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OB A XTRE RSO R SORAR . RERE R B A, R — 4R 2B ih B Aspergillus niger B T 22 BR 28 Vit 6 IR fR
Chlorella sp. M-12, L\ 3 £ {3t — P PR 380 125 200 1) 75 9% 1m0 05 o 200 A SR i Jr v o 3 3 F b S 56 28 42 T A R 1ok
Chlorella sp. M-12 2 [ 3% 25 TR 015 Ye W) 1 5550 2 S B 0 22 BRPD UG 40 . pHLL T BBt T 55 45 (AR XF 22 B Chlorrella
sp. M-12 952, JFilEAT T DL 4B o 45 R RIY], 7EWIENH,-N =W B 24 mg L™ BF, 52878 W NH, -
N. TP EBRFR> 5K F] 84.2% K 100.0%, HFI#E 1 g NH;-N 7] 77 i1} 4.3 g Chlorella sp. M-12 T4 Jit . 58 1 %5 14 22 Bk
5 Chiorella sp. M-12 T E LRy 1:1, #14HpH N 6.0, FEFREIE N 28 C . F3# M 180 rmin' B}, Chlorella sp. M-
12 B ERFETT 3K 909% LA 1o 2 i 25 8 22 Bk 1) I 47l 45 19 B LB A1 3R 6 W 0 vl rh R VE 2 30 T 8 19 Chloreella sp.
M-12 AR 3R o L AIF 5T 45 SR 1T R i i3 A WAL 5 A Hh 9% I8 1T i B s 40 iR iR it 52
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%10 XU ES . B T 2R AL JE MM Chlorella sp. M-12914k 3245

g 3~30 um, HEAEITK, WM. L, SN LU e B IR AR K R, MELIRE A SR,
LG R R R E ARG B0 vk . R TE | RTRIE IR B AR R 3 R O TR AR
SrEE B AR, (R LRELE S, mMETY MEEE T, R R M
PFITER B ) 2 18] %) LAy rh R T R SCsE A L, Ok 3y, (BAEAE R BE 8 B ks e it
AR, A REEE N LB A& RIS A G-t . JCi5 s . BRAERIME S0 S 2 207 ) 256
W, BATT R0 Tl A i FH TS U AR 2R T TR AR Y S R R R A M 2R R 2 Ry K
ol A= ) 28 B S ) FH 4 A B L T S Tl A 0 0 I A LA 43 A ) (exocellular polymeric substances, EPS) A&
H S E5H8, Gk i far A S I R T S A i 2R . AT . LR SR R Y SRR
Y. Hrh, HRETEARTDIE 2. B0, HE285WE0% . WROCRE:, R R0,
AP EE SRR, OKME . 7 8 A0 M A B 0] SEE 90% LA b s Mo RN B (Aspergillus
niger) /E— M E UL I EE B HE , JB TRME LT TAREREL, HA A K Pal . slEREREL . W2
BREEFIECE | MR MR AEE , AT SEBE 90% LA A AN A MR, 7R B O U2 B T R
M1 32 TR0, 2R 5 1 P o B TR 22 BR 5 30 A VR A5 R P 3 e K R B AR W s, L
HEAE T R PR SR, B ARG i /INER 3 2R A R R H BRI ) T R 4 A R R

AWSE e % 48T G 28R 0 o B Al A — R v S i N BR B Chlorella sp. M-12 X 4 25 TR W
R 0 T SO i SR P B A A 22 BRI T T AR R R AR T AN TR R KX
PR A A 22 3R R BE WK Chlorella sp. M-12 (520, FFRIA BRI T L EENLH . AT R 0] R IR
EE PG . @R, S0 RIS S HAR RIS
1 MR57F%

1.1 i EM BT RITK

A% S 6 T 3 R R M b 5T A8 X AR G S | AT s Al A A5 B A — Bk N BR
Chlorella sp. M-12, L8R i @ 0 18 50%. Befh 5 32368 BG-111%, 53R 25£1)C, LI
5% A7 200 pmol-(m*-s) ', YGHEJE I L:DOG HE) A 12012, iR K 3 d Ik AFE BN KN, JH2EsL
6 35 SR FH 8 B 4 I 3R AT 0 e VR h it i A . B 19 O 2% 8 2R 0L X (1),

