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Fig.2 Effect of solvent mass fraction on CH, volume fraction in
treated gas (a) and CO, mass transfer rate (b)
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Fig.3 Effect of lean CO, loading ratio of solvent on CQ; removal
performance from biogas

BB, MRUAEBR CO, #EUREE. MLtk
BEEHEHE CO, fif. BELMEZETYH, BHEXE
R FIEW A Re R, BMETENHM CO, ffi#fT
EEER. T, WAERE A B RFEIT MEA 7 CO,
ARHEERE. —HNE, REFERNEEERS
T CO, AR CO, P EMEMRELAKER, TE
BART CO, TRUWHT F BRI B SR E L R B, [k,
R CO, Fixt RA BRI MR LR e RN ss.
T Edbxt, FIW TS Delgado KM ik, &
A RN TREE REE I CO, ARG
Mg, mTFRBTR:

B @
a,Geo,
Jeo, 4
=— 3)
" xdlL
B, = [Amine]+[H,0] )
Aa

P, y HEEERT, LA CO,MNMBMRREST
L CO, G4 F1 B AL A A 334K BB CO, MY E L %
7%, (mol-mol-m’*h)/mol’s B 4 B4L CO, [l B 75 B M 7
BRI E, mol/mol; ay AT CO, FifF, LI mol %
FE CO, YRR, molmol: G, ikEeoh wfy g5

fih 38 (6 CO, EHCR, mol/(m’™+h): d K BEHAR BN 2,
m; L RBEKERKE, m: [Amine]RI[H,0)% FI{LEH



w1

B AR A9 BT COo, 199

R MEA HI H,0 KB, molL: Aa AWRHGE
BB E CO, ik, molL, XWUTHEE L/
CO, fiff £.

TR, yEHAD, BERESR. R CO, RAR A
FERT y Mol 4 B, BEE T CO, TR m,
y IR G TR, BIEANT 0.175 molmeol MiZ,
B #1403 0.20 mol/mol B, y LA R, X8,
A BEFE A 1 R, MEA PRI ST AT 3548 0.175~
0.20 mol/mol, X5 Alie AT & E AT,

o e e
2 S &
. v

LB p/mol-mol m*h-mol™)
(-1
®

=

005 010 015 020 025 0.30
A #CO, % i/ (mol-mol)

7E: A E 200 L' CO; 5 CH, #BIEL 40 60: MREFIZAE 30°C,
Wil 12 Lh's AR 10% MEA.
B4 CO, AMAMEAEBT yeh¥h
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Fig.5 Effect of liquid temperature on CO, removal performance
from biogas
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removal performance from biogas

BE, NBERRAEEE, RARESRS, IIF
BAgerekE A, FERFEE RN EN RN,
AL TR RERE R F M, Wi 7 R
BRI, BTHRAMRFHEREH, HmkeE
HTE5R® o, Afsma%E. B 7 B8R, FilRM=S
W ELTEE 79, MEA F1 TEA RIBEFEIR T B & S EL g 18 m



200 R TRER

2012 £

i R, BRI S v ks AR RERE. (B
%t F DEA, RHESHILEINEI, sefEKFHILAERETT
Fifath, 37 16.7 LIL &/ ME, iXE 4 DEA HI5
W LLIERE 16.7 L/L GRAHME 1210/h) ATREE AIE.

007
—s— MEA

—e— DEA
0.06 A TEA
005}

0.042

yar/(mol-m™h-mol?)

BEREIN ¥
(=3

005 ._—'/,____—.

%4 16 18 20
AHEAL-LY)
B 7 KA ERETFHEH
Fig.7 Effect of ratio of biogas flow rate to liquid flow rate on
energy consumption factor y

|

22 24 26

2.2 RGHIREERESN
2.2.1 HARARMH A
SHMHENZWME 8 FiR. B, DREEEM
REFRAMT G RARIHEHRE, EHEMBEK,
SARTER . WE 8 aT4, SERR MK, CH,
RS, H Co, ERERHNBM, XEREMA
FRg AN, mASAEErAG 067 s N3
1.68 s, BIU4RFEMN 300 Lh FREE 120 Lh i, KA
MEA A, AT bS5 CH, (EFR 5> B 80.9% K18
BN 97.8%, (HREE CO, t5 FUEEHM 18.03 mol/(m™h)
FEEF 10.78 mol(m*h). B4R, EKSEFZMIZAN
EENE, FHTFEK CO, SMKRMEMETE, FH
F co, i, Hry CO, BERpEm, #S+ CH,
HRaEEMN. BE, EKIBHEMFMN, KRR
ASHFE TR, FiERwE, SHEEREAEM, B
fERR 1M, TS CO M ET &>,

-~ MEA, #8498 -0~ MEA, f5HE#%
—— DEA. $EI5¥ -O- DEA, {LJiE%
—+— TEA. $BIS% -0~ TEA, tHEE _

100 20
95
16 ~
§ 90 %
& T
Sest IPE-
=3
® E
- 80 | 3
o]
g 8 #
= 75¢
g Z
x B "
& 70 }\._& 4 ﬁ‘
6t 4 TR . _ o
60 1 1 i 1 Il ¢
06 08 10 12 14 16 18

BB

¥E: CO. 55 CH, 6L 40 : 60: RUHIRAE 30C, W& 12007, 10%H#
WLl
B8 AtgiikstBA CO, 9B ARG A
Fig.8 Effect of gas flow rate on CO, removal performance from
biogas

