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FRTAB R AT A S A

RIS BEY gEWY Eyi
(1 PEEERE MER S TR IR BB 266100)
(2. PEEEFERE WSS FEWMELALEE LK HE  266100)

i

B E: [88) AR EBEKRAGHEIEFYIRELEE A, TERY HIT F 6 F AT
FIREAA. [Fik) vABRRIAGH NG T A R, Wi A B (S-TE). 8. #h. KH.
OB TR B) TRAL 22 77 sk 3t R BE B = SR & om, JR3T K B iAo R AR R AL[SCOD.
TR AR TEMEAE. pH. VFAs (FL AR I BR) e LBF | ATIR . [4R] RA M
A3 AR RE, FAE A 220 mLig VSS, BAEMKERE, FAFEH 7.6 mLlg
VSS., TTEMEXEZHHEZE, AANRH T 4L, B S-TE AL EF RO RDEEE S
HERMIR, FEEANL IR PRER AR pHAE., K34 =44 VFAs 12
ROZCE, ERBEHEINCE. [45] K@ AR EKIRIGHIEF0REL
B S AR TRALIE F ok, TTaEMEA X —3 R T 2HERER.
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Abstract: [Objective] The utilization of using mariculture organic waste for anaerobic hy-
drogen fermentation could reduce organic pollutant and obtaining clean energy hydrogen si-
multaneously. [Methods] We used mariculture organic waste for hydrogen production, and
investigated the effect of different pretreated methods of, solubilization by thermophilic en-
zyme (S-TE), acid, alkaline, sterilized, and microwave on mariculture organic waste hydrogen
production. The efficiency of these pretreatments and profiles of SCOD, soluble protein and
carbohydrate, pH value, VFAs and ethanol during the fermentation were also monitored. [Re-
sults] The maximum hydrogen yield was 22.0 mL/g VSS, which was obtained from sterilized
pretreatment, whereas the minimum hydrogen yield of 7.6 mL/g VSS was obtained from acid
pretreatment. The fermentation stopped after soluble carbohydrate was largely consumed.
More nutrients could be released from mariculture organic waste after S-TE pretreatment than
other pretreatments, and the pH value was remained stable during the fermentation. The main
composition of VFAs was acetic acid, and ethanol was produced at the end of fermentation.
[Conclusion] Sterilized pretreatment was the optimum pretreatment method of anaerobic hy-
drogen fermentation from mariculture organic waste, and soluble carbohydrate was the main
nutrient resource during the fermentation.
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thermophilic enzyme (S-TE)

NZEX T ol (1 5 SR I S S BB K SR AL
AR TR, T 2 T A AR 5 % (R R, H i 2%
o 7K IR R BIERATTDRE . A KA A it
A BT TR R S Brk I K SR A i 3 2R
Pz 0o ik, WK SRR TR T b
PR IR K IRFETT Y 2 55 Z 2, A REXS IR
FEYREATE BRI, MIBEARE N E

AR —MEPE . TCIS QR BEAERL, [R]
I HATRZ AP0, Al 285 PR A i
APIEHIE. HATE A2 IR IS A L
PR MG HUE FE AT KRB B A, TR
BT Y Tl i SRR R R IR A R T
R — Al 2R Y, G A A R AR R
(R FR e T S FE AU RIS RERL . LAh, 15l 2
BAHUARAFAE TR A, Sl YR 40
BERRT 159 AN (A DL A RERD™
FEMHL o R A e = S RS e 20
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(Solubilization by thermophilic enzyme, S-TE)j&—
T B A ik TUAL B R o Miah 85K 2800 W AR T
Bacillus stearothermophilus AT1 JI{k /5 75 e
FRE]= R elg e, &My aEm s s R
&M, %} Bacillus thermophilicbacteria AT07-1
FoAL B 5 P R AE S SRR BT SE, iR g R
R, MRS T5 R A B A ROR R A, il
REEFPEHL(65 °C HALH)T5 T 26.4%, KEES A
Hh A Ho 1 COL,
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AR B [SCOD . At E BT, AT
WVERE . pH . SR PENR TR (VFAS) M Z BRI T
TS S0 Ar, IRVHEE K IR IE 3 ) 57 ) 7= 0 il g
P, KSR AR IR AL BT K IRIHIE
FEY SR NIAE AL, AL BT 4R
HHABH ML E X

1 MRENE
1.1 ERFAEEME

R S R R R T Ny GG L L) I T LA 7
Ue, HEKAHLE 39 A M VS Bt 25258 T
HIAPERTANER 1 Fos o AR5 et 2.0 mm
WA i s 2 R B, IRAE T 4 °C VK56

