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Abstract: To prepare high-performance nitrogen self-doped activated carbon from biomass wastes and
investigate the effect of activator type on its structure and CQO, adsorption performance, Taihu
cyanobacteria were selected as the precursors to prepare cyanobacteria-based activated carbon (X-CAC,
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where X denotes the type of activator, and CAC stands for the cyanobacteria-based activated carbon) by
using NaOH, Na,CO;, or NaHCO; as the activator via thermochemical activation. Scanning electron
microscopys N,/CQO, adsorption-desorption measurement, X-ray diffraction, Raman spectroscopy, Fourier
transform infrared spectroscopy. and X-ray photoelectron spectroscopy were employed to characterize the
morphology, the pore structure, the ordered structure of the carbon skeleton, surface functional groups
and surface elements of X-CACs. The CO, adsorption performance of X-CAC was comprehensively
evaluated, and its adsorption mechanism was explored through model fitting. The results showed that the
three activators all showed good pore-forming capability. Specifically, the NaHCO;-CAC sample displayed
the highest specific surface area and quantity of narrow micropores. X-CACs contained abundant
N-containing and O-containing functional groups, and the NaHCO,-CAC sample had the highest self-
doped N content with the main form of pyridic-N. The CO, adsorption capacities of NaHCO;-CAC were
4. 48 mmol/g and 2.61 mmol/g at 0 ‘C and 25 “C under 1 bar, respectively, better than those of
commercial activated carbon, displaying excellent selectivity, dynamic CO, adsorption performance, and
cyclic adsorption ability. X-CACs embodied heterogeneous adsorption surfaces with strong and weak
adsorption sites, exhibiting a mixed adsorption behavior of monolayer and multilayer adsorption. This
study provides insights into the high-valued utilization of cyanobacteria-based biomass wastes and
structural optimization and performance enhancement of CACs.
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FREC 10 g Wk A, B T J £ b, 3 35 5 R L
TSR b, DL 200 mL/min 4 3 258 A S
1 h; LA 20 °C/min BYEREFHE 2 400 °C, 6 iR AL
1 h, FIRE IR e B Wk (CBO) . 7RIS LR
BB FREC 3 g CBC, 43 1) 55 AH W) BE 2R 44 8 i 17
fb5#) (NaOH , Na, CO, 1 NaHCO,) #if7 ¥ 51 1R &
(LFR DA 50 mL £ #F7K, 7E 25 °C 600 r/min
IS TG B FE 20 hy B W % 7% 2385 0L, JF
16105 CAMFF T4 4 h, FERALAIG LR B, g
IRE S BT A R R A 200, L 200 mL/min
MR FEE A 1 ho 76 N, fI4UET DL 20 °C/min FHid
£ 800 C IR HF 2 h, fF BRI 5 B AR s
1 mol/L By HClLIE W 1T e . H A B F KGR
HPE, 7E 105 C &R T 2 1H &, 715 X-CAC,
X-CAC FEf A5 B 1, K PR YE 21, 5% ~
23. 9% (BTt B0 HE N .

400 C,1h 25°C,20h 800 °C,2h
4 BBt F g4

WA AT
(CBC) (CAC)
B1 X-CACHIZERERER
®1 HEASER
FE 54 CBC/g ERI T/ g WAL /°C FEER /Y
NaOH-CAC 3 800 21.5
Na, CO;-CAC 3 800 23.9
NaHCO,-CAC 3 800 22.8
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HRTEM %4,
1.3.3 BRI K

el FH L SR T RURNFLBR B2 43 BT CASAP 2460, 38

| 32 7 R B 8 T AN AN 7D R AE X-CAC i FLBR 25
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A EA TR ST IR, AR Y S0 Bl R T R B A
LTI A BT AR 532 nm JGIRAME R AT
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K 25 CHI A T X-CAC #E4T CO, FmL Fit 1 fig
MK, B2 100 mg FE 528 ARE 5L A L 78 200 °C
SN EZS 7 hy A RIFE 0 C R 25 °C BT A
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ARCIEEE &l 8 & IS R AR =EE (PN A 3 1]
BT CO, W BRI T 7 e A M RFA0 120
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2.2 X-CAC WIFLLHa5 R

X-CAC H i N, 55 I W 56 B 46 1 4 tn 141 3
(BTN, IR 3 AN FE 4 3R B T B A IV
ENRA SRR, AEMREX (P/P,<<0. D, 12k
G HALAE SR N, MR P s AR
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i P AN B U2 AR S A FLES M AR D LA
THALLEH S 32 5 NaHCO,-CAC J Na,CO,;-CAC ¥
fn B HA AU S 5 o B, R 2 ARSI AL
BREEF PR T ERALSL i B Z N FLAEALE .