Y = 0255 4p;, — 0.024 4(R*> = 0.989 4) (1)
b YR FE, mgL; p  MOGEE; RIS,

S T FH R S (Aspergillus niger) W [ H [ S804 90 B FR O 0 (CGMCC, 45 XZ0007), 1%
AT KR 5 1922 28 T8 R [ A8 252 3L 10T Py, DL 2% Dl 2 70 7 i . HE A ) Rl R AR
£ 50~70 h Jim gk A B, LB AE R 2 1 A A R EURCIR AT 0 B R 223K, B 0.5 mL
KIF WS TRIGFE A FREA WLk RHERE D, HEFRG 2D TRERED, i
HH 2 s mL KE B OB, RERMLEAKBMFZ2MEMmER S0mL, JFE T 250 mL =/
g o A D TR IR R R A ) PR i A6 B 1 mL RS K Y . A 100 mL B TG
Bk 250 mL —fAirh, B TEIRIRG R SR GEFRIEE N 28 G pH 4 6.0, #43#H 150 rrmin").
B2 3224 30.h J5 43 U B PR HR T U s PAT 1 TR 22 R, BB AR PROE BB 22 Bk . 5 4 R BT A5 2 K KU/
Y5y WP BE RO TR 228k (LR R 22 BRTEE N 1.40~1.60 g L' EHAR N 4~5 mm).

HECI5 KR 80 IR AR K I B R -0 S A i it 0 A B ARG 2V . X IHY COD . NH;-N
5 TP ¥ 43510 1 100~1 200 mg-L™'. 700~730 mg-L ™" &% 32~40 mg-L™'. VA& pH 4 8.0~8.5,

1.2 Chlorella sp. M-12 X5 7K A S0 8% 9 IR Y 38 SR S22

Z %% Chlorella sp. M-12 X} AS[a] 7 W Fi BE VR H COD . NH,"-N Fl TP A4 2= B 800 M 38 Ak 4 1 1 20K

o SN AE R 250 mL HEIE I, BHRAAFUN 150 mL, BRBR LT 022 um 3L IES , HEBE T
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KRR 6 DA TR E R E (2.5% . 5% . 10%. 15%. 20%. 25%; %I 2 A5 v B 23 51 N
24, 40, 89, 124, 150, 182 mg-L™"). AN #, COD . NH,-N5 TP Jfi & ¥ J& 43 %I & 100~300,
24~182 }% 2.0~10.0 mg-L™'s B Ab F X E A KM s Zm T LR e BB R, ALK ER
3K o TR A 4G R BN 30~100 mg L(F ), AR 2 d W E TG K ) COD. NH,'-N 55 TP i &
W B i T

13 EH SR ZIKERUIR Chlorella sp. M-12 14 B HL#HI S 16

1) JHh B R 22 BRZZ UK Chlorella sp. M-12 554k . ZERFIBYME . B TE b, #7145 pH,
REGRIE I, B IR 5% vk Xt B il B T 22 3R B BRCAR Chiorella sp. M-12 (8505 o T A Ab B4 1) 152 107 2 4
250 mL HEE I ;R M TR 22 BRAE B P A B IR R Dy 2 h, R SR AL 3 9K

ST E ., R E R 2Bk O (RS T E ) o 11 120 123, HIECTFE A 1.6g L
M EREZRIE S . B FRIBAW T 2000 rmin' FEL 2min 5755 LG, K8 BHER
223R5 T . WS FRE BT E 2 LY Chlorella sp. M-12 3 o 451 BURY Chlorella sp. M-12 3 ik
T 7000 rmin' B0 15 min 5 575 FIG RS B4, FEH 100 mL 78 KK R # 2 250 mL — )
b, B S =R RO A AT IR WIS pH N 6.0, JIbA Bl A b ny B s T 2 Bk, s
MR 28 °C, 5 H M 180 rrmin ',

I h6 pHe >R A 1 mol- L™ i R 8 A1 1 mol- L™ &0 5 b 8N W I8 9 Chlorella sp. M-12 3 W& 9] 1R
pH 43514 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, P ABM AR 228k, WEWE TELL N 1:1, BERN
28 °C. ¥EFRFE R 180 rrmin',

WREE . MRFERREEICE R 24, 28, 32136 C. PIA pH M 6.0, WEETHELIL K 1:1, AR 28 C.
R FR 5 0 180 r'min”',

FrEFRIR R A IR N 120, 140 160 A1 180 rrmin™', WEEME TEIL N 1:1. WG pH N
6.0, JE N 28 C.

