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Synthesis of Ionic Polymer with Low Specific Surface

and Its Adsorption Performance of Sulfur Dioxide
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SRR T RGN Z AL RIS R BT B RBCOR R R, (15
SO./CO, F1 SO2/N, W Fft 43 B ik B e ANERAR . [RIk, B 50 T 0 20 [ Ak e i 551
S e 2 B AN I R B 3 B SO2/CO, A SOo/N, A BB & . Mk, Aig
AR T IR EPE RIS LR B T R RS VIR, FFRE T SO, W B 14 Bt
i, HARNEMT:

(1) B —fek B HIEL RS, & 7 =R RE T REREY,
T e FE R B 7 B SOz KIS R R W], 7£ 298 K, 1.0 bar 261 F, MEE
TREEY P(Allyl-TMG]Br-DVB)X} SO, Wi 7% & 7574 9.79 mmol/g, X Na Al
CO, it 22 B4 0.01 mmol/g A1 0.07 mmol/g, SO/CO, Al SO2/Na i £ 17351l A
452 F1 2294, B )5 » SO, 7732 M1 28 25 FHUE 52, P([Allyl-TMG]Br-DVB) XK 4 5 2000
ppm SOz B AR B 53 B 1t RE,  ZF I N A 2 T 150 min/g.

(2) Wit T =MEHEE TFEBMBERAY, PR T HX S0./C0;
SOL/Ny EFEVEW B 7 B PERE . SCERZE R KW, 7£ 298 K, 1.0 bar 24 F, 1A
Wi SR A9 1LG-0.15 5 SO» W B & ik 10.58 mmol/g, SO»/CO» Fll SO2/N, iE#*
PESr SN 120 AT 7271, FHR, 2000 ppm SO, % i i £k 45 itk — P 52,
P([Allyl-TMG]Br-DVB) MM B SO [FIFE A IR I IR B 73 BEVERE, 28 I [A] =y
ik 487 min/g. BJ5, B TR RS ILG-0.15 R BT I8 I PERE,
TEAEAE A 8 IRJG, H SO, WL B RE A B B R F%.

REEF: AW W E BTFREAY; ik



Abstract

The emission of SO, from the burning of fossil fuels is major contributor to haze
and acid rain, which poses a great threat to the environment and human health. The
concentration of SO, in flue gas is usually less than 1%, and flue gas also contains
competitive gas molecules such as CO; and N,. Traditional porous adsorbents have
relatively large specific surface areas and result to unsatisfied adsorption selectivity of
SO,/COz and SO2/N,. Therefore, it is of great significance to study and develop new
solid adsorbents to achieve high capacity and selectivity adsorption of SO,/CO; and
SO2/N,. In this thesis, two kinds of ionic polymer with low specific surface areas were
synthesized and used as the adsorbents for SO, adsorption. The contents were as
follows:

(1) Three ionic polymers with low specific surface areas were successfully
prepared through one-pot free radical copolymerization process. The selective
adsorption and separation of SO, from CO; and N> was then studied. The results
showed that the SO, adsorption capacity by guanidinium-based ionic polymer
P([Alyl-TMG]Br-DVB) was up to 9.79 mmol/g, but the N> and CO, adsorption
capacity was only 0.01 and 0.07 mmol/g at 298 K and 1.0 bar, respectively. The
selectivity of SO,/CO» and SO2/N> was 452 and 2294, respectively. The breakthrough
tests confirmed that P([Alyl-TMG]Br-DVB) had good performance for adsorption
and separation of 2000 ppm SO, and the breakthrough time was as high as 150
min/g.

(2) Three phenolic based-ionic polymers with low specific surfaces were designed
and prepared, and the selective adsorption for SO,/CO; and SO2/N> were then studied.
The results showed that the SO, adsorption capacity of phenolic-based ionic polymer
ILG-0.15 was up to 10.58 mmol/g at 298 K and 1.0 bar, and the SO,/CO, and SO»/N,
adsorption selectivity were 120 and 7271, respectively. Moreover, the breakthrough
tests confirmed that P([Alyl-TMG]Br-DVB) also had good separation performance of



2000 ppm SO, and the breakthrough time was as high as 487 min/g. In addition, the
ionic polymer ILG-0.15 also showed good reusability and the SO adsorption capacity

did not change obviously after 8 cycles.

