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Abstract: A series of sugar-based carbon materials (CMS) are prepared from glucose,and then loaded with tetra-
ethylenepentamine (TEPA) to obtain amine-loading sugar-based carbon materials ( CMS-xTEPA ) , which are used for
the adsorption of CO, from coal-fired flue gas.The impacts of TEPA loading amount, adsorption temperature and pore
structure on the adsorption performance of CMS-xTEPA are investigated, and the adsorption mechanism is revealed.
Results show that the adsorption capacity of CMS to CO, has close relation with its microporous pore size and pore
volume.Carbon materials with rich mesopore structure and large mesopore volume are more suitable for amine-loading
carriers.The adsorption capacity of CMS-xTEPA to CO, is much higher than that of CMS.The amine group in CMS-
XTEPA reacts with CO, to form carbamate and carbamate-like substances, and both the appropriate adsorption
temperature and TEPA loading amount can enhance the adsorption capacity of CO, by CMS-xTEPA.CMS-2-30% TEPA
has good CO, adsorption performance ,delivering an adsorption capacity of 3. 95 mmol-g™' at 75°C and 15% CO,+85%

N, atmosphere.In addition, it also presents good cyclic adsorption performance to CO, ,showing an adsorption capacity of
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3.04 mmol-g™" after five adsorption cycles.
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BRI AL IR UNT « AREL— o o1 o 1 A WA T
B F K BEH 100 mL (49 0.5 mol/L 4 %5 4 v
W, I T RN A8 AT K B R, 75 B K A R B
b X K SRR AT R U8 VRV TR S PR T
FRFEA S KOH WHER &, 76 N, AU T #H 17 & iR AL
B A5 2 R R P HCL B B e bR vk i 2
o, 2T S AR B A RE CMS

¥ —E i TEPA % T 10 mL JC/K 8%, 7243
PBiFE 30 min & TEPA 5821, IMA CMS 44 Zi8i
3~5 h, & OEERARTE K, FE 80°C HEFH H T8 10 h,
AR FE R A B CMS—2TEPA ,x /5 TEPA 1Y
M,

WEHE b R 5 S5 SRS an 3% 2 B

R2 BERMBNHERERKSD

e JKFA KK W Pt m(CMS):

fo1g  MREE/C WHElR IREE/C BHEI/R m(KOH)
CMS-1 180 11 700 2 1:3
CMS-2 200 13 700 1 1:4
CMS-3 200 11 800 2 1:4
CMS-4 190 12 600 1 1:4
CMS-5 200 12 700 1 1:3
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1.3.1 3L&#Muar

FIFHZE siALER A R A 2 1 ASAP -2460 78 0
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XTRAT AT N, W B - B 52 58, >R FH BET J7 741
i BET WK AR, BJH 81 H-K 53 By = # 8HE
LR,
1.3.2 49kt
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[ 5 PR e B 1 7 5% 40 Wb 2 o b RLY CO, I Y
PERE,
1.4.1 #Ek

I IR AR TR AN T L BRI ST 1) o b
BHE FIE T, WE R E Y 100 mL/min,
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T SEX B RHE 100°C B N, SR TP AT T4, 153
R, T REE A SRS TE 30°C T AT 4 R
[ CO, MWL IRFSBE, Seai A N, | R Bk 3 548 8 571
B, PR AL CO, , FI-URGA 31 1 5Pl I S0 45 7R
BT R AR B AR CO, R ¢, iR R
q, = m/44m) (1)

Horpq, Jyrf s e bd Bt R o, M, mmol/g;
m A BRI 4 BT, mg s m, S ARIURE
[T iE, mg,
1.4.2 BEZARBAM

FRU— 2 o et i R A B o S U
N, Fl CO, WA AR, & B MR 2 500 mL/min,
SV AEAT SR RO g AT IR A Sk, A
Y LA CO, AR HTAL, T A
HR AR R CO, W ¢, .

