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ABSTRACT

A huge rice husk waste is produced in Taiwan every year. This study used rice husk as substrate
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to explore the feasibility of three-stage continuous input reactors for fermentative hydrogenesis and
methanogenesis. The results show as follows: In continuous input tests, the separated two-stage
reactors, a hydrolytic SBR connected by a hydrogenic CSTR produced, 3.31 mmole H,/g-COD;, and
were higher than co-cultivated ASBR (1.81 mmole H,/g-COD;,). The separated two-stage reactors,
the first reactor, hydrolytic SBR was set at pH 7.0, with total progressive time of 6 hrs, and the second
reactor, fermentative hydrolytic CSTR was set at pH 5.0-5.5, with HRT of 18 hrs, got the best
hydrogen productivity, up to 19.8 mmole-H,/L. day and 1.47 mmole H,/g-COD;,.

While the effluent of second stage reactor for fermentation hydrogen production was used as the
substrate for methane production by fluidized bed reactor, the daily energy produced of per unit
volume of the reactor and the per gram of influent COD by methanogenic fluidized bed reactor (4620
cal / L. day and 535 cal / g-COD;,) were higher than those of the plug-flow (861 cal / L . day and 131
cal / g-COD;,), and the completely mixing (253 cal / L. day and 51.8 cal / g-COD;,) photosynthetic
hydrogen producing reactors.

The third stage, the methanogenic fluidized bed reactor was set at pH7.0, with temperature of
35°C and recycling flow rate of 1,000 ml / min. While the HRT was 24 hours and influent COD
concentration was 10,000 mg / L, the best methane production of per gram of influent COD was
0.911 mmole-CH, / g-CODj,. While the HRT was 6 hrs and influent COD concentration was 30,000
mg / L, the best methane production of per unit volume reactor was 65.3 mmole-CH, / L. day.

Key Words: hydrolysis, anaerobic fermentative hydrogen production, rice husks, three-stage reactors,
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day - A7l ;”%F‘,f*’«fg\l PH 7 {3
I e G i (1 B ERH s pH=5.0 R Y

mmole-H, /L -

mmole-H, /L -
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57 # N O &

F. 7. SYEES Rt SBRCSTR VR i1 B SBR TRIEH; p

H SHZE CSTR > stk 54555 » fMi% &8l VS

I 5

HEGH %‘ﬁ%ﬁ:‘< & 5kl BARVER DPER COD  EuF [k COD  HIH EHS T S
fiF SBR % xEl (%) (mL) % &l Jik gl VS S Sl
J pH mmole- mmole-H, mmole-H, mmole-H, /L - day
mL/day H, CO;, H: CO;
H,/day /g-CODj, /g-COD,
8.0 5300 35.2 64.8 1866 3434 76.2 1.86 9.34 12.7
75 6800 35.2 64.8 2394 4406 97.7 241 9.58 16.3
7.0 7780 38.4 61.6 2988 4792 120 2.94 9.75 20.0
6.5 7250 35.9 64.1 2603 4647 106.2 2.63 9.66 17.7
6.0 5750 35.6 64.4 2047 3703 83.6 2.06 9.50 13.9

$.8. STEESSIeft) SBR+CSTR VBRI lapl1 » CSTR Tl (= pH Sk 5Bt w9 ™ R ik 2V By

K8 CSTR &~ Sy % 5l HAVER  DPRIERCOD  H 2 COD P D
i pH & (%) (mL) & El %GBl %GBl ik gk
mL/day mmole- mmole-H, mmole-H, mmole-H, /L - day
H, CO; H, CO,
H,/day /g-CODy, /g-CODy,
6.0 6800 36.8 63.2 2502 4298 102 2.56 9.71 17.0
55 7680 375 61.7 2880 4800 118 2.88 9.67 19.6
5.25 7780 38.4 61.6 2988 4792 120 2,94 9.75 20.0
5.0 8310 38.8 61.2 3251 5059 133 3.31 9.85 22.2
4.5 7400 37.3 62.7 2760 4640 113 2.79 941 18.8