FT X-CAC HEah iy Ny, Wefff & CO, W %50
THAEAF ] X-CAC M LR TR (S per ) S FLAREHE (DL
% 2), Na,CO,-CAC B Sper M 1293 m®/g. /N F

NaOH-CAC(1711 m*/g) Fl NaHCO,-CAC (1939
m” /) W LL R T AR, 3 F2 B K R 5588 () Na, CO,
X B ARG 2 PV FE R I NaOH . [R] s 7 He 36 A i
P R A2 NaHCO, 1% 4k B B A= i i 9 £
AR AR TG A A A P TC A AR Z B A 1
Fe 3% m A F NaOH 1 NaHCO, 1% 1k /) ¥
E 2 NaHCO,-CAC ALK 0. 97 em® /g, K
T Na,CO;-CAC 1 NaOH-CAC, L i FL 245 B4
WA SALA B B —3,
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WLARTE 3 DA TP /D (2,09 nm) ; NaHCO,-
CAC i/ 2 nm W RALAL A e K AL S e 5
SEHFLAR JE s Na, CO,-CAC BYSFLFL A AL & L
it/ SERF LR R R (2. 74 nm) ., NaHCO,-CAC ¥
fit HFS DX R] R B FL L2 38 45K, NaOH-CAC F i 1k
Z +Na, CO;-CAC B /NF 1.5 nm (LA B 2
/T NaOH-CAC #4if o fH/NT 1 nm I T LE R 5
NaOH-CAC #5423 (WL 3(d))

BT 0 CHMT CO, W%, i — 205 #7/)N
T 1 nm WZAEMILAYED, 45 R ILE 3(e)— (D, H
B A 45 T NaHCO, FETR Ak i 72 e 5 09 AL
RO, AR 2 AL Y B AR 0 A B 8 A8 T NaOH-
CAC 5 Na,CO,-CAC, 1H5 N, %5 i W B B A

[ 92 . NaOH-CAC BARTEMAL RS E B L2
F Na, CO,-CAC, FTEZE AL E LA Na, CO,-
CAC, XEZJEEN N, B8 f122420. 364 nm)
KF CO, (0. 33 nm) ™, FRAMH /N A8 i FL IG5 3
b N, ST W B S A AR g R A
F NaOH # % /9 Z1 fh #1353 £L E /1. Na,CO; Fl
NaHCO, FJE AAEFH Ay R, 33 i A4 FH A sk
G HHIE B 7 S L & AE S5 A R oA 9, DA £
B 2 A LTI OB R 28 B TR,
HF NaHCO, 78 CBCs i iz F oo A4 A6k 114 1kt %)
Y FHAEES , [R1F SRE AE T 0 Fb B 20 A T LR AL LA
FIF 5 S L RIE B, B e NaHCO,-CAC H &1
SR AETALFLBRES R, X6 CO, W B e E 2L,

800 ~a —o— NaOH-CAC ~ 12 >10 nm
~ g —o—Na,CO;-CAC % 1.0 2-10nm
: g ,CO; .
;D o I %o Aj\fd‘umpn- —4—NaHCO,;-CAC E 0.8 e
S 400} FF7 0000 E B 06
] H#  —o—NaOH-CAC 2 % 04
£ 200} 4 —o—Na,CO,-CAC 1= &
& 0 —&—NaHCO,-CAC § NN NN AAAAANAAAAA ﬁ 02
0.0
. . ; . . . . C C C
00 02 04 06 08 10 0.5 1 4 6 10 NaO“'CNP; CoCN “CO;CP‘
AAXS 3PP, L& /mm 2 Na
(a) N, R Jt B 1 2% (b) 0~10 nmFLE24 A EI(N,) () 0~10 nmRBFLAEEIN,)
0.4 1.0~1.5 nm fog . e s ERA S = 0.12 0.7~1.0
-~ B 0.5-1.0 o m —8—NiOH-CAC —0—Na,CO-CAC —8—NaHCOCAC T 0.10 -(J4~(J7:::
on : o
z RET VAV N—— Soos
mlﬁo.z Eg a s R R 4 A Eﬁéo.oep
= 0 = = 0.04
= & & 0.02
0.0 C C C F*}&04 05 06 07 08 09 1.0 MO'OO C C C
MO REO e T T e heo ueor?
- nm 2