g = [[(e; =e)/(1 =) 1Qd

(1/22.4m,) x (T/T,) (2)

Hrr.q, SRR MR CO, MR, mmol/g;
¢, NIRRT A S M T O, IRBUMEL, %5, IR
NFIR G S CO, RFRIEL, %o 5 ¢y WEBHE R[]
min; Q A S5 oSSR B, mL/ming m, A RN R
MBI g5 T RN R BE K T, =273 K,
2 ZR5VHE
2.1 HEERMEL CO, THHHEEE K

ML _E 30°C 4l CO, 4R T kA7 3L

AL CMS ) CO, WG BRI RE I 3L, HE Co, M it il
2L CO, W R4 S an ] 2 FEe 3 s,

56 7

0 1 2

%lﬂ/“mm
1—CMS-1;2—CMS-2;3—CMS-3;4—CMS-4;5—CMS-5
B2 MEE AR CO, B %

R3 HEERMEN CO, BHE

BE S, CO, MRt/ EES CO, W Rtat/

(M E (mmol-g™") (N E (mmol-g™")
CMS-1 2.79 CMS-4 1.40
CMS-2 1.63 CMS-5 2.65
CMS-3 2.34
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M2 3R 3 Al LI, 5 R AEHR CO, T
R et S 7E IR B A R B RT 1 min PN Z2URIE N, 7E 2 min
BhkElmRE, 25 —EARfR e, K, crs-1
# CO, WY& B K, oA 2. 79 mmol/g,
2.2 WEERMMILERDH
MR CMS W CO, HLEE, X} 5 F CMS #E17
T N, BRI, FALES SN 4 B,
x4 BERMBNILEHASE
[ AL i fl B AL e
Beg mBY LR, AL/ (et B B
fRs (m2e (e’ (em®e
&) % %
g™ g gh

CMS-1 1780.14  0.62 0.24 1.03 77.87 21.1

CMS-2 1202.95 0.31 0.54 1.01 52.13 45.23
CMS-3 1635.71  0.33 0.43 1. 05 66. 10 32.39
CMS-4  675.29 0.24 0.18 0.49 63.93 34. 66
CMS-5 1100.70  0.40 0.08 0.59 87.55 11.52
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ME 4 tha] DUE 5 AR CMS -2 CMS -3
CMS—4 JrfLALZARXT AR, H AL 253 0 43 A 7
5~7.10~25 nm Fl 10~40 nm X i, H, CMS-2
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55 T PR, SR MO HEAT RN, A b ek 2 1 BT
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#H KT 30% )5, CMS-2-xTEPA ) CO, W[t fiE H
I TR
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PERBSAIBE A T FFHIRE 8 T =7 I3 58, 7E 75°C B CMS—
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S DR Dy it 25 T 6 O B A T, TEPA B 36 PRt Bl 2
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TEPA %438, RIEF T LU CO, 40 F 8 BGs R itk
SMARERE A, BRI I T CO, 15 e KL 35 P 5 52
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%5 CMS-2 1 CMS-2-xTEPA HFLE&EHSE
IRER,  MALILE BALE

FE A B B B
(m+g™)  (em®g™)  (em’-g™")
CMS-2 1202. 95 0.31 1.01
CMS-2-20% TEPA 561.43 0.04 0. 36
CMS-2-30% TEPA 342. 11 0.03 0.23
CMS-2-40% TEPA 20. 30 0.01 0.07
13
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CMS-2-20% TEPA>CMS-2, 2R EW, #ile s i
HRAEH CO, W 32 T AL LA 52 AL/, CO, W
FRHE AN £ 5 5 CMS-2-xTEPA Hp i 355 A1 4 3%
PR AT O, B 322832 A2 W B s el

