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Effect of suspended solids in digestate on ethanol fermentation and flocculation
treatment
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Abstract; Application of the integrated ethanol-methane fermentation technology is expected to achieve the goal of “zero discharge” in ethanol industry.
This work investigated the effect of suspended solids in mesophilic digestate on ethanol fermentation and the removal method. Results showed that the
presence of suspended solids in fermentation promoted yeast propagation and improved the rate of fermentation. Concentrations of by—products ( glycerol
and organic acids) increased significantly while the ethanol synthesis was inhibited with the critical inhibitory concentration of 0.35 g+ L!. Different
flocculants and flocculation methods were then used to remove the suspended solids from the digestate. 300 mg+L™! of aluminium polychlorid ( PAC) and 2
mg-L™" of cationic polyacrylamide (CPAM) were the optimum combination of flocculation, under which the turbidity and color removal rates were 92.4%
and 23.7%, respectively. The particle size of suspended solids was below 2 wm and the residual concentrations of PAC and CPAM were 0.82 and 0. 03
mg-L™", respectively, in the resulted supernatant. Besides, ethanol synthesis in the fermentation with the above supernatant as process water was not
inhibited. The performance of fermentation with flocculation-treated digestate was better than that with the digestate treated by centrifugation.

Keywords: digestate; ethanol fermentation; suspended solids; flocculants; turbidity; color
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Fig.1 The integrated ethanol-methane fermentation technology
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2 ##El5AE (Materials and methods)

2.1 #MH

JEOREA 28 pl YT R R S A 4 A A PR w43
HOR VAR FR VTR B 1 A BR S m]H L, P
RPN ) R TP B

ity 9. WK T S IR o-3E Ky B (20000
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ANRERME Y TR BR 2 m S 4t ; oAt fr A U500 25
Ay BT Al G 4 7 i)

L] A AL (PAC) FHES T BB N 1R
P (43 F 5 1200 J7, B FJE 40,CPAM) , BTN 2R
JRAL T A BRA AR AL,
2.2 EIr ik
22,1 MFREF B 1~2 KRR R R
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TERIE, T ¥R K Th AL 1 hy SR IR R 4D & 30
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Fig.2 Effects of different levels of suspended solids on the loss of weight (a) and yeast number (b) during the fermentation
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Fig.3 Effects of different levels of suspended solids on the production of glycerol, ethanol , acetic acid and lactic acid during the fermentation
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Fig.4 Effects of different levels of flocculants on the removal rates of turbidity and chroma in the mesophilic digestate
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Fig.5 Effects of different levels of flocculants on the removal rates of turbidity and chroma in the mesophilic digestate with PAC and CPAM by
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Table 1  Physical and chemical properties of the digestate after flocculation
JE TR 8.41 1.29 143.4 2111 2560 1394 507.3 2902
BOIAH 8.38 0 0.883 161.4 2560 517.9 466.6 2739
PAC 300 mg- L™ £15E/K 8.32 0.21 29.71 403.4 1673 677.3 484.7 2739
CPAM 2mg- L™ 81 8E/K 8.51 0.20 21.38 384.9 2273 956.2 494.8 2814
RE SRS THK 8.44 0.10 1.984 109.3 1954 677.3 476.0 2726

L RE LA CaCO;5 3

3.3 BUEAENTATHRIE

331 ¥EAAFGENNE ZEAHIRES,ZE
VR IR 4048 2 5 [ PR U A P B 28 1A i U0 R
IOk AR B LI T R SR RS 2 B, PAC AN
S 2 BRI 0 CPAM 7E & I T vk BE K T
2 mg- LB B2 X 2 WA B 1 A 5 . S 56 o G
DY R TR 2R 50 ol ) o e v b i ok B
PAC 300 mg-L ™'l CPAM 2 mg- L™ (i Fl i, 3
FEZRBEAL IS TAT 1 W 1 B B A 430 Dk 0.82
mg-L™" .0.03 mg- L' (£ 2) , Wi/ N T HXF 4%
R 1) 400 1 R B DRI, 0028 A A 2R R A L3 TP i B
AR AR N JE SR WA W= R .

®2 ZERABREBERFEEFNKES

Table 2 The residual amount of the flocculant in supernatant by
flocculation mg- L™
BN WK FREVOE  BEER BIRE GREWKEE
PAC 50 0.08 CPAM 1 0
100 0.09 2 0.03
200 0.09 5 0.04
300 0.82 10 0.04
400 1.49 25 0.10
332 RBABEEREBRNIERABERIE NTH
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Fig.8 Comparision of the weight loss in digestate fermentation with

different treatment methods
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TR, D A PR 235 ORI Y6 B2 [ 7 i 225 Ak Bt ] LA
SEAIRF L TR R A A BRACR | HOR WKL 2=
I TR TR IR 5 T - A T o T v il R R Tl
ETECIE8) TR BE R sl T B O SRR L T A,

AR WA S i (3R 3) . RV BRI TR RE A AR 4
BRI TS R W R IR BL R O B e fE
B T R TR R A, TR BT S g T Y H
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Table 3 Comparision of the paramenters at the end of the digestate fermentation with different treatment methods

Hms

SR/ i3s3 RS/

TR AL T =, R B2 (gL 1) (gL ) (e AmL ™) (L) i
JR TR 11.01% 8.60 88.20 3.00 7.71 88.39%
BOAbr 11.17% 8.49 89.47 3.18 7.47 89.56%
IRA 28 PAC CPAM 2 mg-L™! 11.21% 89.33 13.40 3.16 7.58 89.93%
300 mg-L"! CPAM 5 mg-L™! 11.44% 91.73 13.76 2.45 7.08 91.54%
CPAM 10 mg-L™' 11.23% 89.87 13.48 3.09 7.58 90.09%
CPAM 25 mg-L™! 11.21% 90.40 13.56 3.02 7.45 89.87%

