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Table 1 Water quality parameters of molasses alcohol wastewater

e " R
W SO/ NHeN/ pH T TR mE
cop/ (mgL') (mgLh) fi ° T1S % fh plgem™)
(mg'L™") * VS/%
138000 6402 181 40 160 1330 347 1.05

2) WRP: HCE A ERRER TN BRI T A A AL S
=, WM TS=1.73%, VS=0.79%;

30 BRIGAF: FORLE M e B R T R B 25 )
HR AT A, FHFRRE 1~2 mm.

Ca(OH),» BaCly2H,0 HRHE RS2l 2=
1.2 Rt
1.2.1  FHRBN LRI

53T 500.0 g BEE RS K PO 4.04 8.0+
12.0. 16.0 g iliPEms, 8 30 min, fFik B0 -5 )
IPCHE A BRI (PR PR IR K, FRRE 50 A%, AT IIRT AR FR AR
2B, BAK COD & Ath K = M Rg .
1.2.2  ALF XA FRAL 2248 B AT BK

MRPEHEE WG RK S TR EREH 7 (AL
TR , #iE RN BaCl2H,0 M Ca(OH), . 4
TEL S JUBEHE, BN 300.0 g BEEE RS IR K, FHEATTRAL
L HE I 0 G4 |« 30%. 50%-. 70%-
100%#) BaCl,2H,0 }% 30%-. 50%-. 70%. 100%. 150%
) Ca(OH), X} ¥H 2 W9KS R /KA TTIALFE . F840 R4 24 h
Jois KA BRAR I 22 BR AR O o
1.2.3 Sk TRk 3245 IE A K

I 315.9 g M WIS PR /K, BT 1000 mL Bedr, Jf:
R IL RN 150.0 g 28Ky . 38.6 g ¥GTERUN, ET
250 r/min FEIKRZ R RNV . RIS EEL 90 min,
FREYIUE 1 h JE I TS W 2 BOD.COD A8k 17 .
1.2.4 RAFRFREKE 5HBM

L 2 500 mL [FHMIENANE N R BE N A%, IS b
WRSIE K, BRI SR VS Z HLE 121, rRlRin)s,
MANEA 1 min, HES R #3 A ) 2R, PRUER M)
AT, RIS g%, BT DB K
AP HHT A HRG5E) CHEARA N, I T8 =S85 K
Hibe FERTHFEAREEM 2 K, FRENIE <&,
2~3 d MR AR . BRI 1 TR

A1 EERALHER

Fig.1 Thermostat anaerobic fermentation equipment

1.3 SAESNEE

TS VS K105+ 1) CHET L (550 £ 1) CHBAEEM
E; S ILEIEEXM Vario EL cube JG 20 T E 5
PR R HHRE A KR e s AR AR R
SR A GC-2014 B sy = (il 2 (TCD - Al
#%, Porapak Q TAiiAE:, AN Ar, AEA ARSI AL A
53902 50 F1120 °C, WAFERE] 5 min) 5 pH {ERH L
Bl pHS-29A T pH THIE ;s SR SR B e A5 7K 5T
431 HACH-DR 2700 #ll5€; COD tH DRB 200 JHfi#i%
ME; FRIRAR H 883 AL B T~ (A il e .
1.4 HEHHAITE
.41 wH&Ems

o Tl H A kB T IR FE (R AR S R )
T3 FER,

[Fe]=a+bt, (D

o a PR AR y Sl B ROEEE b R ME T R R
t AL a, b oAl PUE AR SR L A 1 3.
1.4.2 H3Eam

FH CurveExpert 1.4 HAEXF Fe B FIREESHTIIA: K
H Origin 9.0 3K A REATHid ab 2 Je 222 ]

2 #ZR5E

2.1 PMETAEY RO
2.1.1  EM BT 223 ALBRAR & COD #9876

JE I AN [ o PR vt e o) b 2 YR R /K R A T T A
H, BRFRAR A COD AR LR 2. B PR AR 25 ik 2R B
WA INEM 4.0~8.0 g ik T+, 8.0~16.0 g LA B,
HAER] 80%LA Lo JEPERXT COD f1—E MM, A
6.9%~12.4%, X BRARBETE MRS I 3 i 89 m, #
hn 4.0 5 8.0 g M E AR5 A 6.9%H 8.1%, 224k,
ANEE, RN 8.0 5 12.0 g AL T 3.1%, %R
FHIT .

