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Abstract
With the development of human society, the excessive emission of COz has exacerbated the
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greenhouse effect. As a large agricultural country, straw production of China is huge, but its re-
source utilization level remains low. In this study, biochar was prepared from corn stalk, and then
dopped into Pebax 1657 to produce mixed matrix membranes (MMMs), the obtained MMMs was
used for CO: separation from gas mixture. The results show that, compared to pure Pebax 1657
membranes, the doping of biochar enhanced the CO:z separation performance of MMMs. Addition-
ally, the CO: separation performance increased with elevating the doping rate, the best perfor-
mance was achieved at a doping ratio of 4 wt%. The optimal COz permeability and selectivity of
MMMs were 125.7 Barrer and 81.78, respectively, which separately improved 69% and 34% com-
pared to pure Pebax 1657 membranes. Biochar-doped Pebax 1657 mixed matrix membranes ex-
hibit excellent CO: separation performance.
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1. 5|15

BEE N A S PuE R, (A BRI FE H 281K, RBP4 1 AL B (SO) B AL I (N O )
HESREGE R THETTEYR[1], KEHR A (CO)ME T = RN [2]. gk H 5™ 5 1S %
)R, & T 2015 4FE25T T (EER e ) o R TSI EAHE 2°C LA R HAR[3]. H AT A AR
AR5 BHAEH R (CCUS) 2 it AR (1 BB R 2 —[4]. CCUS HAR B COr M TkE#H
REV 15 it HETBOIR 23 B8 H ok, HEAT R B A7 DLFEAIR COL R HEIS5]. CCUS HR 165 2 CO,
Mg, HETERE CO MR AT LA IR/ . & SR AR Gt [60]. BT, BR%5H
SAE TR R BN 2, HEBEAEUNEARTTE, 53N RGE . PEGE . RIR A5
FEBAR[T]. Hdr, B BEA B W R R IR RL, 15 COo 7E P T Bk FE 22, AATTT SEE 3R
CO [ B A4 [8]. MEZr BS B AR D L AT ARG . AR = S50 21, B A VN BRI 7110 COL &R AR
Z—[9].

CO» X BRI ZRE, FEMEA R BN NN . R VIERR A S EAE[10]. EHUE R G R
(3B S AR RS e 1, (LR R B 52 B is B =y R B 22 SR R R IR HI[ 1], RA VI 2
B R A VIR T R SR, BRAR L 8 ARG, (H B IE MR B 32 2 Trade-off RN 1) PR
[12]. TiRA T (MMMs) & AERSA - BOH, SREYNIESAR AR, AT CARI 25 & 3R R R &
FEFRIAR A, AT 90 Trade-off RS HIPRMHI[13]. MMMs (1IELEAH 3 54 BB IZ[14]. ALESWI[15)F
R R ol itk B L R W (Pebax) [16]5F. b Pebax & HRIPESFEE PA FIZLMESEE PEO 4R &Y, Bt
Wi¥E PA A1 PEO [ L5 T LAFS 2[R ) Pebaxo LA EAT 40 wt% PA B 60 wt%[#] PEO B ¥ Pebax 1657
J& H AT EF MMMs 3E8: k2 —[17].

MMMs (3R 3 2 MXene [18]. A a/E[19]. B AVIE S MOFs [20]. TRIVKE[21]. #A[22]
&, Dai Z5N[23]0F5T 7 —Fh2F 440 MXene 121 g-CsNg 91K J135 A\ Pebax 1657 fill & i MMMs H T CO,
388, WP R MMMs it CO, (1518 R BRI 1673.69 Barrer, 1] COo/N, %8844 45.13. Chen %5 A\ [24]
WA T —FhEIEFR I REAL EAL A SR 40K 8\ Pebax 1657 ] MMMs, B 70 R BB N 0.4 wt% arg@GO
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wET %

49K A i) MMMs A5 169 Barrer ] CO, & L 5 Al 70 () COo/N, 3 E . Ding 25 N [25]10F 7T T —Flt ZIF-
93 % JE A HIHESE 4B N Pebax 1657 H143B5 COo/Ny, WFIERKILGI N 10 wt% ZIF-93 1 & ] MMMs f£ 0.4
MPa It} CO, 2% N 84.85 Barrer, CO»/N, E#MEN 65.76, 45l 4l Pebax JE & 51.57%F1 65.50%.
HEVIRAE N —FE B A KL, BT HEAGERAERE. LG RIE. FEEM TS MRS
A, HETCAER S G B A3 T 7z M [26] [27]. FREAE AR KE, KA A TRE 5 R
BAEY, FRFEFF =R E R, B B RAEFE a4 % R F 2 B ATk 7 i oig 2 —[28]. STk,
KA FLLL Pebax 1657 NIELLAH, FRREFF AR EEH & T A F R E 5800 MMMs T2 2 4lifk
CO,.