(d) 0.5~1.5 nm REFLAEFE(N,)

(¢) 0.4~1.0 nmFLESM i E(CO,)

() 0.4~1.0 nm RFRFLAERE(CO,)

3 X-CACHI N, WAt Rf i 2k B AR B F N, RFfFN CO, MR ENALESHE
&2 X-CACHyLLREM FLEMSE TTERAMI CO, W E

CO, Mt/

v Sper/ V./ V st/ Vi/ D,/ C/ N/ O/ .
B 2, —1 3, —1yb 3, —1 3, . —1d 0 0 0 (mmol+g )
(m +g )" (em’+g )" (em’+g D¢ (em’+g ) nm  (at¥%) (at¥%) (athh) ———————
0°C 25 °C
NaOH-CAC 1711 0.74 0.12 0. 067 2.09 77.03 5.51 17. 47 2. 67 1.59
Na, CO,-CAC 1293 0. 67 0.10 0.077 2.74  78.47 4.48 17.05 2.98 1. 90
NaHCO;-CAC 1939 0.97 0. 14 0. 099 2.51 77.49 7.70 14. 81 4. 48 2.61

{E : Sper FARAE P/P,=0.005~0. 200 JEEIMR A BET &1 R WAV, FoRTE P/P,=0. 99 IR A S ALIRB;
Vi Fonilid -plot JrEHH R HALAT V., FORIET 0 CR CO, WMEWE il D-RIETHE ML (<1 nm) (AR,

2.3 X-CACHIBRFLEH

X-CAC # it 19 XRD 3 &} Raman i 41 &
4 s . N 4Ca) A 51, X-CAC iy XRD i¥% & mf
MEL B 24°~26°F1 44° 4L 2 A 5L W, 43 5 ) I
T B (002) F1(100) T, 3% 2 /> I 55 1 T 1Y)
18 S U R AT, 1 B X-CAC #E 5 LLTG 2 T8 45 48 K

F.,5 HRTEM 458 —3., Kl 4(b) IR : X-CAC
P2 LTS ER S B D A7 (1350 em™ D A G 4
(1580 em™ ) FEAEUE, D 7 F¢ A 0 5 1% PE o 19 Sk
B 45 A6 AH G, G 7 FEAIE 06 5 4 55 19 A7 )T 45 49 AR
KT/ 1 B B L RE B b R BB AR L 1,/ 1
FOAB B, A8 e ik I+ b AR Bk B 8 £ . NaHCO,-
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CACHy I,/1; HAHF KR (I,/1=0.96) , Bl A
TCIF A RRAE , 3 22 R 7 1 Ak i # v, Bl
# NaHCO; 095 i Lh S b 3G b iy A7, Kim
AR NGt 2 P B R RO e B 2 B IR T B
JZRE TP A5 . AIXTI S Bl 5255 1Y Na, CO; 1Y

NaOH-CAC
Na,CO,-CAC

NaHCO,-CAC

B (a.u)

100 20 30 40 50 60
20/(%)
(a) X-CACIXRD &

Tl ) M FH e Sk 3R R, A5 TN B )2 TR B TR O
Na, CO,-CAC 2L 5w (A BB (/1=
0. 84) s M5 1 A NaOH Z b 4 FH 5 L 8 T 18 1l
B2, ffi 15 NaOH-CAC BB £ (1,/1,=
0.93),

D G
1/1,0.93
NaOH-CAC

11,084

B (a.u)
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HA B s NaOH-CAC Hl Na, CO,-CAC # I
Rt e /A B AR, ALA S =AM
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1) 8] 4 CO,/N, % £ MK K h 17,68, 32. 71,
22. 69, H =35 1651 25 B 0 BT o 788 T B 3 A~
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SCRT Sy W R I 5 R A R FH B A A o S R R
MIZEA AL 5 T RE PR TR AL S04

SEH:

[1]Ren X M, Li H, Chen ], et al. N-doped porous carbons with
exceptionally high CO, selectivity for CO, capture[ J]. Carbon,
2017, 114. 473-481.

[2] Kong X G, Lin X, Cai Y C, et al. Effects of pore characteristics
on CO, adsorption performance of coal slime with different
metamorphic  degrees [ J ].  Journal of Environmental
Management, 2024, 368: 122094.

