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(ii) AlFufiiilgs. %%, #rH1.984 ¢ C,H,Na,0,
50.08 ¢ PEI(M.W.=1800)% 131 mL & &K i 15
EIRA. FEFRE2.326 g AI(NO;); 9H,0% T°31 mL &5
TR HIHAWRB. SRR AZTE A B T, %
ASEER SRR AR IR 10 min, K IrA5 A (Bl i ok
TTEL AT E, RSB TR s BRI 3R, fela
A A T T4 BN 75 AlFu.
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BT, B —EEG0 wt%, 40 wit%, 50 wt%,
60 wt%AHXT T AlFu5PEIWI4f 5. i) 3R 24 W PET
(M.W.=600)¥% T H Bz 300 £330 minfl i oc 4.
SR 5B T ATF u B A B3R W 5 RS2 i 1
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1544815 952y 30PEL-AlFu, 40PEI-AlFu, 50PEI-AlFu
5 60PEI-AlFu.
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BT AR L.
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Figure 1 (Color online) XRD patterns and FTIR spectra of AlFu and PEI-AlFu. (a) XRD patterns; (b) FTIR spectra

Reflex M AEFS 2 HAIUIXRDEE ., SR )5 XF AlFu S PEI-
AIFubf RESAS M AR T, R 1@)FT7R, SR
AIFubt B XRDIAZ, R HS SHAULE RV & 8y, 8
1 XRDFFAE AT 5 g 2 g 5 b i ik RS AT
25 R SLGA  ATFubA Sk KN A 15.7 nm.
L3I PEIAME IS, B Ah A ok RUST H B84k, 30PEI-
AlFu, 40PEI-AlFu, SOPEI-AIFu560PEI-AlFuff ki k
INIA17.0, 16.0, 16.8513.5 nm. PEIZRIEAIFubs
B Stk RS A S B BEPEL S B3 AN, Je 3 K5 A B
W, ULAPELRY G A SHE—E PR L SEma AlFubt Bt
H mIARZER, T S 2R R ST AR 1, (EX RPN fAE
A6 Xt 2 AT et W P80 R Ko 457 5 AR X 43 S 5 1) 2 g
AR/, B Sk RSF A 007 B O 4R As fk il BE 4 3K
JEUAS B A A AT S 20T (401(020) 5 (100) 57, 1 ) B 45 v £
JEMATETIE A I, X B AT S XRDEZS Sl & PEL
PG IR A B AT S, DLRABEAT BT A B Xk
PGt e I S 56 ol i R BUA P PEL A T 5 A

F T AIFubtRHLIE 254 .

1(b)/&AIFu5PEI-AIFuff S FTIRZE . o LUE
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W, X T AR EE A R SR A R I RE A B
PEFhE. 400~1200 cm™' =[] 4R 20 2 p 1 22 e g
Al-OF[{f. XSy FNIEEIA AlFu 42 HA BRI A E
P, FEEEPELS, HA5MRER I MR . S AIFuft
SANIR], 7E2962552845 cm™ AbPEI-AIFukE 5y H 30 4R
L PESS T C—HEE =, 7E156951477 cm™
LB gE IR B S HN-HEE 4= IbAh, HEEPEIS &
BN, C—H5N-HIR S8 B AR A, R ¥ 35 i
P PEI S F I T 288 T AIFui 48 |

2% AlFu 5 PEI-AlFuft i FSEMENE, 115 Bl
ZSOOYN KK AR A AT AIFulBRi HE4T T, 255 3¢
HIAIFu(512(a), (b))ZEI 2L H /- EA SRR S5,
AR S A 45 3R W ATFuBiR: A2 K £ 40 F600 nm 72
Fi, FER PG/, SIEAME. [FRHEAIFuBk: %

B 2 (MR G)AIFu5PEL-AIFufSEMIE4. (a), (b) AlFu; (c), (d) 30PEI-AlFu; (e), (f) 40PEI-AlFuy; (g), (h) SOPEI-AlFu; (i), (j) 60PEI-AlFu
Figure 2 (Color online) SEM images of AlFu and PEI-AlFu. (a), (b) AlFu; (c), (d) 30PEI-AlFu; (e), (f) 40PEI-AlFu; (g), (h) SOPEI-AlFu; (i), (j)