ME 8 PETEH, BERKRLNTFIHARERMLE
F—THNENEE S, B MEA ENMEESIL. BR, 4E
REERAEXEES, LEREGBERRANEY MK, &
4 CO, HErEREK S Y B8, Rk LRz T iR
SHREMRE. 3%, XHLESR. YELENE
SEEXNEE AN, BB R B B SRR X
2.2.2 BARY COARy>HEHH

f& CO, R RZEX B CO, RN HE AU
HinlE 9 Bion. MEP 4, [FLEESF COo, #is
Hia, SHP Co, HRME, CO, RiEs iR,
CO, fEIEER I, BHFERKK CO, 2N MEZEMT
ST CO, HIH0E, KM CO, iiEHE % F R, #4LS CH,
RGBT R, XN, AE—FEBESRS T8
B2 HMBEESZE, RAEESBAES 2RELEIER,
BERE, RIS M IEERESECRIRE CO, B HREIRE.
m Co, R4 am AN, NiE U MmN E,
M4 CO, B M4 H TS, ALELMRRBHETE, Wi
PR ERLAE

-o- MEA, 9% -0- MEA. {tEE
—— DEA. {kEIb%  -O-- DEA. {LiFg#
—+~ TEA, #B38  -o-TEA, tRER

1001 20
165
=
E
12 E
z
b
=
142
Q
(o]
039 35 043 50°
HALCO 19 8%

w AMBEDFE 200 Lh' MU 30T, R 12 LhY 20%F R
el
B9 BAY COARFHUMBACO, 7 BEHRGTH
Fig.9 Effect of CO, volume fraction in raw biogas on CO,
removal performance from biogas

2.3 BRRCO.BRKSBRASIH

LA AL E R 500 m/h B CO, B R4 R, X
AR CO, WU A B AHEAT T W, REEHEMHN 20a.
HBEBMRE, 4, REET CO, WAERE, it
FER H,S B BRBAKMSRLSEEMNE. RET,
HE AR RS TH, LGB ASE co, RIKE
SR/ RMIEITHEIRENAES CO, FMHER. WXt
BEFEEA 1000 m’/d FBES TR, BAZKKEITH RN
2 h. Bk, ESFPRRENBERKAZETERHTHER
=84 1000~12 000 m*/d PR R BRSNS TR.
2.3.1 BATAKHE

URRRAARM SIS AR, BELFHEMTDH
SHEHSH. Kb, SHSEHER: BRLRE
500 m*h, BEEE 30~35C, CO,EH4% 40%, CH,
HRS Y 60%, 2B TENRBRERGSE, HS



HIH

2KFE: FABRREEAS BB CO, 201

BERERELRET 300 mgm®. H CO, #EEMELST
CH, #1928 =95%.

WAHSECH: MEA WA (B8 0 25 JTke) » R
B8 30%, i CO, fifif 0.2 mol/mol, E# CO, fiLfi
0.45 mol/mol, WUIRE 30~35C; BAEREE 120C,
BAEK 25 0.21 MPa,

2.3.2 BHECOLERK LT it

EIEITH, BR CO BB T EWA 10 fiR. &%
T &, CO, IR gkt b B AT e R s 3R A R 52
. ARG LEANGKYE PP PEA4HE, #
¥4 50 so/m?, FEHM A 3 a. BIEMBEER o hilN
A BEREE AR, REHE WK EEERHHT
WELELUEE, AN, WERLE, EHEE
25 mmx25 mmx0.5 mm FIREEREER, BAER N
AT R Al B A R R A R B R R
B, BRI B A A A A B AR
fit. i, RERBAERRRY,. BEFFHEARR
B MIHRIE, HhH&A 80 Ji/te

BILTER
Wik [

MEAfkH# RUTE

Biais
Ja i’y
ARG

milR BHR
B10 BACO,RBKAL
Fig.10 CO, capture process flow sheet from biogas
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CO, removal from biogas by using membrane absorption technology

Yan Shuiping, Chen Jing'ao, Ai Ping, Wang Yuanyuan, Zhang Yanlin
(College of Engineering, Huazhong Agricultural Universtiy, Wuhan 430070, China)

Abstract: In order to integrate the unique advantages of chemical absorption technology and membrane separation
technology used to capture CO, from biogas, membrane CO, absorption technology was put forward in this study. Based
on the CH, volume fraction in the treated gas, CO, mass transfer rate of absorption and energy consumption factor, CO;
removal performances from the simulated biogas by monoethanolamine (MEA), diethanolamine (DEA) and
triethanolamine (TEA) were experimented by using hydrophobic polypropylene hollow fiber membrane contactor as
CO, absorber. Results showed that CO, can be successfully captured from biogas by using membrane CO, absorption
technology. And when MEA was selected to act as CO, absorbent and biogas flow rate was 120 L/h, CHy volume
fraction can be increased from 60% to up to 97.8%. But CO, mass transfer rate of absorption can reach the maximum,
approximate 18.03 mol/(m*h) by adopting 300 L/h biogas flow rate. In addition, CO, removal performance of these
three absorbents can be ranked as: MEA>DEA>TEA. The operating conditions were also optimized on the basis of the
calculation of regeneration energy consumption factor, where 0.175-0.2 mol/mol lean CO; loading should be
recommended for MEA, and 16.7 L/L gas-liquid ratio may be suitable for DEA. Finally, an economic analysis of CO,
removal from biogas by using membrane absorption process was also put forward in this study. The results showed that
the cost of CO; captured is relatively lower, and when the biogas production increases from 1 000 to 12 000 m*/d, CO,
removal cost can be reduced by about 78.6% to 0.5 Yuan/m® of biogas. The results can provide references for selection
of biogas upgrading technology with high efficiency.

Key words: biogas, purification, economic analysis, absorbent, CO,, hollow fiber membrane
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