19 4 Vol.19 No.4
2003 7 Chinese Journal of Biotechnology July 2003
XP05
1 1* 2 2 2
! 2 361005
5 XP05 -
XPO5 XPO5 Pt
pH pi'* pi* pH 1.5 50
~250 mg Pt** /L Pt Langmuir  Freundlich
P 250 mg/L. 2.0¢/L pH 1.5 30%C 60 min 35.3 mg/g 0.5
mol/L HCI Pt 98.7% P
111.8 mg/L 4.0g/L pH1.5 30C 60 min 20.9 mg/g
P 50 mg/LL 1.2 ml/min 1.86 g 24.7 mg/g XP05
4 . 78%
Q67 A 1000-3061 2003 04-0456-06
30°C 18 h
3 500
Au’t*? ml. 100 ml. 5 mlL 30C
Ag+ 6 Pd2+ 7 Pt4+ 8 24 h
3500 r/min 15 min
2~3 80C
150
1.2
910 11 12
XP05
XP05 Pt 4 g lgg(f%)S
100 mL 4°C
1 30 min 2 mm
0.3 mol/L. KC1 4 h
1.1
- S8 lg
0.3~0.5¢ 1gXP05 100 ml.
1.5g NaCl 0.5 g 100 mL. pH 7.2 ~
7.4 30°C 24 h 9 4% CaCl,
4 h
250 mL 50 mL
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mbL W g 7
2¢g mlL/min
PVA- 4g Sg 1.5 mL/min
PVA 1g pi pit
1.3 10 mg/L
20.0 mg 1.6
10.0 mL Pt v-AL O,
130 r/min Pi/v-AlL O,
0.22 pm Pi'*
Pt4+ Pt4+
8
g
/L K, PtCl, 1.3
1.4 1.7
30°C s AA800
60 min pH 1.5 2 Perkin-Elmer
10.0 mL 30°C Pt
1.8 SEM
= / x 100%
L5 100 x 10" m LEO
LEO
1.5 em x 20 em 2
15em=0.5 cm Pt 2.1
XP05
4+
Pt 1 PVA
p** 2% ~ 5% Pt XP05
4+
Pt Pt4 * 5%
95% ~ 98% 1%
Q, Pt 86.3%
Q-
0, mglg = C,t,1/1000W XPOS
0. mglg = Cotip—C.V. [1000W
C, mg/L. 1, min 5% +1%
I min C, mg/L. V;
Table 1 Comparison of various immobilized methods
Matrix Efficiency/ % Immobilized method Efficiency/ %
29 Karaya gum 5.7 Karaya gum + Biomass 68.2
2% AS 24.4 2% AS + Biomass 71.4
4%PVA + 1% AS 19.6 4%PVA + 1% AS + Biomass 76.1
5%PVA + 1% AS 20.0 5%PVA + 1% AS + Biomass 74.9
5% Gelatinum + 1% AS 20.3 5% Gelatinum + 1% AS + Biomass 86.3
Adsorptive conditions Pt** initial concentration C; =50 mg/l. Adsorbent matrix or immobilized biomass concentration C;, =2.0 g/L. pH 2.0
30°C 60 min. AS Alginate sodium © FERZERMEDARFATIKSHESL http://journals. im. ac. cn
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2.2
1214
NaOH
HCI 3 =
Pt 2
Pt4+
Pethkar
12
1 pH XP05 pi'*
Cladosporium adosporiode Fig.1 Effect of pH values on immobilized XP05
Au biomass adsorbing Pt*
2.4
4+
s Pt 50 mg/L. 2.0
g/L pH1.5 30C 10 20 30 45
60 90 120 min 47.4% 56.9%
2 Pt 65.5% 82.8% 86.3% 93.6%  100% 120
Table 2 Effect of pretreatment on immobilized XP05 min 100% 10 min
biomass adsorbing Pt'* 47 4%
Treatment Efficiency/ % Treatment Efficiency/ %
Untreated 86.3 5% Formaldehyle 79.8
0.05 mol/L. NaOH 62.3 1% Glutaraldehyde 81.8
0. 1mol/L NaOH 56.8 2.5% Clutaraldehyde ~ 85.7 XP0O5
0. 1mol/L HCI 83.1 5% Glutaraldehyde 85.6 8 min
0.05mol/L. HCI 83.8 0.2 mol/L. HCI 77.6 78 1% Pt4+
Adsorptive conditions C; =50 mg/L. pH2.0 C}, =2.0 gL 30°C 60
min 2.5
2.3 pH p 50 mg/l. pH 1.5 30°C
pH 60 min 2
pH
. ; 0.5 g/LL 27.9 mgl/g
Brierley MRA
4+
) Pr pH 3.7 ) 4 gL 100% p
P ) 50 mg/. 4 o/l
pH 1.8 XP05 Pt ) Rhizopus ar-
pH 2.0 Pt thizus In 16
pH Pt pH Au
1 XP05
Pt pH 1.5 pH
2.6 Pt
PtC].64+ Pt4+
pH>3  H,PiCl 3 Pt 50 ~ 250 mg/L
Pt4+ Pt4+