2. MMFFE
2.1. MRS

FARFER, P2 EARMATRAL AR Pebax 1657, RifnZk, mikHE Arkema A F$RML; ToKAEE, 47
ali, FPaRERFE R A R A RS BULE, >99.5%, JGikal, W BIgRTRL T AR R O A IR A R 5
Bt mAE R RARS. A A, RN IR RS IR A KRB TOK, SR A

2.2. £¥IR/PEBAX 1657 RSB BRIERHF

2.2.1. EPIRAOEE
TKFEATE T B G RNE P, 78 600°C TR 3 h 155 T KFEFTAEYIR . K L3R AR A8
WEERRTEE, i 200 H i35S0 A%, 12 CB.

222, BEERERNHIE

MMM s ()5 %K FIIE B9 . BL 0.4 g Pebax 1657 I 2B A1 25 B 7K i B HL N 7:3 s, 78
SOC/KI B 2 h BENRAER. EIREEHTIMA CB, MMAES A Pebax 1657 JREM 2%FH
4%, REEINIGERE 1h ER AN R IR CIEIPEER b EZR A IER 12h G 25 CHEIR S
M4 12h, WEBN 35 CHTBMETAE, 48T 24 h ik —0 KBk oo Be)a IR DU R LI 2 A i
P13 5] MMMs

2.3. PRIRIERMEREMIN 757E

CB & 150 CEZ &M THA 2 h A HALES R (kuboX 1000, b5 BRI T
No W BB 2%, IF%F Brunauer-Emmett-Teller #£18(BET) Density-Functional-Theory ¥ i (DFT) 15
AR IR FE L 2 TR AR RN FLAZ 20 A o 48 FH JC 243 M1 A (Elementar Vario Macro cube, 1% [ 56 20l & JE#1 KL C.
H. NFI S tRI&E. @HAEDPIUTGA/DSC 3+, HHFEIFTAIZ)IE TR Ky o 18 YRR
J Zeta WIALSFHTAX(Litesizer 500, 22 ZRMA)IEAFE S LA T ) Zeta FUAL; I AE BLIH AR R 2T 414X
(Spotlight 400, #A<:3R/RER) LA KBr H friZifl ATR 7253 SR T JE A4 BHRT MMM 7E 650~4000 em™ B¢
P LD AN GRS . 42 3 30 BB L A h 2 6 1A (HORIBA Xplora Plus, 3J#37) M 1 5 A K 47 2
ko AHH 22 A T ZE M A (SMT-275, B s fE 25 CHE IR &1 T L4l 2 <R3 1 <R
BT MMMs 1] CO, Fll N2 535 280, DAFLAEIESEME T FE(1) THEE COo/N, ZEHE1E(P)

P

p=""% 1
7 (M

Ny

() Feo, N CO, MBI R R, NN HIBIE R
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3. ER51T1i8
3.1. EMRTRAE

AR RAE W | 7R, CB HILLRA(SSA)A 5.06 m¥g, MFLAEFA(PV)R 0.052 cm’/g, AL
AFRMPV) N 0.002 cm®/g.  FB M B Bt it 26 5 A=V FLAR e A (15 1(A)ERB], CB & —FrZ kL, £
B PURFL(<2.0 nm) A FL(2~50 nm) N E .

Table 1. Physicochemical properties of biochar
=1 EMIRIBUM R

Materials SSA (m%*g) PV (cm?/g) MPV (cm/g) N (%) C(%) H((%) S((%) O(%) O/C Ash (%)
CB 5.06 0.052 0.002 2.54 67.88 1.94 0.3 13.35 0.197 13.99
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Figure 1. (A) Isothermal adsorption and desorption curve and pore size distribution of biochar; (B) Zeta potential distribution;
(C) Fourier infrared spectroscopy; (D) Raman spectrum

E 1. (A) FRWERMEZSEYRILEST; (B) Zeta BALST; (C) HEMLIINLE; (D) RMEBNIE

CB N JLREEN 2.54%, B T ADAEYIRKIN TR S &E, XEYP CB NHHRE & EIEB[29].

B XHkiEH, MMMs SR IEEBEGFT CO, M, MR MMMs H CO,i3i%E Z$1[30]. Wang
ZENBIFR T —FME IR CPL-1 ¥ 5% MMMs 735, AF R &AIUE 25°C. 0.4 MPa %44, NH,-CPL-
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HET %

1IRFEA 10 wt% ] MMMs B 41K CO, 73 B 1HERE, COo/NL EFE1EN 85, CO,73iE RN 104 Barrer, 5
CPL-1/Pebax-10 wt.%MMMs #HEL, 4335 T 9.5%F1 13.3%. CB [ O/C bl 0.197, & KZH0H I
PR, XFRY CB BA RN KIE29]. Zhang 558 A [32]0F 70 T 42523 AR B VOC, R ILERAL AL
[ O/C Hbr] LA B AR PEAN S K%, O/C A8 B A P Wi B P B AT e 0 BE 58 . X T MMIMEs, #5445 7K
P (R SEDRL AT DA G BRI S /K 1t AT B 06T C O, FVE MR, 3278 MMMs A3 B BB JJ[33]. Zeta HIALS):
(K 1(B)EW], CBEKEHES Zeta AL AENHE KT 30 mV, %70 HUE REQE[34]. A CHRIEH, 44
BRI AT RN Zeta HALLXHEAREI[35], TR Zeta FEALLE X E 2 (3 S0 8] AH ELAE F RS
FERLA R A IR [36]. ARBFTTH, CBEW R 9, £ CB /£ MMMs 7 BELr, #2717
MMMs 85 B 5

