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Study on Bio-hyrogen production using Food Wastes

via Anaerobic Fermentation
ABSTRACT

Traditional fossil fuel is non-renewable and is increasingly depleted which makes the
energy supply be the big challenge of the development of the society. Hydrogen, a type of
new clean energy, is attracting widespread attention. Hydrogen has high energy density,
conversion and flexible, clean and is the ideal green energy.

Food waste is the main composition of municipal solid waste, containing a large
number of organic compounds, easily biodegradable, is a potential substrate for hydrogen
production through anaerobic fermentation. Food waste is hydrolyzed and fermented by
acidogenic bacteria in the anaerobic process. Hydrogen and carbon dioxide are the two
major gas product and the organic acids ,ethanol and other substances are produced as the
liquid product. ,

In this study, food waste is used as the substrate and anaerobic sludge as the inoculum.,
Firstly the effluence of different pretreatment methods (acid, alkali, heat pretreatment) on
anaerobic sludge on the the activity of methanogens and hydrogen production were
investigated. Secondly the rape straw was added to improve the hydrogen production of
food waste. Finally the effluence of temperature of on the hydrogen production was studied.
The results are list as follows.

(1) Effect of pretreatment of inoclum sludge using acid, alkali, heat pretreatment
methods has promoted the hydrogen production significantly. Alkali treatment was the
optimum pretreatment approach based on the hydrogen production yield and partial
pressure of hydrogen.

(2) Addition of rape straw inot the food waste can greatly promote hydrogen production.
The hydrogen production reaches the maximum value when 70% addition of the rape straw.

(3) Mesophilic temperature is the optimum condition of hydrogen production process
and the high temperature condition will affect the activity of microorganisms. Operation of
the anaerobic reactor with temperature phase improved the hydrogen partial pressure and
the hydrogen production yield and production have been effectively improved.

Keywords: Food waste Anaerobic fermentation Hydrogen
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Table 1-1 The disposal methods of food waste
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Table 1-2 Hydrogen production of food waste in previous researches
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BHENR =3:%: VK- 100°C T &b 2 & 37

200g X9 BRI
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| KEEHR 10Kg RE A8 B
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. BESD %

DEBERBAKLED
COD ¥, 8 X3
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1.1 FEEYN AR

45 Ak, CHAREN=IEYLHABETAEEY (BBEELXOXS
AE). EAEEYTHRREAE. RUEREHIENTEAH). RERETE
MBEDFTECERE: —REHREREY, eNATARAESR, &
FERRRIARERHIRBRRRTE. H—REHKUEREH, ENEEA
RMERAKR, EdoBFRORBRE~E.

KEEENBREDEER: BHEFRITERE (Enterobacter). BIRFRIFH
& (Clostridium) %% KB 8 & (Escherichia) M¥T &8 (Bacillus) T K%,
B RBEFEHANE S N RRR F AT & BT i 18 % fir s g2,
B & W T BB (Clostridium butyricum) 13 & B F HHF & (Clostridium
pasteurianum)®%, J& & W75 B & (Enterobacter aerogenes)F1 B 14 f T #
(Enterobacter cloacae)% . &R HEYTERAALTER 1-3.

R1-3 EEEYHFAE
Table 1-3 Species of hydrogen producing bacteria

EMRH REMRE

ERREHAE REE (Clostidium butyricum). BEEFRE (Methylotrophs).
PB4 E (Methanogenic bacteria). B4 HE (Rumen bacteria).

4 H (Archaea)
KUEREAE K # & (Escherichia coli)H [ 18 4 & (Enterobacter)
HEME MK FHRAFE (Bacillus licheniformis)
WAL AE - BB KIRE (Pyrococcus furious)
Gtk ] Methylosinus trichosporium. Methylomonas albus
XEDE Rhodospirllum rubrum
HEDE+ FEEARE (Cellulomonas+)
1.3.2 £YHIE R Fh K

(1) KMK*=E
FEERBHTERYE, HPUBAE. KF. 2FHIKR. EMNER
HAGT, BIXAERBKIBAEINEASR. ER—-IMAERED, FE
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Table 1-4 Anaerobic digestion process
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Fig.1-1 Pathways of hydrogen production by anaerobic fermentation




(51 B: RenN Q, Wang BZ, Huang JC. Ethanol-type fermentation from carbohyd -rate in

high rate acidogenic reactor[J]. Biotech&Bioeng, 1997, 54(5): 428-433.)

(1) TH & KB (butyric acid-type fermentation)i= &,

MARYE, THEUEBKLEY, WERE. §EE. A8, ERSRBUT
RERBIX. REMKGFYEENTR,FIEFZR. CO,. LADER
Ak. TRERBXEMNHARRFRTER (Clostridium)i=4, WETRER
FHUFF 8 (C.tyrobutyricum) R T AR R ZE R & (C.butyricum). WF 1-5.

®1-5 KB 100mol W & B =4 M= WA K

Table 1-5 The production of fermentation of 100mol glucose

il Butyric Aceticacid  cO,/mol Hymol C EIlZE/% OR FH
acid/mol /mol
C.butyricum 76 42 188 235 96 0.97
C.tyrobutyricum 73 28 190 182 91 1.16

BRFATHBERBEAEENTRAZE, HLUAFE=YZ8 CoA £k 4
XA (e 1-2)fiaPl, NEWERRNFEXRE, “ZRIBTEREN
NADP+H', ¥ ZRENE—MA=YRABEN. HELRNADT:
CeH1,06+4H;0+2NAD*+4ADP+4Pi—

2CH;CO0+6H"+2H,+2HCO; +2NADH+4ATP (1)

BAZEHNEBERRBEERNN, YZRTERAR, fERY
NADH+H'AEX &, AN FZRFERNBRE KRR EL, Bk, EEEHN
PHABKMER A RBIEA. EEAHBENETRIES, “ZRIEFIRY

 NADH+H'F A e ML, BRESTRMIES, LIS NADH+H R4

B, ANUATURDRBE=Y TR KR, Bk, RETHEEORBHRRE,

LEEHRA T ZRIBEE T REFHLH K EE.

CsH1206+2H,0+3ADP+3Pi—»CH;CH,CH,COO+3H +2HCO; +3ATP (2)
UTHREREBENRR=IHFERIT, TRSZBRYRNELA N 2: 1,

RN T FrR:

5C¢H|206+12H,0+2NAD*+16ADP+16Pi—
4CH;CH,CH,COO +8H +2CH;CO0 +2NADH+10H,+10HCO5 +16ATP  (3)
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Fig.1-2 Pathways of butyric acid-type fermentation by clostridium butyricum

(318: £HH. REGARESNA. F: LRAEFEI R MK, 2004, 84)

(2) FH® A % B (propionic acid-type fermentation)i= &,

EREAYLELRET, BEE. UK. NESSRENYRBEERE
AREREE. RREENKKLEY (WHER) BEFEARRERR, 5/~
TRERMHEW, ARREERHBE, HEH T NADH+H' HEWK. AKAE

CRENRARSBTERY, RRFUARBRANZE.