=2 EMRI COD RERESIREALIEH R
Table 2 COD and sulfate activated carbon treatment effect

oo DRERAR s TBIRE
VTP 25 g3
ji;fuﬁ B4kt COD {R7kt @'“ngf B COD ik
W Sulfate COD maining 5 E Sulfate % Reduce
Active L / Sulfate
carbony  Maining amour}lt removal/ rempval amount of
amount/ (mg-L™) (mg'L") efficiency/ COD/%
£ (mgLh ¢ %
4 5120b 123000a 398b 7.2b 6.9b
8 1220a 121400a 4298a 77.9a 8.1b
12 843.9a 117200b 4663.6a 84.5a 11.3a
16 854.4a 115800b 4674.1a 84.7a 12.4a

He FBBREARNG PR R Z 3 B (P<0.05), FRvEAH PR R 22
FAEE. FR.

Note: Different column labels lowercase letters indicates significant difference
(P<0.05), same letter indicates no significant difference. The same as below.

212 AFEFI T A AR 6 S IR AR
AR B SRR 3, th Tl e 4
MUAFIRMR T, BaClL2H,0 (7 IR DU b HEnt, PR
N AR AR, ISR 30%I0F, KRR ERAR 1) 2 bR
ROZET] 82.1%, TINEFE 70%, BiFaH (13 4%
2L H] 100%. HF Ca(OH), iy 7K, 30%3i5 It
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X B AR B3R T1.3%AK T [R5 BaCly,-2H,0 AR EE
B o TO% S N2 I GH i R AR 117 25 B 2 [A) 1] LI 3
100%. Ca(OH), A ] LA 2 22 B0 43 B A 1y HL ] LA
EFYT pH EMEH . ABF5URIE Ca 75 120 mg/L L F
A DM AW B, (H S 5 (5 3 00 IR 5k R0
B SR DTIE, AT R N A FAS R &5 05, (gl e,
bl = FRGEE P AR, () 2 A DR AR B A 1R 92 1 B T ARG
FEACE TR PR, X DRAEUR B A A s L

3 WERATRERIRALIRHR

Table 3  Sulfate removal effects by chemical reagent treatment

25 iRy 2
P A 47 Sulfc somoval effciency %
Content/% Ca(OH), BaCl,-2H,0
30 71.3a 82.1a
50 69.4a 89.9a
70 71.6a 100.0b
100 100.0b 100.0b

2.1.3 kB E T AR
SPERBRARER LN 121, BRIRKAFIEL A 1:5, ER
AT pH AERIE LT AN ERAE R 1 P 455 R A W b RE T
HL 7, ARG LY. COD. BODs A (0.3 22 5% 43 5
7F 30, 60 90. 120, 150. 180. 210. 240 min A £,
FEAL T A B ) — K T A AR [R] R OR
Fo R N R HY 9 HE, # pH S AH N & AR 1,
MR S VR, HAER A (150 min) HEANSH
WIS ARAY, pH (E R N B TR AR AL LR 4, PRI RR 251
IR EE BRI TR TR0k AR UL 220 , BRERME %
fRAT A RN E) 12, Wi Origin 9.0 FAT IS 158LE
TSR RA, WK 2a.
[Fe]=5536.8+25 ¢+  R*=0.978 @)