Key words: Sulfur dioxide; adsorption separation; ionic polymer; high selectivity
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SOy #& — P R R B A, &8 W R de —, ks
FPAAERRR SR IR EIR 0, S5KIRE G AR 5 5 P35, G RUKRTTE B
MR, KIRAEEICIA S, AN B s 52 2 gl S, 1< 8 SO
W {2 500-3000 ppm WG A, Tk b =3 2R BUHE S B 6 (FGD)
M7, BlnaE k. ARA-fABE. LS, TSR IR L 95%
(1) SOz. H 2, IX % AL g5 (1) M =M B B AR 25 % 15 4% 38 BB o, 7= 48 Tk
JEK, XTEREGIE T g . AR, e Z AL RO T AR B 1) bR
T AR LA A N EB AL 38 A AT B PR SRR RS R BT E AT Tz RV, RN
TS E. RE, XEZAAMEX SO/ — WM, H2H
T A R A AR AR TS AR g 1, Bl COy, N2 55, AN AR AT,
Z LA B A FLIE 20 58 SR T AR, RBUEEMEAE .
DRI, W vk IF & — AT DL ey R0 B 9 ke P 2 B SO0 BT B 71 2 R A
SO QRT3

1.2 SFLENMARE Y

VE A A LB R R A L2 S RID10, 2 £ HUA LR L 24 AT 4%
S ALTE PIAS Mt S5 i 32 BRI 2 k7T . Z2ALANIER SR FUTER (Bl
CHON ) g sioe, iy Nks:, —mAARERA, ABE
L AL, REt R H, ZAVURE YRS RT DLd A F 1A
WG g A R S BRI . 2T UL LR, Z2ALAENEREWE LR T
-1, 1161, A JRT-11 85 7 T FLAT AR e A B FH AT 35 o

TR 2 5 A & B v 2 LA HLA R 300 A HLAE 22 (Covalent Organtic
frameworks, COFs) A & %2 LA HL & &4 (Porous Organtic Polymers, POPs)H KK,
COFs N #BFLIE S5 HH P, & B OV 2 AN 4 20-231, POPs FLIEZ5 4 TG
P BRUSABAR, 2T RKREGH. RIEANTEHEAR, POPs mJ4H7 Hithu
FLE A PI(Conjugated Microporous Polymers, CMPs). JLHE =B HESL (Covalent
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Triazine-based Frameworks, CTFs). % {L75 & HE 2 (Porous Aromatic Frameworks,
PAFs). HE#MfLE &¥I(Polymers of Intrinsic Microporosity, PIMs). % L& F M
%A W) (Porous lonic Polymers, PIPs). 822 Bt & ¥ (Hyper-Crosslinked Polymers,
HCPs).

1.3 ZFLBNREYVN KRG

1.3.1 #IEHILEED

Suzuki Coupling Reaction

O+ wa — OO

X=Br,I

Sonogashira Reaction

__Q—x + :—Q ., -- — __

X=Br,I

Yamamoto Reaction

O v O — OO

Oxidative Coupling Reaction

D= =0 — O=—=0r

Schiff-base Reaction

O+ JO e O

Phenazine Ring Fusion Reaction

: NH, " N P
o NH A
+ . —— T
0] |

K1.1 HT &1 CMPs 1) e w2
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HHM AL R G (CMPs) & —Fi A M & & R &Y, & A W4
AL AR R E MR . . K. KHED 1. BHFREHE T UE R
F L CMPs (54K, CMPs il id & Ff 15 S B (B 1-1 e ), 40 Suzuki
A& A BBk ¢ % [24.25] | Sonogashira—Hagihara f# B¢ /% [26:27] . Yamamoto
5 I0E I 128290 A Ak A 1B e 7 (3030 L R SR A e B 32,330y W A il B
N BCHT I SR HE g 34, R t, CMPs (R L 98 45 ) 7T 3@ 1 BA b e N B
AR, CMPs B A [H A LK 2R A = 48 (3D) W 25 &5 ¥, 78 W 25 & 42 1)
ORI SR B RE K 2 2 A I BRI A, PRt CMPs TR 9 T IR B AT 2 B
[36.371, i fy, [38-401F01 ff, 2% A% Jak 41421555 451 35§ #5A B. H