IR S A P2 2 4B 15 min BU 8 mL [ VE W GE ODgyo

2) B A T 22 BR L BEWCIR Chlorella sp. M-12 AL o >R F 8% 77 B0 Y 6 il 25 T 22 3R A R S 50
B, BB AL, ) S EHXTIRA, BV ZERAY EPS A LA H H B Z BRI Z 5 B4l ), B2
h T % %% EPS KRR T 5B h 5 W 22 L R VE X Chlorella sp. M-12 WAR RS20 5 2) 2R 4%
EPS+5E 3% I8 22 BR A1, BVKE TR 22 1 EPS BEBRAE LR B4 1R 22 250 S B ME R b B A, L EH 2 T 5 4850
R ORI BB IR 0 B 22 3R 6 Chilorella sp. M-12 W3R ZR (K 5400 ; 3)EPS+HIC I 223k, HI4REC T B ih 45
B 22 Bk 19 EPS 6 Hom A s i vh g AT BE AL BR AL, AR T H A EPS 1 JC I i /E AR Xt
Chlorella sp. M-12 WK 520 5 4) K 1% EPSHIEHE I 22, RIAS BRI 223K (1) EPS I-FF 18 22 Bk 5 i 1)
AR HERY R T AR T 22 BR5E R S A W IR 5 3G 1 EPSAE R R, Chlorella sp. M-12 Wik
A, KGR 223K E T 70 °C AR K YE #9  nEA 30 min W] RLSRAS R TR ) EPS B 22 3R BT RIS
22 BRYE PEZLIN KB 5 1 5 T 538 T DR 58 B M B 22 R BT R, MR LS A
1.4 S5 E

U A TR 223K B R F AR R RGEEAT D Y, SR A T 2R TE MR S % (OK5 R
O3 GEVURR) Y H B ER I P9, pH. COD. NH,-N K TP #5445 % (/K 5 57K Wil 43 #r
D73 GEVURR) Y AR 5 ¥ P9, BEE Chlorella sp. M-12 A 8  5E 2R 16 %5 B 1.4, EPS (2B S
W7 2 WS Sk Sk AR JSM-7001F,  H A< H F 23 /) X WOk (03 AT s 0 28 th &
W22 BRI A5 5 4 AT AR

PO R A T3 LK (2)
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R:(l—%)xloo )

L RWRACE ; N, M MRIIRC% B N, Ry 22058 5 T A o 40 i 6 2 B
2 #HR512
2.1 Chlorella sp. M-12 33 553533 % o T 185 B9 IR T 350 3R

TEANFETG YY) B W E T, Chlorella sp. M-12 X} ¥ 2% 78 W HF NH;-N 5 TP i LB R WA 1 fF
No ZEHFEH, K UINH-N 5 TP i i Fifi b B3 A i) ) 2B K 244 F R R . by NHG-N 2SBS0 B g
B PLAE 24 mg- L' NH;-N 41 (K 1(a)), ik 84.18%. TP 2% Bk 3 1 fiw i {8 H BLAE 24 1 40 mg-L™' NH;-
N4, Y3k 100%(F 1(b)). EREGERF, Chiorella sp. M-12 H.A& #5014 Bl R B #EE 1. O 49
00 e (8 U AE 24 mg L NHI-N 41, 35 350 mg-L'(J&] 1(c)), BIVERINAE 1 g AUNH;-N 1] = 1 4.3 ¢
T, S5Ah, A KM POl R A A 3R AR A7, IR G i R 23 < €O, FEAR
W5EH, COD %K BR#EN 30%~50%. X UL, 76 & A LY A2 BWR . Chlorella sp. M-12 R JH T
T A, [T — 5 LR TR

—=24mg- L' NH;-N

——24mg- L' NH;-N —=-24mg - L""NH,-N ——-40 mg - L' NH/-N
250 40 mg - L NH-N 7 —~40.mg - L™ NH.-N 400 —a-89mg- L' NH,-N
—-89mg- L' NH,-N 63 ~+-89'mg*: L' NH,;-N —~—124 mg - L' NH/~N
~ 200p ~-124mg-LINH/N ~-124mg:L'NH;N . | —+150mg-L'NHN
0 ~-150mg-L'NH,-N T - —+=150mg - L' NH,-N 0 —~~182mg - L' NH/-N
o 190 = 182mg-L'NH/-N 7= 4 X~ 182mg- L' NH,-N P
e 3
tE’ 100 + £33 g 200
Z < I8
o E 2
£ 50% 7 =
z 1 H 100}
ol TN A e gy
0 2 4 6 8 101214 16 18 02 4.6 8 10 12 14 16 18 0 2 4 6 8 1012 14 16 18
HeFrmta)/d Bt il /d He et a)/d
(a) NH,-N (b) TP (¢) Chlorella sp. M-12/E¥)

