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Effect of Algae Flocculant Applied in Biogas Slurry

GUAN Zhengjun WANG Xinzhi YANG Yiying
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. Algae flocculating agent is nontoxic and easy to be degraded, which can be used to pre-treat
biogas slurry. Based on the existing literature and research, four kinds of algae ( Porphyridium cruentum ,
Chlamydomonas reinhardtii, Scenedesmus oblignus and Chlorella sp.) were cultured under the same
conditions for 15 d and the growth period were determined every day. Meanwhile, culture medium was
collected to flocculate the biogas slurry every day. Flocculating rate was measured by optical density
value. The highest flocculating rate of those four species algae in 15 d is as following: the flocculation
rate of Porphyridium cruentum reached 39.01% on the 7th day, Chlorella sp. reached 26.99% on the
11th day, Chlamydomonas reinhardiii reached 25. 93% on the 8th day and Scenedesmus obliquus reached
25.39% on the 6th day. Considering the flocculation effect, Porphyridium cruentum was better than the
other algae in several continuous days. Then Porphyridium cruentum was cultured under its best optimal
culture conditions: the light intensity of 3 000 Ix, the temperature of 30°C , light ratio of 12 h: 12 h,
inoculation amount of 30% , pH value of 7 and salinity of 3% . The culture medium was collected after
7 d. Based on center composite test, four factors were chosen, including flocculation concentration,
flocculation reaction time, temperature of flocculation and initial pH value. The flocculation rate reached
the highest of 76. 25% , and the corresponding optimum conditions were as following: pH value of 7. 69,
temperature of 26.78°C, flocculation concentration of 47.70 mL and flocculation reaction time of
20. 39 min. The parameters of the corresponding flocculated biogas slurry were measured, including the
corresponding removal rate of TN, ammonia nitrogen, TP, TS, VS, SS and COD were 51.30% ,
54.67% , 57.00% , 54.11% , 57.80% , 53.71% and 43.16% , respectively. Under the condition of
optimizing flocculation parameters, the flocculating substances produced by Porphyridium cruentum had
better removal effect on various kinds of nutrient in biogas slurry.
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Tab.1 Four kinds of experiment algae
Ak B Uy B IR 2 A i A
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Tab.2 Range of experiment variables
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Fig.1 Growth curves and variation of flocculation rate



55 1

RIEF 25 PSS Y SR BE X I8 WA 2R BEHCR T 5T 293

73— TR IEAE WS AN AN A 1R ACHE S AT U
Az TR IR 8 S AE AN ] A I 2 I e AP 2R B 3 T 1Y
Tit , o 6T 2R B 5 A W TR 7 A 0 AR i R T T
I, ) A R B A D - R BRI R B )
T SRR I AN FE[R] IX 4 TT R B 12 g A 4% E B Rl
1 T ZAK A
2.2 BREREWORE

P 2 J2 4 Pl MK 58 BRI TR L, AP R T LA
A, SEREEEIR BN 7 R, T A BB PR
Jit 2R BEASCR B TR SR BE R IR B T 39. 01% 5
B3 R R NERBERE IR B 11 ORI L R
BEIE VR W) 2R BRI A, TR R BRI R T
26.99% s A= WHBEAE K5 IR B 5 7 ™ 0 2R B
VR R BERCR I iy, TH IR SR B R IR 5 26. 01% 5
FEVIAHAE TS IR 250 8 R L™ ) B BEIE M)
SRR IR RN SR BEAR IR B 25. 93% o

2 4 FhgEFh i 2R BEN VX

Fig.2 Comparison of flocculation activity of four

kinds of algae
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Tab.3 Results of five factors and two levels orthogonal test