&4 pH{ERE/R AT [E]AIZE{L

Table 4 pH value change with reaction time

I ]
Time/min
pHfH 4.00 4.02 4.03 4.05 4.06 408 4.09 4.10

60 90 120 150 180 210 240

JH Origin 9.0 X4k 125 94 & Bif il 1] 19 48 4k G R A TH
G (LK 2a) o BB RIS W 2b, 2kE 1
SRR S N M) 800 mg/L, F 30 min I ik #
5862.4 mg/L, M 30 5| 240 min 2k 551U B IR ) (69 189
M, F%55 240 min I, 28 FIKREILF] 11 448 mg/L,
AR BOD/COD MARc#If1) 0.27 3 150 min 2 #i8 hinik
#)0.56, M 150~240 min, Bl AZEHTAK, £ 240 min
B4 0.430 0TS 25k 30~240 min, BER H]ZE
WA, AEZE 30 BRI DA T 45.2%, 1 240 min I
iEF] 73.6%.

IR 4 S A OGSOk Ee s, R T R 2 b
SRS /K TR R AR I R Figaro 251 A B8R #21T
A A BRI B 20 g 2 AR OT AT 4, 558 e PR PR 28R 32 10
K HILH COD. it BRARAE LA K BT FH IS 1 2 LU R T A B
il 2 RS RS M e (1 2858 BRI AN ] 55 5 R0 (e

FERIE UM B8RS PR /K TR R AR 25 B (1 SR EE 8 b nT LAWY,
M, (A TREN AR ERE L X425 4 B R IT
WS TR R AR — B, ST AR BR S YU ok
TRIAR 1) 2 BRI 1) 100%.0 BB A FE vt Ak FHOBH 28 305 K5
IKAEER B Tk B 7T S Zhang 2597 45 AR, (Hik
JEK AT A4k 1 BOD/COD 1 5 $5e =i Ik 0.56 /=1 F 34
SR SE R 0451, X AT BE L ARG R H L PR IR
GG T EIG, DL K R o T JTAN () i B 1

__ > COD% tH#COD removal rate
0

—_°1n12 = " —,511)12 e ?\(_)ma removing rate 1.0 2
%V,En §$EH ~BOD/COD R
E2S 10 80 < aF
& EE N I8 Eg 0 f (),68 3
=885 s o SEE 8 0435
HEE Zgsmhnes D=3 7 - Skl
HEE 4 — Zero order kinetics EEE ¢ 7OSBETWE 02 O
K3 sk fitting line g 5 ‘on concentration| B

£ 730 60 90 120150180210240 £ *3060 90 rots0ts0210240

NI [A]Reaction time/min I} A] Time/min

a. BRESTIRAE L IN 1) 5C AR 40 7R GRS Y (R AR
a. Fitting of iron ion concentration and b. Treatment effect of iron-carbon
time micro-battery biodegradability
B2 4k& T IREASKARM LT EZOR
Fig.2 Iron ion concentration and pre-treatment effect of
iron-carbon micro-battery biodegradability

2.2 BRI FFSYRIFN
2.2.1 FHRAMESL KRB 6 = AR

FP= 3 e Bt PR U 30 A HT AN [ERSE RS n
IR = SR . b R JURP AR
JEX PR A W R 5, R 1~5 RAKREIEL,
6~10d A= IR B, FIEE 10 RAA LSS 1 A7,
BRA 8.0 g TP HR (1Bl A PR K B B I =< i, H
FEAERILE] 384 mL/g, XA RESETTITE R T AR
£h, BRI T R BERRER AR AR IR 1 FH 5 S,
TEHS 15~20 RHIUEE 2 N0 b, 3X ] B MEREAR T
N FRAE I — I W LR s R T (45 SR04, Bk R 3
55 24 FIEARFEAAR, B 8.0 g Tt s A3 (1B a5 7
R K BITRE ) B 437.3 mL/g, WAESE TAGHREE (1)
R Eh X AR FAT (B R 45181, (HE 4 i B
COD, #A7 5 R K [, 2B COD [Pk,
i BRG] G RO R PR A5 ol G 3 1
B LS Sk D IR TR S