g 055k A #ER S T BV CSTR [R%E & At
PH 5.0-5.5 [F§ | (& 1u7%: 3574 -
H A IS pH B Al sl pH SRR i
1 fijFE SBR e EfEA il pH £ 7.0 > iy P CSTR [
P A I pH 5 5.0 [ i ) E RO s
IS pH iR R
A Youas =Y504:%0.568 P50 (1)
E BES Y BT B pH R FREER L 0.568 11
I ZHEE pH 5.25 ] JEJJ‘ fa£% 1.01 mmole H,/g-COD
(Ei%c 9)-
3. SBR T [l PA-H IS P8 CSTR 7 bl LV %
FERERRLA Y CSTR ™~ A6 HRT (] £5 36 hr >
17 | FS SBR RUIFHF I (745 24~ 12+ 6 hr < (11310
A T i SBR T FlﬁtE\ﬂjFéﬂ HRT f[1> '] 6 hr Eﬂjf*éjg‘rt

9. FRE T FIH(EpH i > > Efilr YPHER pH R
gre

pH &~
H 45 5.0 5.25 55 i
P 8o
i Y o 210 331 2.55 2.17 0.568

(P & pEA o BB COD & Gk o ST IR 235
mmole-H, /L - day * 3.47 mmole-H,/g-COD;, » {39t li% 11
s T 6 hr ‘EiigEﬁi[fﬁ COD £LIT [y » 5705k 1% 19.5% >
PRUSTAEGRPLE S SBR -JeiEph ~ Tty o) Agendaf o) O BLET > Hr
I TR R R kaﬁi [+ COD RLTI[fY 5 =il 12 W
24 hrfF’TEJéﬁ'[‘% COD ﬁ?f\:* Bﬁ‘pwiﬁ%ﬁiiﬁq@? COD 7 0-6 hr
PRI T 2T 6 hr f%’éi?*'ﬁfé’l‘% COD (fiz i
el 6 hr Fr‘,’iﬁsﬁﬁ COD 7 E S 2] et > ] 2] P
CSTR = [efé] + FBFEck i 7|2 e COD Afl i e~ I
[ 0 i 6 hr [ O s

(Z) PV~ el et eeei sy
PG A0 [8] Pk - BRGE VRER W A R R
SRS A (SBR) [l SR CSTR ™ Tefty i)

B o PR gl A N SRR i T &
i A 7J<|'JF>‘ |V ESPOET  iEIfY COD JRE S

BRI 20 SRR hﬁ%ﬁ?ﬂ%@“ﬂ LR T ST

ok ik et "’%E"@?@* [91) 3 fie o P U

7J\”I¥E§ff@;“& VAR SR LT Pl l@;@r‘%
fo (2 A7 e A= Tt )ffiplf;el ST
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# 10. SYEE k) SBR+CSTR VAR Tiarl1 » SBR T FIPAR-EI HRT £fsF CSTR V& & h ™ piiE §21 VY

=
CSTRE~ _ ., % %l DARVE PSR COD  Hud R COD TGRS Tt
‘/{L?EF[} (CVO) = El s El - = el - ’:El
SBR W& S0 E (mL) Sk B Vit EE Vit EE ik FEl
AEPE AR ] (hr) mmole- mmole-H, mmole-H,
mL/day H, CO, H, CO, mmole-H; /L - day
H,/day /g-COD, /g-CODy.
24 7500 379 621 2843 4657 116 2.93 8.92 19.3
12 8310 388 61.2 3251 5059 133 331 9.85 222
6 8950 385 615 3446 5504 141 347 10.0 235

11 SBR Tl R LISHEFS CSTR & &8 VB4 3]
FRIIREE COD 37 i

fji[E% SBR ./ CODy

SBRAIFIHIOD 5 08) or 3 e 06)

24 17.4(F [#=5F)
12 12.9(F &)
6 19.5(¢79p5F)

