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Application of biomass chitosan-based composites for CO, separation and capture and

resource utilization

FENGYing, YU Hanzhe , ZHANG Hong, LI Kexin , DONG Xin', ZHANG Jianwei

(College of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: There is an urgent need to explore new treatment technologies and biomass materials to mitigate the

growing ecological problems of global warming, sea level rise and climate degradation caused by excessive carbon

dioxide emissions. This paper reviews the research progress of biomass chitosan in CO, separation, capture and

resource utilization; details the mechanism of CO, separation by chitosan membranes and methods to improve

membrane separation performance; summarizes the methods to enhance the CO, capture performance of chitosan-

based activated carbon; and summarizes the research on the conversion of CO, into value-added products such as

carbonate, methane and olefin by chitosan-based catalysts. Finally, the future development trend of biomass

chitosan in the process of helping to achieve the "double carbon" strategic goal is presented.

Keywords: carbon peak; carbon neutrality; biomass materials; chitosan; carbon dioxide; separation; capture;

resource utilization
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%, BERMAEN S, F7E 1997 45, Tro % fi
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Fig.1 Obstruction of CO, transport by aggregates
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SR Y CO, 2 B ROR, A Y 8% /i 20wt% A
SRAEPZAER, X BT CO, 5 M 8K 1 I N
HETTREAR A3 B 200 SR &0 e He A SR Ak
A =2 (HPEI-GO) Ry A 34 o B i e e 1, Ho 42
BT3B CO, iz i A , A i 4 9 4 E 42 e AR
FE T B A R, SEELT CO, M Ak, PR

PR B TR (TL) B A 5 £ 45 F 5 X
%, SEUFEX CO, BEFE I IR, 5350 IL B A
A A A 5 K B AR Oy B AR P IR AR R E E ,
5 1 s F AL B PR TR 5 A S8 0 4 K KL T
(GNP) [y A R LUA 28545 ] J 9 2 K S8 0,
A FLAR IS, B 2 T EUBEXT CO, (Y 28 7 1 1 54 5
K AT (HT) #5255 F CMC 1 ot i ik 141 22 18]
SUHE, B e rERE SR, H HT P A K
CO3™ fii CO, ARSI 32 FJ 338 S 17 8 BEE v A o 2 g
MSEP A8 R 1Al , R 5 3 i BORHIR A ¢
RN S AT AW S TRE AT LA 5 ) B
) CO, B AN FENE o 7 T HE 73 2 1R A9 JEURY
FECF R CO, 7 B AR SCHIN R, SR
SFORL 7 R A RE (IR B 45 D0 57 10 20 B E

F1 FATERE (CTS)/EHAETEN (CMC) SEMF&ERAERE
Table 1 Preparation of mixed matrix membrane using chitosan (CTS)/carboxymethyl chitosan (CMC) and filler

Membrane Packing loading rate Penetration rate of CO, CO,/N, selectivity Separation condition Literature
CMC/PZ PZ,20% 89 GPU 103 80C, 120 kPa [22]
CTS/GO/PVAm HPEI-GO, 2% and 3% 36 GPU (2%) 107 (3%) CO,:N,=10:90 [23]
CTS/ZIF-8/IL ZIF-8, 10% (5413+191) Barrer 11.5 50C, 200 kPa [24]
CTS/SF/GNP GNP, 0.5% 159 GPU 93 90°C, 200 kPa [25]
CMC/HT HT, 1% 70 GPU 13 90°C, 200 kPa [26]

Notes: PZ—Piperazine; PVAm—Polyvinylamine; HPEI-GO—Hyperbranched polyethyleneimine grafted graphene oxide; ZIF-8—Zinc(2-
methylimidazole); IL—Ionic liquid; GNP—Graphene nanoparticles; HT—Hydrotalcite; SF—Silk fibroin.
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HAPS—Hydroquinonesulfonic acid potassium salt
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Fig.2 Methods to enhance the CO, capture performance by