ME 7 e LU H, 5 CMS-2 AHE, 3 Rl it
Bl CMS-2-xTEPA Y75 1 648 cm™ &b H BT B WL Ui
W )@ T TEPA iy N—H Hr R4 30" | Hoom
Bfi TEPA f k& 3G s, 2454k 40%
B, 76 1437 em™ AL B0 CH, RFS WLk Fem]
TEPA JJ) 7 £ 3 iebA RE R

Rt — RS S CO, BN HLEE Yo g B
CO, HiJG B A AR CMS-2-30% TEPA #i4T FT-IR
FAE, 5 RE 8 iR,
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M 8 AT LIF 1 648 em ™ 4b N—H W g i
5 AR CO, J5 B U5, 7F 3 435 em ™ bR
P ERIG1) N—H il ™ 761 415 em™
AR5 R 3P R AT U 1 i T R Y R R 1 R R AR B 5
Tl L T R ot LB 19 NCOO B 28k 3h' ' e
N—H 3EF 25 T co, By fE, 34 i T & 5t
FH 2 i 22 P TR

54 FT-1IR 43 Hr 45 R ol 1, CMS-2-2TEPA H
TR O, BN S AGiPER FHLE T, R
KT

coo,
R,—NH + CO, =—= R,—NH
T 2 U e\ ( 3)
R, R,
T R
€00, 2
| R —NH N0 |
R—NH + o ZETHE_ R, Y + HN® (4)
N R, 06 N\
R R

N—H 245 CO, KA & IE i 55 H R s
FE 5L H IR R B T ¥ i A2 [RIEE A CMS -« TEPA 7
IRFAE SR AL T ES AR
2.5 WM AEMR
K FWE— 280 J1 2R N — 3 ) 2 AR
5% CMS-2 DA f& CMS-2-30% TEPA W [l CO, #l
PHUST Hrp o — g g g A AR 32 A 5T ) B
B, =X (5) Bos 8l ) 2R A A o Ak
W R, an=C (6) Frs ., W R 3l ) 2= A AE SR Ak 6
BN o
g = q.(1—e™) (5)
4y = (@iky1) /(1 + q k1) (6)
K .q,.q, BB, mmol/g; g, A HL0V 5
IRAA AR R B P 7 B 2 B £, mmol/ g3k, A 1 — R
REE, min 0 BT A], ming b, HUE T E0R
'ﬂr‘-‘r‘i’i&,mmol/(g-min) 5
Fx6 WM AFEITELER
a2 i WEZ Kz I
R? ky q. R ky q.

SN ]

CMS-2 0.9992 0.0056 2.45 0.9818 0.0024 2.87

CMS-2-30% TEPA 0.9989 0.0046 3.99 0.9831 0.0011 4.80

M6 hu[ LIE H, CMS-2 fl CMS-2-30%
TEPA FIHH & R EER AT 0. 98, Bl CMS-2 il CMS-—
2-30% TEPA W CO, & BIFF A X 2 Fhah 12
AR F sk T B 32 40y PR o 1 52 0 00,52 1 %
s

CMS-2 HyHE— 3l AR 5 R 80 & T
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HE B T 5 B AR O ZR B, FLWR B ) 2 527 4 3
B 7 52 1 K T 1 2 W BB 1) 52 e, 3 2 CMS -2 1Y
CO, M B Fifi 5 1 B2 1% vy T AR Y J P, CMIS =
2-30% TEPA Ut 2 8l J1 A BIM O R B0R T
CMS-2, # 1% 5 i A B CMS-2-30% TEPA fk2#
W R RE I TE—E R A Bt i, X — &5 R AN |
RFLGEH FT-IR /Hrgs R —2k
2.6 FLEEMIXTE L HEE & ¥ ( CMS-xTEPA ) I}
Bt CO, TERERY M

FIRFTALLGERIXT CMS—2TEPA W[ CO, PERERY
SO XL L 08 B e B b ORE CMS =1 R AT i
(30% ) Ab B #E 75°C [ 15% CO,+85% N, S it
17 CO, W Bfh S 55, If 5 4R ] 55 56 45 4 CMS-2-
30% TEPA 1) CO, W& fff & #F 47 %) te, 45 R an il 9
FIR

S
T

W
T

[
T

-
1246 mmol/g |
12 3.95 mmol/g !