1 FRPHEERRE FREEDEFNH-N 5 TP £BMR R Chlorella sp. M-12 £ 4 B AR BT 1L
Fig. 1 NH;-N and TP removal, and Chlorella sp. M-12 biomass changes with time in different initial NH,-N concentration
piggery biogas slurry groups

22 ARIFHTEMERELZIKEEWIX Chlorella sp. M-12 FI R

1) B 3T 5 X R EEIR Chlorella sp. M-12 B 520 . IR 2(a) AT, 3R B BT E 2 A A
T Chlorella sp. M-12 W 22 EE 3R . FERON 1 h 2, BME W 2423RS Chlorella sp. M-12 TEHZ L
1o AU AR R i, A F) 94.2%, X 5 RAAT A XTE 251 fiF ot 4 R — 2k, BN p e i i
Z A T U, TR A B B R R, AT 98%. R, A RAA U RN XIE S U Fir 4l Y R
B MRS G W S R AR B TR T, A T 2R R WO SO PT RE U T T i A
EPS N H S 45 M EHE G, Wik, e msETEL, TS s e g,

2) ¥1hf pH X B B2 UWCHR Chilorella sp. M-12 [ 52 . 1 &l 2(b) AT AT, 9145 pH Xt Chlorella sp. M-
12 WU R R B — E B . 24 pH 4 5.0~10.0 B}, Chlorella sp. M-12 B3R FBE pH 19 T} i 52 302
TG B %, WG pH AE 5.0~8.0 (IFEL I N, Chlorella sp. M-12 Y 3K R ¥y Al 3k 85% LA b o H4
pH 4 6.0 B, Chlorella sp. M-12 W3R ey, 55 94.7%. 1024 pH a5 F] 9.0 B, s W JORFFEIK R
69.2%, 4 pH iAF] 10.0 A, HEERICRIEEME 15.0%, R R 505 ANRPFR 41 a 25, R
FAUST B AR T ZHOU 4520 A H T 5 5 .« BB E AR & IR 8 /b akse, 15 200 ol
pH 73502 4.0, 6.0 F1 4.0, HULHRZS L F] T 99% . 81% F1 100%.
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bt e
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0 % ! 0 E
1:3 122 1:1 5 6 7 8 9 10
WBETELL pH
(a) WEETELL (b) PItipH
100 a b ab ab 100 a
80 Z 80 - /
60 60 tr)
& 60 &
% i ¢ 7
§ 40 § 40 S 7
20 F 20
0 : 0 !
24 28 32 36 120 150 180 210
I/ C FE/(r - min™)
(c) WREE (d) ¥

Htab ¢ .d.eFm2E R i3 (P<0.05),

B2 AEEEFEL. ¥ pH. EE . & Chlorella sp. M-12 I3k

Fig. 2 Chlorella sp. M-12 harvest ratio under different Aspergillus niger mycelium dosage,
initial pH, temperature and rotation speed

THCHE I AR A pH I DB 2 S~11, R VA5 FL o B (Y £ P A A R A ELHE R, AR RR AN A
A H RS E AR, R R pgd B, A S A RiE M E R, SRR
W pH B Ty, e A A . ﬁk%%ﬁ@fﬁ PR BT A K Ok BE R %&%%%ﬁﬁﬁ
W, WAE IR E R, I Hazad e e — %E%,ﬁﬂ?%%ﬁ%%@m A 5T 45
5 HABWF 54 %%%#,T%%E?ﬁﬁ%%ﬁlﬁiﬁiﬁmpHﬁ@Kﬁ%ﬁ%o

3) 9 Xl B R 22 BRUCEK Chiorella sp. M-12 [R50 . [ 2(c) & M, 7F 24~36 C T, 441
Chlorella sp. M=12 WUIRZEINTE 91%~94%, H &AM Z M 25 AR . X 5T AMFRS 08—, B
TE 25~40 G, B 22 BR T B 98 110 W BFE S5 40 1T 3k 909 LA B 1518200 LT PR AT B . 7 0 e ) R B (]
P (15~20 min), it 5 A5 B 1) 728 £ 0T 0 TRT S ol i vy 26 B2 b AR 205 e o B A 1K