[3]HeM Q, Zhao H Q, Jia J Y, et al. Multiscale analysis of
adsorption mechanisms on porous carbon: An investigation into
the impact of intrinsic defects and pore size[ J]. Environmental
Research, 2025, 267: 120701.

[4] REEHL, 22 B R BRASBRADIRE R B ik g ot e L) ).
TEHL TR 2R CHAARLARRD L 2021, 45 (2): 191-204,

[5]Oh S, Lee J] E, Kim H, et al. Nitrogen doping of porous
carbon-supported CuCl (1) for enhanced CO adsorption [ ] ].



24 ERAREIMIVNE == F QSIS S

2026 5 55 &

Carbon, 2025, 238: 120202.

[6]Wang J Y, Huo T, Zhao Y H., et al. Recent advances in
heteroatoms-doped porous carbon electrode materials for
supercapacitors: A review [ J ]. Journal of Energy Storage,
2025, 110: 115216.

[7JMa X C, Li L Q, Zeng Z, et al. Experimental and theoretical
demonstration of the relative effects of O-doping and N-doping
in porous carbons for CO, capture[J]. Applied Surface Science,
2019, 481: 1139-1147.

[8] Zhang X K, Ma X Q, Yu Z S, et al. Preparation of high-value
porous carbon by microwave treatment of chili straw pyrolysis
residue[ ] |. Bioresource Technology, 2022, 360: 127520.

[9]BaiJ L, Huang ] M, Yu Q Y, et al. N-doped porous carbon
derived from macadamia nut shell for CO, adsorption[J]. Fuel
Processing Technology, 2023, 249: 107854.

[10]JAiJ G, Yang SH, Sun Y N, et al. Corncob cellulose-derived

hierarchical porous carbon for high performance supercapacitors
[J7. Journal of Power Sources, 2021, 484: 229221.

[11JHu Y M, Xie K H, Wang H W, et al. Preparation and
property of N-doped porous carbon material by one-step
pyrolysis of protein-rich algal biomass [ J ]. Journal of
Analytical and Applied Pyrolysis, 2021, 157: 105221.

[12]Zhang S J, Lu Z C, Li Y X, et al. N-doped porous carbon
network anchoring on hollow wooden carbon fibers for high-
performance electrode materials in supercapacitors[ ] ]. Biomass
Conversion and Biorefinery. 2025, 15: 271-283.

[13] Song L. Y, Cheng H, Liu C Y, et al. Oyster shell facilitates
the green production of nitrogen-doped porous biochar from
macroalgae: A case study for removing atrazine from water
[J]. Biochar, 2024, 6(1): 76.

[14] Wang H, Wang H, Liu G S, et al. In-situ pyrolysis of Taihu
blue algae biomass as appealing porous carbon adsorbent for
CO, capture: Role of the intrinsic N[J]. Science of the Total
Environment, 2021, 771. 145424.

[15]Mi Y F, Wang W Q, Zhang S, et al. Ultra-high specific
surface area activated carbon from Taihu cyanobacteria via
KOH activation for enhanced methylene blue adsorption[]].
Chinese Journal of Chemical Engineering, 2024, 67: 106-116.

[16]Zhou Y P, Peng H J, Jiang L J, et al. Control of
cyanobacterial bloom and purification of bloom-laden water by
sequential electro-oxidation and electro-oxidation-coagulation
[J7]. Journal of Hazardous Materials, 2024, 462. 132729.

[171Xu Y, Yang Z X, Zhang G J, et al. Excellent CO, adsorption
performance of nitrogen-doped waste biocarbon prepared with
different activators[ J ]. Journal of Cleaner Production, 2020,
264 121645,

[181Gao Y, Yue QY, GaoBY, et al. Insight into activated carbon
from different kinds of chemical activating agents: A review
[J]. Science of the Total Environment, 2020, 746: 141094.

[19]Wu Y, Peng S S, Chen B, et al. In situ O and N self-doped
fruit waste-derived microporous activated carbon for all-solid-

state supercapacitors [ J ]. Energy & Fuels, 2024, 38 (7).

6072-6084.

[207] Lozano-Castello D, Cazorla-Amoros D, Linares-Solano A, et
al. Comparative characterization study of microporous carbons
by HRTEM image analysis and gas adsorption[J]. The Journal
of Physical Chemistry B, 2005, 109(31): 15032-15036.

