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H,S BIGE AL - EANEERIGR - 5 REHTT/E AR & Su and Chen (2015) W75/ - (A HERAT > &
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RIS A il B B2 gAY AR Y (1 LI > Sulphur Oxidizing Bacteria, SOB) #fif » i fERIZHE T AEY) 249 2
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Fig. 1. Schematics of the experimental system.
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AERMIBEANT - SUEATCIK ERNZSCE R (DU NSRS ) B - BT RRK B R iK%

WrEs o (EREPAERZ MR - RN TR S B B T H SRR R, SRS F R (A f R R KO & -

() BER—  BCEREZERE 80 em T » $HAR [EHFIE A A 4 50 ~ 100 ~ 150 5 200 227+ (L/min, LPM) 4
TR BER/KERERT -

(i) #RBE T FEERKETRENEME B 90 & 100 ecm - SGECE it SERIE A RS TatEs o

(i) B =« BRSSO KE R AR K (sl —) - Bl RTT R 2 [F[A (co-current) » MR #E/KE VI

M B LERE S HAUK o IEAFEEIR S 5 6 2 K2 [ (counter-current) » 5% E IR IEIAERE 90 em » JERIE AR
47 h5& 100 B2 150 LPM
A B BT R 10 0 BOMNGEC s - B S R B R C RES R RIE ~ IR BRI ZEROK pH (E - EHFR

H,S JRIEEAZE/K pH B ERERF (49 100 7388 ) - BRERHEREL G RUKER Mk B B = o i 1& B 11 5ABe - f&ad
RG] 2 S KR -
L R an i 57k

(@)

(i)

SEERR ST - BFARE (H,S) (HFka%1% (H,S detector tubes, Gastec CO., Japan) & FAEEFREESS (GV-100C gas
sampling pump, Gastec Co., Japan) @ fl] » H,S {EHIfSRE £ 0 ppm ; FJE (CH,) ~ —&(bh% (CO,) KER (0,) »
DUAT#E 2 P R (SR 28 (Driger X-am 7000, Driger Safety AG & Co » KGaA, Germany) {E0H] » #25A]{EHI 5
BE R ASPR B Fy 0% o

JKE RS 4787 - pH {E DL pH meter (PC3110 Intelligent pH/ORP Transmitter, SUNTEX, Taiwan) | & ; (L2255
& (chemical oxygen demand, COD) /K {LE2FR & &gl )7 7% — B EAUE S8 B $1 A f% (NIEA 517.52B)
S3HT 5 BEUFIE B8 (suspended solid, SS) DA 103 — 105°C #2177 (NIEA W210.58A) + 4&[#E 4 (total solid, TS) LA
103 — 105°CHZI A e ItRZ - HERZYIFTAR 550 SraiREE (NIEA R212.02C) » ik 2 B8 8 FyfE S8 VE[EIRS (volatile
solid, VS) ; ZEEE T (electrical conductivity, EC) {{x/K 12185 F 0 E 7774 — B 5174 (NIEA 203.51B) ;5 hiigHa
(sulfate, SO,™) {{e/K iR FE EE A HI 7704 — B A (NIEA W430.51C) Bl &5 Y LESF M7 5 i (total alkalinity,
TAIK) fie7K o g gl 77 7% — 02 (NIEA W449.00B) -

V. 5HEAZ

B > H,S SR LLIAFRA (removal rate, RR) R » AFRRAALT -

RN H,.S EE - HERm H.S JEE
St (RR) = et 1 P PRRAT TS R g
SRR H,S JRIE

P39 H,S-S EYLAERIREE — i (SO,"-S) R AiBE I HFE /AT

WA sulfate JEME — #E57R7 sulfate &
(H,S-S) transfer to (S0,7-S) = —————————— % 100%
HE R H,S RS — HERnG H,S RS