4) o) B i A TR 22 BRWIR Chlorella sp. M-12 Y5200 . K] 2(d) R B, %% # 4 180 rmin”' B,
Chlorella sp. M-12 WK R x5, i85 91%. 1 2455 K F 180 rrmin™" B} (120, 150 r-min™"), Chlorella
sp. M-12 WS AR SR AR 40%~50% . SR T, & i A AN B F s i gk . 4% 3+ 2 210 rmin™' A,
Chlorella sp. M-12 B RAR T 60%. 3% 53 4F 5" I F S 45 2L, RIAE B A9 % 3 (160 r'min™)
AT LRIE P g R A A 3R R A B i R (96%)

T8 (M) 2R 6E F A TE NG . Ay RS U AR 3 R R O X TEARRI T,
22 BR 5 B 4 b R B A AR D, R TS B A 3 R SRR O S AE RO . AR R
B, B 22 BRI ORI, — J TR T P 3 B RIEARE MR 5 5 — T R T B 22 1R %) W% 2 BT
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7 L 48 AE R PR R E RS L S R R X B s ke g, IR, i) DL G O R, R
PR S Z B WA FAE g, TR 2 35 R A, I e RS 5 I B B 3R R . FE 12
FMET, ARG A X2 Zh B8 | R BOR B2, KR TIOBE AN RE A b BN AE R 22 8K I
T 2 8 ok e B, TR 22 KT R 2 DR 7K 3 B U0 g sk SR L4 17 24 35k 3 1T 22 B ) o/ ri Ay 5 TR AR =2
[EARIAH BAEF , R IR T 22 3R 52 B 450, DI AR e IR AR 3R 7280 BRI, PR3 53 A A el T
ISR & VR AR 0 0t O, (AR e A A — e R SRR, DN v AR K G BH 0 iE A TR 22 Bk 9, R
UL BRI AR B 22 b, SEBLER R IR R

A 5% 35 3k SR FH S 9] a8 ) 2 181 A 7 e 4 B e R 1> 20 v O SISOk A0 5 25 A 1 PRI
FREVIG pHo et pH 278 % 0 ol AR K pH SS9 o XCUERH, 85 B8 9 AE BOTR 285 X6 ok i ) 2205 R
WOR B TEZAE- . S5 A, 8 TR e O TR 22 R A M AIOR A - R RS R, X U R T A 4
ARVERISL, B 5 AN ) A e A AR, T RE RS I O BRI R . — . 5
A, ek X L PR B T A R A 3 T N K
23 ZBHEELIKEE Chlorella sp. M-12 B I8

W 22 BRCIR Chlorella sp. M-12 Fi . J5, PR TR 2200 A5 A0 4948 HL 455 A0 141 3(a)~I&1 3(c) FroR o 7]
DL, WSO o8 40 i i A B g R T 2 BROR BUR R BRI, HEEE A e i, RO, W
Kk PN BB B P 22 AH B 28 28 01 28 S B0 1 IR S R ok Bl 25 G D 22 BR LA RS I LR AR, i
T W B B AR TR R B A i S A A S . B 3(d) TT AR, IR Chlorella sp. M-12 J5 11 2 i
B M 22 BRIN MR SR 22 R AR A . 2 AR M BARROS 4509 U RIFSE R WY, LTSS e
B L E A S R 2R 2 ROy SR AT o b R S R T 1 TR 22 K Ao D 4 A N o AN i A
BIE—R, WM R IR DIEY) . RO — LI E T g5, B 2209 58 8 1k vl Be R 42 &
LR R

1 mm

(o) BHLZERICIRI BT (<1 000) (d) B2 BRI B (<1 000)

3 HWLAKKSRRERA

Fig.3 Electron micrograph of mycelium morphology
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T

K45 KB s 0k & A F ARG
Chlorella sp. M-12 W3R 2 2 T 3 ) Bk 41 UL R
. WE 4RH, Chilorella sp. M-12 Y 35 R
e BT by . EPS+5E 8% 18 22 3K (96.0%)>2% 1%
EPS+5¢ # H 2 Bk (90.6%)>EPS+JC W #£ ¥k
(28.8%)>7K I EPSHIE it R 22 3K 41 (7.0%), H. 4%
Mz E. Fik, aTLHEm, MihE R
22 Bk W3 5 VR 5 EBPS 14 H i A R ) 3[R
YE AR5 T 855 19 Chilorella sp. M-12 it 3%,
Hodp 52 b T 22 Bk 10 W3 B VR AE diogk
Chlorella sp. M-12 1 % 5. £ EPS K {6 4 F
T, RAFETZEEZERE, Chlorella sp. M-12
IR 2 AR T R, BARIEE] 91%; i
P 22 BRo% 3 TR 22 BR B B IR, Chlorella sp. M-
12 (R W3R 3R 43 391 F B 2] 28.8% 1 7.0%, HLZS
F 45 B BEAR T 67.2% LU K 89.0%. %5 4h, H
LIRS BRI, EPS XF Chlorella sp. M-12 i
R EMIER : 4 1A EPS {770, Chlorella
sp. M-12 B3R 3y 28.8%. X i B, ELIH 9
AT 22 BRI 2o 43 Wy A5 AN [) B A S M 1) B R
ZHEEY T, R R AR, 2] Al A
i SR AR I BB .