[21] Singh G, Maria Ruban A, Geng X, et al. Recognizing the
potential of K-salts, apart from KOH, for generating porous
carbons using chemical activation[ J]. Chemical Engineering
Journal, 2023, 451: 139045.

[22] Deng J, Xiong T Y, Xu F, et al. Inspired by bread leavening:
One-pot synthesis of hierarchically porous carbon for
supercapacitors| ] |. Green Chemistry, 2015, 17 (7): 4053-
4060.

[23]Kim E, Lim K, Lee T, et al. Mono-dispersed DDR zeolite
particles by seeded growth and their CO,, N,, and H,O
adsorption properties[J]. Chemical Engineering Journal, 2016,
306: 876-888.

[24]Wang Z J, Liu C, Ouyang J, et al. Porous carbon materials
derived from rice husk pyrolysis with NaCl/Na,CO, binary
molten salt for CO, capture[ J]. Industrial Crops and Products,
2025, 227. 120808.

[25]Geng X, Singh G, Sathish C I, et al. Biomass derived
nanoarchitectonics of porous carbon with tunable oxygen
functionalities and hierarchical structures and their superior
performance in CO, adsorption and energy storage [ J .
Carbon, 2023, 214 118347.

[26]Wu Y F, Hsiao Y C, Ou Y J, et al. Synthesis of cigarette
filter-derived activated carbon using various activating agents
for flexible capacitive supercapacitors[J]. Journal of Energy
Storage, 2022, 54: 105379.

[27] Singla M K, Gupta J, Safaraliev M, et al. Characterization of
an activated carbon electrode made from coconut shell precursor
for hydrogen storage applications[ J]. International Journal of
Hydrogen Energy. 2024, 61. 1417-1428.

[28] Demiral H, Giingor C. Adsorption of copper(I) from aqueous
solutions on activated carbon prepared from grape bagasse[ ] ].
Journal of Cleaner Production, 2016, 124. 103-113.

[29]Chen X J, Guo Y X, Cui J L, et al. Activated carbon
preparation with the addition of coke-making by-product-coke
powder; Texture evolution and mechanism [ J]. Journal of
Cleaner Production, 2019, 237. 117812.

[30]Wang J, Liu T L, Huang Q X, et al. Production and
characterization of high quality activated carbon from oily
sludge[J]. Fuel Processing Technology, 2017, 162; 13-19.

[31] Jankovic B, Manic N, Dodevski V, et al. Physico-chemical
characterization of carbonized apricot kernel shell as precursor
for activated carbon preparation in clean technology utilization
[J7. Journal of Cleaner Production, 2019, 236; 117614.

[32] Peredo-Mancilla D, Ghimbeu C M, Ho B N, et al
Comparative study of the CH,/CO, adsorption selectivity of
activated carbons for biogas upgrading [ J]. Journal of

Environmental Chemical Engineering, 2019, 7(5): 103368.



14

RS« 5T BRER I TR A AT S B VR L 48 2B R e (9 ) 4 JHE CO, B PEREIF ST 25

[33]Sun G J, Wang W Q, Zhao W T, et al. Upcycling of biomass
waste "Taihu Cyanobacteria" to N-self-doped activated carbons
for efficient CO, adsorption[J]. Surfaces and Interfaces, 2025,
72. 107366.

[34JHan HS, Noh Y S, Kim Y G, et al. Selective electrochemical
CO, conversion to multicarbon alcohols on highly efficient N-
doped porous carbon-supported Cu catalysts [ J ]. Green
Chemistry, 2020, 22(1): 71-84.

[35] Yang W, Zhang Y, Wang J Y, et al. Unprecedented 100%
conversion from pyridinic to pyrrolic nitrogen configuration for
electrochemically active nitrogen-doped carbon materials[ ] ].
Journal of Colloid and Interface Science, 2024, 662: 883-892.

[36]Teng Y, Zhu J] W, Xiao S, et al. Exploring chitosan-loaded
activated carbon fiber for the enhanced adsorption of Pb(II)-
EDTA complex from electroplating wastewater in batch and
continuous processes | J J. Separation and Purification
Technology, 2022, 299: 121659.

[37]Xing L A, Yang F, Zhong X, et al. Ultra-microporous cotton
fiber-derived activated carbon by a facile one-step chemical
activation strategy for efficient CO, adsorption[ J]. Separation
and Purification Technology. 2023, 324. 124470.