¥ I % 5 i Activated carbon content/g

-0 -4 +8 12 <16

B60 500
E 50 2 t0400
= - S
£ 40 EPERY
330 B
1% LR
g 20 =8
% 10 ok g0 Bk 5.3 100
] k]
20 ) a0
S 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
R B [A] Fermentation time/d J% BiH ] Reaction time/d
a. H=5% b. BREARE

a. Daily gas production b. Cumulative gas production
B3 R TR IEAE MR K AR
Fig. 3 Gas properties of molasses alcohol wastewater with
activated carbon pretreatment
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BEE TR (1) K AR BRI =3k e (B r= "%, Bit
PR HEIRRIFRE ST, W InEM 30%~70%,
bR A T R . RN 30d AT, 1~5d K
KRBT, 6~13 d R IRHr B, 7655 12 RHILH 1 4™
R, HP e KR 42,5 mLlg, 15~20d HP %W
TREE 2 AN/ nleg, 1] e PR A 1 A B A IX — I BT U
PUEFH ISR . Bib =<2 28 d A A RFEAA,
BN 70%I0 1) 483.2 mL/g. 4 BaCl,-2H,0
WSINE] 100%H = Rers A N %, SRt ELLE 30%
TP IR AT G 0, R 396.0 mL/g, XA RESAIK
WREERR R Eh A AE AR T IR R BT K

BaCl, 2H, 011 it 5 /)
Quality percentage of BaCl,-2H,0/%

—0 =30 =50 —~70 —+—100
TOO70' —210600
g 60 E 500
= 2
fﬁé | mJ,f'auoo
3 48300
L2 30k RE
o 520 1 B2 200
2 10l =
) 3 100
Z o : gL
8 0 5 10 15 20 25 30 075 10 15 20 25 30

J% 9 i [A] Reaction time/d J% I [A]Reaction time/d

a. Hf % b, BBRE
a. Daily gas production b. Cumulative gas production
A 4 BaCly2H,0 Tk 245 & B oK 84 = A AE
Fig.4 Gas properties of molasses alcohol wastewater with
BaCl,-2H,0 pretreatment

2.2.3 Ca (OH), & 32458 E B4 B K69 7= AR HT

Hr= SR B8 ILE 5. 5 BaCly2H,0 AFERL
REL, 78 1~5d AKENB, 6~12d Ir=RprE:, |
1L 12 RAGHIUE 1A meg, ¥ 70% Ca(OH),
IS RE AT, HP R KN 340 mL/g. 755
15~20 RS ILE 2 AN/ i, X0 e A A HE A )
WIRAEIE — B A PO R I 45 3. Rb =A% 2058 28
RIEAAFFAAE, ) 436.6 mL/g. W HEE P AR IR E5 A 5
T T /KB RRL, RBR BRAR 1K) BB % BaCly2H,0
U, P EARRIR ) Ca® il LN AL I, Xt
J& 30%[¥] Ca(OH), fEALERRIRAR b S AR A il B AL B A%
Blf, PEAMERSIRIRUT AR IR o (H IR Ca® ) PR
RPN, SRR 225 150%11) Ca(OH), Ab¥E
(RPRH B PR PR K R = A BB A T B

Ca(OH), /115 i 43 HiMass fraction of Ca(OH),/%
—-30 —50 70 —100 —=150

BRAE
Cumulative gas

Broductlon/(mL o)

S B8£ ¢

5 10 15 20 25 30 35
% B i [E] Reaction time/d

0 5 10 15 20 25 30 35
J2 ¥ I [A] Reaction time/d

a. HPE b. BB

a. Daily gas production b. Cumulative gas production
B 5 Ca(OH), Tk 224% % B Bk 64 = Atk it
Fig.5  Gas properties of molasses alcohol wastewater with
Ca(OH), pretreatment

=A%
Daily gas production/(mL-g")