FHALLS: SG46-280S 7 JE ST K A,
RS A BR 2 F]; D7023TP-K7 Sl b, 4%
A AR A FRA R, SHY-2 gk indikg
&, S IETBORIES) T PHB-5 &I pH i, e
ST RS BRA T, 722N B WOGHEEET, b
TR RS A BRZS ; SP-6890 “AHE AN, 7R
I TAE A BR/A ], GC-2010 U AH A
10, BHEEE)ARA R,

1.2 [ERFAIE %

(1) FRTIALFE: ] 6 mol/L HYERERFEFI5 IR
pH {HIHZ 2.0+0.1, FHFAEHHRIRETAEF 5 min,
TEZE T (15 °C—24 °C)IFA7 12 h sefb kb B, =2
& BN h AT A

(2) BETALIE: F 6 mol/L i & B L i e
) pH (I E 12.020.1, JFFEBFERE T REE
5min, 7EE IR F(15 °C-24 °C)I"fF 12 h 5afkTi
WP, 25 B T A T

(3) K WALBE: Hi5 R E T Kb+
1x10° Pa K AL T 30 min, 7EZ1R T (15 °C—24 °C)
JCE 3 h HEATRH

(4) T PALEE: B 1 L J598 8 TIREEAr
P L 720 W B RR 22468 5 5 min,

(5) WEIAER(S-TE)FALEE: HL 100 mL {5
T 250 mL HEEHH, HERE L TE (Bacillus ther-
mophilicbacteria AT07-1), #75 pH & 7.0, 7£
65 °C, fiFEEiR 140 r/min, AbFE 12 h,

R TR IR . R EE ) B, ARTKGR
2R | AL RS AUTS e R IH Y pH, B
R,

x1 FEMRIER

Table 1 Characters of raw materials

pH TCOD  SCOD SS VSS

(mg/L) (mg/L) (g/L)  (mg/L)
75l 7.240.1 9242+242 795 5.02+0.32 3.92+0.21
Sludge
APUE
Sz 6.9+0.1 10493£236 92+6 1.74+0.13 1.22+0.09
Organic
waste

1.3 KREAETS

Vg T Ak B Y5 U 5 VUK SR A DL 3 DA
1:9 el BidE 100 mL A 250 mL HEFE A .
AP AR, BRERH, fEiRERN
35°C. % 120-140 r/min A8 KB HIEIRE Y
ay DiESLEtT, SLgeh, AR 5
[ S SO, [l dRas AT, 7R — g i
(i) 5] Py G5 MR OB R — AN, 1SR S,
8 SR B A3 R RN R H S 8 NS ) Y 4% TR B
(SCOD. W PEE AT, At . VFAs fiZ
BE)o RMORIEEE AT, Segieit 3 4PAT4, M
SEEIAT T o
1.4 SRFA*

KMt AR g A R SRR BRI A B 4k
KD . FH 1 mL SEPET S as e <
A, SR FHAOR 8385125 0 T (SP-6890,  LLIZR - 7 B
1), TCD %S, 2 m NEERWIEFEH:, kN
Porapak-Q, &AM, HiE N 1.0 mL/min, i
FET | SRR 45 (TCD) R B2 43 51 A

http://journals.im.ac.cn/wswxtbcn



1228

BLWhg AR

2012, Vol.39, No.9

100 °C. 50 °C. 100 °C. pH {&if] pH Hll5E .
TCOD . SCOD & i i il e, nlistEd A
Jo SR AR AR R0 0 0, TV P A SR FH B i -
SR E), VEAS Fil 2Bl A ik
(GC-2010, '7Y), fic £ 30 mx25 mmx25 pum L4
& FE(DB-FFAP, ZHE(R), FID K%Y, LIRS N
A, WK 2.6 mU/min, $EREC . RIUEE .
TRIRE S>3k 250 °C. 300 °C. 70 °C., RHFRitE
T3 W 2 T e P S [ A i (T SS) R4 P i < dt
(VSS)H1,
1.5 #HiEALIE

FEECRRIE L AR TE

FEER(mLIg VSS)=H,(mL)/VSS(g) 1)

