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Abstract : T wenty-six natural clays were studied for their kinetics of flocculating and re moving algal cells of Microcystis
aeruginosa . According to the 8 h equilibrium re moval efficiencies and re moval rates at a clay-loading of 0.7 g+ L~ ', all
the 26 clays were classified into three categories . Type I clay, which includes talc, ferric oxide , sepiolite , ferroferric ox-
ide , and kaolinite , has an equilibrium re moval efficiency greater than 90 % , a ts5o( time needed to re move 50 % of the al-
gae) of less than 30 min, and a tgy( time needed to re move 80 % of the algae) of less than 2.5 h. Type- Il clay, which
includes argillanceous rocks , attapulgite , rectorite , illite , and argil , etc., has an equilibrium re moval efficiency of 50 %
~80 %, a tsq of less than 2.5 h, and a tgy of more than 5 h. Type Il clay consists of 14 minerals , including laterite ,
zeolite , mica, clinoptilolite , pumice , tripoli, feldspar and quartz, etc. with the re moval efficiency less than 50 % , and
tso >8h. When the clay loading was decreased to 0.1 ~0.2 g* L™ ', the 8 h equilibrium re moval efficiencies for 25 clays
declined to below 60 % , except for sepiolite, a Type I clay, which maintained around 90 % . After the sepiolite was
modified with Fe’* to increase its surface charge ( Zeta potential from - 24.0 mV to +0.43 mVat pH 7.4) , the initial
re moval rate was increased re markably although its 8 h equilibrium re moval efficiency was not improved substantially .
As a comparison, the 8 h equilibrium re moval efficiency of PAC was no greater than 40 % at loadings of 0.02 ~ 0.2 g*
L', Following the analysis of the flocculation mechanism it was concluded that the effect of bridging and netting may
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play a key role in the clay-algae flocculation processes , which may be important for selecting and modifying clays to im-
prove significantly the re moval efficiency .
Keywords : I\/Iz'crOCystis aeruginosa ; clays ; algal blooms ; flocculation ; mechanism ; clay modification ; bridging and net-

ting ; electrostatic neutralization
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aeruginosa cells using clay minerals
(26 clays were grouped into three groups ( I , I, II) by
comparing the re moval efficiency of cells at 8 h. Error bars
showed the variation of the re moval efficiency of clays in
each group. The detailed grouping is summarized in Table

1. The initial algal concentration was about 4.78 x 10°

cells* mL~ ", the clay-loading was 0.7g* L~ .

2.1.1 8h
1 26

8 h

8 h . , 26
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(x10°cells* mL™ "), K

(min"') R, t( min) [ x10°
cells*( mL* min) "' ]. (2)
a.b.c3 , 2 3
2
2
(2)

t( min) . 2 a,b,

c3 1 min :0.298 x

10°~0.41 x10°,0.182 x 10° ~ 0.254 x 10°
<0.92x10% cells* ( mL* min) "' .
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Table I ~ Twenty six clays were classified into categories based on the grouping in equilibrium re moval efficiency (group I , 1, III)

and the re moval rate (group a, b, ¢) according to the linkage distance of cluster analysis (SPSS 10.0)

/g'cm'3
I a (70 %)V 2.58 ~2.83 , ,
I a 4.9~5.3 ( AR)
1 I a (90 %) 2.5 ,
I a 5.2 ( AR)
I b (80 %) 2.6~2.63 , ,
I b 2.23~2.28 ,
I b 2.6~2.8 , ,
11 b 2~2.5
2 I b (70 %) 2.05~2.3 ,
1 b 2.6~2.65 ,
11 c (80 %) 2~3 , R
il c (65 %) 2.6~2.9 , ,
il c 2.75~3.0 s s
1 c 2.7~3.5
11 c 2.16 , ,
il c 2.7~2.84 s s
il c 2(92 %) 2~2.7
11 c 2.6~2.8 ,
3 il c 2~2.3
il c - 2.3~2.4
1 c 2.7 ~2.84
11 c 2.7 ~2.84 , ,
il c 0.4~0.9
il c 2.6~2.8
1 c 2.54~2.62 ,
11 c (90 %) 2.65
1) ;02)
( ts0) ( tgo) 1 2 ,
2 ( ) ( 2 )
. 1
s (2), ~3 1~2 . 1 .
. . . 5
tso  tgo 8 h >90 %,
) ts0( tg0) 8 h (ts0 9.3,
8 h , 19.2,15.3,21.6,25.6min ; tg, 50.3,
2 .a,b,c3 103.8,82.7,116.7,138.0min) , tso < 30
3. min, fgo < 2.5 h, 1

2.1.3 2 ,8 h 50 % ~
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Table 2 Kinetic data set for the flocculation of algae using clays
x10°%/ 50 % 80 %
cells*( mL* min) ~! tso/ min tgo/ min
I a (70 %) R = 3.516¢ 052 0.00026 6.0
I b Ry=1.783¢ 0-83% 6.2 115.4
1 I b (90 %) R = 2.034¢ 087 3.1 83. 4
I b Ry= 1.415¢"0-8000 13.9 146.3
I b (80 %) Ry = 1.906¢" 0854 4.7 120.2
I c Ry= 0.069¢ 02538 115.7 217.1
I ¢ Ry= 0.195¢ 047! 118.1 289.1
11 b Ry=1.835¢"0-8748 8.3 352. 4
2 11 c (70 %) Ry= 0.413¢ 0619 100.3 344.3
11 b Ry= 2.303¢ 09340 1.8 2171.3
11 b (80 %) Ry=1.183¢ 0847 104. 4 2331.9
11 b (65 %) Ry= 0.949 ¢ 0-8138 142.7 1781.5
11 ¢ Ry= 0.026¢" 02012 456.9 863.3
11 ¢ Ry= 0.386¢ 0730 871.0 4985.2
11 ¢ Ry = 0.048¢ 0-3% 624.5 1354. 4
11 ¢ Ry= 0.270¢" 06814 943.0 4122.7
3 11 c (92 %) Ry= 0.155¢" 09953 865.1 2763.3
11 ¢ Ry= 0.085¢ 03384 1373.8 3803.0
11 c R;= 0.005¢ %070 605.9 987.0
11 ¢ - Ry= 0.111¢ 03804 1519.5 4657.5
11 c Ry= 0.078¢ 03548 2192.9 6302.0
11 c Ry= 0.035¢ 0397 1123.8 2453.0
11 c Ry = 0.002¢ 01183 564.7 859.7
11 c Ry = 0.001 #70-1334 956.7 1448.3
11 c Ry = 0.050¢ 0664 99950. 6 405010.0
il c (90 %) Ry= 0.017¢ 0474 12318.3 30149.0
1) 0.89
3 a,b,c3
Table 3 The average kinetic parameters for the re moval rate groups of a, b, ¢
50 % 80 % 30min
x 10°/ cells*( mL* min) ' R? t5o/ min tgo/ min /
x10°/ cells* mL~" %
a Ry = 3.5160¢" 09532 1.0000 0.00026 6.0 4.123 86.3
b Ry=1.7016¢" 0-8603 1.0000 11.4 329.0 2.737 57.3
c Ry= 0.1209¢" 0-3682 0.9993 1003.1 2978.8 0.525 11.0
80 % ,ts0< 2.5 h, tgg> 5 h. I ,
8 h 50 %, R [ Al,O; + MgO]
tso 8 h, , « 3, r =0.77), Mg O
3 .
1 2. ) -
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