V. Gt

AERGT AR LIAIE + R RO - SRR R AT A S B 25 HHE SPSS (55 25 Rt ) MET TR

R URIE ~ BN Z BB T (one-way ANOVA) B [T R 3T (two-way ANOVA) » 3578 BIZFIFTER -
FILL LSD TR ME T FIE A - BRE/KERT Ry P<0.05 -

e RN

L REIEREARRG SR

ERAE 80 om I o BEE SABRIHEIAETT - FEPZEROK pH EAERY) 20 S E FEEIRTR (1B 2) - Z1& ThEmEE

RITET T s G B —TRE(E (49 100 7388 ) » R EDNERE AERES BT - BETRESRI I (50 — 200 LPM) - 1
PWZEHoK pH E FREAVE(EEIARL > SEREPZEROK pH R & — e - (B RA R - ARhzE
FIRRE(EAVREES » (EAEERERA 200 LPM B (R 1) > pH TR (pH declined) RURERE & Y HAUE RIERA (P <
0.05)  SERIARIEFUK B FUOKE B EIEEE 2R CREI) » (€ pH E1E SRR g GBS K MBI -
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SEMR KPS pH BT RE A R R - R ESA T B o SRAR R A R (R ) FRseioK g - i HyS 8 CO,
JEREEESRAS > TR pH (B % sl R EBHRRIR T (CREIR ) - Hf H,S 82 CO, iiatbarf sy il
FoKe > BHRER L HS R R IR - HERRRRR AIEE (L - SUBR-PI9ia R H,S SFRE
&U1E 2,520 + 100 ppm - EHlBRHEITIF > H,S -PIYRFRFRELEANE 3 Fror > £ 50 B2 100 LPM f HZ R T 8
{EIEERY ) - BT A ARG INE] 200 LPM B - KERRTIRELERER - FrAslie s AR S g ET T
Pk - mi&IR R —TREE -

820 r
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Fig. 2. Time variations of waswater pH with different gas injection rates of liquid depth 80 cm.
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Fig 3. Time variations of H,S removal rate with different gas injection rate of liquid depth 80 cm.

EHRIE ARSI Ry 50 ~ 100 ~ 150 71200 LPM 1 » f4% H,S “PHEFRARR 5375 F 81.3 ~ 80.9 ~ 77.5 B4
64.1% (= 1) HEEFREAR 200 LPM Ff - HAFRRBIZRHATREAR (P < 0.05) > 5l PHmés H,S RE R
507 + 72 ppm - pH B H,S KERRERAME TE@E551 - Hm B NERBN — TR E - 555455 41 Baspinar et al.
(2011) ~ Lien et al. (2014) F1 Ou et al. (2020a) FHAHFE.ZHEIE ¢ 7K pH {E IR ECPREE INHE R 2 E R AR G (K
H,S KFR# (Ou et al,, 2020a) - RHR T ERE CO, [FRFREEF/KS » 2 pH ERFE AR - SR8 EFR pH
SR B HRE AR (WA RE AR ) - FIHBABIIETT HS KRR -