Pt
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100 132 pi Langmiur  Freundlich
% XP05 pet
o 1% = 18
g E
g 00 &
{16 3
2 40 3
g i s Immobile 2
20
2.7
1 1 1 1 1 1 1 0
05 10 15 20 25 30 40 50
Biomass/(g/L) pH 2.0 4.0 ¢/L 30°C
2 pi 111.76 mg/L
Fig.2  Effect of immobilized biomass concentration 55.9 mg/ L 60 min XP05
on adsorption of Pt'* Pt 74.9%  79.53%
—&— Efficiency —S— Capacity 20.94 mg/g 11. llmg/g
40 2.8
351 ®
) 30
2osp 6
g ?(5) [ EDTA
S 0.5 mol/L. 60 min
ob—— HCI HNO; EDTA HAC
0 25 50 75 100 125 150 175 200 225 250
Initial Pt*+/(mg/L) 98.7% 98.6% 97.5% 75.8% 73.5%
3 pit Pt 61.9%
. e Tan . . " HCl
Fig.3  Effect of initial Pt'" concentration on immobilized
XPOS biomass adsorbing Pt** HCI1 0.05 0.10 0.25 0.50 0.75
1.00 mol/L 86.8% 89.1% 93.3%
98.6% 94.3%  72.3% HCl 0.5 mol/L
HCI HCl
s 0.5 mol/LL
H* H,0°
Y Ph** Langmiur ’
Au’? Freundlich )
. PICL>” Picl
AuCl, "~ Langmuir Freundlich HCl
17 Pt4+ HCI
2
Langmuir  Freundlich PrCl,
Langmuir 0.5 mol/L.
Freundlich 3 HCl p** 5 15 30 60
. . 90 min 49.1% 72.4%
3 Langmuir Freundlich
Table 3 Parameters of Langmuir and Freundlich models 86.2% 98.7%  98.8%
Models Parameters  Relativity r° Fitting equation 2.9
Langmuir  Quax =37.037 mg/g 0.996 e/ =0.387 +0.027Ce
b=0.072
Freundlich k=14.791 0.895 10 =2.694+0.163 InCe 4
n=6.135 77.6% 5
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12
1 mol/L 0.2 mol/L - 140
120
99 %
100
J 80
éﬂ 60
4 S
40
Table 4 The reapplication of immobilized biomass 20
. 07 . . 1 1 1 1 1 1
Cycle Efficiency/ %  Capacity/ mg/g Desorption/ % 00 50 120 180 240 300 360 20
1 84.2 21.0 98.8 Desorption time/min
2 81.9 20.5 98.9
3 80.2 20.0 99.2 5 XPO5 Pt
4 77.6 19.4 99.4
5 70.5 17.6 9.2 Fig.5 The curve of dynamic desorption
6 62.4 15.6 99.1
5 90 min
4+ .
2.10 t 90 min
pH 121.3 mg/L 90 min
P 1.2 mL/min 1.7 mL/min
5 4 XP05 P XP05
> XP05 Pt
. . t
Table 5 The result and parameter of dynamic adsorption "
under different flow rates 5 P pH 41 3
+
Flow rate/ mL/min by/min  to/min Q) mg/lg  Q./ mg/g pH 2.0 0.5 Pt
1.2 150 330 17.3 24.7
1.7 ) 230 15.3 24.3 64.4 mg/g
Adsorptive conditions C; =50 mg/L. pH 1.5 30°C  immobilized bio- P pH p**
mass 1.85 g dry weight Pt
sor XP0S
50 F "
I b 352mg Pt /g
&0
£ 30} 24.7 mg Pti** /g
3
= 08 20.9 mg/g XP03
10 |
. . . . - 78%
100 200 300 400
t/min

4
Fig.4 The curves of dynamic adsorption under

different flow rates

1 mg/L

1.5 ml/min 0.5 mol/L HCI
5
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Recovery of Platinum with Immobilized Citrobacter freudii XP05 Biomass

HU Hong-Bo' LIU Yue-Ying”  FU Jin-Kun®> XUE Ru> GU Ping-Ying’
! School of Life Sciences * School of Chemistry & Chemistry Engineering ~ Xiamen University ~ Xiamen 361005  China

Abstract The objective of this work was to develop a valuable adsorbent for recovery of platinum by studying the properties of
Pt** -adsorption with immobilized Citrobacter freudii XPO5 biomass. Five methods for immobilization of Citrobacter freudii XP0OS
biomass were compared. The method with gelatin-alginate sodium as entrapment matrix was considered to be the optimal . Spheri-
cal and uniform beads were produced and the SEM micrograph indicated that the cell of strain XPO8 were uniformly dispersed
within the matrix. The adsorption of Pt** by immobilized XPO5 biomass was affected with adsorptive time pH value of the solu-
tion immobilized biomass concentration Pt** initial concentration The adsorption was a rapid process. The optimal pH value for
Pt** adsorption was 1.5 and its adsorptive capacity increased linearly with increasing Pt** initial concentrations in the range of
50 ~ 250 mg/L.. The experimental data could be fitted to Langmuir and Freundlich models of adsorption isotherm. The adsorptive
capacity reached 35.2 mg/g under the conditions of 250 P** mg/L. 2.0 g/L immobilized biomass pH 1.5 and 30°C for 60
min. 98.7% of Pt** adsorbed on immobilized biomass could be desorbed with 0.5 mol HCI/L. The characteristics of dynamic
adsorption and desorption of immobilized XP05 biomass in packed-bed reactor were investigated. The saturation uptake was
24.66 mg Pt** /g under the conditions of flow rate 1.2 mL/min pH 1.5 50 mg Pt** /L and 1.85 g biomass dry weight . Ad-
sorptive efficiency of Pt** by the immobilized XPO5 biomass was above 78% for 4 cycles of adsorption and desorption.

The recovery of platinum from waste platinum catalyst was studied. The adsorptive capacity was 20.94 mg Pt** /g immobi-
lized biomass under the conditions of 4.0 g/L immobilized XPO35 biomass 117.76 mg Pt** /L and pH 1.5 for 60 min.The immo-

bilized XPO5 biomass is potentially applicable to the recovery of platinum from waste and wastewater containing platinum.

Key words biosorption immobilized biomass  Citrobacter freudii platinum
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