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Abstract

China is an agricultural country, and straw, as a by-product of agricultural production, has a substan-
tial annual output. Enhancing the high-value utilization of straw will contribute to the sustainable
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development of agricultural production. In this study, wheat straw biochar was prepared from wheat
straw, and a mixed matrix membrane was prepared with wheat straw biochar and Pebax 1657. The
performance of mixed matrix membranes for separating COz was investigated. The results indicated
that wheat straw biochar has high specific surface area, rich microporous structure, and abundant func-
tional groups. The mixed matrix membrane prepared with 4 wt% wheat straw biochar doped in Pebax
1657 exhibited the best CO: separation performance. The CO:z separation permeation coefficient and
selectivity were 106.5 Barrer and 74.8, respectively, which were 34.0% and 18.0% higher than the pure
Pebax 1657 membrane before doping, respectively.
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1. 5|8

INERBREZRREED 2 —, PRI T/RBMER, FESRERELZR]M 20%, NER-F
A= EE R, e s O E R RS FT 2 — 00 R BN RN rT RS e (B U 1] K/ N REFT#h i
il AR A ¢ B T IR BRI G B H it s I ER - E k2 — . ADNERF AR R TR+ .
FLBREEM RIE . EMREREE IR s T2 N T 85875 YR BRAE AU 2] [3]. Qi S A[4]U/NEREF A
JER B T — R R A, % EYIR R P2, Cd2 A Cu (B K P 28 543 A 139.44 mg/g.
52.92mg/g Al 31.25 mg/g, 1EXFREKHPESETTHEGRRIE 1. Cao S N[SIVHAT T FEFTSEZFAEY
I COL BITERE, BT R IINEREAT AW R AE 25°C X CO, WL 204 30 mg/g, HAE 10 R - iR
ARG AT LERETE 96.87% UL EIIPERE . Qi S8 N[6]HF T T A eSO PEBR B /N 22 2 W e W B3 R P WL
W5 R I WS600-O Fl WS600-N X VOCs WL B fE 7153 719 90.99~98.57 mg/g Fl 94.07~102.26 mg/g, 72
— P EAG W10 VOCs Wbt 7. 47T, HIT COx K EHFBOE B IR 2 8N 51 2 1 A S E I oE, AT
BRI, HERH T “Bokig, BReprn” i Hbr. ISR, &F CO AR I Kk
RNTWFFCE S, HA B BE AR B I 1 CO AR 2 — o R/ INEFEFTAE % 1) 2 FLAE TR
MFEZMRIERER, $RFESE CO, FIVERE, g I R AREFF PR 1 IR AL R FH &A%

TRAFE T E(MMMSs) & — L 5 10 S o B 1, PR ISR AH RN BUHE 4 K[ 7] Pebax 1657 & —Fhfh 7+
'] MMMs ZES2HH, 1 40%[7) PA F1 60%0H PEO Fr4fk[8]. MMMs FIIERl = 4 i A 4> 1 9%[9]. MXene
[10]s AsME[11]s EBANVAEL[12]. IPTKE[13]EMEL. Ajebe N [14]8F 5T T —Fh MXene A1 UiO-66
4543 Pebax 1657 i MMMs, BFRLEIIB A 5 wt%[#) Ui0-66 1 5 wt%H] MXene 49K A ] MMMs %
AR S SR B PERE, CO. 1538 23N 214.6 Barrer, COo/N, ¥EFE% A 102. Wang 28 A\[15]0F% 7 —
Fl 2 DL ) MCNs $ A\ Pebax 1657 il ) MMMs 43 2§ CO», B 78 R BLIEEIIE 45 F T~ » MAMCNs/Pebax-
1.0 wt% iR A FE IR CO, K758 RBUNIE M4 )N 287.72 Barrer F1 79.1, 5 Pebax IAHEL, CO, HIi5iE
REHEE T 62.9%, PSR T 33.84%. Habib Z5 A[16]#F 70 T —FF NOTT-300 5 A\ Pebax 1657 fill ik
) MMMs, B 78R BIARAL f5 ISR BLH T 395 Barrer () CO21583%E R4, LA AT HIA 61 F1 36 ] COo/N,
COo/CH4 i #5814
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HICHERAEH, TSR T2 SRR 2, R R N RS SR FIE 1 B, X
AR TAERE A SRR R/ B[ 17]. Wang 58 AN [18]WF5T T — P LAk 41K 3Kk /Pebax 1657 MMMs, fiff
FRILIEENRE N 0.5 wt%hf MMMs RIS ERM, S5EMEM4A0 Pebax 1657 EAHLIER T
39.51%. Li & A\[19]F] FH FRisLa5 # itk ge JE 045 2 2 FLBHE 1 Pebax TR-AJE BT CO, (147 BS MERE,
W FCSEIL T 457 Barrer [f] CO2 535 R 50 64.7 (e Hd.