NREABARETEATKRKEARANRBRIER (Propionibacterium) . W
RE=ERULEMP 2R=ENANRARE, FEEZ8B CoA £, 6%
W TCA EHNH, WA 135, ARHERY, “ZRIBETEHRIEN
NADH+H', 5FARERBHKEUFTE, REAWMT:
C¢H1204+H,0+3ADP—CH;CO0+CH;CH,COO +HCO3™+3H +H,+3ATP (4)

A Gy=-286.6 kJ/mol % % # (pH=7, T=298.15K)
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Fig.1-3 Pathways of propionic acid-type fenmentation by propionibacterium

(518: EHH. REBAREESNA. bH: kT VKM, 2004, 85)

(3) ZEEKE (ethanol-type fermentation) =4
LERRBHAR-MEFNTERE,

EREMEBREFTFRENEK

REFROSETRAN., ZBURBOKGEWEERZME. ZK. CO,.
HAVETR. ZEEREERZNE 14 FRY, ZBEABRE —HRENR
AERETARR, EMRBETRESERE. FE8XRA. 8 TZBAZ
MEMRMGRAMLES, Bk, AMIEEZERRBERFENNEEB

FEE R P,
KRB AERRE T WRERM.
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CH,OH 2ATP 2ADP 4ADP 4ATP

CHO
0 \./ ' 5 é (I:H;
» 2HCOH 2 C=0

|
@@ /. \ GooH
2NAD 2NADH
e SRR +He TR

2002

CH; CH,

@won| <7~ o
4. INAD INADH® CE
+HY

ATP-=WR IR H: ADP-Z@MIRT; NAD-#M 1 ; NADH-E R #8 |
Bi-4 AEZHEFARERE
Fig.1-4 Pathways of ethanol-type fermentation
(518: ZFkig. BREANLEKRBEHREASERD]. AARALTI, 200525 (3) : 11)

14 EMRERRTENEBEER
(1) B

EHRERETEAMEEEREP), BERMAYEK. EHEARBESE
HEINEEZHER, REEEMNRETLANEREEEEL, vXEE
FHBNEE. BREMEAVLERNSFTENEDRAN, BHBENEE
HRETHEYMEKLAE—ENBETEANFTSEEHT, NTTEWME

POERKERRERNARBHER: LK, BETLEMENNEEUR TR

L6 o (B P Y1 B T B L B & R RAE K o (D) R Sb, IR AE T 4 LR
BHOASMREETEEEEW, EERUARRNBERIEKR, &EKHARRN
RHERD, FHTROMEE.

MEBEVEKNBRETRE, THHER. REEL, BE. BANE
ERAMENE S AR, WK 1-6Fix.
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Rl-6 TAMAEDNERKREERE

Table 1-6 Different temperature ranges of microbial growth

MEYENY BRIE(C) BREH(C) ‘BHEH((C)
W& ¥ B 4 W) (Psychrophiles) <0 15 20
AR % U Y (Psychrotrophs) 0 20-30 30
% B 7 4 Y0 (Mesophiles) 15-20 20-45 >45
WE B 4 M) (Thermophiles) 45 55-65 80
B ¥ 0 4 W) (Hyperthermophiles) 65 80-90 >100

ERENAR, THREEESI=FMER. KEKBEA5~20C). Tl
KBGO~35C)HNRBRBG0~60C). BRBITAEFAEAES, IBIE
€, BITEBERER MIERBRNEERR, RNEBEET, FERE
NEXELERBREE, Bk, REEVLEFREXATEREE. KEWR
Bilxel. RERMFANBREEEE 3537C2HE. LEXMRETHERE
REEEAHAE, 0 YuZP) AMHAKRA, RERBAESE, HRNENE
HEEER 55T,

(2) pH

pHERREFELBT S AP EENFER TP, RM4ZE$ pH HEH
BPUSHHEDARANE=EREENEN, BAUBNEEU RS
72, EREBEHMRUURBRE, BEZWESRYNES: 554, pHIELE
WA EMERBA. AXARTESEHMREE. EUENSEE. FFH
FERYEHIBRE, BEANHEYHERKRBTZEEW. B2, pHEBALEH
E—eWEHE, FREMNTHEDEKNEHE.

BRI BEHE~EH pH ERRABRATE, BESERK. EXHFLHH
AERPW, mAy A RN RS pH HEEE 5.0-6.0 ZH; EHEHFAEN
h ik pH T E K 6.8~8.001Y, FiE H 5 BAE pH B 4.5, 4R4E rEk iR
FRREMNTREE"ANEBE pHETEEER 6.0-6.5 £, =S B & i pH
WHA 4.5-6.5 2. FEHFAREN S pH>6.0 M 4.5>pH>53 HFEERET
MEURE: ZEAREBRESS pHEE 4.24.52H; JERZFH pHKT 5.0
RALERME =R RENEE, ROEKOWHE; BAKRT pHE#—F
B, BEEWEEENENE. CHENMRRE, LpH /MTF 405, &M=
SRMEKRTELRE. T Lin SREPTRYRBORETSE pH BEE 6.7
kA,

12



(3) EMFERIKRE

EEMEYRERBNRDTERS, BRFEEHBRAUEYSER. &
BEENER. AARAHEUESHA. BRKUEGYUIRRERBEEDRMR
MELEY, KPEEES, @8, EHEEHABERNEERY, ki, 4F
RERKLEYHENEKURFNEGEFYERRBEZEANBREHED
U500, BENBRAER, TERSAIBAR. BN, B RDBRY
RERY. CHEREEZENBEURPHR—ASBITHE, HAHARRS,
BEARMENREEEBERE, BNEENA, ERERBIEFELARD.
(4) &RBS5HAR M

REMARY, ELRBTHFEAIREREEH. NS’ REFLRT R
FEMNEBETZ—. Na'ANUERMAEMARMARES, MHEF —EHRK
EXARNEEEREEEAA. HRREPIUEENEY, FATAA Na*
WRENFEAE., W ENERBRESHER. £RRY: 4 Na'RE<1000 -
mg/L B EKE (8000~16000 mg/L) Bf, SHMHAENNERYWENRIEK, &
W= S8 T Na'REZE 1000~2000 mg/L Z [Ei, W REBE&EEAEZHEER.

HHPAEN AN Z BRI EE % B4 BIARE, &EEKERE(<0.001
mg/L)f] Fe?*\ Ni*fl Mg?* % B49 A K RS R B A R, HIRHNF X
Fe?*>Ni*>Mg* . T Wang ZPIE &M =S 5 M B4 WM ER PRI, £—%
WHENERF Fe 0= EMREIMNERKT F*. URBEPHRATAIRMNEN
KM REFANRESEARRENEW, ER K Fe. Fe¥'. FEMABERE
GREEFEHERAER, 4 FKRER 1000mg/L HESEILETHK;
GRAY &M AR T SN EFE L EFNBHENRERE=E.
(5) HEEMEE

BRTEREXERRSN, EWARRERETENERLEEMLT REM
(ORP) P81, X fif=@mtia (HRT) B, Rsekm0&9) N W%, XEHE
EXNREFEARE —EMEWH. REAMNMSREAEYHEBFEECLHAATR
%, WA TRANHERE, BR, HTREFENELHERTE, AEZRLE
% PWMEERE, XLEEGREEAFEEAREER. Bk, BLhHEH
NATE-BREH, LHEREITHEEM.