4 1118 ( Discussion)

TE LB BRI T 25k SR o0 R
AT IR OB Y R 3R S0 ORI [ TV W rh 4 o £
RBER) R 4 5 70 2 25 B Z ) (Sun et al.,
2010b) . Ifif b3 A 9k ) FH 10 A 220 i T Wi IR SR Ak B
P T e A2 T 20008 A TR VR b S TR ) 3 TRk
A RIZE PR W 18] 8 W B R PR S A 1) — 21
BV BT BN R SR A R T, — O TR
PIIAEAE S R b (2 3 2 2 1) A e i 38 | T B0
R X IR N TR 5 21 T 0 e R Ak i
2 RECRTEY PR R R A R AL T, TR
R E SR (WS B T A BT, 1 2k i B
B9 Z5H (Wang et al. , 2012;Torija et al., 2003).
[Fi) Py, B 0y v A ) Jo 1) A A 2o 8 DR T ik b 40
JeLm e ) J LA S A B Y CO, BRI, i 15 8%
& T (Kihbeck ef al., 2007) .55 —J5 1, BERE )
PR BT 2 T BOH A LR AR BN, DA 4R A
N 4B AL A S B A Y P-4 ( Albers et al., 1996) , X 5t
ST AR B ) B A AR 55, DT
13 SR B 2 B

THIH 2 7 ) 1 ORE 2% T 52 A H A, DAL,
S FBH 5 B ) 22880 PAC S o WL 43 F 2205
7R, L 2 R G e, S g R v R R R 2
B 77 =X B 7 W i 17 2 BR ( Rojas-Reyna et al.
2010) , Rk, JE B A 2 A /N1 240 %%, 2R A FE 5212
1M CPAM [73F-1 i 1% 1200 J1, B T RERU/N, 728
B A HA B A 18 4 1 A 1) T 5 R
b R = A s 1) IR 0T T 9 v ) Ak P R OB B AT

CHER PR S /SN S SO L SN E | 07 LN
KA R, H 45 1 i A, 20K 43 08 4 B0as /I
(Rasteiro et al., 2008) ; T 75 1 & LR EERT , B 77 P
KISt PAC 1E R RRIE LA /N AR, SR G T
CPAM HYZEMFAE T 28 (A B 52 I it 49 O, 2244
B e B ERT BRUETE 30 s N PR TTRE ( Yang
et al., 2009) , ITTII15 2 5 % BT A9 BV, X i Of
UE T AESE B = v o FH R Al AT

H SR8 T AP 60 S 36 T R, 2R R AL R Sk
T RIHW ) K RO, S B L O B S
B I B O AL BRACRAR L, Sl A BT T 2L
FPE TR H 1 A ke B A 328 0 3 A 3 L0 &
RE ) e 400 ) e 2 o A PR UE 1 2R B Ak B R A EE T
P et Y IRTE R IR T2 b AR A
S B AR 2R [R) 7L H — Ty T 3X 26 22 R ik B 3 Ak
HURRE 2 K DLV Wm0 JE sUFE 7R, T PAC A
R[] PN 7RV 32 2 DL RS AR B 1 TR UAE 7,
Bt o TA] Y I B - s R A BB TR ORI, i
JE AL TUVE , WIS AR 2 b B R (B E 42 55,
1991 ; Bottero et al., 1980). R B} CPAM 7E/KIE W
MRS E P 22 W S o DR BT AT 1~2 d, 2R
WHRE JLP A STEAL IR R hAE B s — i, i T
BRBEFAS By XoF UKL Y 08 B A5, ke B ) i 2R
TEZETL T — U K I B IR A8 Ak B IS 25 AR PR 4 2
TE B R (Wu et al. ,2009) , NI 1E T — 1K ) 22 35
R PR EE N Ok, HE A R A, BB AN
SITEZARIBEAR Z i BEHE YR FR R T 3k 3] FEX 2B
R (R O o e B2 e Ak 3 PR AE TH BR R VR X &
Pt G AT AV FH % T B BB PR GIEAG 20 (%) ORI 64T
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i

il

34 %

TERRER T2 B AT A7
5 251 ( Conclusions)

1) LEE-TRA AR BERRER T2 A iR vA b B
TR A A — T THT 2 2 a2 I3 30 240 L ) A 0, 42
15 SRR R TR Iy — 7 T A5 B 9 7 5= AR
T B B 7 T R, S 8 E Y SRR A

(2 BN, BT YT A BRI S R
0.35 g- L' (LA THEI).

2) M3k 22 B Ab BT R VR T R TR A R
R AT LB, S R 2 B4 A PAC 300
mg- L™ Al CPAM 2 mg- L', 78 % 3oh 2 A€ 1 7Y
FBRRIF K E] 92.4% 23.7% , 4b BRI BT A998 W
EIFY R RCRLAR 2 2 wm, PAC . CPAM [ %% B4
004 0.82.0.03 mg- L™, Y76 HovE 2015 Kk B Y
ARG, I H A BT IS VE A At 2R A L
A,

3) AT IRIR W, LB bR T B IR YxT 2
WA B A 4 T, 17 0 1 B a2 W
LRI, I H & B BRI O T B30 T AR TR WL &
T /K- 3R 30 T HUY A B, SE T 2R R AR R
KT 2l A7

EEMEEREMN. B LA H(1954—), B A7 LR, £
ENELBABEROEEN FEEFEED T L TR
A B9 #F % . E-mail : maozg@ jiangnan.edu.cn.
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