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Fig. 1 Schematic diagrams of flow field in stirred vessel:
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(a) Radial impeller; (b) Axial impeller (The impeller and
sparger in middle bottom subfigures of (a) and (b) are just

virtual relative position)
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equation: (a) PBT6; (b) A310
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Table 2 Equipment setup and study factors

Equipment setup Detail Factors Value
Reactor diameter 7=226 mm Solid concentration 5%, 10%, 15%, 20%
Reactor height H=2.25T Aeration rate 0 L/min, 4 L/min, 8 L/min,12 L/min
PBT6: D=100 mm,75 mm
Hmpeller A310: D=100 mm Impeller clearance 0.207, 0.227, 0.25T, 0.29T,
HEDT: D=100 mm 0.33T, 0.377, 0.40T
HEDT-A310: D=100 mm
Baffle width 710 Aeration pipe position Off bottom of reactor /=40 mm
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Table 3  Fitting result of model between just suspension and impeller clearance
Fitting result
Impeller Diameter/mm h/D 0—(h/D)
R* g y 0
PBT6 75 0.9984 18.86 0.4780 0.5414 0.5333 0.0081
PBT6 100 0.9964 19.24 0.5420 0.4122 0.4000 0.0122
A310 100 0.9891 14.21 0.323 0.3680 0.4000 -0.0320
HEDT 100 0.9674 15.45 0.2930 - 0.4000 -
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NOMENCLATURE
a exponent of impeller diameter in Zwietering
expression

’

a' coefficient in the relationship between just
suspension speed and the gas volume fraction

B mass of solid per liquid times 100

b  exponent of solid particle size in Zwietering
expression

b" coefficient in the relationship between just
suspension speed and the gas volume fraction

C distance of the impeller from the reactor(tank, also
called vessel)bottom, also called impeller clearance(m)

¢ exponent of density ratio in Zwietering expression
D impeller diameter (m)

D, solid dispersion coefficient (m?/s)

D, gas dispersion coefficient (m?/s)

d  exponent of Bor X in Zwietering expression

d, gas bubble size(m)

d, solid particle size (m)

g  acceleration of gravity (m/s?)

H  height of liquid above reactor(tank)bottom (m)

h  ring sparger clearance, the placed height from the
center of the flat bottom(m)

k  factor of the equation

k. constant accounts for the net effect of liquid
circulation on solid suspension

Njs critical impeller speed, also called just suspension
impeller speed (r/min)

n  factor in the Zwietering’s expression (s ')

Oy volume basis as specific aeration rates s™h

s dimensionless parameter used in Zwietering’s
correlation, called Zwietering constant

T reactor (tank) diameter (m)

X solid concentration, also called solid mass fraction or,
solid loading (%wt)

u, surface-based air addition rate or superficial gas
(m/s)

u, terminal settling velocity (m/s)

u. liquid circulation velocity (m/s)

Greek symbols

o,  coefficient between the volume basis as specific
aeration rates and the just suspension speed increment
cause by aeration

o'  coefficient between the volume basis as specific
aeration rates and the Zwietering constant increment
cause by aeration

p  coefficient in the relationship between Zwietering
constant and impeller clearance

y  exponent in the relationship between just
suspension speed (or Zwietering constant) and impeller
clearance

!

9’ exponent in the relationship between just
suspension speed and the gas volume fraction

stagnation point of the new model

liquid viscosity (Pa-s)

kinematic viscosity (m?/s)

density (kg/m’)

volume fraction(%)

ST S

Subscripts
B  bottom of reactor(tank)

g  gas or gassed conditions



876

hEA O RYR

2019 45 4 H

©w = = o

p
js

height of liquid
ungassed conditions
liquid

position of sparger
solid

particle

just suspended condition for solids

Abbreviations

HEDT

half elliptical blades disk turbine
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Just suspension and design optimization of bio-oxidation
stirred reactor for refractory gold concentrate

ZHENG Cheng-hui"?, BAI Yue', YAN Zuo-yi', CHEN Wei-1i%, LI Xiao-wei’, LIN Cheng'

(1. School of Chemical Engineering, Fuzhou University, Fuzhou 350108, China;
2. Fujian Provincial Academy of Environmental Science, Fuzhou 350013, China;

3. Xiamen Zijin Mining & Metallurgy Technology Co., Ltd., Xiamen361101, China)

Abstract: The bio-oxidation leaching process of the refractory gold concentrate, which proceeds in a gas-liquid-solid
stirred bioreactor, is a new type of the lower pollution and cleaner production technology. In gas-liquid-solid stirred
bioreactor, the just suspension is the optimal condition for bio-reaction, because of its advantage in the minimum of shear
stress and power consumption and the maximum of mass transfer efficiency between phases. In order to save the energy
and ensure the bio-reaction efficiency, this paper is devoted to study the optimal location of the impeller. Based on the
previous studies, a general formula for calculating the just suspension speed is derived and verified by the experimental
data. The results show that the overall errors of the prediction result are less than 20% when the refractory gold
concentrate is used as solid phase in gas-liquid-solid three phase flows. The formula and method recommended in this
paper can quickly acquire the optimal parameters for engineering design, so that the energy saving and reducing pollution
in the bio-leaching of the refractory gold concentrate can be realized.
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