2 GR550H

2.1 TRALEER A B E R AR

e 2 FIORAEANOR R AL LTS R T P A Y R T
Skrh, SE RSN KER, FEERE
835%, H x4 P AWK T A RN
50.8%-72.3%, A A A H g, X
— 45 SR B AR TAL A R R T IR AT b
AR FE A TG, R IR EH A R s
WEAEF 20" SRR B, 7 B e VK S 1E 450
26.0 h JEAARKE NG M. & EE SRR A R Bl A]

AL R ANE 1 PR, 7= SR R 2 K TR
LR, KT EFRN 22.04 mL/g VSS, HARHIE
I TR . B DAL B R SR R R ]
#1146, 7.6, 9.2, 15.9 mL/g VSS, AJn]Fist 3
HRAER A ARA AR ES, KRR
TPy A0t = HAG B R, O AL B
BCRARFE T R e i o Wang &5 L3 T K
fR4E 5 P AL BTG e K e &, Guo 45 Lbi T K
WL A 3 MU R AR, A
W5 KBRS PRt BT e ik AL &%
W i5e = A AR I AR LAk, 76 3.0 h Z Pk
AR R RER, U2 A3 5 P s
B AR BT, ORAEST g A T Ak 2
B E%H 14.6 mLlg VSS, BRAK T2/ NG2EF)
I ATt 1Ak LR T Ve R AU A 2R 16.3 mL/g
VSS, PSRRI E AR 63.7%,
TA/NESE 49.8% 10 & i, AT RER N RS
T AR B,
22 EMTEUEFSEHXR

IR R B2 0F, A VBRI AR R R
AT, — TR SR B SR
PG B H B9 e sk A7 A A, DA il
SCOD /b J3— T T AR —E I R
YR, 7 A AT LA s K i K R EAR T ALY,

R2 TRMABAZFEMSHIMDFF=S[E LR

Table 2 Comparison of biogas content and hydrogen production of among different pretreatments

TAb Iy PR TEE CO, & it
Pretreated method Biogas yield (mL) Hydrogen content (%) CO, content (%)
Lal 9.4 63.7 36.3

S-TE
H& 5.2 60.4 39.6
Acid
ﬁﬁ_ 7.5 50.8 49.2
Alkaline
I_ ;-g 111 83.5 16.5
Sterilized
,ﬁw}z 9.0 72.3 27.7
Microwave
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- S-TE
-+ Acid

-= Alkaline
-o- Sterilized

-+Microwave

H, yield (mL/g VSS)
N

O NCOON

¢ (h)

E1 AR ESEABESSEELTH
Fig. 1 Variations of different pretreatments on hydro-
gen yield during anaerobic fermentations

KELGTFETIAAE VFAs B4R, M SCOD 1
I FEX P 5 TR R ALV T, SCOD & 1#
i AR v BB B AR R A R
SCOD TE/= & HUATHIIA i, R K i
G S, R AEEAIS RS, A
i B SRR AR T B SR B
o R T AVEINGG . TR, B KR . R A
Y5 YRS B YIwIih SCOD 43419 19901 654
1570, 1290, 1458 mg/L, F=4Hi SCOD 144>
Wk 8.5%., 12.8%. 13.8%. 18.1%# 12.8%. &l 2
HE 1 WERTAL a5 e, W
28 K B RV AL Y5 R, FE 7 S ) IR B B
SCOD YRt iR i, BiHXEEI5 I8 i 1 =&
PRSP R, DR RE 23 WA B 22 ) 7K At A A T
ZINA T HBEEMIE, BeFh T &l g HA i
b B 75 YR B ik SCOD fy i e HoAt 7 B i 3
e, KRS T5UER) SCOD & 54.3%, iX
5 Yang SEMEIZAL, AATTIN A Ve B AL 34
X PR GEHEVE R, R A o A S A 34 =i 2K
PR AT U A AT SO K R R4, Brl SCOD
e & B R TR RN, PR AR E R
B Ffd SCOD #E /=&t i)y, R/ E
S5 5K SCOD & &ANsR R, HAR AT
A, AT T IR SR

AR A B EE AR AN 3 R, FE A
FEIRBYBE, NAIAE/K Sl A R AW R AT
PR AT, AR, R AR
B AT I L, BRI B
A . KB TIA BEHE YR (4 A v B 1 B B 1 A
AR BRI, 115 W8 PR R A SHHE v Hh i
Bk A 3 AN R 1 518 3 HE,
A1 o I A i Ak Y5 Y 1) RS 40 T s R
BTk BETESR 2.5 h BIGA R A{H 790.2 mg/L, 5
TRl s . KR . S e, AR
TR JE S RVR R, iHABHE R 8 AR YR S
TR R, BRIAL PR OB ™ Ak F 2 1 R
Wl i, 153 1 713.3 mo/L, {HEHF AR
AR, HAEAE A 10.0-23.0 h I BEEE (A ik
JEA B TR X RER O St iR WAL B (175

