ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

i
U
.
I

2013

RERFERESISHEHSR RO EH
4 4 & K B U




W % B 3 434 % 5511

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2013 411 A 15 H

H K

|0 R TR 1] Ea o ot = HAEEE, T, B, TE, Fik (4139)
BRI LB TR KA T AU SR - evvveee v K, Kk RN (4146)
Ol DX R R OB R Y 25 (R G A A oo W, f R, w0, & SR, W X, EEH (4152)
BHER KA CO, . CH, . N,O, CO FELRMM FTIR ZRGE «woevveereeeenes HAFE X SR, Bk, 7 WE, M KR (4159)
KAPTRERA CH, HREEARALEFAE «vevevereesememsee e X e FWL hANE, ET A, K E (4165)
ST AR TP TE RGP [ ZELIIL «vvvveeeeeeeeesessenseammmmssmssmstte ettt ettt et e e e e e e e e e e e e e s e IR, 2E A, % 2 (4171)
o TR R R TR R A TR L ettt N, EEE,BHE, RS, A (4178)

T YR A T A H ) ] 4 o R T 2 R 5 U CHE IR -+ v vvemmemeeeeeee et e et e e e e s e s e
...................................................... R BUEYE RCGRR, MR B E R EE NN, B, THIE (4186)
I BT R A S0 A RIERALPEFRITSE - eeeevoevesseeese BURE R, 8, ERE, K, ELE (4195)
I Ak 2 B 11D SRR o TR 25 T S5 S A SRR, eevvees e BB KR, SR, E L (4204)
TSR A R B K B PROS il PROA FHREESMATHEIE rvvvvvssosseneesnooss B, %O A K R (4211)
LT LTHIA OB A TGRSR ARABE G APHT wovvvereoosserssesesssssnnis AU L, B At (4218)
B EIHEK B BT TG TE YUY OMB JETEIAT «+eeeeeeeeeeessenmmmmsmmssnesiiet ittt et e e e e e e e e e e Wi, 2 kA (4226)
PR P R A B K OB SR T WAL -+ B 6, T 9 56 4RI, 022 5 5CH, Fh 0B (4231)
PR AR SRR BRI -oveveeensnenessennenens Tk, EEH,FRE,HE,HE,KE (4240)
KRN TIBH PRI L BRERAIFGY oeeverrrrrrrrre e =5 , B R , HEE (4251)
AR WO R RIS B B TN ALTITIE o veeeeerrmrrrerermeeerreeteteeee e T, kAL, TR, HEE, B (4257)
R A Pl A 9 AT S 2 ) B 95 S IR DRI A PR RR R MR TE oo B AL, BFHRE (4266)
G ZHIHE S PRI BB PR B BEIRITIY «reveeeererrersmmmmmmmmrmmririi e e e Bz RIEZ BN, B (4275)
SR S P W S AR B oo 1], 364, 350, William Jefferson, X| £48 , i A% (4282)
FIRAT WL SR AU SR S ML e A AT < v vvveeeeersmmmmmereeesmnniir e e s s HE AIXE,BE EM (4290)
DOM 2875 2t K X BE AR B A T PG BB B BN v veeeeeemmrmmeeeeesnntiie e e sttt e e FHH EFH (4295)
N Ny G Rl O T B R ok R R ETYL, B E (4304)
Fe, 0, FELAK Pd/Fe XFKH 2,4-D MREALIR BB «ooeeeeeeeeeeeeemmmmesininnins JA Y R G EE E R (4311)
AN FPRAR AT SR K AR U BPERE A FEEIFTE woeveveermememmmeemnnsneeeee s, B F K, TR (4319)
FAL AR E A S A SO K R ER B e T, ARES, BHRE, 7T, M, T (4325)
AP A S Xt K R R R IR PRI ST +oveemeeemmee e R, FRE, TR, KT A, T4, WM (4333)
28 LS T IR RS R B o 8/ e R v R S P B AR A e R, RRT, T, FRA, B, KET (4341)
RHIRAE AL (RS P DA UGG AL RAI  woovvoeevesssenessscnsssni TG AN, P H R TR AT (4349)
TR LR/ R B WP IR IIFGT < vvvvveeremmmmmmeeerrtnaaeeee e e e e WL EF, N, AR KA (4356)
BRI S AL SR URFETISE coeveoeeenessossrenesn i, B, B, KES, KW, B, UEE (4362)
UASB ZRG0(8 pH B AT R P2 GHERE R AT - eeveereereereeresee e MEE KEE 27 TR FKIE (4370)
WL VAR A ARV 6 Co AR BETRBEREAY oovvevvvvossssssssnnniisn F AR, AR, T TMER (4376)
BT B U I X LT AR S (IR PERIURE v vvvvvrrermrrmerneene e X% BN B R, EH (4386)