60PEI-AlFu
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TR ATAE— ST 254, A0 okE 2 [ R T R FA%
LI LS. X T30PEL-AIFu([&l2(c), (d)REfh, Hgh
FAATH SR PR B b i o it 0 6 T A fle &l R AT 8%
AEfgMEL3, (H30PEI-AIFuFUk: 2 A b T AIFulfiok:
FEMDENE, %2 FPEISFHS| AFTEL. W% PEL
TR NN, 40PEI-AIFu(E12(e), (f))550PEI-AlFu(/&12
(g), (h)JFUh BRI 5, kL 1 1) 45 B PEL Sy T 7
5. YPEIh =1 K F]60 wi%lt(&12(), (§)), B H 3
FEE AR, AIFwE3gsi 58 29 PE T, L
LIS TE. UPA TR, COorT A i 3
B MPELA g 5 AIFuE 2L NFFPELF T/ b, X&F
FORR T FAR R RIME, R B 75 1 A S IR o it 4.

[€]3(a) /& AIFu 5 PEI-AIFuft 5 7677 KR AN, i
AR LR, ATFufIN, W T8 i S5 R 2 2 LR A TR SR 48,
R AIFuE B AR KR TALES ), ZEARXT 1 (P/Py)
A TF0.5~1.00F BAT B/ ING [T 3, 15 B R 2R 24y vp
FETERR A FLES . AER | APEV 25, FEAN,
WA 2 R, R AIFuE 22 fLIE 45/ 9 PELS> T
HidE. AIFulZ PEI-AIFufLiB45H S50 7 1917, 60PEI-
AlFufy TPEL B 11 48 5 850 L 3R 1w AU FLAR R LU TS
PATEA R

AlFu, PEL5PEI-AIFu #Ea E PEREUNIEI3(b), ()
7. XFPEL HAE260°CHY FF 4R 3%, TE340°CHT 43 5
B, YU T-380°CHIPEISE £ 40 i, AlFufii &
RS WE, H—BUREESCARR, EhT
ATFuRE it B o3 e PR 38 W% o g 7K 2% A0Rn He At S A I 3
55 T BYM365°CTTIR, 7E450°C Kk M AR R,
TAIFUEZE R4/ 350 PEL-AIFufE S AL &
T3B. —BHR EAE80°CHe U i PEL-AIFukE i i 5
MR I7KZE RN CO A2 T 3K, ik FRIILEHEA T Ff4:

B DN 75 B RO B T B A i A P9 2% A RE AR UE I i
BB UERTE; 55— Bede # M 200°CHTH IR, 1E280°CiAHH
RCH AR, 3% B 71 2 AE ALFulik: 2 i U PEL /M
) =BT MN310°CTRIR, T FE e ALFuBUR:
FEEHFLIE 3R B PELSY T i T4 5 1% 36 52 J BR i),
M AIFu B 2RI A & AR 3 I X 3B 4 PEI S bl 22 SR 243
i, PRI, FEARBOPE AIFw i BRI 4R 53 fif 1 B2 (365°C)
T PEI-AlFuZs [Al i 4T B S FPEL 1) 70, FESLY
REHRIRFR K, PEIKEI A MU RS R R
T RN I 1) B A A TE w2 I T B A 14 T {1
IR E T 600°C)s, MRS AIFukE AR E 5245
fif, RS A AR L. AT LA BT A PEL-AIFult i
TE200°CLL R R T RAFIAER e M, vl s
FECO, MR EZLR.
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430 55 T 4 P IR S0 AR i C O, IR
el e b Y I B A S s AR [R] A8 4k, DL ATFu ) 50PEI-
AIFuE i 7ET75 °C, 0.15 bar | CO, M it 2 45l
118 minZ Rk S UGN EEN,, %t B e xR Stk A T
WRA, AL BRI B 1 2 BT, RT DA B0 AR P RE il
A BT R, 118 minZ 5, SR A3 iR
HAMR(COYN=15/85), Zad BRI PRAp e, A Atk
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AIFu5PEI-AIFukf b 7E AR R EE T 19 CO 1R AT
R SR . TT LA BIFE A IR, PELACHE
Je B i 1 COL M B e 14328 2 TR e AIFu e 28, i F
PEISF5I A, (H15PEL-AIFurf fA7E 0 2000k 5, fiE
RN CO 0T A EH . X FARBPEAIFuE
8 FLCO, M B 2 Bl 2 R B ek B T = 1R T AR A1, R P
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Figure 3 (Color online) Thermal stabilities and N, adsorption/desorption isotherms of AlFu and PEI-AlFu. (a) N, adsorption/desorption isotherms; (b)