LSHABX.. HREHFARRAAR
1.1 HREX

FLFR, MRARESRRERBEHLARTRENEFRBAFENA,
MERBALHK. SAHSNTHERRAEERN. B, RELRKE®
AMHHAENIEREMTEE. RREFARERLEEE, HELHT

13



BUAGH. KON TFREFLEFEFEENHEDER. MUREN T Z %4,
REEMAEYNESETE.

BEREFUFREFANERFAANBRELNBREMAR, BEREEHR
FREMAER HREFATE, TEFUTLAFE:

(DFAZTEVENFER, FAFAIBETRBERHIRINKERE,
MEAEMREETHE. AREVLCETURERTFERE, EdERT
BENFRRURATIFRE, TUERANREZEANE.

() FREFHTHREUEZENEW, HERTEANEHESHTF#
TRAUHA.

(3) FRARBUEREATAHRBE R, LHEBRKLEY. BERANE
REAHFZFGTHRBETENE. BAHHARA, UBRKKLEDEARBREYD
RAERWITH, ¥ TEARNERYRNTARD: KR~ A5
BRE—HENMER, ERERENAALE: RELAGTEARKEREER,
REHFASHEERRNES, SEWTAMEDHNEL.

(4) FREBHBREALFEBTARNE. ELRERNBZLEHHIE,
REREURAETEALIBPHER. ERIRE, BRBENORE~DMH,
RRRFEMEERAT M.

(5) BRELUEFALBENENEEN. BRERLRRETANEES,
WREX BEHHEHEHUSHL, HREEARTEAFEERXN.

(6) BHELBABRNFARNAE . ETEFNRAFTEMBENRENR,
AUMEETARRESRE, FRABETEBLR. —HTEROHRER,
BRutiR ROk H—HHE, HRWAREARANE A B RS A R AT B,
BETESHEFNA.

1.52 KB

OB RETS T 7R 8 B 5 3% 7 2R M AT AT Rort R EFBRLTS e = S AL
B RESR;

(2) FIRAB AN BB LR~ EREREEMS;

Q) BLBREREIRREUR"EORERMN, FIHEMNHREKEF
ARENEW,

1S3 ARE

ARERETZHE BRBEREETE (090415205), SR TH KREELE
4 (GDBJ2008-027. GDBJ2008-028).

ARENFENFRARERUBERERBETE. ELREIMAETNLE
Eut b, B@xEMNYOTLE. RBERNESE. FMEFANEFE, ®ME

14



SEHTHEEURAAHNER, RREFURERE=ANTITHE, RE™
AXAMTEE, LRERRVOERANA. FARRN TFREASEXKOAS
HEATEEMNRLEN.

(D FIRBEMNFIAMEVERTE, EIHERYH#TRLE (B, &,
REWMAHET L), AN BFEFURRE=LNENE, WL ERBEZ=2TE
B 5E A

(2) FmANREURREFELEEWH. ELRMARKE KR LR
MELENEE, DREEFERER/U=ELRE;

Q) RAABENBRFUR~AHHNEW. ARERER=LANESE TR
BEXNRENRTEANERETTHA.

15



Bog& MEEAE

2.1 XRYE
BEBR Ei5i
l '
T+ Ja R W fE s
&
y
WHAKE, WAFMA
¥
{88 &
v
v
Sk BAR=H
M2-1 XRIE
Fig. 2-1 Experimental process
22 XREE

SEABRXAMRLREATRIANEIRKE, A2/, XEZK
BAMY, EMARERNEE, AUAHARERE. RERNEEETE
BREBFEBRN, REFENIGEIHKERKEHRITHRE, BEELE
AHEEL=SE,

E IR K

B2-2 TRKE

Fig. 2-2 Experimental device
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23 ZRMH
(1) BHEUEKREAEIVAKEERREZERE, REELTATYES
HPARFFREME L. AR, BB, EX%, 20AHTE, SR RER
&, FKERN (4C) REEZA. HPERYRMEARLER2-1. Kb, 5F
BEE (TS) K40.86%, ERMEEGKEE (VS) 499.78%TS.
#®2-1 BB RABRES

Table 2-1 Composition of food waste

5% KR 2 E 2 FE A ®H BA

H 1% 60 20 10 5 5

(2) BEMGERENEENFEKLE, FRERERETENENTH. LB
FHaEA, BEREARER, &, EFERAANL—REL. LRFH
WRERYHITHLAE. BRNTSH20.74%, VSH96.93%TS.

(3) HE. MERTERBBRNH E:

HEEBTE (g/L): CaCly 50; MgCly6H,0 100; FeCl, 25;

METE (g/L): CoCly6H,0 5; MnCly4H,0 5; AICI; 2.5; (NH4)6Mo7024 15;

H3BO4 5; NiCly6 H,0 5; CuCly5H20 55 ZnCly 5.

RYSEE. METEMRMILHE: 1ml K% #/g COD.

24 FELRNBEHL

R2-2 TELRNE
Table 2-2 List of experimental apparatus
2R itk &

B F R FA2004N EBREHENRERAF
E2u): 21 20 DIS-1A & ST RRKETRNE
KBER RS % SHY-2 & THEETEREMRTRNE

pH it DELTA320 BEH-KHNEZ(LEBFRAF
et 722E 4 XX LERERENBETRAF
TC/TN 4+ #1{X  aj-Analyzer multi N/C2100 EERE

REEHEK GC7890T & LBEREMEZUBERAA
SEEEN GC-2010 & BE&E
BMERTIRAE G2x-DH-30X35-BS EEREETHR

ek GREEN-10T BRAEEGEMERBARAA

O KSW-8D-13 EBXRURECBERAF

17




#2-3 TEXRAR

Table 2-3 List of chemical reagents

£ A K
Btk i EHARALERANETRAA
AL B g L 2 AR R T 4 P 3
@E&ﬁ%- A THREATEAMNERA
BHR_EH T4 ETHREATAMNERA R
A S vRig) PR A A
BB ke R FEAANTRAT
REX A BMERCAERR
ERRH e BEEALZAMNTRAR
i, A W m AR
QRN 04 A4 RedahIReERAR
AR g FRERER AL TR AR
BRBRGH LR REHERUZEAANETRAF
TaR L BEHRALEEAMNTRA A
T K B At BARALERARNFTRL A
R A i HAKEALEZANEFRAA
HER e BARALEANERLH
E_FRAH R& 4 LEEA=ZT

18



25 ¥RMURTE R B

2.5.1 BRSO

ERRE(TS): BT, EEBEHREE, EIHPARLL 600CHIH
1h, REEFFRBFAY, RE. EFEHEHEE, FEiCffag. H—CEH
B, RETHRAN, HFE, FELHbg. REBARSNHBRELTTERED
TF 105CTHE 24h, MLFRE, RELCHcg. BAMTEHERNMRAESRP L
BUZETREEME, REBRADHIP, £ 600C T4 20, HEBEMRE 100T,
MM IRAHERE, HEICH dg. WU TS=(c-a)/(b-a).

EREEED(VS): MEFEWE, VS=(d-a)/(c-a).

COD. NH/ -NEREFAEF EMEC), HRE2400rmin” FEFELH
BRI EEBTENE. TOCK MR A E I Zmulti N/C TOC/TNAH L.

B & R B B (Volatile fatty acids, VFA) K B i -OAS HGE N . (FHE
KIGE FALR 2, FFAP30m*0.25mm*0.25umEBHAEH, #HED. FEEOR
W BB A H250. 20081250C, BREHNRS).