ENERaESEE Y
R 2 BUR R A FIRIEZRE 90 B 100 em > FHFCE SR — 4 SUER AR Z P4 H,S RFRREGER - lEER R
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AN (B 50 LPM 4b ) » 5 H,S BERFRZE(LIFIE - A MHEEIRELEES - BRI 100 cm 5812 5772 80 cm
(P < 0.05) » FLREE RN RN 2 R - R TRRE T2 HS B - SEIE 50 LPM K55
4200 LPM (P < 0.05) » 17 LB B0RHE » BFIEE AT 2 HLS s SRS » BRIl -
ERRBETEE o BRI - SRR E B 2 B g g hn (& 4 ) - PIEERERZEZET (200 LPM) » /7 H
RIE 73 A1 Ry 80 ~ 90 1 100 cm B » Fe#%FH9/HER H,S PRI HIE 64.1 ~ 66.8 B2 68.6% » FE & €5 34 i b
Tr(E S ) - 2 ElEtEE — 2 ERUKELGEF/KOKE BT o (RER ) - EREHER &SI - BMEE pH HEH
FEEZ EEES(E (P < 0.05) » FARIAE 90 vs. 100 cm B » 7R ELES R pH 53 Al By (7.94 £ 0.04 vs. 7.47 £ 0.11) vs. (7.72
+0.08 vs. 7.23 £0.10) - ¥EREHFR ZIARIIEER CREH) TREHE—HE - BIFER H,S RS
HESR (P <0.05) o s\ER4SE B R Chou et al. (2010) ~ Lien et al. (2014) & Ou et al. (2020a) 2 W22 BA fH[E] > 8%
G > RS ATRE R HE (PR (Chou er al., 2010) 173 FERZR(E Fy 50 LPM B » %€ 100 em 7 K FRIZSAMERL
80 B2 90 cm » ] R 2 R AR K pH E T RERERCK » M E0ER H,S A% » B0 IR E Vilhs
é’lEZWQ%#EEK/J\W&Z*%KEE% o FEEER4E REURERK pH B TR NG 2 B ARE - (H2 W Ik
I (BT ERIEE AR Z R ) - FEZ A BN H,S R - HUZIRFHVSER A 1 B HE R (R R

.

1 R 80 em A[ENEFE AEREEMOK pH EBEUHR T H,S RE %

Table 1. Effect of pH of washwater and H,S concentration of biogas with various biogas injection rates at liquid depth 80

cm

Item (s) Gas injection rate L/min (LPM)
50 100 150 200

Initial pH 7.88£0.13 7.79%0.19 7.96£0.15 7.76 £0.07
Final pH 7.31£0.04 7.25%0.09 7.28£0.07 6.9310.14
pH decline 0.56 £0.14 0.54%0.12° 0.68+0.17° 0.83 £0.07°
Initial H,S Conc. (ppm) 2,437149 2,593t 12 2,530£96 2,410% 101
Final H,S Conc. (ppm) 456 = 60 499 7 567 88 880178
H,S removal rate (%) 81.3+2.3° 80.91+0.9° 77.514.2° 64.111.5°
Mean * SD.

“® Means within the same row without the same superscripts are significantly different (P < 0.05).

2. NENR A EERIE A EERY H,S EfrR 2 8

Table 2. Effect of different liquid depths and gas injection rates on H,S removal rate

Liquid depth Gas injection rate L/min (LPM)
(cm) 50 100 150 200
80 81.3 +2.3%™* 80.9 £ 0.9%* 77.5 £ 4.2%* 64.1 1 1.5%"®
90 84.0 £ 3.8%™" 76.6 £ 1.0%"" 72.6 £0.1%™" 67.2 £ 2.0%™¢
100 77.0 £ 1.5%* 76.9 £ 2.3%"* 71.8 +1.9%"" 68.6 1 2.8%" "
Mean * SD.

“® Means within the same column without the same superscripts are significantly different (P < 0.05).
A8 ¢ Means within the same row without the same superscripts are significantly different (P < 0.05).

L. A [E] 7 7 =
ARBRAEIRAIFR 3 Fvw » EVEREEE Sy 100 LPM I - 2907 7 H,S EERES (81.1%) HHZE =i IR (E (76.6%)
(P <0.05) > HEEEFRAREEMIIZE 150 LPM B - (H4ERFFEIRE Y SEREE R (75.0 vs. 72.7%) H 2B 2 5
(P <0.05) » SRR - (H EEEERNG 2 pH [ERtA 2R - il H—BRG7 Rk pH B S S H,S EFRFIR
HEATE EMEE _H 2 - Rl 80R - H,S ZERFEA T AR 100 LPM B8 572 150 LPM (P
<0.05) © Almenglo et al. (2016) Z B 4SRRI /KBUER S FIBCE 2 #20F - ¥ H,S RERFFE TR - BUAGA
ERaEIRAHE -
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Fig 4. Time variations of washwater pH with different liquid depths of gas injection rate 200 LPM.
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Fig 5. Time variations of H,S removal rate with different liquid depths of gas injection rate at 200 LPM.