NAPLs 75 YL M) T M8 T H T F2 M b JRARAL T SAMATITIY «+ v vveeeesesmnrenreeeseamnnntreeessnniiietee e s st e e e
........................................................................ EEH MR BE ER,GBT, 28, FEH, 2L 4 (4392)
50 AEWTIT A HVE - B WL BRI EE (S A AR vvvvvvemerrmrermereeeeeennenne i ZW A EHW (4399)
T AP LAY B G A9 X A AT S B I R Rl ZE RS, weveee e EEE , R L , &K (4405)

T 174 YR 5 Fe 11 Mn TC MU ZS[A] A ATAAE <+ vvvvvvvennenssmnnnnenneeetaaaaaeaeses s s s s bbbttt e e e e aaeae e
............................................................ XS HEE NEE ETW, DET, AT A, 2wk, THH (4411)
S LI MCCPs 975K | GBS woovevereeseeesennnns WEE, THH, K, BEN, £, D9 (4420)

TR 2 L K A B WL A 2R B8 I 2 JA) A AR I «+ -+ vvvvreeeeennmsmeeeeee s a et e e e s sttt e s
............................................................ BARY AR KA EM T KRR, KB B, B R (4427)

FL T 0 A ) 21 - 9 R I S 2 U IE (IR AT +vvee oo
........................................................................ A, Fxde, KB, HEF, Ak, T%, X0 (4434)
SMIEACTEPEIRAE AR e LR IRAT I A A S E A R e REM, DA, IR, B, A (4440)
IR A AEA I 2SR TA AR S R e A=, FE A K, RO, JOIT IR, R TR (4447)
MR ECRETEDT XA S IRTHE A PR R AR IR oo ZLM R ALET, T3, RAEH (4455)
HER BAE Y I R bR ( Phytolacca americana L. ") T IR I S E I 3% NEERRIERP A, B X R E GEFR  AE (4460)
Shewanella oneidensis MR-1 SFEAL R BT MR TIHERIFFE «-vevevreereereeeeeeeermemmmmmmiiiiieiieeeeee PR, F A, 51 A% (4466 )
BT IR E PG R X L35 AT A TEUBK AT A H AT ST v eeeeeereeeerersmmmmmmmmmmiiniiiiiieit et a e FE BT (4473)
RIFIZE AT DB (20) UL R RIS 5 R E -+ eeeeeooe WG RIE—, PR, G B, 54, B AR (4482)
WEATHTE B AR S B P AL EHRIUTTSE oo oeeeessesenesssseeeeos 4, 90 H R KT, 4, RARAL (4490)
RIS RO BI M | 32 TR MU « v veeeeeermmmmmee et e en it W, BTA (4495)

(HRIERIEYIETT IS 5 (4239) ARBERLA ) A Fr 17 0 (4369 ) 5 H.(4225, 4265, 4303, 4375)



