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Abstract

As a major by-product of the brewing industry, distillers’ grains are produced in enormous
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quantities annually. Their resource utilization is a critical issue to be addressed and also an im-
portant pathway for achieving sustainable development in this industry. To improve the resource
utilization level of distillers’ grains, this study prepared biochar from distillers’ grains as raw ma-
terial, and fabricated mixed matrix membranes (MMMs) using the distillers’ grains biochar and
Pebax 1657. The CO: separation performance of these MMMs was investigated to enhance the high-
value utilization of distillers’ grains. The results showed that compared to the pure Pebax 1657
membrane, the incorporation of distillers’ grains biochar improved the performance of the MMMs.
Furthermore, the gas separation performance exhibited an upward trend with increasing doping
ratio. The optimal performance was achieved at a doping ratio of 4 wt%. The best CO: permeability
and selectivity for the biochar-incorporated membrane were 124.1Barrer and 70.19, respectively,
representing increases of 65.1% and 23.9% compared to the pure Pebax 1657 membrane. The dis-
tillers’ grains biochar-doped Pebax 1657 mixed matrix membranes demonstrated excellent perfor-
mance for CO; separation.
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1. 5|8

A (distiller’s grains) & BT -S5P0RE Tl A i 220 7=, FRE AR5 7= &8 2000 JE[1]. H
TR H 5 YRR [2], °T AT & AP R R o A= P IR 22 FL 25 A A B R IR B R THIAR,
R R PERE, 2 — PR ) R B RN D BEA LR AR [3]. Wang 55 A [4] LATERE A J5UA L i)
£ T — P B e Z LA, AR R X Rk K AR R R R A R AP IR B RE T, B KR Bt BT
15 407.07 mg/g. Jiang 25 A\ [5]FFH KMnOs SHERE AP R etk Brds e A= o i Ca> I B 520 7.46
mg/g, FIENAEEE CA> KB R kL. o, AEPRAE AR5 B it R PRI, Yu 55 \[6]18
I IRER IR T BA @R COx ERERIRE Ak, X CO, WP & 1T IA 34.75 mg/g, =& —FHEA
W1 COL B 7o AR AE v 32 B IR =5 A AR AR AL I 52 H 25 52 31560 . A A RRHIR e S5
TR K & CO E ARG IR 1 iR 2 200, 1ET 51 R RS AR AR R G IREE 0 R[ 7], N 1 B % 2%
R, %8 CO WA ARM MBI KB . Horbr, B BIEORIE Ny — Pl B R B EOR, Oz M
AT AL gelkir g, g7 ARSI . HR I 5 £ 200 AR S . B S (E AL B R).
TEEAGTRA AR LA DL I ISR 2 A DT I8 e TR e S5 A e} e SB35 1) SR B

TRA T — PP AR 5 (SR 2 B, VR 25 o S 5 R JE LB ML KA R AL B B, R
PRI G SEAH[9]. Pebax 1657 /& H 40%MIPE PA #E Bt 5 60%F 1% PEO FEE AR &Y, & HAr:R
(IO S VR 25 T JBLE SR A AL 22— [10] o TR 258 0 B (1 SRR 0 00 5 — SR BRI 9o . 4 SR A
WHBIHEPK S, DAR =R A 7. AU &8 - A HUEZL(MOFs) ML G HLHESE(COFs)
Z[11]. Du ZEA[12]#14 T CeZr-MOF £ ) Pebax JRAIEFR, iZEAE 3 wiolh 7t & PRIV RI
CO, 71 B 1t RE, CO, 535 R #0 100.7 Barrer, CO/N, i £ 1£14 5] 76.4. Feng &5 A\ [13 R A 5245 (GO)
et 4B A HUHELE MOF-74(Ni)VE NIEEL, #1145 T Pebax 1657 JLIB S ILR . WEsv R, MIERHEEN 10
wt%H, fT#3 Pebax 1657-MOF-74(Ni)@GO B COo/N B FE L 76.96. Wang 55 N[ 14|18 5L R, 7E#]
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WM, & 1.0 wt% MIMCNs [ Pebax 1R A 517 B CO, 312 5300 287.72 Barrer. k#8144 79.1,
FHELAE Pebax M5 AIEETE 62.9%F1 33.84%. B BIRFPRIAN, BHA & FLER IRV R & —Fi 28 7 i
A B R AR .