RIFE A4 B/C C/(mol-L™') D/mL  E/min L§ER/%
1 6 20 10 30 6 23.560
2 6 20 1 30 30 24.813
3 6 20 10 60 30 45. 426
4 6 20 1 60 6 21.355
5 6 40 10 30 30 61.407
6 6 40 1 30 6 31.078
7 6 40 10 60 6 56.768
8 6 40 1 60 30 66. 508
9 10 20 10 60 6 52.128
10 10 20 1 60 30 60. 851
11 10 20 10 30 30 59.274
12 10 20 1 30 6 30. 957
13 10 40 10 60 30 69. 447
14 10 40 1 60 6 71.382
15 10 40 10 30 6 65.957
16 10 40 1 30 30 66. 936
x4 HEHW
Tab.4 Variance analysis
kI AmE EIM I F P mEE
A 1 1332.56 1332.56 26.95 0.0004 @2
B 1 1830.11 1830.11 37.01 0.0001 #}%&g%#%
C 1 225.65 225.65 4.56  0.0584 AR
D 1 398. 83 398. 83 8.06 0.0176 B
E 1 643. 60 643. 60 13.01 0.0048 @
i 5 4430.75 886.15 17.92 0.0001 #G%
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524 AT P <0. 000 1,356 B [A] 0 2 % &5
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% 75 4 b H 3 o) 17 (L 1 728 A1 OO e R T S AR )
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AB \B* D F1 E* Xt U I {5 22 968 2R HL A 835 (R R 0, T
AD AE .BD .BE .DE F1 A® %} H 5% i If R @ 3%,
I, SR AN 2 DR 2R A5 B A0 S ) 1 E O 72
Q= —778.314 +34.394A4 +21.298B +15. 102D +
7.189E —1.284AB -0.219B° - 0. 155D -0. 176 E*
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Tab.S Result of center composite test

R EE A B/C D/mL E/min ZEER/ % || RS A B/C D/mL E/min B/ %
1 9 35 52.5 24 36.918 16 7 25 37.5 24 58.303
2 9 35 37.5 12 7.363 17 10 30 45 18 68.472
3 9 35 52.5 12 28.596 18 6 30 45 18 63. 835
4 9 35 37.5 24 13.740 19 8 40 45 18 39.748
5 9 25 52.5 12 63. 288 20 8 20 45 18 60. 748
6 9 25 37.5 24 61.918 21 8 30 60 18 53. 040
7 9 25 52.5 24 68. 082 22 8 30 30 18 21.625
8 9 25 37.5 12 49.315 23 8 30 45 30 63. 698
9 7 35 52.5 12 61.042 24 8 30 45 6 29.742
10 7 35 37.5 24 34. 458 28 8 30 45 18 74. 435
11 7 35 52.5 24 67.206 26 8 30 45 18 72.615
12 7 35 37.5 12 29. 488 27 8 30 45 18 75.947
13 7 25 52.5 24 69.413 28 8 30 45 18 67.722
14 7 25 37.5 12 53.088 29 8 30 45 18 63. 548
15 7 25 52.5 12 64. 642 30 8 30 45 18 75.618

®6 hOAFREAIENN

Tab.6 Variance analysis of center composite test

PSS Hifg oy ¥ F P
A 1 409.58  409.58 6.13 0.0257
B 1 2630.02 2630.02 39.34 <0.000 1
D 1 1914.31 1914.31 28.63 <0.000 1
E 1 611.33  611.33 9.14 0.008 5
AB 1 659.64  659. 64 9.87 0. 006 7
AD 1 31.41 31.41 0. 47 0.5035
AE 1 7.53 7.53 0.11 0.7418
BD 1 271.52  271.52 4. 06 0.062 2
BE 1 0.15 0.15 0.0022  0.9628
DE 1 1.63 1.63 0.024 0.877 8
A? 1 82.82 82.82 1.24 0.2832
B? 1 895.54  895.54 13.39 0.0023
D? 1 2193.60 2193.60 32.81 <0.000 1
E? 1 1193.34 1193.34 17.85 0. 000 7
I ALK 56 10 878. 89 87.89 3.54 0.0875
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o WERLE LA, 208 2 25 deR R | a]
PAIEW] pH A 5 20560 B 18] (1 3¢ B4R F X 22 5
eSO PR T RN IV S LA RV E SN i 3
KA pH H B AL T =, B8R T R TR B
R A, T LR R A v e AU AT 2 i S Bk
JoE 1 B2 R BRI

T TR R VR R R B B AR Y B R
B, Sy BRI AT O B o3 115, A5 B S i
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JHCEE 47. 70 mL  ZLEERT ] 20. 39 min, fE ISR T, B
SRR BSER 76.25% o Sk T K U T AL T )
WERA P, 4 B R S R IEAT IRIE IR B . S B0 IE , 6
TR HE 7 1 2 IS M ) T T Y BB R A B T
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Fig.3 Influence of pH value and temperature on flocculating efficiency
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