2.5.2 5S4AHHE

C 2521 BMESERNIE

LRXAFKERERESE BEIRFPER=SFEROAERALOM
Rk
Ve, =Vayu + Vg, =V5,4) (D
AH: Vpiv VoA BIRAGDHRAS N BEZSH FE mL;
Ve. is Vo, i1 AR E G-1) KA 3K 845 3,mL.
2522 RRFEAHARMLETEXNHE
ERFEAHRNHETRAR (2) BHE.

VH,« = VH,i—l + CI-I,i (VG,i - VG,:‘-]) + VH (Cy,x - CH,i—l ) (2)
H
B VS F= L/gd (3)
BERNRPVSHEERE ﬂ%ﬁﬂ%ﬁxﬁ@#m gd)

AG)F: Vi Vi BIRAE-1) K S b R HH 4 B,mL;
Ch,is Crin A BIRMG-D)R P A EBIRE, %;
Vi R N 33 1) TH 2 46 83, mL; 3 B 50mL;
V. i Vg, i1FHI;
HA BH =2 E.

19



253 AAASEENNE

KRASHEEN(GCTSTH, FEXEHENBERATNE. Ak
f: MIRESH0.3MPa; HEH70C, HHEREEH1200C, BB (TCD)EE
100C, EEHX0-50-100; B ANESK; #HHEEHS0uL.

254 BHASHNE

FEFF 40 2 B 9 2 % B VanSoestik 11,

PR AT 4 E - MER AR (B 1T 40 B 7%)1.000052 B S B EE H R 3,
RIGMA100mIF HEEF . B+ EHWE RNapSO3(EK)0.55 . ERMIE
ERBEE, HETHEPL, TS5~008AERE, REMRBOTIH. BHER
G, BEART, HRBABBNHBHRETRE, BREREAMRA,
ZEEMBHELATIE, BEEREATHRELETBANBR S, FHHKH
%, EZBAEPH. A2mAEME ZKEHE. HHIBEFI105CHET,
HOWEETTRBAAHIONMHKRE, HREHEE,

Rt Y 4 4 0 - WK G L 40  76)1.0000 3 P 54 B F B 4K o5,
25 0 N 100 miFR ¥ Bt 2R 7R 500 + S 4L 28 KNa,S03(EK)0.57 . TERMSIME
LARBREE, BTHRPLTFS~1058MEDRE, FREUBOLH. AEKER
KB IRNBRETHE, FARKRENEZEBRETH. ALEREF
RE, BSHTHREAREXCEMHGANE. SHEERETHES, 8F
BREANI0SCH2L, ETFERTAH0 HHRE, ERZEE,

RULBERRENBRABRKSAIAMAE: BRENWHHRBRMARE %
GAEN, ET20CHAELE, HhkZdH. BUIBIERNII N
HER, PMERNBREARUKERREZENBRABEKS, BRERTHIEK
WEHBEREKRARENRIAB RTINS E.
PHRRFESENTE: NDF(%)=W1-W2)/W x100 (1)
AP W—HBEHRFNDFE(g)

W—AH & (g)
BRURRTESENTHE: ADF(%)=(G1-G2)/Gx100 ()
HXQF: G—HEHIRMADFE(g)
G—HHEH IR E (g)
G—AHE (g
FAERSENE: F49% E(%)=NDF(%)-ADF(%)
AURESENTE: FEFE=ADF(%)-ZB 2% MLt B G MR E (%)
MU EAR R FZADL)SEM I E: ADL(%)=R#E(%)-K %(%)
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B=E FEALENRELR~EANEW

3.1 sk Bk

3.1.1 XM
Sk BREUBREURETES % 2.3,

3.1.2 S hEE
SHERBAEYHITES X 2.5,
3 RBR A

LRHRRE, SREBRFTMHA, FRFRI=A. HP, £102C4
HFm#, HESRRRGF. Bk, AXERENENHEFRET 12CELH4T
435 m# 30min. 60min. 90min. 120min, FIEREMBREH, WA MM
BINFEEREWH. SERNRSEAYZER 1. 1 WERNEHRITEL, 2 5#
ZHBAERE, 842 MNETE, Sm2AFTEARE, R 1I0MRM
%, HITPRQGIC)RERETE. LRIBRPRAKBERBGHHT 24
MHELERY, BABERLTFHE.

KERDRNGERANBEMENSOmMLHLFERS, EAERKE, KOUK
EEME, UEEHD, £ LBEEREETRR, FENSBRAEKERE
HATWE. FEWERMTE K& ZRENH,-N. COD. VFA%{E.

314 KR4#R

C 3140 BAENMNEELREABETESNER
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RS &/nL

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
B fal/d

1

A L A

E3-1 ARALEREN R F[LENEN

Fig.3-1 Effect of heat treatment time on the cumulative gas production
MNERF=REE, SRNGRNEHNAEL—H, ERNE-XKHFH
| R ZEARBEHERBEREILBHNFSRRNE, BRFSER. HBE
| BB EPER, RRESEEHER. Ko, 2i3102°CAEI0mink 4R
FERERR, EE268mL. BE, BENANENEK, “SEEDS. AHR
N A% R #1172 S & JBUF 4 90min>120min>60min>30min>0min.
3.142 ALBEMNMNBERU R KEEEAHEW

30 r —o—(Omin
~—&— 30min
251 —&—60mit

~——90min

oo
o
T

HSER/%
&

10 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
BHiAl/d

B3-2 RRAALEREANELSEOZH

Fig.3-2 Effect of heat treatment time on hydrogen content
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ARMRBERUE L WE-2F R AN BATUE S, 2 ALENE
SHFNETEZNRSE, NEFLURFLAFHAEMNREEH. K+ 60minkl
ominHBABRFEEHEIL T20% .. HHKTF6omink) HALE A 7 g8 H X
ARKBHGRPNTPRE, WEREEEERUNR, F8IL=ENH
BUAHRE, FUHLNEXABRRER. WEENEKTFIOminE, F=EEMN
ENREER, EANSEERTE.

60
—— Omin
50 |

RS R/nL
8 8

[\
o
T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

B 1al/d

E3-3 RRMALERENZR~IENE®

Fig.3-3 Effect of heat treatment time on the cumulative hydrogen production

45
- 40
L=
e 35
T30
® 25 r
N
# 20 f
¥
£ 15+
X
riwr
" _I

0

Omin 30min 60min 90min 120min
bR )

B34 ARALEN OIS EE

Fig.3-4 Effect of heat treatment time on hydrogen production rate
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L ENEUBREERRESENZUEA—H, BELERE
Fm, FEEEHMK. % =90min AR/ K, FEEA N EA (Omin)
f) 4 %5, BEHNREGEN=ABRD. B34 AESHHKZEE, ARHRN
IR = B4 51K 1034 13.5, 19.3, 40.8. 24.3mL/gVS. T AE i, #Ha®
NREERNRFEERANEHER.

MELRFHTRUES:

FBEMAR—MBEEENEZNAEIR, BABHRABA, KERRER
#. 23 HEBEKNAHLE, FEASHRFRNESESENRE X AN,
HEKNRLELFARBEIBE, FHEVBBREEENEARIBHES
P EHit, 23RRRMLENERE, EREKEUFEFTESNKREN=ESE

Frigm.