Fi (iﬁ’ﬁ%l’“‘%@%ﬁm TR VR R B
HI?F”K’F‘EF TEY, ELA“:“ > Fgh [~ ‘T { ﬁjﬁéltl £ Ep;‘ﬁ :
HRT ~ pH ~ COD JR™% ~ % il VA =57 T e i
(R AR o Pl R o e
Lo A% G P VR LD R
Flgke 12 B0 PG (™R [ = RsAefio fT B s
e S E e R B ER COD Vg fe (4620 call L - day »
535 cal /g-CODy,) > =4 F,%;»cf}%;iﬁ?m%ﬁ (861
cal/ L + day % 131cal/g-COD;,) =23k f 3 R A
&l (253 cal/ L - day » 51.8 cal / g-CODy,) EhfFf » 7%

R S AR LR R VS (A 1
e FEEF VR S o 7 COD sl b PG [l [~ & Tl
RO 1SS 28.3% + LSS0 (3% S A RS el
(8.10%) =W (% &t 2 I 570~ ekl (6.70%) 1LfF
“ﬁ%ﬁw%lgﬁFﬂ | 5 e BT P RS
[ORSETR AR A N A J%\_ FREFRD
3.1 |?f[ s Pk [ fn?znl “ o e Hlﬁjﬁcf ﬁ%\l
ZTf*J@WﬁFVﬂ%@FPﬁ e

FURFFIA % G2 P [ Tafiork L4 iR 0 Pk
PR [ P ARl e | o sl o NI RRERRLD )RS
e~ PR R KL ELRT S PIRER (A Y RAR B P 1
Tty 35 6~ 12~ 24 hr 375 3 ] [l HRT ozt » 1) e
i {fPE HRT ™ ﬁ" EREEE P kR

Fl1% 13 T[fil HRT Sfagnifs (=0 & pv;gl?t;r/ﬂ o 3
& A Tl P15 S (mmole- CHy/L - day ) i HRT
ST b i HRT 35155 6 hrs [ - J10 79~ g =

Hay

he -G
< Etnd

# 12, PRIV ERD RAE 2 R R

s TSI Bl DS COD B R CODE Ml B SlI
(kg-COD/  TE1 % & V& G (mmole-H,/  KIEXFHfE  CODIVEFE CODV A
m® - day)  (mmole-H,/ (mmole-H, / g-CODre ) (cal/ (cal / (cal

L - day) g-CODin) L - day) g-CODin)  /g-CODre)
PUNRTE S g
(- EFWAYER 29.4 12.3 1.87 224 861 131 1570
CF A 29.4 3.62 0.74 10.8 253 51.8 756
HIbHMi~ e S & COD Z U 2 COD ' MMM e BlnEl SR
TEPE Pk Sk sk (mmole-  fEENE{S  CODVE{E CODIEFE
= (mmole- (mmole- CH,/g-CODre) (cal/ (cal/ (cal/
CH,/L - day)  CH,/g-CODin) L - day) g-CODin)  g-CODre)
Do PR
(= i i 29.4 215 2.49 8.72 4620 535 1870
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57 g Np- O

A 13, PISE 3R S R R HRT ™ RAP 153 £ i 503855 1V PRt

HRT  Efpm pise o $57k Sa EARVPERE BPng#RCOD  HJIFECOD A
(kg-COD / F\’ < (ml/day) (mmole - VP S VP S Frap VG S
m®.day) (%) CHj/day ) (mmole- CH,/g-  (mmole- CH, /g- (mmole- CH,4/
CODin) CODre) L - day)
24 hr 13.9 66.3 1060 28.7 1.03 3.05 17.9
12 hr 338 67.3 1880 51.8 0.76 291 324
6 hr 55.6 62.2 2480 63.0 0.57 2.75 39.4

6 P I%k% 3 39.4 mmole- CH, / L - day » #1757 12 hr 52 >
Eﬁﬂ”ﬁﬂ?‘ﬁ' 5k S 2 F | 32.4 mmole- CH, / L - day » &
# B 6 hr i JTEEEAR PSR S 555 = F ) 17.9 mmole- CH, /
L - day - [{/fl1k 13 SLH 5 Justsife COD I PVGk A < IR F;
HRT S 579 5 F{l HRT (=5 24 hrEﬂj‘ = ju i COD
YPVEE SR
BL 12 hrat » it