OS-TE Alkaline B Microwave

2500 & Acid Sterlized
~ 2000 rn 1
8D 7 12 |/ g
g 1500 r (¥ NS L g’: ~
a s = e |
S 1000 r|f = | |
500 = (e |
0 H GINE ZINE ZSN=

(=)
IS
[}

65 9 23 26
7 (h)

2 AESFEH SCOD iRETLE
Fig. 2 Variations of SCOD during fermentation

2000

3 180 | —-S-TE
%D 1600 | —— Acid
= 1400 ¢ —#— Alkaline
£ 1200 F —o— Sterlized
% 1 288 i —— Microwave
2600
2 400
S 200
0 1

t (h)
3 ABERERAIAMERRRETK

Fig. 3 Variations of soluble protein during fermentation
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Terh IR AR, EATTTEsh i =<0
A, FFREFEEUE IR BEAR S o), THAERR R,

R PERR S A& 4 BR, KRS ITA
A A AT ST R B e (i W9
T, IRV IR R A L T 7 A E LAY
BEIRPRTTO, FEARBESS b, K SR A
MUES Y RIEY), S-TE Lk PRk EE7E 2.5 h
4 610.0 mo/L, Sk . IR THAL B IR [F]—
(] (R BE AR (23318 6216, 611.1 mgl/L), R
AL B VR A 5 35 520.0 mg/L., A TR AL
PRSI AT PEREIA S A Ik, & 228.9 mg/L. Ut
J& AT A AR T R TP, A
JEE ARl IE R By 19.9-54.4 mg/L. R
KB BT Ab B, OBE RO AR 3R BLAE
2.5-6.5h, TEFREFEGRNAR T Ab Bt v, R THFE
Fn, 2R AAE 6.5-9.0 ho & T Il TmAbBigH,
SR TOUAL B AT O M R R A U e AR R 1
TRE 90%LA -, A 7 A TR N SO ) A T RAR
o HHT ALY AR R A R I P L Ak,
UL I Hh i/ 8 ) B ™ S e A L A I
)RS P N R TS e b a e N i 7 v 20|
T, SEURY PR AR A AR R,
23 FEARBEHTAIEERELR

FE TR AT 8 SR R
AN, Bl HT . CO,. VFAs, ZHEIR .
NH,—N 28 VFAs | ZIERR AT NH,—N 724

WA pH &AM, KRS PR pH AR
feAs Nk 3 Fim . HABARY T pH (E1E K I
J&i 2.5 h BIEA S HZ k8, TRALFEIEIRTE 6.5 h
JaAERK EIE(EH 6.8, X WM FEHEIK L H
il FBAL B U A AR R . — AL T,
KA MRS pH (EEJE 5.0-6.5, 4IEH
pH {E R ES 5t pH {HIiEF] 0.5 AHf ), f=ER
SEE 20%P07, FERBESE R, 24 pH G
£ 5.0-6.0 B~ ER i, pH KT 5.0 B
9.0 h BF) = &5 1k o RSB pH (E7E &
P B b 5, e B ik 3 5.7, X AT
R A Sy L AR 08 AR HL YR T 1) 2 T i /b
TRRACHHER, (R ERETAL IS, Bear K
fift TG P 200 B 35 PR ATD AR AR 1, IR R I G2 v RE T A
58, ff pH {RFSFERE K-, FRACFRENINE] T
IR AR 3 M B T P, pH RNBEIRE .

700

600 | -~ S-TE
500 —4— Acid
400 - Alkaline

—o— Sterlized

300
—— Microwave

Soluble carbohydrate (mg/L)

200
100
0 &
0 5 10 15 20 25 30
7 (h)

B4 RESIEPAIFERERETEL
Fig. 4 Variations of soluble carbohydrate during the
fermentation

