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Novel method of buoy-bead flotation for harvesting micro-algae and its
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Abstract: Buoy-bead flotation (BBF) technology used low density hollow microspheres instead of air bubbles to
harvest microalgae with high efficiency and low energy consume. Chlorella vulgaris (common energy microalgae)
and sodium borosilicate glass microspheres were chosen as experimental microalgae and cenospheres in BBF process.
BBF method was compared with traditional dissolved air flotation method. Response surface methodology was used
to optimize the process of BBF method. The results showed that the flotation rate with sodium borosilicate was ideal.
Microspheres particle size, concentration and stirring speed had significant influence on flotation rate. The rate could
be 83.7% under the conditions of particle size 56 um, particle concentration 0.546 g/L and stirring speed 133 r/min.
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R E A B2 (BT AR A R A ") R R,
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Fig.1 Schematic of the buoy-bead flotation system
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Table 1 The physical properties of the microsphere
Type Density/ Compression Panicle.t si?e o.f 90% cumulative Panicle? SiZ-C O.f 50% cumulative Panicle? SiZ-C of 10% cumulative Sof.tening
(g/cm?) strength/MPa distribution, Doo/um distribution, Dso/um distribution, D¢/um point/'C
1025 0.25 5.17 95 78 35 600
1040 0.40 27.59 70 55 27 600
1060 0.60 55.17 54 40 15 600

FFERAEF AT, N 100 mL 58 7K PGE A RE, &
BRI BT EBUR R VIR SO T S AT T BN EE. 1EF
EFEQ LYyHAeinoN — i R ETI(E 2 R R 7 R R
BRI, FHENR2), K/INERERIFRININIZIEAF,
FAWE 1348 (ST K B 20404 #R T T)LA 250 t/min
R YSESEFE 1 min, ##E 15 min, [ 20ERIFI/NEK

R 20 7 23 H Al R ) RSV PR IO AR 08 I 0 B R
[RNVURFEAABHL(EEE) A PR A R AR g, —
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2). Ko VR BT 45 A B A K ) B AR (1L AR
SRR ML BOR A AT PR ] 3 B P BR AN . P A
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Table 2 Coded levels and their actual associated values in the

PBD design
Variable Level

-1 +1
pH, x; 6 9
Temperature x,/C, 25 35
Microsphere diameter, x3/pm 55 78
Microsphere concentration, x4/g/L 0.2 0.4
Flotation time, xs/min 2 4
Stirring rate, x¢/(r/min) 30 200
Concentration of chitosan, x7/(g/L) 0.0 0.3
Concentration of tea saponin, xs/(mg/L) 0.0 80

(2) WAL AL BT SR BBD B (F i R
TSI, SKIRMR. Sibd KoKT IR 3. &b
I SES VNS IRV\E 2U VS =1 TIE

Y = Ao + Z AiXi +Z AiiXiz + Z Ai/'Xin’ 2
KA, Y N RAECRYCR), Air, 4y HTTFEREL X, Xi(i)
N E ARG, 22 IR AR A PR A E R

R AL, Hgiih BRI P AR W IR
ZIKTF90.05, BI2 Pyoger<0.05 I, BT FEE 2.

% 3 BBD LHRITE R HwiDRIKF

Table 3 Factor levels and their actual associated values in the

BBD tests
Level
F
actor 21 0 1
Microsphere concentration, X;/(g/L) 0.4 0.55 0.7
Stirring rate, X>/(r/min) 30 115 200
Microsphere diameter, X3/um 40 55 78