2.2.4  BRERGK ML IEAE B B M R AR AT

M B Rl SO TR IRl 436.0x10° mg/L, JR/K
th SOZ REIRSE N 6402.0x10° mg/L, R 5 M)
VS Z LU 1:1, HHFEEWR LK E) VS 2 3.47%, IREA
I VS 24 0.79%, WM AAFR LG R 4.39, W] LA H
BB PR SO,k 1540.0%10°°, 4R TF 2K 55 T Fe*' 5 SO
KB BRI, R Fe? FUEIRE A 24x10° mg/L
SRR A P AL L R KB 28 (1 AR S A B[] P 0 Y K R
A, BURNISE A 90 min N, RERR Fe* &5 K%
WP SOF & RS

E AT LG, SRR R DL B 6. A
HrRl DU A H =R 7T, AR IR 4L =R W H G IR 4
FH 2~3d, BRBAL FIh AL B (PR SRR R KAESE 12 RAE
AP 1A, X RS RO Bt K
AT AR AT U8, FE 88 20 JAE AT TR 2H 15 0 R 4[] i
IR e, HP SRR F] 65.0 mL/g LA L, IXATHERE
SR A R 4D A PR A 3 — s SOl DL ) 0y 8 S92, o Bt
PRI, A Rt A B B A RS R K 1 R

PR EN 451.0 mL/g S X R4 293.1 mL/g 1 1.5 £
—JFBE# Virgin molasses — i T Ab BE Microbattery treat
79050 m;:DSOO EM”
g’40 B g"ﬁ Gl -
¥ E F2<30 7
330 LEE ’
£=2E
ﬁﬁ %20 Bl;( gé 200
§D10 O 2 100
(=9
4>] 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
E 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

J 1 B[R] Reaction time/d J ¥ B[] Reaction time/d

a. HP7aE b, BHBAE
a. Daily gas production b. Cumulative gas production

B 6 k& Txf/> ki #en

Fig.6 Influence of iron ion on gas performance

2.2.5 AR ARZE) LA B AT

Tk 2.2.1-2.2.4 BT, RET3E 0 W B A OB 2 TP A
JEK s 8.0 g BN N o) . (1) R K =S P R e s
XA 2R AL R WS PR K . 70% BaCl2H,O0 ¢
70% Ca(OH), Ab HE R BE B8 P9HS /K 1R = Pk e et s Bk
Al Pt A B )R S VPR PR K SRR W AR T R 4
FAEE T A P AR R LK 5. 70% BaCly:2H,0
A B PR B B R 7K IR SRR T IA 483.2 mL/g, 7R
Qb B 53 R BT N P S R R . A AR 1K S
PEREHEF: 70% BaCl,2H,0>>90 min 2B >8.0 g
5k W B > 70% Ca(OH), > % HEZH .

x5 ZYULEFAYRI L

Table 5 Contrasting effects of physical and chemical treatment

COD o7 - . N -
b BRE mmrear mibro
A FR 5 2 - 7 Daily maximum  Accumulative
COD  Sulfate radical . . .
Treatment biogas produce/ biogas production/
removal removal (mL-g) (mL-g")
rate/% rate/% g &
RIS g 8.la 77.9a 38.4a 437.3a
BaCl,2H,0
0% Oa 100a 42.5b 483.2b
Ca(OH), 70% Oa 100a 34.0a 436.6a
BRI g 0b 2.7 451.0a

90 min
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AR SCHIAS Ak RE I S 0 1 Ab B CRBEAT VY
PTG PE IR BN, A 22 TE B Tl P it = A A
WIRG PR A 2 LU 418

1) 35PN B AR W B T LR 3] 80% LA L, {HIK
fy/b& COD (<12%) o M F DA R MR AR 1 2B ] LA
IEF] 100%, HXT COD BAT MW, HGIABE 13 R
KW AT REP VAL RS2 o BRI TIN5 BRI
R, AFL AR R B ] LURIHIR 8 634 i = i A ) T ik
FeS YivE, JF H Al LATE— @ R B b3 R K I ml AR DA
SRR K B L

2) 8.0 g ¥ MR ALBE (B SRS PR K IR U B
H: 70% BaCly2H,0 S Ca(OH), Ak ¥ (15 2 Y5 A% 1k 7K 1)
FEANER AL R T IR AR BRI S v T0) AL
ARCR . a0 AL BT R LE AT AT 70% BaCly2H,0
A B AR SRS P OK ) R TE P U T AL 483.2 mL/g AE %
FOUAL B T7 9024 v RS R (87 S R Bl o 2 AR FR AR 1Y
FPEAPEREHERS: 70% BaCly2H,0 > SRR it > 8.0 g i
PR IR >70% Ca(OH), > % i 4H .