1% B #2: / (mmol « =)

(=]

0 200 400 600 800 1000 1200
B E) /s

1—CMS-1-30% TEPA ;2—CMS-2-30% TEPA
F9 L&A CMS—xTEPA " [ CO,
e 0B |

M9 R LLFE H, CMS-2-30% TEPA ) CO,
W2 - BH 8 55 T CMS—1-30% TEPA |, Fii & &5 # 1Y
161 f%, CHKER 4 FLE5HS40 HENE T CMS-2
BAYMFE WA LA R4 LA, F T
3% TEPA DL K TEPA 78 2% 7K 3% T 19 20 1, [R) s i
FIF CO, 43 F 7€ s M BHLIE B9 97 18, 1 CMS -1
MALEE W Z , 5%, NIk CMS-2-30% TEPA

X CO, BRI T CMS-1-30% TEPA
SRtk — 20 B b R A A T A, X 2 Bt
BT N, GBI, A5 2 LS S 5o 3k 7

FioR,
%7 CMS-1-30% TEPA #1 CMS-2-30% TEPA K7L
ZENSH
. HRmMBY AL/ SALA/
R b
(m*+g™)  (em’-g™')  (em’-gh)

CMS-1-30% TEPA  23.47 0.01 0.04
CMS-2-30% TEPA  342.11 0.03 0.23

F445511 5

M7 Al LA, CMS-1-30% TEPA (1) b3
T FRAIFL A #B L (T CMS-2-30% TEPA , % WA 7E
30% TEPA iz & T ,CMS-1-30% TEPA [)fLif%
FE A, CO, NG ik AfLIE 5 & A R
N, LIS T AR IE AR P[RR DG HK & 9
2 B AEHE CO, TR i, R A fLE5 A
PR B 35 A Ry 2 e W B e A L 384
2.7 CMS-2-30% TEPA B CO, Wit {EEA L6

1£ 75°C [15% CO,+85% N, ‘U F E47F CO, M
FRSE5S , 7E 100°C 26 N, 40T #F4T CO, I SE 5,

2R 8 s,
£ 8 CMS-2-30% TEPA i CO, IR {EERIEARE
PEFRIREL 1 2 3 4 5

CO, WM/ (mmol-g™')  3.95 3.72 3.47 3.25 3.04

HH 2% 8 WA, Bl 2 4 P R B 3G i, CMS -2 -
30% TEPA 19 CO, W B2 W FEAIG, 28 5 Uk It
SIES J5, CMS - 2 - 30% TEPA (1) CO, W Fff &
3.95 mmol/g %2 3. 04 mmol/g, &A% T2 23%, X
ERATEZ R THEG 5 TEPA 5 % A2 43, ] i
WL R E CO, A 524 WY AL, Bfl CMS-2-
30% TEPA Wiz 3E3E PEA #0128, 30 CMS-2-30%
TEPA (W BFEE S R . JeSee st f bk
A8 i fft TEPA B A2 [ b 07 28 AE s 4 R |, OF:
BEVT T A P S 0 B A 2% 1 i A O | 52 36 <
SRS sE CMS-2-30% TEPA W B EFFIERE .

3 it

(1) BEREBCHARE CMS HA 223k B FLBR &5 F4 AL
S CO, WeRHPERE, TALFLARFNFLASTE CMS W Fft
CO, IR 7 E1EH

(2) B JE B AR CMS—xTEPA b2 1 [ 24
FHER , CO, W M RE ) R4 Tt Bt 3L N—H
J& CMS—«xTEPA 5 CO, % [ i 1) B35 P
FEY) R A B R S ANk F R ER 2R T

(3)TEPA 11 2k &t /) 34 Jin A ) F CMS-2TEPA
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