TG curves; (¢c) DTG curves
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# 1 AIFuRPEI-AIFufIFLEM S5
Table 1 Porous parameters of AlFu and PEI-AlFu

Bem s BETLL 3% Langmuir Ft 3 E‘?Lﬁxf}l
" i F(m’/g) i F(m’/g) (cm’/g)”
AlFu 828.44 1054.06 0.436

30PEI-AlFu 26.11 21.46 0.042
40PEI-AlFu 19.56 15.21 0.021
50PEI-AlFu 13.36 9.58 0.015
60PEI-AlFu - 0.25 "
a) FLA U FIDFTHE R4S 2, b) Nk (1 ek T
1A
100 — 50PEI-AlFu 1120
98 {100 5
< % °
< ! 180 2
5 9% ©
g | g
92} 180 @

%04 {40
: N === CO,/N,=15/85 ==
88 ) | N | )
0 40 80 120 160 200
Time (min)

Bl 4 (RIZERR ) CO, Mt R ]
Figure 4 (Color online) Typical CO, adsorption process of PEI-AlFu

AIFwE 220 BCO, Y 7 =X A Y BRI BT, T3 T i S AR
AR X T PEI-AIFuRE ST &, HCO,
R} 8 i 5 L R 19 T R S KU FEAIG, 30PEI-AlFu,
40PEI-AlIFu, 50PEI-AIFuft: bl KCO, M 24 HH PRAE
75°CHY, {5435 491.8, 2.0, 2.68 mmol/g. /1 FPEIfIL
gk, FERMKIRE T COrF LS BN Tz
PEIR A= LW, G60PEI-AIFuff i fix K CO, W 2 H B
FE90°CHT, HAE H2.1 mmol/g. %7 W FHELEE REfiE 4 43
TFizsh, MMifERCOm TSP ZERPEL T &L
JZNE, XA PRI e £ 2 M 50 wit%.

€ 6(a)J& SOPEI-AIFuff fh7E AR R B9 CO, M Fff
2R, o7 LA T R 6 il 2 0 2 B0 i R B R AE . T
B AR W 4R B CO, 735 AlFui 4236 1 71 2% PEL
ST RAASEION, i AR AT R R P S B
A Iz o B S R B . 4RI PEUR . 2 5, CO, 0TI
Ih 5 AIFuB BN R PELSY TR, M Fe sz ik
TR SR, DR Az O R s iR, AT LR
FI I B AL = (105, 90°C)RE AR bk S B A1
ARIRLE (45, 60°C) F HIMLI i T Bud e, ([Hike

35
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B 30|~50PEI-AIFu == 60PEI-AIFu ]
2 | —AIFu
E 25¢ ]
< L
8 2 O - -
g 2
© L
S 15} i
3 I
2 10} -
© L
o L ]
S o5

Wl T o g

45 60 75 90 105

Temperature (°C)
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Figure 5 Color online) Saturated CO, adsorption capacity of AlFu and
PEI-AlFu

i 2 B T AR R . &l 6(b) AN FIPEI 2%
HPEL-AIFuRE i 7E0.15 bar FICO, Rk, AILd
F 50 wivo e i fEPEIf i, A NAIPELf #1115
HARN LI B goe SR, DTS E00 25 5
AR, 1o m PEL e 2 T B AIFu B 2R LB B 50 3
FE, FLMCO,I T HEWL BT R Fp B A5 38, BRI o e %
MITAF] T XECO, T Wbt El6(c) i T CO, 43 Xt
AIFu5PEI-AIFu/ffd FIU B & 5400, BT LAE HHPETf 2
N30 wt%, 40 wt%, 50 wt%hf, FEATE0.1551 bar
CO, W fi & JL-F-AHSE, X FRHHCO, %3 JEXTPEI-AIFufty
CO,MWFHERE TLF- A 50, o U I PEI-AIFul& 25
B AT IR AR CO, MBI BRI, X FAIFuIfi 5, T
W BT =R BRI, A2 SRR 5 s B e, PR
HAEL bar T ICO, MBIt 2 T1E0.15 bar N AW B
. 60PEI-AIFukfFhTEL bar |’ CO,ME it & T HAE
0.15 bar FJCO,M &, X FZEH TPELS E 2k,
COr THME S T AIFu B 22 N PELS> T & A L
B, TMiETHCOLIT R AEMEHECO, 3T Bl HoRE RS 538
SIHEE SERPEL T R A AR SN, AT 55 CO, MK
g