activated carbon
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Fig.3 Elemental N content of CTS-NaNH, activated carbon at different carbonization temperatures'
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Table2 Preparation of chitosan-based activated carbon by atomic doping method
Carbon . . . .
Source Source of heteroatoms Activator Adsorption performance Reusability Literature
100 kPa, 25°C, adsorption Ad: ti i h d
CTS CTS provides N atoms K,CO4 . P sorption capacity unchange (37]
capacity was 3.86 mmol/g after five cycles
0°C, 100 kPa, the maximum CO, Aftert les. the ad "
CTS TMP and CTS provide N atoms KOH adsorption capacity was er .en cycies, the adsorption [38]
capacity decreased by 8%
4.74 mmol/g
Adsorpti i 11
CTS HMT and CTS provide N atoms ZnCl, sorption cap ac%ty was smager [39]
than undoped activated carbon
0°C, 100 kPa, the adsorption After three cycles, the adsorption
CTS  NaNH, and CTS provide N atoms ~ NaNH ’
2 p 2 amount of CO, was 6.33 mmol/g effect remains almost constant [35]
CTS, CTSand SL provide N and S atoms, KOH 0°C, 100 kPa, the adsorption After three cycles, the adsorption (40]
SL respectively amount of CO, was 215.2mg/g  capacity has decreased by 20%
i 25°C, 100 kPa, the adsorption
cTS CTS and HAPS.pr0v1de NandS$S HAPS p [41]
atoms, respectively amount of CO, was 2.4 mmol/g
CTS provides the N atoms and phytic 100 kPa, the adsorption amount  After twenty cycles, the adsorption
CTS ) ) NaNO, [42]
acid provides the P atoms of CO, was 3.02 mmol/g

capacity remains unchanged

Notes: TMP—2, 4, 6-triaminopyrimidine; HMT—Hexamethylenetetramine; SL—Sodium lignosulfonate.
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Fig.4 Effect of different factors on CO, removal from chitosan-bleached soil using response surface methodology: ((a), (d)) Effect of temperature and CO,

concentration on adsorption capacity; ((b), (e)) Effect of temperature and CTS dosage on adsorption capacity; ((c), (f)) Effect of CTS dosage and CO,

concentration on adsorption capacity!”
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Table 3 Modified chitosan-based sorbents for CO, capture
Modificati Introducti f
Adsorbent ocutication Modification advantages ntroduction o Adsorption performance Literature
method substances
Furfuryl- — . .
. uf uy Imine The introduction of imine groups produced a 0 / N 20°C, 61 kPa, the adsorption
imine-CTS , . . . [47]
fibers formation highly nucleophilic active surface \ amount was 0.978 mmol/g
© NH

Chit 2 . .

tosan Carboxyl, amino, imine, amide and other 357, the adsorption amount
based Graft . (48]

groups are introduced was 5.48 mmol/g
aerogel N
H,N" 'NH,
<
0
CTS/LS The introduction of Li* and basic group, HN 100 kPa, 25°C, the maximum
hvd | Cross-link enhances the acid-base effect and electrostatic adsorption amount [49]
ydroge

effect

Increase the surface area of CTS and introduce

CTS/MWCNTs Graft
/ s bra hydroxyl and carboxyl groups

was 67.9 mg/g

25°C, 100 kPa, the maximum
adsorption amount [50]
was 1.92 cm®/g

Notes: MWCNTs—Multi-walled carbon nanotubes; LS— Lithium sulfonate.
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Fig.6 Common methods for synthesizing cyclic carbonates'*?
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Table4 Preparation of other chemical value-added products using CO,

Reacti
Catalyst Raw materials eac ,l?n Product Production efficiency Reusability Literature

condition

Bicarbonate, o
CTS/KOH/ icarbonate pH8,35C CaCO; 152 mg of CaCO; per gram of CO, No cha.nvge after [61]
Enzymes CaCl,, CO, 7 repetitions
K-doped Fe/CTS co. H 330°C. 1.5 MP lefi CO, conversion rate was 41% and
complexes %72 T a  Olefins  ofin yield was 20.4% - [62]
CTS/CA/SIO, CaCl, CO, pH7.6,257C Caco, 230 n.lg CaCOj; were gotten after Can. be reused up to [63]
’ 10 min 30 times
CTS/PEG Ethanol, CO, H, 6MPa, 170°C Methanol Resulting methanol concentration Ca.n be recycled up to [64]
’ was 472 mmol/L 3 times
1 g of catalyst can catalyze the No change after
CaCl,, CO .2, . CaCoO. .
C/A/PEC a2, L0 pH 8.2, pH9.5 a-Ys synthesis of 253 mg of CaCO, 10 repetitions (65]
- X 1

Cu/TiO,/CTS H,0, CO, . eno.n .amp Methane Yield of methane was 5.34 pmol/g - [66]

irradiation

Notes: CA—Carbonic anhydrase; PEG—Polyethyleneglycol; C/A/PEC—Chitosan-alginate polyelectrolyte complex.
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