 51.630 6, 45.976 4, 24.002 5 and 7.326 5, and the
apparent activation energys are 6.89, 14.75, 19.24, 33.54 and 72.52 kJ/mol, respectively. The rate determining step for
reduction of Cr(VI) by bacteria is varied from inner diffusion, mixed control to chemical reaction with the inoculation
amounts being changed from 50% to 9%. And the optimized technological conditions are as follows: temperature of
30 ‘C, pH=10 and 20% bacteria inoculation amounts.
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Fig.1 Variation curves of Cr(VI) concentration at

different pH values
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Table 1 Effect of initial pH value on reaction rate v

pH 6 7 8 9
vimgLVhy  BEHE 0 72979 41.8950 43.1702
pH 10 11 12
vimgL“h™) 423166 15.455 0 BEIT 0

& 1 W, #I4h pH {E4 8, 9 A1 10 I, 407
W HAR, HIEARLRFEAAR, nf Pl Cr(V)5e4
WECh Cr(Il), pH{ER 7 A1 11 WIE R N %, 58
A8 J Cr(VI) B IS TR RE s 17174 pH (B 6 B 12 B,
HEREAL T 0, BXF Cr(VDFIE J5U B L5 k.
TR S B RO B, X A BT Cr(VDIFY
MBEIEJR T8, EF pH 10 Wit TESH.
2.1.2 Mm@ A A Rk R RR
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Fig.2 Variation curves of Cr(VI) concentration at

different bacteria inoculation amounts

F2 mERMN T RLRE Y
Table 2  Effect of bacteria inoculation amounts on

reaction rate v

MERFRR o 30 20 10 5

%
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8h WANRESE ARG, ] AN BRI O, 38 J5Ud %
A, AR SR AR, RN A T AR R &
S B AR R T R B A B A B 20% A fE L2 S
A

2 2 BIAN, AR AN TR, LS N A [ 5
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Fig.3 Relationship between reaction rate and bacteria

inoculation amounts
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EWIEG Cr(VD) BT 308 716.80, 380.74,
375.02, 184.21 il 187.66 mg/L, HJE N 30 C. #I4hH
pH {4 10, 40 E R 50 20% 14 1F T, £33 Cr(VI)
WRE—I e R MW 4 s, 5lieEe. —
P RN B 1 TR e In(e/co)s (1e—1ey)
XTI, VLM oe R, 45 3.

800

£ (Cr(VI))/(mg-L™")

20

Hsf 1] /h
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B 1R 2 Ak o £,

Fig.4 Variation curves of Cr(VI) concentration at different

initial Cr(VI) concentrations
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Table 3 Reaction order and correlative coefficient

p(¥IA Cr(VI)/ RARE
(mgL™) Y, —4 ~4
716.80 0.999 1 0.960 3 0.860 7
380.74 09980  0.8801 0.6415
375.02 09972 09050  0.6930
184.21 0.998 3 08677 06285
187.66 09958 08499 06194

HIE 3 Ml o, H R R PEAR G E Bef
Ch-1 W& It Cr(VI) K S Nk % 45 5 347 R 3O -
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R B 2 Bl AT SR, A5 AN ) 4 ol
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Table 4 Reaction rate constant & at different bacteria

inoculation amounts

e

50 30 20 10 5
ME/%

ko 57.5211 51.6306 459764 24.0025 7.3265

T WD 30 °C, WM pHAEA 10

23 TUENBEBIHE

W46 Cr(VI)JF A< S A 380.74 mg/L, #l4H pH
i 10, F0EEFPE N 20%, 5K 20, 25, 30,
35 F1 40 ‘CI, 4521 Cr(VI)He 58— a] i 5% 2 il 2 <]
5 R TN b, SRR S PR,
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Fig.5 Variation curves of Cr(VI) concentration at different

temperatures
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Table 5 Effect of temperature on reaction rate constant

T/K 293 298 303 308 313
59.8832 69.2197

k 41.8671 46.2290 51.3411

W%W%E%%ﬁﬁmth=m%—§;,u

Ik A A, LA, W 6 B, HRR
h-2314.29, #IEH 11.61, HKRE r=0993 1. il
HHRWIEALBE E,=—(—2 314.29x8.314)=19.24 kJ/mol,
RGN By Bl b SiERRR L k(D=

77 652 exp 221429

TR E RONAE R T2 5F(30 C, Hl
f pH 10, 401G 20%) MG BRI, £E4)
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Fig.6 InA—1/T and its linear fit line
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Fig.7 Variation curves of Cr(VI) concentration under shaking

bed and static condition
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Fig.8 Variation curves of Cr(VI) concentration with different

bacteria inoculation amounts at 30 ‘C and 40 C
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Table 6 Apparent activation energy of different bacteria

inoculation amounts

TR F Pl % 50 30 10 5
E,/(kJ-mol ") 6.89 14.75 33.54 72.52
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Fig.9 Different controlling ranges of Cr(VI) reduction by
Ch-1 bacteria
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9 WL, AR RN T 9%, B R VAR
WD AR R 9%~19%I, JE A FEHIX
A GARATE T 19%00, Ry, SMsped
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3 & it

a.  HIUH pH N 8~10 I, Ch-1 BIEJR Cr(VI)
() S N AR BE A AR ], pH<<8 1 pH>10 Itf, J Wik
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b. Ch-1 HIRJE Cr(VDIFIN A F RN, HA0
PEERP >, SN RN, RN ZRE BRI K
LR HAN 50%, 30%, 20%, 10%F1 5%
INF, ) VR S W B0 il 57.521 1, 51.630 6,
45976 4, 24.002 5 fi17.326 5, HEMITILAED 5N
6.89, 14.75, 19.24, 33.54 F172.52 kJ/mol.

. FIE| T 340 R R 53 Ch-1 & )5 Cr(VT)
(R IS I8 42 1 DX 45k P o (V) PR 40 7 Ji e 1328 3 FET P
P BRI NI G I, R4 W HR & 9%,
e N R AR IX

d. Ch-1 FIRJR Cr(VD Bt L2 AR
30 °C, pHHA 10, HHEREFE N 20%.
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