BT ERE R, N TS AR IR FBL 2 8 COy IPERE, AT 78 LAFTRE A JRORH I % 1 4=
Vi, K5 Pebax 1657 FLyRi & pOPRIE A B . ASCHEFL T REE & 5L UIRAE 35°C. 0.5 MPa
X CO, 17 B R
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Flgure 1. Schematic diagram of the preparation process mixed matrix membranes
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2.3. RMEgEMIR 757k

i R Z2 AR B I R MR (SMT-275, ¥R B 3)fE 35°C, 0.5 MPa 2k T LA 4@ S o3l <R

MER 7 46 Pebax 1657 i, JB2 1 JB4 [ CO, 1 Np 215 R4, DAFRAREREME T FE()THE CO/N, i FH:E
(co, /N, )

Pcoz

Cco, /N, =

P,

N

(M

X(DH: B, WCOMBERE, B, AN MBIERE. TSR ER 3 R, LEESRICT I E.
3. ZRE N
3.1. RAERRSHSEME

of T ) % (AR A B 0 AT A BRIBEME R, 45 SR 2 Fiom. 41 Pebax 1657 B (1) 5 LRk
1Bi%E ZH0N 75.17 Barrer. FEEIRIINN, & 2 wto%LEWR IR IB2 1518 2L £ 93.23 Barrer, 440
Pebax 1657 IRHEFH4) 24.0%; JAEMR S EINE 4 wi%lIE 1B4, 5i& K250 — T+ % 124.1 Barrer, HiE
K 65.1%. BIERGEDIRBREZ RN RIFHEH FMXXR, HUASRERR, HXRH R =
0.9777, TR &SI INE B T CO, HIfLHi . RGBS CO, PERE MR TS5 DR A PR 1
PEIA G, HBE T A[IS][16]MF AR, YRR E & F & ERRE], XS T T AR B A1
SKPERVL 22 g 1, L RERS S Pebax 1657 FEARTE s A BEAH B AE R, AT E&HEDRHE B /Y 3 i S5
FUHAHZ . AL, Zeta HUAL A BT — 0 R A VIR AE /KR P A B I AL, R R
Ml Rfae e, AT RISk R, et Coa .
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Figure 2. Carbon dioxide permeability of MMMs (A) and the correlation between doping amount and the CO2 permeability

coefficient (B)

2. MMMs 3F CO: FUiBiEMRE(A), BRES COZERKHIMEXME®B)

TREFEFUENT CO, [ Bk BEMERE, W 3 Fizn. 4l Pebax 1657 ) COo/N, k- MEA 56.64. TB2
REE 61.62, WIEZ 8.8%; JB4 NG EIRTFE 70.19, A4ty K2y 23.9%. HFMERES & ERNIR 2
PR MK, HHRERB AT R? = 0.9771, UHAYIRESINLERTHSAARZ SRR, B
T Sy B
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Figure 3. The selectivity of MMM:s for CO2 (A) and the correlation between doping amount and selectivity (B)
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AW T DA A2 1) R Ay SEOR ) 45 IR S 2R BUIR,  ZEBUICIE n & N BRI R ) 4 B PERE . TEAX 4
Wt%ETE R N, TB4 i CO, 5% R HUAE] 124.1 Barrer, [AI CO/Ny kB MEFE TR 70.19. & 4 fr
NZMEREL T 2 8 B E A MMMs, U1 10~30 wt%ff) ZIF-8. MIL %41 MMMs (W1 1). SARAHT
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JRBEAE AR B E M I R, FOk Pk B R 2 B F 2R 7L, ELAE JEORE AR A o5 e 5 SREl 1R
UFIIZRG T, 1E COL i AR USE A BT 1 LT 7 6

Table 1. Comparison of gas separation performance of mixed matrix membranes (MMMs) with other literature

# 1. RAERBSAETEMESHE R MMMs BIEEER

Filler Concentration ~ CO2 permeability coefficient Selectivity Separated gas Ref.
WB 2% 98.47 Barrer 65.6 CO2/N2 [15]
WB 4% 106.5 Barrer 74.8 CO2/N2 [15]
CB 0% 74.37 Barrer 61.01 CO2/N2 [16]
CB 2% 100.2 Barrer 67.47 CO2/N2 [16]

MIL-53 10% 129.0 Barrer 59.4 CO2/N2 [17]
NH>-MIL-53 10% 149.1 Barrer 55.5 CO2/N2 [17]
ZIF-8 30% 125.6 Barrer 449 CO2/N2 [18]
ZIF-93 10% 84.85 Barrer 65.76 CO2/N2 [19]
MIL-101 15% 70.9 Barrer 46.9 CO2/N2 [20]

B 0% 75.17 Barrer 56.64 CO2/N2 This work

B 2% 93.23 Barrer 61.62 CO2/N2 This work

B 4% 124.1 Barrer 70.19 CO2/N2 This work
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Figure 4. Comparison of CO2/N: separation performance of mixed ma-
trix membranes from different literature
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. Hh, B4 ERM R, H SEAIEBIE RN 124.1 Barrer, #HLL4N Pebax 1657 fEHT 75.17
Barrer #2871 65.1%; EFEMEN 70.19, #HLEL4E Pebax 1657 i 56.64 32 1 23.9%.
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