3) HSR BaCly2H,0 Kb BIURH BRI K 1 UM RERR
Mo, ABICE STROO RS BRI T LA TR LN, SRk
H /e =< E RIS T BaCly2H,0, (HIL AR AE,
P AR HoS IS RAR, T SRR LB 25
AR B

TELRESERR, SR B VR AT R IR, gk
BE0E 2 KOS AT B o R SR YsE o 3% FH AT Fefr ik
HOTVEIRY T TRESEBR G Ol AT Ab BB LA A 4 i)
INEEHETBPRAESS o A5 SRR 2 0 /K A B AT AT 22 b TV
WA ], LSSl S A PR .
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Sulfate removal effect of molasses alcohol wastewater pretreated by
physical and chemical methods and its biogas production performance

Ren Shoujun'?, Sun Yongming'*, Kong Xiaoying®, Wang Yao?, Yuan Zhenhong*
(1. CAS Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou

510640, China; 2. Gansu Key Laboratory of Complementary Energy System of Biomass and Solar Energy, Lanzhou University of
Technology, Lanzhou 730050, China)

Abstract: Molasses alcohol wastewater normarlly contains high quantity of SO4* which can restrain the production of the
biogas. In this paper, we used the activated carbon, BaCl,-2H,0, Ca(OH), and iron carbon micro cell to pretreat the molasses
alcohol wastewater. Results showed that addition of 8.0 g activated carbon in 500.0 g molasses alcohol wastewater, the sulfate
removal rate reached 80% and the gas production was the best which reached 437.3 mL/g. Activated carbon adsorption of
sulfate can reach more than 80%, with a small amount of adsorption COD (<12%). Based on the content of S element and
BaSO,4 molecules, in the 500 g molasses alcohol wastewater, addition of 70% of BaCl,'2H,0O removed all sulfuric acid. The
cumulative gas production rate reached 483.2 mL/g. In the same way, addition of 70% of Ca(OH), removed all the sulfuric acid,
the cumulative gas production rate reached 436.6 mL/g, which is the relatively best. The removal rate of chemical reagents
sulfate can reach 100%, and there was no effect on the COD. But the introduction of new ion could have a potential impact on
the anaerobic fermentation. Calcium sulfate is slightly soluble in water, so the removal effects of sulfate is not better than that
with BaCl,'2H,0 pretreatment, though low Ca’" concentrations can accelerate the formation of biofilm. Using the Iron carbon
micro cell method to handle the molasses alcohol wastewater can effectively suppress the influence of sulfate and improve the
wastewater treatment. For daily gas production rate, gas production cycle was shorter in the experimental group than the
control group for 2 to 3 d. The first small peak gas production of molasses alcohol wastewater treated with iron-carbon
micro-battery appeared in the first 12 d. The cumulative gas production rate with iron carbon micro cell addition can reach
451.0 mL/g which was 1.5 times of the control group. Iron-carbon micro-cell affected sulfate removal by producing iron
sulfide and sulfate-reducing product FeS which precipitated in the wastewater. As such, the addition can improve the
wastewater treatment. Although BaCl,-2H,0 could improve sulfur removal and increase gas production in treating molasses
alcohol wastewater, its high cost limited its application. The iron-carbon micro battery in the gas production, although slightly
lower than BaCl,-2H,0 had a low cost. The treatment effect of gas production performance was: 70% BaCl,'2H,O> iron
carbon micro cell > 8.0 g activated carbon adsorption > 70% Ca (OH), > the control group.

Keywords: wastewater; fermentation; biogas; physic-chemical method; sulfate radical; gas production performance
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