REFXRUMRRE: EZRBEME. RE. EFE. FARESRERES
BTEEANETEMEYS. HREFPHGSRETELHALE, TUHEHRK
KPMERReE, MEaRMTFREs, TFRFESERRERRBOW R
#, ALBNFFRAEREHENREERS, A\THAFELERE=LER
PEME, 7 102°CH &4 TR 90min XK BRLIT & F # FHEGE £
BARE, ERRNARPREYHKLEZRR, NTEFBEHRNER

rEddRE.

3143 REKBRMATESHEWL

-1 RNWEHRRRESN K

Table 3-1 Comparison of the concentration between before and after reaction

LBl COD(mg/L) NH4"-N(mg/L) TP TOC pH
Omin  F1{E 52.33 76.01 4247 2206 459
aE 118.86 110.07 321.83 5950 3.7

30min  HE 52.57 78.04 46.73 2089 6.6
& 12593 126.1 32537 6160 373

60min 51.9 75.65 433 22815 (g
%M 146.05 168.04 35437 7100  3.67

90min  #{E 50.33 75.43 45.17 2351 6.75
&E 182.71 178.19 39495 9530  3.68

120min ~ #{§ 54.88 75.36 4474 22035  6.86
23| 136.62 155.02 34889 6950  3.68
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FEGRBAEARGKERLEL ., MEI-1T B, £ R BT LY
CODWKEBEI Fl MR M. XKW: HEEYFEAEEM. K+, 90mink
WELER, RARYMEROENTS.

EEFERMREAFLALES, EELEEMNRHLEC, GFHEy
MARBRERDS, RESBOBHEEAIERYR, KBS TENEROEHN
EHETENER. EARMAMEKEENEE, TUFARLFHERY
HHLR(VFA), XpHEZEMER, BRETESXMAED N EEEEERE,
EREHATES, BFREMBEHSRENIEARLEAR, AREER
hEAEEER, BEAREKBIBSANRERE—SBERER, BER
RE 45 FINH,-N" B SE R

BUBREZREANLE, FRENBRELRABR, XSERNZEE
GLERTBOCEAT. SEEFERURFMEHERYERLRFER
MEMBHE, KPOBNSBEART, TEASNEERK.

EEIMREHELELHSES, NI RESKEBELER DT TR,
—BANSAHBRNAR, 5—B4RETFANIF, REGHFEHE
B, KEFNBRDEEES, UEREREFSEE, HRKN TOC £EMM.

ERNSES, £RGBIFEYVFA (RIS 65 1% W M pHIE,
RN, £RHEABE T RESH T pHIME . B# RN AT, 4% fpH
EHERETE, HFGRNEEFHETREELSER. HYpHES.0-6.0MTEEH RN,
EAFEMEYNERFD. ERYpHEE THIHETS.00, SERKFVEA
MANBERETL, BHESHOEYE, EXNKEBRT TR, 257&F
BEm.

140 [
—— RMHZR

120 S RNEZR
—A— RNHITR
- RNETR

100

80 1
i /._//.\-
40

20 1

W /mg/L

0t & * - * *
Omin 30ui 60min 9min 120min
Ab 3 At (]

B3-5 REMRNATEAVE (VFA) MK

Fig.3-5 Changs of organic acids between before and after reaction
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ERERER (VFA) BREHUIEFENYRBRNZENEE SR>
Wit, RESErEESNER, bREREMEDHFHRR S EHHEERE.
EALRY, ZRATREXESY, ABRNTERE. ERRNRNAERA
BFREZY, ZEROKRERBEAEN:; MM FREABER, ERANGRAEERATS,
TEERANEER VFAAS.

EXNEAREREENRESENITHE3-SRA: SHLEMNDNALR
WRETKEMNANR, W TALEXBRERE” FREEEERT NN
FER, FEMNREABIREFRIBRREFL FEEHMRNEYHF&E.
HPESSERENASY (LE 90min) F, TREERKZXET 126mg/L,
ZBIRE K 65.7mg/L,

MBLZAEN, SRR REBE —EHHHER. 28
MTHRABAEMTEMEER, —EHARSHEL: ZRONHERLTRE
B, EALREAHT, THROKEEMANEKMKTAKEM, % =90min
NEEZEA, MENPNZBRRENGHTE, Bk, 7 t=90min &5 F RN H
WHEERED, FEEBK. RN, RT\AHXLERRE: 1mol HH 4 M 2mol
LB AR 4mol &K, MAK 1mol T B4 MK 2mol &K, % t=90min B &
MYIFEETRKENZR, BHESFERA.

3.2 BRARLA

3.2.1 ERME

Fh. BEUREREHRETES % 2.3,
322 4T
SHERBAFHNNESE 2.5,

323 RRF &

ERFFHE, AXBFRETHRLE, LEFEQT:
(1) P4 KI5RAE 102°C £4TF Ik 90 4 8
(2) BALE: 5£R 0.1 mol/L # HC1 #15 R E A pH W ZE 3.0-4.0, 24 BT
F 0.1 mol/L # NaOH # 75 e ¥ ¥ % pH [ Z 7.0, &M
(3) B %M 4mol/L ) NaOH ¥i5 B WK pH W E 12.0, 24 M FH
0.1 mol/L i) HCl ¥ {5 %% M pH AEZ 7.0,

HERNREEMDEERL: 1WEREHTRE, BA150mLA 0 E K
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B, RARRE, ROUKRERE, RREHD. FHAHE=HALERR, &
—HBOANFATH, MM TEERR, 8RN, #HITTHEG6£1T)
REEBTE, RARERILFHE.

324 4R 50
3.24.1 BB ERERRBEESNEW

250
—— R E

EB=S&/nL

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
HE/d

B3 ARERPRLEXN RR=[EHE W

Fig.3-6 Effects of different inoculum on cumulative gas production

BE3-6 ARREMRYTLBERBER NN ERESENT L. NE3-67
DEHZSHABEENERNYERAE TEANTRE. BRLENERY, &
SEWFRRE. ZHALEMALE, RABMNERZSERKX, 23 T203mL,
BABERALERNESESHHN163mL, 156mL. MTAZLABNBERESSE
A 140mL.

3242 HABEXNBHENRRXBEFEHEW
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HEBSEB/%

0 I—# T SV SRS SR
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

’ e/ d

} E3-7 ARAZHDTLERNESARTENE W

Fig.3-7 Effects of different inoculum on hydrogen partial pressure

100

o |~ ku4E
o | T mE

—— i
0 ——npH
60

50
40 r
30 +
20 1
10 |
0

Rit~8&/ul

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
HE/d

B3-8 FRZEMYTLEN BHRFARNEW
Fig.3-8 Effects of different inoculum on the cumulative hydrogen production

ERYITAC BN 8 B R kB S W L E3-7~3-8. E3-7. E3-84 5
ARFERYBLBENEAR=ANEYSPEASNEREE. BEFEESH
M. NLBEY, REFHEERFLS~%, ERENETRURAFAHIE,
ZEHERNENEYE, SAEEHTR. 5FEKENNELAR, BH&4E
BEMABLCERENERE, RRXARLELSE, BABGEMER=SRLE
793.4mL, AARLEFR=EER21E.
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RitE iR WA b3
KBk

B39 aRmt=a%
Fig.3-11 Hydrogen production rate

WA RN =S E S 5% 37.8. 60.1, 74.7. 51.9mL/gVS. T UE H,
BN RBERULRTEEBRROER.

