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Abstract

The effect of reactor type on biogenic hydrogen production was investigated under the condition
that the total volumes of two kinds of CSTR (Continuous Stirred Tank Reactor) were 32 L respec-
tively. Experimental study on the anaerobic fermentation hydrogen production was carried out by
using a vertical CSTR and a horizontal CSTR with a red basin as a substrate. The efficiency of the
hydrogen production of VCSTR and HCSTR was compared, gradually increasing the organic load
rate by increasing the COD concentration of influent (the inoculums was 8.17 gVSS/L, the temper-
ature was 35°C + 1°C, HRT = 6 h). The results show that the hydrogen production rates of the two
reactors gradually increase with increasing OLR. The most suitable OLR for the two types of CSTR
are 24 kg COD/(m3-d), which the pH of VCSTR and HCSTR are maintained at about 4.2 and 4.3, re-
spectively. Gas productions are 86.1 L/d and 132.8 L/d and hydrogen content 47.30% and 51.24%
respectively. The COD removal rate of the VCSTR was maintained at 27.1%, and the COD removal
rate of the HCSTR 24.3%. Compared to a VCSTR, the HCSTR is more suitable for industrial produc-
tion because it has a larger effective volume and higher substrate processing capacity per unit time.
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1. 5]

SAME AR EH BARRRIR, W AR, #haem HBREA = A G B 1] Horh ARl & L 2 AR
Fe U RIS P i G s 32 R

G EMREMEL, REKBAEYHIEATE RN RNVFEE TR L AT R IFH A B H
BN KB 2 SRR 2 W AT AW, A2 Re R [R50 RE 4L ER 5[ 2] [3].

FERE A S R b, SRS E I BT RS AT AR 22 ] s B 28 N 77 S B R B30 A A S8 DA K e 5
JEA TR AE R R = A B R, MM - S R G A e Ve 7 SRR AR KA BERE T [4] [5]0 RV
PRI U A PR B P ) B B R T 1)

FEPR K AL B, FELE N A2 A R EIE A, AT RL o N A KRN S A K . BEE AR K
RS ds B LR = e N REORFRE R AR B SO0 A0, B 2 AR AR R A B 7 [6] [7] [8]. (HMEEE
KA Nt — s R, e, R RGN AR, MEEERMmEE b, FEEUE Bz,
FEAR T R B R = R A R N 2 TR AR E P [9] [10]. IR, BEE WSS RGN, ¥5Yels B a4,
— LA A I FE EUAE P (a0 7 F e B REAE S B R G TS R OR([9] [10] [11], THFEES. A4, MR
T2 HRERENBMAIE IR, 5 THIENAR. S5HEE KRN, B A KR LR
e 3 I B2 2% (Continuous Stirred Tank Reactor, CSTR) & H #i M H BN 72 B — M Mk . BT AUBEE

ik
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PEIOVER, OB v 2 AT ARG B4R B8R, SRR AE M) BE AR I Mgk A7 B2 RN S S [12] 0 {HL T S B 15
BT A Ve B A KA T2, K 45 B I [R) (HIR T) A [ 44452 B I (] (SRT) A, [ 8 & P IR AE )
B2 BEORHIPRE], RERE Y HRT BN, J5YR AR NS E, N N AEFREA /N, 55 EHl R
L Z2 48 [ 13]

N THE— R LRk VCSTR AR SR B as iIBREE,  LhJHR S Al SR 28 O & ih, A
Wil TEFEN CSTR MR RS [14]. (ERBFBARFMZM T, R EZ1FE4T VCSTR S 4% Al
HCSTR Ni#E, R REVEIESIR, CARFEEACHIRY, 25X HA RGBT~ 2 & &, pH.
WA I = A B R K AL BB AT X LUARF 9T, 5 FE B A AN [A) B s 97 38 1 7 S R AN S 254
AP RIS BT AR B R A A S PR AR AL R A4

2. MN57E
2.1, WWEE

R AR B 1 iR, CSTR RIS AA WLBFEM T, P3RS -M- 08 = A0 4 B3 B R N 2% A
RBLX  PTHE X — AR o R N2 BEA SR A 5 B S M A UARIE, 5B 32 R o >R FH il 3t ORAIE S
X 1R 35 A AR A o SR FH K /KA B TE P BE RN AR BE 2 T 1) 7 el R DRI, 8 Je i 9 030K s I 88 P 3 3 1l 7
35°C. RIGHEK B IETIESI R TN

ST HER LS KB A, RO AR R B A R B 5 S O I SRR R =
BEAR. P CSTR M ES BRI A 32 L, VCSTR [N % 1A RS A AE B N 14 Ly 120
rpm [13]. EIT HCSTR RIVERZEM BT IR, RVE A ARG, SRR, 250N
22 L. 50 rpm[14].

2.2. A EKSEMTSR

EIRITS Y B B3 S TP B, B0 KR F ZDBE i s ML K, W0 NL P S0 & IR
FF COD. N. P {IJii & LTE 1000~500:5:1 £ 47, PAERAEYIE K ERATT .