Zi b, N T REEMF IR TR 58 CO FITERE, AW 78 LLN RS N E R 4% T ffLAE
Yk, H¥HLYE Pebax 1657 JLIRHI& K MMMs. 50 T ALAEYIR A MMMs 4P, F7E 25°C. 0.2
MPa % T MMMs %} CO, Al N, i 73 B 1 RE

2. MRIFIFTE
2.1. SEEAARL

INEREFT, PEEABRM T REA A H; Pebax 1657, FihZk, HIEE Arkema 2 FHRAL; AL, >99.5%,
Heibat, B LR T AR B B IR A F 3L K AEE, 8ral, BTERERER A R A J 52t
AR FAESA . Eal AR, WA TR R AR RAE EE K, I =E A .

22. BREERBENER

INFERERF IR 3 h S AR R, K HERE R 200 H fid o WB & . HX 0.4 g Pebax 1657 BT 41
MEBFIRLUTRELIL N 7:3 IBRETIER T, SRERIEEGYTE 8OC/KBHPHiH: 2 h BENREVEWR. BE
Y 0.008 g F1 0.016 g ) WB B NIRA TR, 4kLETE 80°C/ARIR B HEEE 1 h JEks H AR R IU G 4 )6
BEEH, fEEETAEEN 12h FEBA 25CHEHRBERBETFEH 12h, LREHA 35CHESMTFEkLLT
B 24 h #—BKBRIKIEE] MMMs, RIEBIRFELE 2% 4% Fr 31 MMMs 730 50id 8 WB2
WB4.

2.3. MRIRIERMREMIN 5%

{8 FH 70 2 43 BT A (Elementar Vario Macro Cube, f#[E 0 %)% WB 1 C. H. NI S TR & &, f
FAEE 73 BT AU(TGA/DSC 3+, HERFIFER 2)E FF i K 5y . WB 1E 150°C EZE B 2 h JEE LR 5 kR
A HT A% (kubo X 1000, At 54 BLAE) WA S No W B JBE Bt #h 2%, 448 ) Brunauer- Emmett-Teller i 5
Density-Functional-Theory & 73 7l v 5 AP ik (1 L R TR AR FIFLAR 790 A0 o A8 @KL E J Zeta FRAL 53 BT AX
(Litesizer 500, %2 Z=MA) &L S E KA Y Zeta AT I FHAE B h 28 $ 21 A 615 {3 (Spotlight 400, ¥
S1IRER) L KBr JE F A1 ATR 155 B E M BT MMM 76 650~4000 cm ™" 3 B 18 L2 463
4= B 3 B LA 5 2O 8 (HORIBA Xplora Plus, 337l R A4 R hz 2 kit o (8 s =7k A4k
7% 1 ZMHAAA(SMT-275, 5 ) 7E 25 CHEIR M T Pl 4l 20083 73R MK MMM 1 CO, F N2
BIE R

3. ZRE5WiR
3.1. ERIRAE

VR BRI INER 1 BR, ANERSFFAEMIREI N. C. Hy S. O EE45408 1.34%. 63.96%.
1.94%. 0.61%. 7.91%, O/C LtN 0.12. 5 3CHRRE K ZFEFF AR (SS)FI E K FEFF A= 3R (CS)AH EL,
INEFEFFAEMIR BN GRS =MD, O/C UM IR, Ko EMATiE.
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Table 1. Physicochemical properties of biochar
F 1. EVIREIERCMER

Materials N (%) C(%) H®%)  S(®%) 0 (%) o/C Ash (%) Ref.
WB 1.34 63.96 1.94 0.61 791 0.12 24.24 This work
SS 1.60 79.41 1.90 - 10.38 0.13 6.71 [5]
CS 1.41 75.42 2.36 - 10.30 0.14 10.51 [5]
=200 (A) B)
= I =3t 3238
E E 10 Micropore e\
< 45+ -.':n : Mean Zeta -33.27 mV
T | i 4 g2t
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IR S O — g
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Figure 1. (A) Nitrogen absorption and desorption curve of WB and pore size distribution; (B) Zeta potential
distribution; (C) FTIR spectra; (D) Raman spectrum

[ 1. (A) WB IR SIRBL B SFL1Z 0 ; (B) Zeta BILSTH; (C) HEMAIIMNEIE; (D) RENXIE

WB AN B 2 S LA A W 1(A) s, WB BEEER T FR(SSA) SALAEPV)FFALALE
(MPV)73 5124 52.20 m¥g. 0.079 cm®/g F1 0.022 cm®/g. WB IR T i 26 11 B3R 28, 76 1 i il
A ln) Y i AR R AR L . WB AR 23 A1 th Btk — B RN AEAT ALY IR A AE<2 nm IOTRAL
Zeta AT AT R 1(B)FRH, WB HI°FY) Zeta A N-33.27 mV, BRI Zeta HL A7 S W0k 8] A &
HF 1, WB [ Zeta A FIZESHE KT 30 mV, B WB fE4AUK R HIXT R E . FHFFREMH, fE4iK
e PRI A R R AT LA B3R T MMM R85 5 5 £ 20]