ME 3-7~3-9 T LIFH, EXLREHT:

(DR B AREEFRISBLARFLRNRETE . FTREHYHT
RET, ERMERKEEHRANRLES, BREAREREK. ERMNEH,
SRMKRENEREBYEFRLD, XUREMTASNEEKRRIERR
WEBERENR, AINEERERBIETERNEERLERNEASE
HEBEE, NTIXRMEREW, BREEED,

Q) ERFLEFRABNREXBEFEAERBNREER, FERERSF
RESUTAERE, RPHEEETFRESHAR, “EFHTRTFHRP
ERMATLRIFEE. REFARFPRIBBN=EESEE, WEFKHE
REQHEAPEAIRF=ENER, ROLRMFE.

(3) =ML BETET, BOBEARFEFH=ERN, BLEBKRZ, Bk
BRRARE. XTTRHREGTRAERSEFHNMNFEIAENEK, FEF74EM
H AR, RUAESHEAHENERE; AN, S20EAEMNERTUE
FRBKER, REBFRFINENY (FEHEAR) BHHXR, TURE
GREREBLPEE: BR, 23BAEMNREFE, PRRNP=ENR
YR, FERNEREERN pH EEeEh TR E, SmE~E
RAOBIRES.

(3) EAHABFERFEEDSKTPEANBREHREEIFAN 15.6%.
21%. 17.4%, ERF=EESHXE T 75.2. 93.4. 64.9mL. M REFMLER S
EEAENH 473 mL.
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3243 RERBRNETESHZL
K32 RNAGRRKEN L

Table 3-2 Comparison of the concentration between before and after reaction

iR COD(mg/L) NH4'-N(mg/L)  TS% V$% pH
ARE A 123.74 106.54 6.78  68.88  7.47
&4 253.69 211.13 13.16 5501  3.81

Ra4®E  fME 0 1211 109.59 6.27 83.57  7.62
#{E 255.95 212.05 13.75  56.15  3.89

127.25 107.15 5.41 8332  17.33

#{E 259.18 269.29 1449 5093  3.14

naeE  WE 125.48 113.88 5.8 79.65  1.52
3| 259.08 216.63 14.5 38.55  3.77

LEARBRETEARMRERLIL . AR 32 TUEH, &R 54 H AR
COD. NH,"-N kR R [ i in. HHRMERS, KPFURE AR
ERSGET KON TR, BEKBIROBIT, EHHEKB=YRH=E
5. BLEFRGERTRAN TS, VSBBZELRHASFERANREAZ

Wiz
|
|
|

]

BEH R AIHEAT, RRKpHE TR, MFBKEEFHETRIBSELA. B
HTREMZEHHHE L ARGES. SpHEDR, 25ENERPELRAS
REMRL, BAMETFSENESE, fEAdREL, AERAFEm.

300 1

250

200

150

W /mg/L

100

50 r

—— Ar "
KibE e WAaE e
RE Nk

—— RRRTZ®
A RMEZH
—— RNHT TR
—>— RNETR

B3-10 X B REFIEHHLM (VFA) HIEL

Fig.3-10 Variation of organic acids between before and after reaction
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B ENE, FEERTE VFA MBEHWHE VFA B3R IOMEIER,
BRHHUATHEN=SSY. EHALIENEY, SABENTREREYE
200mg/L UL &, ZBIRBEINZE 100mg/L UL LR A IE ) VFA KB UHESH
AFETREHUREEFT. ATHESH VAR EEERBHNESERTY,
AEHELRENEHESEHANE TRE.

EEALREHT, HERETRLEN, TROIZENKESEIEX,
Hit, BAEN, E5FERE.

3.3 MG
GAULTAELTRER:

1. B FERERHMEGEERNN R REE N EFRRREARETE
FREFHRHEEH. IHEELHH 102CLAE 90min HEASKEFETE 23
%, RP: ZRLBEEZAENREBHERETHFANBEERIRIESE: K
FRMEEIELRHHEARBRAMM=ETMIETE, T WA kK=
FHEGEHEEATSEHNGEER, ALER—HEABENTLER .

2. EXERN=ZAHRLEFRAP, BABRFEFNTERN, BRLERZ,
KRUEBERNBE. XUREHTHABRSEFHMNEEAFENEK, £8
FEN LAFEERRE. RUAESHEAENERE, AN2TREEN R
5%, BPARNF=ENRED R, FXRNEEFERN pH EZH
REAMERRILRE, EMFEXERNBEER.
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BNE FFEANRERR=ENEN

4.1 LR#H

R BEURREUBTES® 2.3,

BERHNASRETRMRE. EEBERBHIA3-SemB/ME, REF A
WA YR BRI /N R 30-60E IR R, &H.

4.2 B
SEARBHEYHRES % 2.5,
RHAS M E S %254,

4.3 KRB &

KEFRLREERDERS-INEAREENE, EAER, EROURE
£, FEREHO. FANLEBREETRA, FANSGAEKESE#
T,

SABMAARERR, §—ARMNETH, XRIARNEE, HTEE
G5tIC)RERBFEMA. AARLREAH LR LRIBEFRAKAERE
GRET2UNNELES, BEARERLFHE.

a1 ZROEF &
Table 4-1 Experimental methods
fitix 1# 24 34 4# 54 6#
BREHR 10% 10% 10% 10% 10% 10%

KRELR 90% 70% 45% 20% 10% 0%
FE# 0% 20% 45% 70% 80% 90%

VS (g/g) 5 5 5 5 5 5
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4.4 GREM
4.4.1 BHAMNBEELREBEFSHEW

500 r

450 t

400 t ——0%

350 | —8—20%
2 300 t a5y
B 250 1 ——170%
® 20 1 —— 80%

150 |

100 | —— 0%

50

0 2 4 6 8 10 12 14 16 18 20 22
ife)/d

Ba-1 AGMEN ZR=[ENYE
Fig.4-1 Effect of aomunt of straw on cumulative gas production
AR UAFE B HREF A MY RBE=R, FEAMLAESESNERHEE
(E4-1). BERHEMENE N, FRERNEHFHEE, KPR MI0%HEF 4
TR MERFERENRR, RERFARIEL354mL/g, HAKRBPMFBEF (14
) Bt 2/, BERMBELS MM, =KERD. ERHLE=SEN
FINRR AR IR Ay e 4#>5H>34>24>14>6H.
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442 XM BEBERRE> LMW

BB/
8 3

Do
(=}
T

0 2 4 6 8 10 12 14 16 18 20 22
E/d

Bl4-2 BHGRMBNEASARI BN E
Fig.4-2 Effect of aomunt of straw on hydrogen content

Bl4-28EARERRLEE. NE2TUEDL: SERRERNESMNER
ERERIEE, RERNAHNE_RHUAT -IEE aE., £RNEFH
FHEI0R, ESMEIHEERR, RUENTANEENE. ERNHT
4RE, FERRDFEHFELFS. PMTRHANEELRAASLHABE
TEERE, HP, BM70%EHFHRBEETH, ARSEERT53.9%, *k
R AH, AR HREH14.4% (E4-2).
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Burea®/ul

0 2 4 6 8 10 12 14 16 18 20 2

B4-3 BHEMEN RR=ZENZW

|
i
\ H/d

——0%

——20%
—h— 45%
—¥—70%
=¥ 80%
——90%

Fig.4-3 Effect of aomunt of straw on the cumulative hydrogen production

* 6T R Y170 K B B o P A 4 E E A Hy. CH, FICO,, ERT0%REHF
w BEMEEREERRK (H4-3), KE169mL, BRI ME SR 12,865,

EMRNIFESFH,EEBEMF R : 45438214 64,

160

140

—
(A
(=4

—

(=4

o
T

223
(=]
T

60

AL EE/mgeL " ed™!