TRIE K B RS Ve R B T A JRVE T AR VTS K AR B ) 1) —yiithis e . BRI s R A It vt . vk
J, BESTALEE, REFE 14 d. BRAF RS 1~2 h BTU0E, 28 B3GR, SRS IR KRR InBIR & N

EE E%W$D =

A B

I3 B AR

ERIEED

(a) VCSTR reactor (b) HCSTR reactor

Figure 1. Biological hydrogen production reactor
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Y %

P ARG/ N FEAN TS Ve TE A 2 2 5 BN VCSTR M 45 A1 HCSTR M #%, H VSS F1TSS 7354 8.41 g/L
F111.54 g/L.

2.3. A ERMERRE

KH PHS-25 BUFERE 1HI & pH A4 ALIE JF HLAL(ORP), 7=l LML-1 B4R & it =
COD. VSS. SS fd ] E ZAnit 772 [15]5E . SR M A R SC-T1 B S A il g o WA A i
Pt P= e 43 Je & & R FH GC-122 RS M i il 52 .

24. RNBRIEET

HCSTR 1 VCSTR ¥R ZELLRIE T e XK T, 3 pH PRIFE 7~8 Z[A], JHBRLLNE
KRN BRAY pH BRI 5200 o 560K RURA WL A 5 311, 8 AN ER e JH 35 ORIE/K 715 B B R AN A8 (HRT
=6h), LMK COD [ e AN 8T WL Gl 12 kgCOD/(m™*d) 747, #4> CSTR
RIEER MR F pH EREWEIRIE TR, 1A% 4.0 LUR, sl Bk, PEKHEK coOD, YA HLfm 2 8
kgCOD/(m’-d), LI N REEH) pH [H RS R ETE 4.2~4.5 2 0], & LAV L FE Btk pH. VCSTR XV
FREIEAT 12 d J5, HCSTR RMARTEIZIT 13 d Ja, RGBSR K &M Bofa e i 14005 1)
SPEE SR EL B 7T VCSTR M HCSTR N 88 fE A HLA AR (OLR)A 8+ 124 16+ 24+ 32 kg/(m’d)i )= 4L
. AAEE. RS AR COD ZFRRIABMEE 1),

3. BRE S
3.1. VCSTR R M 2&F0 HCSTR R M-S 8EH

FEERE ) R B R EE AR SR B RGBT RN EE S . ARBITHEB T, VCSTR
HCSTR /=S & KA EWE 2 Fis.

M 2 ATCLE W, AR IS B AN A (T ORI P2 S R, (E P S8R 10 A8 AL R 0 2 AR LU,
2T N R I ABE OLR (8~24 kgCOD/(m™d)) i T 7+ i

TE R BN ANFRE I, BRI OLR SUR 5 I, ZEAR AR (R xS A e ME =28 T — e s . i
ST RIR ARG e U8 2 G VIR 00 40 MU 2 0 75 L& B = A TR R T, R R ERIA A
SERCE G B AR, B ERMAEYE B A IR BT, RN —REA
R BEAT WO (AR KT R . BRI, A HLEAT R S [ %(OLR = 32 kgCOD/(m’-d)), B A b =4 i)
AW INFFE RGN R, FECA RS pH EMFRIK, 177 pH 1 BRI 2 G r= S e 7 i v
T RUAR K52 16].

Table 1. Start-up and operational conditions of VCSTR and HCSTR
=L BMEYRIER AR B REITRY

Time/d OLR/kg:(m*-d) " HRT/h
1~3 12 6
4~13 8 6
14~24 8 6
25~35 16 6
36~46 24 6
47~57 32 6
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Figure 2. Gas production and hydrogen production in VCSTR and HCSTR bio hydrogen reactors
B 2. VCSTR A1 HCSTR £MFIS R NBFF =S ESSS52E

HCSTR Al VCSTR A=W & S S 2% (1 ¢ £ OLR #4°4 24 kgCOD/(m’-d). I VCSTR SR 2% 775,
B A GRS N 86.1 L/ 47.30%. 1M HCSTR KB # ()= A& A E & s 2] 1 132.8 L/d.51.24%.
HCSTR [ 3 & =M = A & B AE RN 21T B Bed @ T VCSTR, H 5 K 2 HCSTR S 2% 1) R A
KT VCSTR [ vids, JEHA TG =MD B8R RNV SR, HRT Ml COD NMERIZKMET, B
ARG INERE R RMKE. BMER. mRPAEYRNEN, SECERENEn. FH, BTER
(77 HBE A A P AR R R I, = SN T AR A S AR R . kK 3G N BT DA 2 B R B A A
A LAIRE 4 pH AR S ) PEAK . RIEZE OLR = 32 kgCOD/(m*-d)if i, AHX}T- VCSTR Je Sige, il fifif
XF HCSTR 325 1) 500 B/