CB 8 BLH-20 /638 W& 1(C). CB A-OH (3429 em™!). -C-H (2923 cm™'\ 2853 cm™). C=0 (1626
cem'), C-OH (1116 em YA EREH]. Fi=ohilk(& 1(D)EH, CB ARAHRMEHLEE) D (1329 cm HH G
(1575 cm™). D & BHBR S (ISR FE 242, FETCE TERR T, D i ARERAEYIRI x fat& M, XRHTLFA
SR TH 28ty A A R S BRI C SR ARSI EIER A, 11 G W AR T T RS R PR A, G AR BT
FEEM B2g #5550, 5 Csp2 BFE T HIRINAG K, AREmINAEMFEL[37]. CB B In/lc{EN 0.93, HEIH
AR 2 T sE TR [38] -

3.2. B EERRHERRAE

el LI 27 APl (B 2)3& B, 7040 Pebax 1657 H1 1098 cm™ AW 82 B C-O-C MIXIFRIRSN, X4
T Pebax 1657 H1[¥] PEO # B, 1B PA Fff] H-N-C=0 1 O-C=0 &[4435 %F 8 1637 cm™ Al 1728 cm™' )
PIMIRBNIE[39]. JEWTEE C-H 2 1R FRAN SO BRA G IR B0t 2 & 78 2857 em™! T AR BhiE, 78
3297 em ! R MG Br N-H 4Rzl [25]. & CB MIHAR &AW &, MMMs H LT 5A A H
PIE R, XRPEREIEAN MMMs H1, H%H 5 Pebax 1657 KA, —FHCNYEILIR[40].

—CB2 CB4

Pebax

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Figure 2. Fourier infrared spectrum of MMMs

2. MMM BYfE BMH-4T i
3.3. BEERBRMETMN

ANFIBBRR BN — B ARIZIE R BRI 3(A)RM, SENRE S A s & R 5 R4 1B
Ko CB B ASRE I MMMs [ 8BS E R E 1E 4 widolAFIHK(125.7 Barrer), 540 Pebax 1657
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ML E T 69%. XA[GES CB R &2 M EEIEFE IR, CB BNGHE T MMMs & &8 E 5
B %cE, B9 T MMMs X CO, FIsER ), MIiBiE T H £/ COs.

140
A) (B)
125.7 81.78
y=48.76 + 0.20579+(25.665 + 0.09526)x y=49.31667 + 4.89534+(10.385 + 2.2661)x
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Figure 3. (A) CO2 permeability coefficient of MMMs; (B) Selectivity of MMMs
[# 3. (A) MMMs B CO 2B R E; (B) MMMs AL

AR RRAR BEXT IR R M2 (4] 3(B)R M, SERNR B S5k R R IEA DS, MMMs 7E 4 wt%ih
B T EORIEREE(81.78), LL4l Pebax 1657 B4R T 34%. X hES MMMs [f A LB 5 R BBE L H
BHRE M B3GR, AR MBIE RECZIERNR BRI KA K. ARG &5 H 4 wi% CB 1)
MMMs 5 HARSCHERA L, B B B R 58 S8 34 . 40, Du 5 N [4110F 58 7 — M 04 )& CeZr-MOF ] Pebax
RBEIFFESE COyr ZIRA T EA 100.7 Barrer [) CO, BB 76.4 ik, Zhao 25 N[42)4F
F¢ 1 —Flt Pebax/GO MMM s 73 CO,, 7 0.7 MPa, 25°C %4~ MMM s [f] — % 4bH%i153% 240 108 Barrer,
PN 48.5. Feng 55 A [43 118 Fl A S8 S A SOVE 10 & 8 - WLAE SRR NTRA BE I HEAT COY/N, 2358,
WFFE R I 10 wt%35 21 Pebax 1657-MOF-74(Ni) @GO JE ] COo/N, i FE 1A 76.96. HHILR L, AHF 7 il
#11 MMMs 8 T K 2 BOCHRGE I MMMs SR B VERE . Ak, AR AR B I A £ 3 5 oAt A R
HHEL, fEH SR AR T CO 4 & 5 1H, AT i LREN AT
4. &g

AW T K AEATAE Y R B\ Pebax 1657 il % 7 MMMs, B 7¢ 1 iZE% CO, 4 B M RE . BT
RIL, $BIEMRAT UL R 23% Pebax 1657 [ CO, 7B 1EAE,  H4> B PERERE A VRN & (3R T M I
LRI 4 wi%hf, MMMs 7385 CO, i3 1% R A 125.7 Barrer i #5114 %] 81.78, 5 Pebax
1657 AR EL 3 BT T ) 69%A1 34%. AWK BN Pebax 1657 Hl4H MMMs, HA RIFH CO, 5 &t

GRS
E&WH

TLIRE KR BNME I ZRTtRIT H (xex2024117).
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