3% 1.03 mmole- CH, /g- CODin ; H 7%

3% 0.76 mmole- CH, /g- CODin » %57 6 hr

» F'# 0.57 mmole- CH, /g- CODin -

nﬁ%’ﬁf\‘”‘ fEEEER > HRT L}%_@EJJ“ R UL TR %
ST VSRR B IR » RLEES HRT g - = e o
PVSETAE |4 2[R gLRTR S AR Bl ARSI B o AR
M PSR B IR < (0 HRT RN WL P
e RS AT PILRLPY ERAERS AR OB 2
FUSERAFE |+ (ELRLE ZROBLIT B VS P 5 R[] »
Bl | ST A0 FLRT L PGk B S iR 3ok LR | o i B
[ oS o ;ﬁ {1 @%ﬁ,ﬁﬂiﬁup Vsek ok ﬁum ﬁgmﬁupl
ik s J 2R g -
3. Tl pH IV e T kRe

%k 14 T S5+ PISK [ VRB =74 = Tl Il pH S
AR (=L PV S (I U R VR SR

(mmole- CH, /L - day) [ pH FIUFJ,' e Fﬁj\ il » FJ,{‘E/
TeAE pH L 7.0 R o P50 LD PSR S R 1Y
33.7 mmole- CH, / L - day » ¥ 7%} pH 6.5 » 7.5 > H1 @'?E*ﬁ
F'”;*a’@éi* 30.1 % 30.9 mmole- CH, /L - day > 3% £% p
5.0 » {TAh R P Gk o
SEIRLI pH S TR > PSR S 5 it
COD V['1%5¢i% = (mmole- CH, /g- CODyy) */4Li%: pH 7.0

ELR > 73 45, pH 6.5 1
7.5 > &R COD VP I5ER S5 [| £ 0.84 % 0.83 mmole-
CH, /g- COD;,» $3% 1 pH 5.0 & i3 COD /[ Vki 5 »
fi* 2 0.46 mmole- CH, /g- COD, °

RSB B pH P 7O T TRLE
PR APV P VST o~ B il COD 1 PG = 5 2 7l
% COD W PV S i sk Z{Jdet f ok o - Al JHEEqH 14K

(R ™ P e A S R AR pH 7.0 Y
SIRET - 1 E ISR RLETR | R I
Ui COD 15k = 2020

*EJ 16.5 mmole- CH, / L - day ; <=

3% 0.92 mmole- CH, /g- COD;, ; 7%

Yo, 5=Y7,00%0.771 [pH-7.0] (2)

TEH {TIFE%E' U= AN LS T B SN
YpHJ“’»?e:Y7_Uym;{XO.77O|PH-7.U| -

14, PV RE A SRRl pH ™ BARF ISR BV B S0ATS VTR

pH 1% I”E'F a —j«;?uﬁgé B BRI PUSER E £ JuiEfk COD A = COD H 'JPE*E@T%E#
(%) (ml/day) (ml- CH./day ) F' 15k % = ( mmole- F' 15k % = ( mmole- FYp Vs o
CH, /g- CODin) CH, /g- CODre) ( mmole- CH, /
L - day)

5.0 61.7 1050 648 0.46 2.28 16.5

55 59.8 1110 664 0.45 2.24 17.0

6.0 62.9 1410 886 0.61 2.63 22.6

6.5 67.5 1750 1180 0.84 3.03 30.1

7.0 69.5 1910 1320 0.92 3.08 33.7

75 66.2 1830 1210 0.83 3.01 30.9

8.0 63.3 1580 1000 0.71 3.04 25.5
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4. TIFlER COD "F"’?ﬁ@ﬁ“ Ptk