®3 KEEHIES pH T

Table 3 Variations of pH during fermentation

N )] I TR i3 ikl KA T
Time (h) S-TE Acid Alkaline Sterilized Microwave
0 7.9 55 8.7 7.0 7.1
25 8.0 6.5 8.2 7.6 7.8
6.5 7.0 6.8 5.0 5.0 4.6
9.0 6.1 4.7 4.6 5.0 4.6
23.0 5.7 3.9 5.2 5.3 45
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Kl 5 FRTERE KB RE T VFAs Rl Z Y
Ak, VEAs I B s e R B R b B )
HOINARESS, BRI IR eI . R, B, KR
T A BRAG TR 4 43 1)k 653.8., 1 225.3
385.7. 785.2. 544.5 mg/L, >4k I 4h kTt h
2723.7.2271.2, 2054.6, 1479.4, 1732.7 mg/L.
FRA R K TR EZ T CTR, Kk L
B, R OBEAUR R RHE, HOBEFE 4T
KR B I 9] o A i Ak B VR ) A A T
i PR TR AR R LS B £ BE R AR, HA AL U FE
9.0 h JG L LRV T % . SR B2 E Y IB AL,
FORTER I At BB b A RIS . Ginkel
H1 Logan 38 T & 10.0 h J5 H B FIAL G 1
#L, Mohan 5t g 2RI ILER P, T
VS PERR R R B i B0 R e 1, AR R
(2)—(5), I YH A A R 2 BE R AGE, X7
WA, YRR Y= SR T RN, 23

(1) MK IR S IVER IR, A
[F) 7 2 AL 3t 1) 35 K AR BT 5 e S 4 R B IR

[l A U, A AT 1 R PR U 2 f 7 S
BB/ o AL UK R TIUAL Bl A P A R R
TE R e A R R BT e A o FEAt =) . TR
FEH 7 U DL B A K T A PR VORI ARl Ak
LU A SRR RN, T SR ZE TR |
BRAL BRI AE S PR I LB R, L
AR AR T REDSD 13X M A0
HH LT &, W8 AL U 7™ A= £ T 1) I (1] 45
FEBI ), DMz AR TAl BT AR XS A 5 K A
WAL T IRAEME PR TIULE P U A A i A 1)
FEAE, SRR R REAAE T IR IR IR 1L
FACHIRACCE, A 10 T IREUR R RS

C¢H1,0¢ —2CH3;CH,0H + 2CO, (2)
C6H1206+2H20—>2CH3COOH + 4H2 + 2C02
3)

CeH1206 + 2H,—2CH;3;CH,COOH + 2H,0 (4)

CsH1,05—CH3(CH,) ,COOH + 2H,+ 2CO, (5)

%2 000 < Rikatine ST Acid
=) 4 fMis;rowave g 100 = = = W :\0\100 = = T 77 Tz
2390 e ed > 80 % % 2 % %wButyric 3 80 [ vButyric
2 %(5)88 £ 60 % % % % %EPropionic g 60 =Propionic
% %()88 § 40 é é é é éOAcetic § 40 7+ Acetic
815 5 % 77 Ethanol = ‘Ethanol
S 1000 S22 7777 % 5 20
§ 500 = / % % L ::::/:: e = 0 i
0515 30 75 0 256509. 0 25659023 26
¢ (h) 1 (h)
Alkaline

2 100 7 S % o

% 80 % 1 Butyric % %‘”Butyrlc )

& 60 % =Propionic 1 %EPropionic gn

= 40 / »Acetic = %*Acctic =

8 f ‘Ethanol 9 " Ethanol 3

S 2007 i ano g Z ano g

A 0 % e A~ R R A~ 2

0 2.56.59.0 23 26 2.56.59.0 23 26 2.56.59.0 23 26
1 (h) t(h)
E5 VFAsFAZEREFIES L
Fig. 5 The concentration and percentage of VFAs and ethanol
3 & AR ARG RN, 7SRO T i K R T

GEBR, HR AR 22.0 mL/g VSS, S AR EIA
83.4%, ;=AM BURAR U N R AL £ B
BEALEE | BRALEE . FRALFEHLYR . £ R EESAA R
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T Hy Fil CO,, ANE CHyo

(2) KEzEr=dadfEd, iKY SCOD ZEfbAK,
FIVSPEEE T . FIVA MRS . pH #0555 e
kR, AR S AR R, AT R Bl Ak 21
T B E D R B E AN, IR P S R AR A
Tt B XS TR R o TSP R Y
EFRIE, WEATE S AWM. T
WER A &2 Ik

(3) AW =N VFAs WS e 22
MR, PSR, KRERAN QBRI KR &
BEAE R RIS W B, R R BEH IR AL

(4) HEFpug AT AL HS JE R IR S A RN
14.6 mL/g VSS, SN 63.7%. ZRE ARG
AR TS IS RETE ZHUBIUE SR T, I K4
IR RO R E M pH {E.

2 % X #f
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