2.3 COMMtah

WS G viry 2 £ ) Sl ) I K= 28 L I B 1) By = 22 <A
R B B 7 2 AR 43 PEL- ATFulz B 55 A9 CO, 1
BE gl Sy 220N 3R sk KA BN A R (1)~(3)
ivas:

q,=ql1-e"", (1
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Figure 6 (Color online) Effect of operating parameters on CO, adsorption performances of SOPEI-AlFu. (a) Adsorption temperature; (b) PEI loading

amount; (¢) CO, partial pressure
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Table 2 CO, adsorption kinetic parameters of PEI-AlFu with different PEI loading
30PEI-AlFu 40PEI-AlFu 50PEI-AlFu 60PEI-AlFu
W—Bir ) J1 2 g. (mmol/g) 1.455 2.108 2.580 1.468
k, 0.496 0.465 0.289 0.082
R 0.95189 0.96208 0.96305 0.95996
PR 3 g A g, (mmol/g) 1.524 2208 2742 1.713
ks 0.554 0.360 0.166 0.057
R 0.93275 0.93033 0.97813 0.99004
BBl ) AR g, (mmol/g) 1.577 2.142 2.796 2.535
n 228.572 44.385 27.367 3.405
m 155.491 48.683 16.715 0.824
k, 575.44528 4.33857x107° 3.17453x107" 0.00879
R 0.98871 0.99898 0.9985 0.99804
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Carbon capture and storage (CCS) can effectively reduce CO, emissions from fossil-fuel combustion and mitigate global
warming. Among the many CCS technologies, solid-amine based CO, adsorption exhibits simple operation, great
environmental sustainability, and good adsorption performance under post-combustion conditions of humidity, high
temperature, and low CO, partial pressure. Solid amine is always composed of porous solid support and organic amine.
However, the disadvantages of complex preparation limit the application of traditional support materials. Therefore, the
preparation of a kind of support with convenient synthesis, low cost, and high performance is of great significance for the
preparation of solid-amine CO, adsorbent.

In this study, a method for the rapid preparation of an aluminum fumarate metal-organic framework (AlFu) is proposed
based on sodium fumarate as the source of the organic ligand and water as the reaction solvent. Post-treatment of AlFu is
not required due to the good water solubility of the reactants. The synthesized materials were characterized by X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), Brunauer-
Emmett-Teller (BET) nitrogen adsorption/desorption, and thermogravimetric analysis (TGA) techniques. The results show
that AlFu can be successfully synthesized at room temperature in 10 min. AlFu shows a typical porous morphology with a
specific surface area of 828.44 mz/g. The TGA results show that AlFu is thermally stable up to 400°C. AlFu is a kind of
superior solid-amine support material.

Polyethylenimine (PEI) was then introduced into the AlFu support by an impregnation method to prepare solid-amine
CO, adsorbent, and the functionalized materials were characterized. The results show that the impregnation method can
successfully introduce PEI into the AlFu framework. PEI modification did not destroy the crystal structure, but decreased
the XRD characteristic peak intensity of AlFu. Increasing PEI loading leads to the agglomeration of the AlFu skeleton and
the decrease of the specific surface area and pore volume of the samples. PEI modification will reduce the thermal stability
of the material, but all samples showed good thermal stability below 200°C. Subsequently, the CO, adsorption performance
of the samples was investigated by TGA. The results showed that the optimum PEI content is 50 wt%, and the optimum
adsorption temperature of PEI modified AlFu is 75°C, and that the highest CO, adsorption capacity, 2.68 mmol/g, was
obtained under optimum conditions. The CO, adsorption kinetics onto PEI-AlFu with different PEI loadings was
investigated by employing the pseudo-first/second-order kinetic models and fractional-order kinetic model. The results
show the fractional-order kinetic model fitted well with the CO, adsorption experiment data, and that the CO, adsorption
processes of PEI-AlFu were controlled by chemical reaction and physical transmission. Cyclic CO, adsorption experiments
revealed that PEI-AlIFu has superior reproducibility after nine CO, adsorption-desorption cycles. These results suggest that
PEI-AlFu has high CO, adsorption capacity and good reproducibility, and shows great potential for practical CO,
adsorption applications under post-combustion conditions.

metal organic frameworks, AlFu, PEI impregnation, CO, adsorption, reproducibility
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