Pl 15 g o PG (=3l (=5 ettt T COD i
SRR P VS S8 I B )
A PSR S (mmole- CH, /L - day) [ COD Je % gy
5671 > COD "% £% 30000 mg/L [F - sk I/ {11
K efel P4k % S 51.1 mmole- CH, /L -
TR AR T 2 2 P I5E S E 35.1 mmole-
CH, /L - day ; 3% £ 10,000 mg/L » §f1 & B it = 1
Gk #1203 mmole- CH, / L - day 5 & i COD |15k
o2 E R COD W T T~ i ALY COD
VYD T ﬁr,’ COD 4 ("= 10,000 mg/L I - |
B2 g COD VPR = » ' E 1.00 mmole- CH, /g-

day ; ® % £R

20,000 mg/L >

CODy, ; %L COD #7% £ 20,000 mg/L » & jliif COD
Pk Sk > ' 0.87 mmole- CH, /g- COD;, ; 5% fiL COD

YL, £, 30,000 mg/L » B uif. COD - i3 0.85 mmole- CH,
/g- COD;, »

ﬁrff\ REERAER - COD W il o A lpop
RRTAE | SAOFLET A B LT %
B! »Jﬁ_ﬁfgr > [ PR PGk S -
&QWEWCODuﬁﬁﬁ}f’W%Eﬁﬂﬁw%@%ﬁ

A » UL AR O VA IS 2 sk 53

BT

£ i COD P4k 3 725t

You =t B f1fib (kg-COD / m®.day) %! (4)
F{rl‘?ﬁt%?f);r‘gﬁ F"}%@}
Yor =t B T (kg-COD/m .day) 098 (5)

5. T [FEVG 2 PSR R

FlZ 16 B0 PG [ J0BR [ = Tt e T [FREN 2 Sl
R PSR IR P L F RS e S
k% = (mmole- CHy /L - day ) [FEF 61 oy (571 ) 75 7 i
i TR £ 35°C [ o YRR [k R 5
[+ £5.37.4 mmole- CH, /L - day : £1-%LiEVE 1 30°C - fft
R Tl A ki T
#RLIENE KD 25°C TG RN Tt 5 <P ki SR E) 7.25
mmole- CH, /L - day » I'] 35°C £% ﬁﬁ' > JEA ﬁ‘i[ﬂ?ﬁESS"C )
P S T 6% QF.J &R COD 7 P VsEE 3 (mmole-
CH /g- CODy, ) L7 11 % 5 35°C [ EL il & u 253 COD
VRVEE R EEE > B 1.03 mmole- CHy /g- COD;, 5 o
SR £ 30°C’LJF.J1_1}T COD V[ Vst i s
CH, /g- CODy, + 855 LI 17, 25°C » 5 Juiife COD IV ['145%
i 2 > Fi'3# 0.20 mmole- CH, /g- COD;, -

%gfﬁﬁﬁﬁw’ﬁm@ﬁﬁHS?Cﬁ’T?ﬂﬁ

23.3 mmole- CH,4 /L - day ; #

3% 0.63 mmole-

AR S JECFONORA ST SR CODY e gy op 15k o < 5 a3k COD Ik S
sk R 4] -
A 15, FISEIRE 5 > e T [l COD 3% - RIFF sk 1w & s0i2 7y LV P
CoD RS Fri%gk T FARVPUERE D& CODY Z|jZECODY i PR AT
(mg/L) (kg-cOD/ [A,} 3Bl ( mmole- CH, PGk PGk o NN 5
m?®.day) (%) (ml/day) /day ) (' mmole- CH, /g- ( mmole- CH, /g- ( mmole- CH,4 /
CODin) CODre) L - day)
10,000 204 69.2 1150 325 1.00 311 20.3
20,000 424 68.5 2010 56.2 0.87 2.87 35.1
30,000 59.4 69.8 2870 81.7 0.85 2.79 51.1
A 16. F USRS R RV T o BRI ER BN B ST P
1 FrIsk TiE RV P VR B 5 Ju i COD EFF E COD i pE s
(°C) fi REl mmole-CH./day VR Pk £l (mmole- eI P 5k B
(%) (ml/day) ( mmole- CH, /g- COD;,) CH, /g- CODye ) mmole- CH, / L - day
25 452 630 11.6 0.20 2.53 7.25
30 60.3 1510 37.2 0.63 291 233
35 70.5 2050 59.9 1.03 3.05 37.4
40 48.2 720 14.2 0.24 2.62 8.88
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AT 0% g Biwfhﬁﬂ%&ﬁﬁﬁgjif
" % 30-35°C » P HRL 35°C » TR 4 A P (IR T
FEVERIASE [ BV AR RV B 35°C PUfNE™ o
I E ISP BT B R U