40 ¢

20 1

BF0%  FFF20%  AEFF45%  BEFFTOR  REFFS0% AEFTOO%

BHEnR

B4-4 BEGMEHLF AR

Fig.4-4 Effect of aomunt of straw on hydrogen production rate
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6 F R MBS R F N 47.6. 60.2. 77.7. 134.9, 110.7. 7.6mL/gVS.

EELREHT, TLEH:

(DFEMEANERERUR=EEFRANER, BEBERMENM,
FAEERABREREN, SBARMEN 10%NEHEE, RREMBER
HrEaBM 28, BZEHEMMENENE FRES.

(2) —FHRHTEREIED, BATHEIFERNLAERYER
ERERMEE, #—PH=AEANAEUTEER. RERERRRMENREH
EREBIETRALEINLAEEZNRBREESIR, ANAKN=ELRH. 4
BHEMEREN, SEVEETHIRBYRE REDESRRTEE—D
BRARARER, AUF-EAERE. MEFRMEN 70%0 5 4E 90T Ll —
TPRBAEAFERYR, ERFARNT4%.

443 REXBRNHESHEL
R 4-2 RN A RIRERIR H

Table 4-2 Comparison of the concentration between before and after reaction

fEFR COD(mg/L) NH4'-N(mg/L) TP TOC pH
% 91.16 311.14 42.72 8287  6.59
#BE 195.66 669.02 35437 15663 3.7
FEF20% W1 43.35 257.19 36.73 7675 6.6
2 164.94 461.21 321.83 14058  3.73
FFrasn WA 37.43 201.53 333 3743 6.68
“ig 124.32 291.77 225.09 8400  3.67
B#H70% 14 23.03 143.78 30.74 1183  6.75
#ME 53.26 240.94 19598 7818  3.68
80w HME 17.38 1341 28.17 645 6.86
®E 28.43 199.63 148.89 7608  3.68
F90% ¥ME 9.67 122.99 2474 1545  17.08
“{E 18.25 154.84 9495 5264  6.38

FTRARBHERRAOKREEL. NR42TUEH, FRNPHLEMN
COD. NH/-N SR EERNEHE M.

BEERNMET, AR pHE TR, MFAHMNEETH TR IS EH,
BRAWMHTARENENE, fEEadBEL, ESNERIBTHETRE, 85
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BRAEEM.

—— RNAZ8
350 —B—-RNEZR
300 —h— RNAITH
S 250 - REETH
8
= 200
%

ORREFF  20%EEFF  ASWBERF TONBEFE SONRERF  oouEkHF
RirsmE

B4-5 KBER TG VFARI R AL
Fig.4-5 Variation of VFA between before and after reaction

HHLREAH, mEERZE VFA MR ZREEE VFA #XREOMEER,
WRHERATHERN=SmE. EHALIENEYH, SLENTRERENE
200mg/L Bl k, ZRIKEHE 300mg/L L E, WHEEE~EHEER, B
[REHIAHE TR,

EELRP, ZRNTREEE®Y. FAXEIZHRERE. NE 4-5
UEM, BHEMEN 70%K, ZREEERNEHEERK, BRBHRM
BN 0%, TRIREZRWEX, BRZEFERE, FUTAER 70%%H M
i
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444 BERTLA»EWL

[
<

BEAER

BAHLER/%
&

—
(=]
T

wiEmk

Ha-6 FRAGMETHHATZN

Fig.4-6 Variation in straw composition under different aomunt of straw

WA, BNUSTTHRIFSMENRETTER. LAEENAREN
2B, ZREFRTHE 46. GRFY, SdREBURNE, FFEZNTE
ENSEHA —ERENRK XTRERMTRATHESLAETNTER
ERATHEBERERE, NTARERBERTREBRY. XHHRDPHES
GENMAERNTRESAFEENTR. HP, 0% FMENREREEX,
HEAEZRNFEZNEES TN 18.8%F 24% & F 10.91%F 16.7%. AFE
SEEAYDHEANSBP L FERERECFNENL, ERTARENEY KR
.

BERHITALEZEEHARRQBEUARE-AEFWEIAFE. 21
EKBRNE, BHTFMOEXAERNAEEZHKBRERTHELEE, SBEH

B 4%

OKKRE
RRERUREHT  20%FEFF  45%EEFT  TO%EERF  SO%EEFF  90REEFT
WRFEERINER.
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FLE BENKREFLR=ZHEH

51 LREH

GR. BRLURREUERES % 2.3,

BEEANABGETRARE. cHBERFIMI-SemINE, REFHA
MEED R B X L DBER R R30-608 8RB K, £H.

52 AHE
SERBHEEYHIES % 2.5,
R“HAK NI ES %254,

5.3 %R

KWERNIR. BEHDAEFEEI0%. 20%. 70%VSH L GI#T#/, 453
MNALERR, 40N, H8MRNE, #ITEERERETE
MR EALEREFFRARS-1. TRIRPRAKBERRG RET24/IES
BY, BRARERLFIHE.

®5-1 TRLE
Table 5-1 Experimental methods
#K HE 35C HE 55°C 2 B ]
1 21K S
2 TR 14 K 21 K
3 14 R 17X 21 K
4 21 K 21 K

54 ER54
541 BERENEFEREESSHEZN

39



BER=SE/uL

0 2 4 6 8 10 12 14 16 18 2
BEl/d

A s5-1 BEREN RS EBNEH
Fig.5-1 Effect of different temprature on cumulative gas production

24T REE, SNMAINBERFIENEAHE (B5-1). BT LA
RAUES, PEAREEURFSHRESS, KPRSTERERAZEN=KE
A5ST2mL. MASBEREMERL, KESEFTEZNRE. HP3SHEH™
SEHBHE, HERFRKERE24mL, 25 EHZREE67ImL. 45H K
FEEHmENIL, RUENRRMFE, FBFARRE. ERNH&=SE
NRFHRIR R 34>28>14>44, BBLEH, 5HEMAK, FEEHRRESR
RRERF. EIREATERSEFTRABENER.