Vol. 34 ,No. 11

55 N
34 EE 11 H by : =
20 0 o i S Nov. ,2013

ENVIRONMENTAL SCIENCE

UASB Z %K pH B1TH X =S EBERI 91

g sk E AT, AR kg

(1. R RZEAREEBE IR JRTE 1500405 2. MRV T R 2% T MG TR 2% MG /RKIE 150090)

TE. RHFARAIRAISTRIR (UASB) 1 R R %<8, LALLIE K Ry R BRI, 15 /K AL 3 J 45 ¥ U1 Ry F 2 19 ) s 18, AT
P B R V5 U8 R, T8 AR R Y £ B R R B I R A W A R G AEAR pH I AT R A7 S REHEAT T 9T, 25 SRR A i
7K COD ¥ ¥ 314 000 mg-L ™" | JE R (35 £1)C, KIFEBIE(HRT) 4 8 h BIZMF T, 8 NaHCO, K 7K pH e B 1)
3.72 3R 22 3. 80, 3.85,3.94 4. 04, FuE i A AR A1 5.5 Lod R FIZ9 7.0, 8.0, 9.5, 6.0 Lod ™ R E 0
BT 27.27% . 45.45% . 72.73% . 9.09% . pH Jg 3.94 I, 7=/ S8 5k B f KAH 15.83 L-d ', BFE =S Em 1.75
£, P EROR N 58.05% , 7= 3= EUSCR I, 28k T B A pH 19 T FRAA 4. 0.

K{BIR . UASB; LEREVKREE; HWIHIE; pH; Foail %R

FESES. X382 CHARIRME. A XEHRS: 0250-3301(2013)11-4370-06

Analysis of Hydrogen-production Performance in a UASB System at Low pH
ZHAO Jian-hui', ZHANG Bai-hui', LI Ning’, WANG Bing', LI Yong-feng'

(1. School of Forestry, Northeast Forestry University, Harbin 150040, China; 2. School of Municipal and Environmental Engineering,
Harbin Institute of Technology, Harbin 150090, China)

Abstract ; This experiment used upflow anaerobic sludge blanket (UASB) with brown sugar water as fermentation substrate and sewage
sludge as the initiation sludge of the reaction, which was made into granular sludge by adding activated carbon. Emphasis was placed
on assessing the hydrogen production performance of the UASB hydrogen bio-production system in the stable ethanol-type fermentation.
Under the conditions that the influent COD was 4 000 mg+L ™", the temperature was (35 +1)°C and the hydraulic retention time
(HRT) was 8 h, a certain amount of NaHCO, was added to adjust pH from 3.72 to 3.80,3.85,3.94 and 4. 04, the hydrogen
production rate increased correspondingly from the initial 5.5 L+d ™" to about 7.0, 8.0, 9.5 and 6.0 L-d ™", which was improved by
27.27% ,45.45% ,72.73% and 9.09% , respectively. The highest hydrogen production rate and gas yield were observed at pH 3. 94.
The maximal gas yield was 15. 83 L-d ™", which was 1. 75 times as high as the initial production. Meanwhile, the hydrogen production
efficiency was 58.05% . This study broke through the lower limit pH value 4. 0 in fermentative hydrogen production.

Key words : UASB; ethanol-type fermentation; hydrogen production; pH; hydrogen production rate
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Fig. 1 Schematic diagram of UASB
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Table 1  Run-times of the UASB reactor
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Fig. 2 Changes of pH in the reactor
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Fig. 3 Changes of liquid end fermentation products in the reactor
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Table 2 Composition of liquid end fermentation products at all stages

e i & P 3MH p/mg- L

pH T T = o (LW + LR/ %
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3.85 689. 22 673. 80 47.73 1410.75 96. 62
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4.04 603. 94 394.01 73.24 1071.19 93.16
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Fig. 4 Percentages of biogas and hydrogen in the reactor
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Fig. 5 Changes of ORP in the reactor
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Fig. 6 Changes of COD removal in the reactor
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