5 COD Pk 2 :

Y e ps=Y g5c 1% 0.834 frs -35¢ | (6)

HH AR ) PV o 1
Y e =Y s x0.836 174 35 (7)
6. IRl ENAEl I PISER bR

Hise 17 S5E  REATRIR [7h  sler e T IRBEITR B
AN (B P VS Bl Ag [ Iﬁﬂ/ el SRR Tt 2
FI5EE 3 (mmole- CH, /L - day ) [ i &I il (5507
TP I > LB E D 1000 mi/min [ - g <7
e pIskk S b 3’1“@' » £ 43.7 mmole- CH, /L - day » H 7%
LA BT 650 mi/min » FTE SE7R R 5 S R S E
34.9 mmole- CH, / L - day » [R5 37 i el | Y’T’PE‘I
R AR A B T o PSR S R
17 A PR S &R COD VP IGER S (mmole-
CH,4/g- CODj,) ~ L7 A&l £% 1,000 ml/min Ei’{ﬁ,' C BT
Hif. COD b PGk 4 ELge ff -
COD;, ; pj 3SR EES 650 mi/min i £k COD
P SE }\ % 0.90 mmole- CH, /g- CODj, °

A SRR T WAL R T
Tt AR P SR e R AR P R
TERIELE 2 W RVELETR % 0 JETH PSR B
iy Oy FLERD PSR SR B -

% 1.06 mmole- CH, /g-

5570355 COD [ 3 7 -

[
Y smins =Y 1000,11%% 0.999 |1.000-it (7)

ST A D BV o Y
Y it H'f"%:Ylgogvf"%xO.gggl 1.000- ikt | (8)

R B 1 BRI PG S 2 S R T )
R Hekres

£ P& COD P55 = (mmole- CH, / g-CODyy )

:?J%% F»LTITEI’ (kg-COD / m- day -0.051y 9 999 | 1000-giti641 | 4
0.834'1}‘% —35"C|x 0.771|pH—7,0| (9)

O BIAR TEAE P 5k S (mmole- CH, /L - day)

=?J’§§“ E17® (kg-COD / m?® - day)*%° x 0.999 [ 1000-setit41 |
0.836 % -35¢1 xg 771 [pHt-70] (10)

7 EF&?W"J’?E;‘/%&@FJ‘Z% i

FIF IR PV s 22 220 s LU R (e 1 0 PGk
LE PSSR pH Eﬁﬁkﬂ o 7.0 > VR 7 35°C it
Bl EG 1,000 ml/min (PSR SR R sk COD P
SN F o T HRT £ 24 hre i COD % £
Ef > 1 ;Eﬁ@ i Jﬂdl_ﬁ COD F'1%ki% 5k » £, 0.911 mmole- CH,
I g-CODy + M A JAAF VoK Sy + I HRT 456 hr »
. COD 7% £% 30,000 mg/L E\JJ: ’ tﬁﬁﬁ E3 J/TE'F{ i PE*%F' ki
= » £} 65.3 mmole- CH, /L day °

FUSGRn A [8] FUPTA T T B B B R
FIUo i SBR A2 fddn™ pH 7.0 *f*F, ?F’H"FI EJJ‘ fiIES 6 hr ;
% PO & CSTR M~ jisfe) » #6444 pH 5.0-5.5 HRT £}
18hr » VA G55 0 3 19.8 mmole- H, /L day » =
CODj, flu g3 & £1 3 1.47 mmole H,/g-COD;j, -

BNl EE o S N SRRl O NNt T
68 cal [IVf= &t HLET ~ [ISROR fEB T 2 LS Op 5k T i
By 213 cal F'JF"E'?T&E‘T ﬁi&f DGR ﬂjﬁ:r‘:%b [
TN IR0 X TSP SURLIRI (Rig I 1 3 A
15200 cal / L~ day ~ {1 FLETGREE fo=f 1 294cal / g-COD;, »