3. AEPERKER T H,S BRRK Z 28 (K2 90 cm)
Table 3. Effect of the washwater pH and the H,S in biogas with different washwater influent ways at liquid depth 90 cm

Liquid influent way Co-current Counter-current

Gas injection rate L/min (LPM) 100 150 100 150
Initial pH 7.8510.04 8.03£0.24 7.87%0.1 7.7210.06
Final pH 7.02£0.02 7.2610.28 7.05%£0.24 6.6810.11
pH decline 0.83£0.06 0.77 £0.05 0.83%0.15 1.04£0.05
Initial H,S conc. (ppm) 2,337t 101 2,370t 61 2,327 167 2,340 £ 99
Final H,S conc. (ppm) 550%23 663+ 18 44719 585121
H,S removal rate (%) 76.6 £ 1.0 72.6 1 0.1°* 81.110.7*° 76.5+1.6""
Mean £ SD.

" Means within the same column (Liquid influent way) without the same superscripts are significantly different (P < 0.05).
*® Means within the same column (Gas injection rate) without the same superscripts are significantly different (P < 0.05).
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PERIKKE s R
F 4 Ry BB SR KB K A aE SR - HKBE R B RESIMEE S - & pH BEEEREE S
Aot (P<0.05) > 535 ks 7.83 £0.13 vs. 7.38 £ 0.16 > 250 2 MoK g pH H NFE 2 1EFE £y 0.45 - pH HIJEA
H,S B2 CO, /B /KHEHTIEC T FE » TFREMESE IR 1> Ou er al. (2020a) FAEAFZE4ESRETHEHEN - HlKigmeE
GEE T EEENRECERS CO, Frs [ERY » & pH AYREE A ER AT CO, #R UL EZER/K S » B K H,S
ZERRRE  ABRERKZ pH B TT4ERIE 6 — 9 INEIEIN (FFEBUR/KEEAE ) o KBRRAR 2 P ik
RS RENAR KR 2 LR &R LERTAER - KEcaHESE CORE - T8 - ERKORE-F)
SPEAREIEREFEFREEET (50 — 200 LPM) 2 iR L& — i (H,S-S) Z FH9E i & (mass transfer rate) 5771 £
119.6 + 12.9 ~ 227.4 £ 32.6 ~ 342.2 £ 40.9 }% 393.0 £ 15.5 mg/min » JAE T H,S /BFAART » #4552 H,S A # &1L
R REEE (SO,”) » BECH IO KR BRSNS _EFHE MR 7= 7 (£ 4) < 15 H,S-S B Lk i iz 5 — i (SO,”-S)
ZHECREAE 51.3 1 19.6% » #057 AAE Sl R EEY) - 40 ¢ SERREREE (SO5”) ~ W UHiAEEE (S,0,7) (Fortuny er
al.,2011) -

PEROKZ 48 (1,856 mg — CaCOy/L) B EN/K (4950 — 550 ) BHEZOK (&9 24.8 ) > B BAFELTAIAE

HESR BRI SRBE T ES R

S 2 P RBFR O Z SR IR 5 For - BRFAZ H,S SIRE/KERIRERE RSN - Hbr
RIS ZTRIE > A0 e CEbR R ERTE » HBLER LR T - SSREUT > AL ESEIRK R
M > DASEARSRUKIE TR b @R 0k - HeREREO IR B (E - AR B ERFRZEE -

4. =EE R IR BRI E 31
Table 4. Influent and effluent washwater qualities of all experiments

Liquid source Influent Effluent
COD (mg/L) 1,018+ 199 990 + 181
SS (mg/L) 366 £ 166 3241160
TS (mg/L) 2,659 1322 2,644 £ 315
VS (mg/L) 1,296 £213 1,283 £203
EC (us/cm) 3.46%0.74 3.58£0.79
pH 7.83£0.13° 7.38£0.16"
Sulfate (mg/L) 272 £ 66 273169
Talk (mg-CaCO,/L) 1,856 + 153 —
Mean * SD.