MFEERE T AT 47UAe 75 T, HCSTR E A B = AR 3 o 1 Ay SR /K A 21 7= E ) TAR Bk,
JRLAS R (IR B AL T AR

3.2. VCSTR & 88 HCSTR K M 28808 R i~ 489 254k

H TR G WM R B A R TP ARAEE VF 2 PR AR B B, DN T BUR B A R 182 FRRAIE 14 10 2R i
Yo FEPIKRBEEA A A = A T, RS Ko R = D2, WA RIBER By N =28 LR
BE T ERALVR RIS BRAL KB 17] [18]0 fEIX =R B, 2R R R I 2R ) Aa e Ve O B U e
AT EE. AT PIA CSTR WA REFE JHHS LB IR 5 8 o5 SO A o =) 25 8 (R EL A1 3
1E 80%LA b, T RA S =) 2R L BE A LRI L BE R R R 2R

TRAR R i A= A pH Al 465 B LI 3. ML 3 T AR, AN OV S N B B BIR e s T & T &
TREIAESEB L. VCSTR a3 (1 3(a)) A1 HCSTR 2% (& 3(b) BB ML =R . Jazh I, w
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Figure 3. Changes of liquid end products and pH in bio hydrogen production reactor
B 3. £WHIS R M 38 iR AR im0 pH B9 1L

ANRPAR R TRAARKN S &8 E. b pH METE, TRANRKR S EZEK, CRE s,
FE A, BWARNARRBCE R OB LB . P8 R OLR A4 24 kgCOD/(m™d) i fi%,
VCSTR [ N2 H ZBEFN 208 2 5 oy SR AR i = 1) & I Ee sl . pH FLE &40 510 82.04%. 1732 mg/L
F14.21, HCSTR %850 51A 87.36% 1528 mg/L A1 4.34; 124 OLR(32 kgCOD/(m’-d))i#t—H 5, &
IKHIE B GER T AN NS AL BRRE 7, S 80 LB LR & BB K, VCSTR [N %51 pH iA %) 3.7,
RS R R AT, B HCST OB & A AR HLBUOR #E/KEIAF] 88 L/d, Ml HCST [V &%
() PH A FT 4E RN 4.0 Z2 45, AT DLIRE 5o 35t .
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3.3. VCSTR [ R #&8H HCSTR [ M58 PIETHM COD L

LRI = B2 tH G R T RE ARG MU =R 1), IROBLES A A & 0 2 /0 B4 e
T ARG AR

PRAN SN 25 AR AP AE — ARG N R, e N AW S B 2% B A 2394 5 T Je B S T 1
R . PN SN A RIS S P A B 1 8.17 gVSS/L, 4eid B sh i TYIMLE R, — Sefii Mo ik,
A RIS BRI S, SRR B R T B 35 TR I J A P i 2 e 1A B A 5E o P S B 28 7E OLR
N 8. 164 24, 32 kgCOD/(m’-d)I FAEVEAZAL A COD 2R W 4. 3 shARL S, WA R
IZERA K. etk OLR A 24 kgCOD/(m™-d)ffIH %, VCSTR [ BL%& (AP &A1 COD LR AHIM 12.1
gVSS/L. 27.1%; HCSTR MY EAM COD B3 12.7 gVSS/L, 24.3%. titknl ., HCSTR KM
SR, H COD ZFR%EE VCSTR fik. HUILHH, X+ VCSTR Wi#%, HCSTR M 2845
REBS A AR FF R R &, (A T K EHBOR, Bl COD EBRZ LRAK, H AL &R 2 pr 2T K.
1M HCSTR S8 2% HA BUR B R /K AL 3 e TR R 22 5 34 2k

4. g

1) HCSTR e M 8 &5 M vt h i ittt , & A Tl Ak B AN - B FPSEE CSTR M #% 1B A FA(32 L)
FHIFEII 254 R, VCSTR OB 2% A RO AR | it bl FE AR K AL B 52 14 L 120 rpm A1 56 L/d. {H HCSTR
SN A3 F) 22 Ly 50 rpm A1 88 L/d.

2) HEAAPA CSTR RN A BT, (H7= S8 R MR E R AR o AR A 2R B 38 1) B
£ OLR A 24 kgCOD/(m™-d). FF VCSTR S B 3 7S & 7= A & 85 il 86.1 L/d. 47.30%. ifii HCSTR
RN AR B A ESHIER T 132.8 Ld. 51.24%. 1B A SN 28 ) 77 S R (HPR) A 2 531
AR, TR MEEFEEF HRT F1 COD AR T, AR IS A FKE M5 Ter
¥, HHSEGEEERE . ALl HCSTR &M 22 A i M= SR8 7.
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Figure 4. Relationship between biomass and COD removal rate with OLR in

VCSTR and HCSTR bio hydrogen production reactors
4. VCSTR 1 HCSTR £ ¥IHI SR R 25 48 F1 COD £MRZE S OLR KX F
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