3 R

3.1 FERFIERWE

Kl 2 ATEATR pH TS INFRE 25 751 5 AN Iz 2
FIE, 37 BRIF1%72:(BBF) 5 U (DAF) R IR, A
INZGFA , BRI IR E R RIS R B SR 25.65%.
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Fig.2 Recovery rate comparison of DAF and BBF with
different pH values
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Table 4 Assigned concentrations of variables at different levels and effect estimates in PBD test
Source Effect value Sum of squares Contribution rate F P
Model 0.41 8 0.051 9.83 0.0433
pH, x; —-0.12 0.044 10.26 8.37 0.063
Temperature, x; 0.11 0.033 7.77 6.35 0.086
Microsphere’s diameter, x3 0.16 0.080 18.83 15.37 0.029
Microsphere’s concentration, x4 -0.16 0.081 19.08 15.57 0.029
Flotation time, x5 0.090 0.024 5.67 4.63 0.121
Stirring rate, x¢ -0.21 0.13 30.86 25.19 0.015
Concentration of chitosan, x; -0.073 0.016 3.79 3.09 0.177
Concentration of tea saponin, xg -9.09x1073 2.656x10~* 0.062 0.051 0.836
8.8 100
77 [ (a) Pareto chart | (b) Normal plot st
' Bonferroni limit 7.70406 80 -
— 6.6 X
3 ) I
“i 55+ % 60
B 44 S I
2 2
§ 33 = 40 -
L 55 t-value limit 3.18245 § 2 r Positive effect
N ®  Negative effect
1.1 X
6
0 | L | L | L |
Xe Xy X3 X X X X Xg -0.2 -0.1 0.0 0.1 0.2
Factor of PBD test Standardized effect
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Fig.3 Pareto chart of the standardized effects gained and normal plot of the main effects
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Fig.4 Microscope image of microsphere— microalgae aggregate
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Table 5 Assigned concentrations of variables at different levels and effect estimates in PBD test

Source Sum of squares Degree of freedom Mean square F P Significance

Model 0.26 9 0.028 231.76 <0.0001 *
Xi 3.999x10°¢ 1 3.999x107¢ 0.033 0.8617
X5 9.510x107* 1 9.510x107* 77.68 <0.0001 *
X3 7.992x107* 1 7.992x107* 6.53 0.0378 *
XiXo 2.039x1073 1 2.039x1073 16.66 0.0047 *

XX 7.883x107° 1 7.883x107° 0.64 0.4487

XX 0.020 1 0.020 165.84 <0.0001 *
X2 0.016 1 0.016 131.75 <0.0001 *
X2 0.039 1 0.039 315.04 <0.0001 *
X33 0.15 1 0.15 1249.57 <0.0001 *

Note: * was Significant. R>=0.9967, R.q>=0.9924, Ryra®=0.9580, adequate precision was 44.950.

—_
(=2
=3

200

180
T 160
£ 1w
' 120
8 L
g 100
% K
g ¥
@A 60

40

4.0 4.5 5.0 5.5 6.0 6.5 7.0

Microsphere concentration, X,/(g/L)

5 i A RO B o SRS ) 5 )

Fig.5 Effects of stirring rate and microsphere’s concentration on harvest rate
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Fig.6 Effects of microsphere’s concentration and microsphere’s diameter on harvest rate
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Table 6 Comparison of energy consumption of various harvesting processes
Harvest technology Energy consumption/(kW-h/m?) Harvest rate/% Reference
Pressure filter 0.69 80 [17]
Vacuum filter 1.60 93 [18]
Electrolytic flocculation (Electrode separation=26 cm) 0.333 95 [19]
Decanter bowl centrifuge 8.00 78 [20]
Dissolved air flotation 7.34 92.4 This work
Buoy-bead flotation 0.144 (stir 0.019, separation 0.125) 85.4 This work
3.4 ZFa TR F RIS BEAR.
P TR T2 2 R0, (HARASBE U N 4 4 P
“u

F, 3B R RCR A2 5 AN BE [FI A . 26 6 X
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Tk T 2RI REFE R ER T H B ik, ik R i3 Ae.

ARSI VR BRI IR R BE RV REAN, FEEMA T
NRVEER. TFERINMFS N 25 J6/500 g, R4 ikEHITiE
Ft7N bidt = F AL 8 (CTAB) M i 9 300 76/500 g,
{8 RS2 529 0.5 A1 0.08 g/L, ] & FFHZ) 3~5 IK.
FHFIE | LR ER AR Z) 0.008 J6, CTAB A2 0.048
JC. WOFERIFIE AT R KD A, —Maai . 7R

P& T — FOHT B G SR OB 7 Vi — TG BRI
JivE, SRR N ENEST T AL, BT H S AR
EHRRCR, B3 T 458

(1) 1 Jo7 T A A I V57 B V57 348 1 /)N Bk 3 SR AL 336 T ik
85.4%, HIFELFEATIMANELT).

(2) M 87 TR A LA P i B A Dl /N R BE L 4R
pH. IR 35C. FERKIAE 56 um. FFERIRFE 0.546 g/L.
P TE] 2 miny BEHEEZE 133 o/min, FORICE R
83.7%. LI {HELIR.
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