3 %ig

1) &= & i /NER B Chlorella sp. M-12 X 5 3%
8 W NH;-N 5 TP 2 Br 0] 23 5 & ik
84.2% 5 100%; EF P m, BIHFE 1M
NH-N A A= 7= 43 g BB i T 9 . X R,
Chlorella sp. M-12 A7 558 19 A W5 W 0 1 .

2) 2B M R B 22 3K RE Ak K AR VR T R
Chlorella sp. M-12, B AEWRZZM T W3
T 11 WG pH b 6.0, BRI, 28 <C,
oA 180 emin 'y FERAESME T, Chilorella
sp. M-12 W3RV 7E 1 h N3k 90% LA I .

e F15E
100 a
b
80 | /
& 60
B
= 40
C
20 + /
d
0 V A )
AN KIEEPS+H EPS+  4IGEPS+
SEAETALLER  TCRZZER BT 22 Bk
SR

11 :a.b.c dFRFTR 2 L E (P<0.05),

& 4 A[E4IELH Chlorella sp. M-12 Y 3k &
Fig. 4 Chlorella sp. M-12 harvest ratio in different groups
mycelium

(c) EPS+IC 223k (d) KIGEPSH I 22K

5 TEAIEBEEZEMBRELZIKK Chlorellasp. M-12
FREI SN RS AL
Fig. 5 Appearance changes of the aggregate of Aspergillus
niger mycelium and Chlorella sp. M-12
in different treatment groups

3) R M B B 22 BRES A B 58 BV AR 9 I B 4T S EPS 19 3L [ R S B 8 Chlorella sp. M-
12 22 BEWC R E B U o b, B 2Z 3R U S B T BE o5 2 S AR, JLUOR TR 22 BR O3 0 1Y

EPS 11 H fiy rp FIVEH -
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Flocculation effect optimization of Aspergillus niger mycelium to an energy
microalgae Chlorella sp. M-12

LIU Chengyan'*’, LI Chao"*’, LU Haifeng"**"

1. College of Water Resource and Civil Engineering, China Agriculture University, Beijing 100083, China
2. Key Laboratory of Agricultural Engineering in Structure and Environment, Ministry of Agriculture, Beijing 100083, China
3. Beijing Engineering Research Center for Livestock Poultry Healthy Environment, Beijing 100083, China

*Corresponding author, E-mail: haifenglu@cau.edu.cn

Abstract  Aiming at solving the problems of low harvesting ratio and high cost of energy microalgae
collection, the mycelial of a strain of Aspergillus niger were used to flocculate Chlorella sp. M-12, which was
expected to provide a rapid and effective method for nutrient recovery and -microalgal cells harvesting. The
optimization experiments about piggery biogas slurry treatment by using Chlorella sp. M-12, and initial
inoculate size of Aspergillus niger mycelium, initial pH, temperature, and rotation speed for Chlorella sp. M-12
flocculation were implemented. In addition, the bio-flocculation mechanism was also explored. Results showed
that with the initial NH;-N concentration of 24 mg-L™', NH;-Nand TP removal in piggery biogas slurry reached
84.2% and 100%, which meant consuming 1 g NH;-N could produce 4.3 g dry microalgal biomass. The highest
Chlorella sp. M-12 harvest ratio reached above 90% under the optimal conditions with the Aspergillus niger
mycelium to Chlorella sp. M-12 (dry cell weight) ratio of 1 I, initial pH of 6.0, temperature of 28 °C and
rotation speed of 180 r-min'. The trapping and sweeping, and the charge neutralization effects of Aspergillus
niger mycelium ball might be the main reason for the high Chlorella sp. M-12 harvest ratio. This research will
provide the theoretical bases and technology support for the nutrients recovery and microalgal harvest from
wastewater.

Keywords energy microalgae; resource recovery; piggery biogas slurry; Aspergillus niger mycelium; bio-

flocculation; nutrients recovery
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