" Means within the same column without the same superscripts are significantly different (P < 0.05).

5. efbatls 2 R O EEHER AR BURE
Table 5. Inlet and outlet biogas component and concentration of all experiments

Gas source Inlet Outlet

CH, (%) 61.1+19 623119
CO, (%) 308+ 1.4 29.1+1.6
0, (%) 0.61+0.1 0.610.0
H,S (ppm) 2,520 £ 100° 507 £72°

Note: the whole dates include every gas injection rates (50 — 200 LPM) and liquid depths (80 — 100 cm).
Mean * SD.

“® Means within the same column without the same superscripts are significantly different (P < 0.05).

w W

FEHEREHRIE AR TR KR T SR AE S R SR A oK pH B TR » 0 A sE e

7J
[t
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A H,S RFRAR o (EIRRUKR 2 P ERRU L EURE B (590 £ 144 ppm) » &EASEHOK -PRABRERRIE - BP9
B R BRI R I - BUREEHUA T /K b Z i b S IR B - B ERPHI1E (51.3 £ 19.6%) - “PHIBEHK 248
3% (1,856 mg-CaCOy/L) » H BAFEEFAIRES] - sl P I AKE - BEIOKER &N (Fr T pHAE ) > BAE
BT MEEY) RESHER A - BURIDAZ Al TR E MRS -

ae o

ReABK R EREGETE (106 21} -2.4.1- & -L2(5)) £CEME) - sUBRHEHRFEEE AR AN S L8 -
JE&7K o3 B 1L UL R SRR 52 TRE T Se i R BB E B = R 1A - Fyatas -
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Abstract

The research aimed to use a wet scrubber of simple design and the wastewater containing activated sludge from the
aeration basin as the washing water to aerate biogas into the scrubber. The study analyzed the effect of different biogas
injection rate, ullage depth inside the tank, and water inlet method (same or reverse direction) on the removal rate of
hydrogen sulfide (H,S) in biogas. The wet scrubber is a 2,000-L black plastic tank with a handmade biogas injection pipe
placed on the bottom of the scrubber. The air inflow is controlled by flowmeter, with the ullage depth set up inside the tank.
During the experiment period, the washing water was withdrawn into the tank and overflow discharged. The biogas injection
rate of the experiment (also known as gas injection rate) was 50 L, 100 L, 150 L, and 200 L per minute (LPM). The H,S
concentration in biogas, the pH value of washing water, and the inflow were recorded every 10 minutes before and after
washing. The experiment would be halted once the H,S concentration in discharged gas and the pH value in overflow water
stabilized in variation. The trail 1 results indicated that under the conditions of ullage depth of 80 cm, average inlet/outlet
washing water with pH between 7.76 - 7.96, and the average H,S concentration in inlet biogas of 2,520 £ 100 ppm, the final
average pH value of the washing water fell within 6.95 and 7.31. Under the gas infection between 50-200 LPM, the average
H,S removal rates were 81.3 - 64.1%, with significant differences (p < 0.05). In trail 2, the final average H,S removal rates
were 64.1 - 68.6% for ullage depths between 80 - 100 cm and gas injection rate at 200 LPM, without significant difference.
Trail 3 was conducted on the reflux and parallel of water and gas inlet, while the H,S removal rates of the reflux under the
different gas injection rates (100 and 150 LPM) were significantly higher than those of the same flow (p < 0.05) There was
no significant difference in the water quality of inflow and overflow washing water for the three trials. Only the pH of inflow
was significantly higher than the overflow waster. Hence, the result indicated that using the wastewater from the aeration
basin as washing water was feasible while the H,S removal rate and pH value of washing water reduce as the gas injection
rate increases. Moreover, the gas injection rate of increase in ullage depth could defer the reduction in pH value and boost the

H,S removal rate.

Key words: Biogas, Hydrogen sulfide, Wet scrubber.
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