[38] Wu L, Shang Z S, Chen S X, et al. Raw walnut shell modified
by non-thermal plasma in ultrafine water mist for adsorptive
removal of Cu(ID) from aqueous solution[ J]. RSC Advances.,
2018, 8(39): 21993-22003.

[39] Kamran U, Rhee K Y, Lee S Y. et al. Solvent-free conversion
of cucumber peels to N-doped microporous carbons for efficient
CO, capture performance[ J]. Journal of Cleaner Production,
2022, 369: 133367.

[40] Park ] M, Woo H C, Jhung S H. Effective CO, adsorption at
low pressure over nitrogen-enriched porous carbons, derived
from melamine-loaded polyaniline []J]. Chemical Engineering
Journal, 2021, 412 128641.

[41] Yuan X Z, Li S ], Jeon S, et al. Valorization of waste
polyethylene terephthalate plastic into N-doped microporous
carbon for CO, capture through a one-pot synthesis [ ] ].
Journal of Hazardous Materials, 2020, 399. 123010.

[42] Siemak J, Ulejezyk B, Mikolajczak G, et al. Cold nitrogen
plasma: A groundbreaking eco-friendly technique for the

surface modification of activated carbon aimed at elevating its

il

carbon dioxide adsorption capacity[ J]. Applied Sciences, 2024,
14(15): 6438.

[43] Rehman A, Park S ]J. Highlighting the relative effects of
surface characteristics and porosity on CO, capture by
adsorbents templated from melamine-based polyaminals [ ] ].
Journal of Solid State Chemistry, 2018, 258 573-581.

[44] Huang P H, Jhan J] W, Cheng Y M, et al. Effects of
carbonization parameters of moso-bamboo-based porous
charcoal on capturing carbon dioxide[ J]. The Scientific World
Journal, 2014, 2014(1). 937867.

[457Zhu T T, Song Z Y, Lin J] M, et al. lon-pore size match
effects and high-performance cucurbit [ 8 ] uril-carbon-based
supercapacitors| ] |. Electrochimica Acta, 2022, 405: 139827.

[46]Yan ] J, ZhuDZ, Lv Y K, et al. Water-in-salt electrolyte ion-
matched N/O codoped porous carbons for high-performance
supercapacitors| ] ]. Chinese Chemical Letters, 2020, 31(2):
579-582.

[477Shi W W, YuJ, Liu H L, et al. Hierarchically nanoporous
carbon for CO, capture and separation: Roles of morphology,
porosity, and surface chemistry [J]. ACS Applied Nano
Materials, 2023, 6(9): 7887-7900.

[48] Miao Z K, Guo Z K, Qiu G F, et al. Synthesis of activated
carbon from high-ash coal gasification fine slag and their
application to CO, capture[ J]. Journal of CO, Utilization.
2021, 50: 101585.

[49] Kamran U, Park S J. Tuning ratios of KOH and NaOH on
acetic acid-mediated chitosan-based porous carbons for
improving their textural features and CO, uptakes[J]. Journal
of CO, Utilization, 2020, 40. 101212,

[50] Boujibar O, Souikni A. Ghamouss F, et al. CO, capture using
N-containing nanoporous activated carbon obtained from argan
fruit shells [ J J.
Engineering, 2018, 6(2): 1995-2002.

[51] Mittal A, Kaur D, Malviya A, et al. Adsorption studies on the

Journal of Environmental Chemical

removal of coloring agent phenol red from wastewater using
waste materials as adsorbents [ ] ]. Journal of Colloid and
Interface Science, 2009, 337(2): 345-354.

[52] Wang J C, Wei Y J. Ma Z F. Modified dual-site Langmuir
adsorption equilibrium models from a GCMC molecular

simulation[ J]. Applied Sciences, 2020, 10(4); 1311.

AR P BN IS PE AT A ATRL T BE I A3 TR SR G B S LA BN T R AT S . BIBARI T
% A ARFLE RS I H | G AR H 7R WA O AR E PR [ K A TR A A R
125, 2T BRI H 08158, DL — 1 BUGB FVEH 1E Macromolecules \ACS Applied Materials & Interfaces. Journal of
Material Chemistry \Small {5 S5 F A= 2F 40 5 0 F24 300 & B N AN R AT & 2 SCU/ET RIS SC 80 4k » 3k & 1

LR 20 AxF.

(REHEKSE)