BHTHFHEERIAAGER, FEEBBRORERE A 50C, ™
MEDRBEHNEEREEREICEAL, BELZRAMEEE 10CUE. FHit,
ANBERAIECUFEEAERBBENYAEY ABNEERES —BMF
E. Bk, ER—EHRANEEDENHENEK, BELERNIRFAE
BEUMEHAEEZNBR NTIEEREFERERBRNBED BN B,



542 BERENEENRREFEANEW

EAEBTH/%

0 2 4 6 8 10 12 14 16 18 20
KfE/d

B 5-2 BERENESARSENER
Fig.5-2 Effect of different temprature on hydrogen content

mEs-28 R, NMRNYERBRIENBAEER: REFHOE KA
FH =4, BENREBHARGRL, BEIEROHETF IR, W=/
ERNMFHMNE-RRL TE EE, EXEEASSEEKRN33.8%,
FEAREHAELNR, KB T38%. USHNFAREHRERNEEAK,
EET65.89%, LEEBTRAT_REATHENDEIE, BETRFZEHE
=&

A5 RS/l

0 2 4 6 8 10 12 14 16 18 2
HE/d

Bs-3 EERAEN ZRFEENE®

Fig.5-3 Effect of different temprature on the cumulative hydrogen production
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R NAtK

Bs-4 ARBEMLEAER

Fig.5-4 Effect of different temprature on hydrogen production rate

Mo RN RRES AR H4162mL, 201mL. 188mL. 112mL. &%
REY ST EELEENRF: 265361444 (E5-4). TUEH, 238
BERENFEAEBET —ERE, KI25FSBFATRABENRS.

DU RP RS = B 4 Bk 130.1. 161.5. 150.4. 90mL/gVS. AT LLE H,
REFEXNREBRFLR=ETFRRNER.

ME 52~5-4 T LAEH, AEFRLREHT:

(DETEREREN=EBET —ERA, HP 2 S4B F TR AEE
FRE. MAKBEAK AN, BEVELZ2BENTHFNEKTR, LTFx%
EKH, ANAREERGRAFEEENRE, FENTRONEBRE, £
EEE LREFDEMEM, ANGATAEENEAEENBRENL. TN
KBRS MdEARRE, ENEAARCEEAREY, HESBHNEES
F—E&W, NMERRLNF4E.

(2) TERBRFHE=ANBRELH, ERBLGTHEDNEEZIE
M. HEXHT, —HARENHUEYEEEURZREMEETRE, h
PHZABELENERETIHTREEYE, MZRYBHESEERENE, #£4
REERAEM, BEFAERE.

) ERBEIEY, ATREREBFEXRENTRALK, FRRXEFH
BEARA, BFEENpHERARETH, MALEBERAMRE pHEHN 48, B
W, pHEMZRUERNTRAETERMER. ki, SEFUNEEAR, %R
HAEREHNBR. ERATALEMFEANEYRKBNBRERER—BMNF
B, KBEARBAHTHEYEK, Bk, ~EEFFEM.

(4) E—ENBEEHT, BELRREFPHAEEZBNBEEYE, &

42




B, NTINKEAERBTENES, FARESINK, FSBHM.
5.43 RMHTESHEW

RS5-2 RN JERRRBEHIX H

Table 5-2 Comparison of the concentration between before and after reaction

kb2 5 R COD(mg/L) NH4"-N(mg/L) TP TOC pH
¥ 35.5 155.53 21.31 2573 6.92

1 KE 52.34 181.2 44.89 5375 3.59

2 3| 61.34 182.5 31.98 5795 3.48

3 “18 51.83 171.44 31.81 5000 3.54

4 E 65.71 234.37 4127 6615 3.97

FRARBAEARAORETE . AR S2TUFEH, ERNFHLEN
COD. NH,"-N K 5 B B 8] 38 i v 3% hn
pHEMZBRUILEY, EAREBET, RMNGTEAXRN pHNTH. &
| HHBETHETRE S ER, BEAMG THEEAENENE, FEadE8EL,
1 SRMBHEIBFLETR, A68EAEEMN.

300
250
—— RNHZM
20 - —S—RREZH
= —— AR
g 150 —X— REEE A
g —¥%— RMHTR
——
00 | RERTH
50 ® + . -
= ——
0 1 " A -
1 2 3 4
RE#K

Es-5 KB R LAY S VFARI &L
Fig.5-5 Variation of VFA between before and after reaction
Bl 5-5 AREEHIG VFA KRR . EHAEBRYEH, S4ENTREK
B 200mg/L Ll L, ZEREHHRAEN, VFARRER=EH=4EF
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R, BHRFSELABHETR.

EALRD, ZRATREIES Y. NE 5-5 TUEH, 2438 RNE
BT, ZRREERNEHERK, WEERNEAGHT, TRRERERK,
B F 1mol B &8 4 B 2mol Z B 4 iR 4mol &K, T 4 A 1mol T B i 4 fX 2mol
2%, U, #EHTRENYFETHIRES, BRESFERE.

544 BERFA»TN

BEARR
8 FER
= 5

B R

RERTFEHF 1 2 3 4
R#tK

5-6 RMAIERHALZU

Fig.5-6 Variation in straw composition under different tempratre

B 56 AEiiERATAEE. ¥AERRARFENAIE., £R %Y,
ZAREBEURNE, ¥FEEFNAEENSESE—CEENRK, BTH
HYPNBFIFAEENAEEETATHEUERERE, NTTARERBEETR
BRY. HF, HENBEEERK, HEAEZNAEZNIEDFIN 18.8%
M 24%EZE 12.9%M 18.7%. HHIHOBFAEEMA HEZHKBEERTE
W, SRERLRFARINESR.

55 Mg

() ERBEFBE G, #TEERE, RERIFEEERE, HFEHNTH
EYRESEE.

() BN EENENRERE, FNTARAERYRANGEENEE, &
LRATRMEE SRS ARASOER, ERRERERE, NTERED
REEHEHEORS, FUNFERROOERAEHEIER.

) EERRKEMAL, TRABNTIBEITHRS, AE4EZNLFEE
BB ERELL.



BAE GRERE

6.1 &t

AXMBERLERERKBEFEHITTHR, BEUTER:

(D) BEXNERNGRESITRENLE, SR RAALBNFREARER
BHENFH=EARE. £ 102C, 90min HEHT, REARFESHIKEN
FEEA.

(2) B, . ALBFRYBLARFURNEBTE, ZHALEFR
HHREKETFAERBOREER. ZHRLEBFED, BABNREFRE
EFEENARKRENRTALESRARLENGR.

Q) HFMBANEELR=EF REEH, BEBERMENE N, ~&
BERKBEMNEM, YBEFEMER 10%H X FRE, LZEE % 1349 mL/g
VS, 2, BEERHEMENALEEME TRER,

(4) FREBRELUEFANBRERN, EREAGTHREYNELEZIE
WM. Z3ZXRAE, ESPERENTEDBIAARRS. YHEREHN ISTR
N—HR, BRESSCREFAN, SSXHTEHRH, &3 161.5mL/gVs.

) FRANERHPALEE, FAEZFRNARENTEFTBRANRE, *
AEENAEENSERFT —CBRENRE, XRATEHFHEILT4EE
MAREREZRATTHEYEE, ARHEERIESAENR.

6.2 R

(D) B REFERBEMARSZEHELRARANER, EEARILTER
KHBEE;

Q) EYRBEABEEES, TEBEWEN. EYFRS, KEENRM
FEYFEERENANRANESL, FREAKE. FRANITERRESYHT
#—FnsBEAk, DRERDOFAE;

G)HE—PHAABERAN = EEH ATEEHELRFHREESEER;

(4) AR #RERBRNE, RREEDHAT LB XEZ—,
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