7, 10,000 mg/L

F 17, PV 3R (5> R R EL T o % SRS W RIRR P R BV P

BN F Vkﬁ} T DRVPER DJRER COD VK B[R COD VPIsE B ERRR epup

Wl (%) S%E! E!(mmole- & 3 (mmole- CH,/g- &< (mmole- CH, /g- %k 3<(mmole- CH, /
(ml/min) (ml/day) CH,/day ) CODin) CODre) L - day)

650 69.2 1980 55.9 0.90 2.99 349

1,000 70.2 2290 65.6 1.06 3.02 43.7
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D)= B A O SV PR T R

et (f A COD o 5511 61.4% - [l 5T s (5] 1o -
PSR (B R [EL’?’F’\* It~ e g =
& P I *‘LF'“\%I M i COD RS i (=
20,000 mg/L ~ {53/ REI=1/4 ~ HRT = 14 hrs Eﬁ ) ?Jﬁ
F {10 L AT f=F 90.46 callg- CODyy i COD 7% 4t
7% 30,000 mg/L ~ F5/II=1/4 ~ HRT $§(%% 6 hrs [ »
| JRk O B ok 3,276 cal / L day § Je £ 7 COD
RS 38.6% - (1SRRI AT T kL O FLETRER =
S T BRI ook o T PRI o TR 00
AR E s R S l*%fﬂ“ PSR
R S e A g AN ﬁlﬁ A

o

I ERERR
(=) BEBFER &t ka3
. SBR+CSTR > st a7 ) 'F’Ir = Eﬁ 1+HRT £7, 12436
* FjijF% SBR ~ isftrl pH £ 7.0 ~ H:FS CSTR sy
pH % 5.0 [ ¥ & £ & & 515 3.31 mmole- H, / g- COD;,
22.2 mmole-H,/L - day -

2. flIftet COD W |t ik FUARAVE GBI - AIE P G0 RS

i A R SLETE SRR T S - 2 @%Eﬁ’ﬁﬁ@
PPV R P PEE LT R R I -
() BUSE  SUATTRBERAY
1. fi@@vh [ SR R A e PRt P
VPR [ F ek [ o fj=% > 1 535 cal / g-CODy, > [VIRTTE:
RGN £ R TR )RR £ e
Fro AR R Sk 1.87 mmole / g-COD;, »
L G fﬁ”k fifl FOERIRUE £5(0.74 mmole /
g-CODy,) °
2.7 P JV??WJEHJ‘ 1 VSR = Dty 1 o o8 A
PIAEd 4> ) HRT £ 6 | [t » 10 394
mmole-CH,/L - day > *' &3 HRT i J/p o s ]Effﬂr
FLETRVSE R S o JILRLE S 24 PR £
CH, /g- COD;, » =" [ HRT Fsyypiph 5 gt
3.7 T il PH I P Vs S PfRRER 1 1) pH 7.0 1 PGk % o
£% 45 > £% 0.92 mmole- CH,4/g- COD;,» =' pH @ﬂéﬁ?.o )
PSR S g i[5 -
4.7 To[fil COD M 1 P15k S Petetiep| v > o 0 A

1.03 mmole-

8. %

Tt & = 15k 3= > ') COD 74 1% 30,000 mg/L §i&
ff > £% 51.1 mmole- CH, /L - day » =' [ COD A 3¢y
TN ¢ [y LR Gk S o JIIRLT] COD Y% 1%
10,000 mg/L $& % - £% 1.00 mmole- CH,/g- CODy, » ' &,
COD A i ¥ P -

o P IFREVE VS SR PR ERR 1> 35°C I IR S B

i > £ 1.03 mmole- CH, /g- CODy, » *' 33@@@5%
35°C » PGk St g i i o

[N VS S EREEERY] 1 - 1,000 mi/min

F%kg S ELf & > 5% 1.06 mmole- CH, /g- COD;, » & 3
AR EIPU™ [ > PG Sl N [ o
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