WB A B AR LT AR (E] 1(C) R B, /N EREH AV A -OH (3436 cm ™). -C-H (2922 cm! 2851
em ). C=0(1630cm ™). C-OH (1117 em YAEFERIERENR], X 5RKE/H AL R —F[21][22]. AH
FRW, HRRE EMEEERERI LIS Pebax B2 [T s aliE, UhobEE & & E fEFtnT LLg &
CO, WAy, MM HEm A B PERE[23]. WB 42 61 (5] 1(D))nl USRI /N RS A BA B
B2 JEREIE D (1323 ecm )1 G 1§(1576 em ™). D IBRETLE I, G AR ABILKIK, Tn/ls
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(1 EUAB BE % J B A4 L AT B R S, DU AR s 1 B A L TG 7 K SR Pk 22241, WB 1 In/Ig N 0.82,
TN EFERT AV R AEAE BRI
3.2. BEERIERIE

MMMs ()48 BLHAF LT AR5 2) 878, WB2 Al WB4 ¥ 8 M E R . FEE/NERT AR
BRI, MMMs JE5% A 72 A B REF . 5 TRk H 4l Pebax 1657 5 BLIH- 21 Zh g itk FEA (R —
H, XEPMERSIF G, NERBFTEY IR Pebax 1657 Z A A KA F N, NYFRILIE[25].
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Figure 2. MMMs FTIR spectra
& 2. MMMs & BMHLI5h ik

33. BREERBRSHo B

MR MMM 6 AR BB MERE, RIL WB2 1 WB4 (1) S LHEE R 505 518 98.47 Barrer I
106.5 Barrer, L4l Pebax 1657 [ 79.45 Barrer 73 AR E 1 19.3%1 34.0%. X A AHIEE RS
MMMs HNEFREFF AR K5 0% B AT 2 MR G0 AT, S5 R 3(A) PR, 815 RS B8 E 2B
ZPER R, R?=0.95. WB2 H1 WB4 (I £EME50 78 65.6 F1 74.8, AHLL4E Pebax 1657 i 63.4 727+ 1
3.5%F1 18.0%. W —FHALBRIESENES MMMs H/NEREFFAEPDIR 45 28 AT 2R EAH S 0 AT, 25 R ]
3BFR, RSB REBIRFNEERXR, R =089,

110
(A) Residual Sum of Squares 20.13002 . 5t (B) Residual Sum of Squares 8.16667 ]
Pearson's r 0.97357 Pearson's r 0.94252
2z
5 : z
£ g
2 2
=. 90} wn
=) ~
9]
A <. 65
=)
Q
80 u
1 1 1 60 1 1 1
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Figure 3. (A) Carbon dioxide permeability coefficient of MMMs; (B)Selectivity
B 3. (A) MMMs ZSWIRSIERHE; B) EEFEM
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MMMs “T A7) 8 Pk BEAN HAR SRR EEAZ( 2) T L, ASHIT FE 1l 4 (K] MMMEs £EfIRSEDRRAR B R SEBL 1%
AR BV RE . FESERRIL A Y, — T T R R (A SFORMA R AN B ORI B2 AT LR A 72 A, 55—
T3 [ CO2 1538 F BNk Ik AT LA i A7 RCR M

Table 2. Comparison of gas separation performance of MMMs with other literatures

%= 2. MMMs S5 B aEFE b TRk AIEL 3R

Filler Concentration COz permeability coefficient Selectivity ~ Separated gas Ref.
MIL-53 10% 129.0 Barrer 59.4 CO2/N2 [26]
NH:-MIL-53 10% 149.1 Barrer 55.5 CO2/N> [26]
ZIF-8 30% 125.6 Barrer 449 CO2/N2 [27]
Cu(Qc)2 3% 102 Barrer 84 CO2/N2 [25]
MIL-101 15% 70.9 Barrer 46.9 CO2/N2 [28]
MIL101-OH 15% 106.6 Barrer 44.80 CO2/N2 [29]

- 0% 79.45 Barrer 63.4 CO2/N2 This work

WB 2% 98.47 Barrer 65.6 CO2/N2 This work

WB 4% 106.5 Barrer 74.8 CO2/N2 This work

4. &g

NSRS AT GRURAY, A SCE I AR & T NERER AR, BN Pebax 1657 Hifil BEAS A
VR A B . A TER I, ANEREAT Aok B e B LR T AR = 8 AL S5 1, BbAE BAA FEXT
BRI ERER . ok, NERFFAEYIRN Zeta BALME KT 30mV, EKPRA RGHREME, 7T
LA SR TR BT . AR B RE MR I, AN REFT AR 8 N R T THR & 2 BRI — 4tk
WiBIE R SOk BENE . Fod, WB4 YRR R GF, S AIRIEIE 72 50(106.5 Barrer)HH L 40 Pebax 1657 i
f] 79.45 Barrer $£7F 1 34.0%, EFME(74.8)FLL4E Pebax 1657 ) 63.4 #27F T 18.0%. IbAk, (RIEEH
AR FEE ARG B (%) DR A% A8 B A s B e AL S I 7

EL£mAB
T K= AEAE A I 25T KI5 H (xex2024117).
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