1.3.2 H3FE=BEHESR

LT = R HE L (CTFs) & Ak 3 1) C=N $E M — R EEZ WA HE
=, NIk AERRmRE. ki, CTFs MBERE S &K, &%
B, Mt RERES, T L, CTFs L ] LU fa B9 & AR 2)
Blanfe 2 N, "k, €RE T, ERMAKHTHEEAMER. EEE T
R 5 2 I € A CTFs 1 N U431, R itk AT DA A 3008t 4 40 K ORE 1 1Y SR 26 .
CTFs WSl B R AL A0 N i & % 8 E AR A, X282 47 /£ I Bl AL
LA R & Sy iz 44, Fir LA CTFs 2 BRI M AL T & .

a Trimerization Reaction

lonothermal N/iN

—CN |
Polymerization N//LH

b Schiff-base reaction &/

CHO

/
N
A OO — )
OHC CHO
4
N =N

X=NH,,CONHNH, 4 \Q
OHC p “n
CHO )O\ NH,  CONHNH, CONHNH,
A - NN C,Hs0
OHC CHO )‘\N/ O/@/CHO = <> <>

OC;,Hs5

i J NH, CONHNH, CONHNH,

1-2 CTFs HI& R
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F—J W, CTFs HAxZ 1 N JEF BAF 75X T 45 1) B AL 2% ) B B
AR, B LA C J5 5 J Bl A s 4 A 1451, Rt 2 Ak, CTFs
ERMTE SR WP 2 28« 4 o T5 YW W B S AT S 3 A B A .

24, CHZMHT A CTFs 7 48 5 . 9] 41, Thomas &5 [46]
HOXARIE T Rk ZnCly A B Bk i R A B R E A S s B R E 1
REW A =ZEELE(CTF), HAE® A 4057 . Schiffbase S 4 7] H
THE CTFs, @& A A F &R =% 5 o0 P EE 48 A & 17 — R8I
R E RN CTFs, WA 1-2 s . Potumani 5@ i 1,3,5-= H 3 -(4-
FH G 3 — 2 R ) = R RN K i BOG K  FRR ) Schiffbase Jo N R 2 i) FE
T % CTRSUIR] 5 5 WL A MLV 5 fe e, ) dn — R 0k A G ik
(DMF), DMSO, [N, DCM Ml THF, H{E Chan-Lam 38 X B¢ N-7% %
H R TR AR S A T

Ren %5 [4813@ i 48 {f 1k /) Sonogashira-Hagihara & Y {8 Bt Sk & ik 3t T
W B F 1) CTFs, 15 2 ()4 KL Lk R T AL R 494~995 m2gt, 75 — R 41 & /K %%
P8 2P0 R E AR E 1 .

1.3.3 ZFLEEESR

% fL75 & & 4 (PAFs) & tH B A NI 45 14 () O 7 5 44 a8 i ik — ik A% 1%
RN, BA AR AT LB . AR M SR AL 2009 4R,
Zhu A1 Qiu 55 491 F Y ¥R A (4- 2K ) W e 4 Dy DY T A4 g 36 #2. e, 3@
i B 1k Yamamoto-Ullmann 58 SCAH BX [ B2, il 2 1 & be 3R [ AR 1 PAFs,
wE 1-3 froas, WRE M &L 5600 m2g!, FERMASR. H MK, &K
MHRZES ERWHE R . M5, Yuan SEDOE HLEAE B, H H Ak
P94 5 (k85 55) BP0k R+, KRBV 4K J5 19 Yamamoto-Ullmann
XA N6, Gl T BEAHESIRIA (6461 m2g') B £ LM
.

1-3 Yamamoto-Ullmann & X f# Bt & i PAFs

ZJa B E AT 4R O TE PAFs MR B REAL, (EH A HE T Z BN H .
Yu SEBUE G F RGE S T FesOs@NH,, B B3 2% i R LA & DU ¥R
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U2k Bk, B Gt Suzuki EECR B, AR T B A B R Ok BURL
PAFs(Fe304-PAF), I F 1 iy B W Bt 77, 25 BR 7K F A HLIS 44 « FesO4-PAF
Bt R TEAMESE, vJUBT A BE S EY, X RKKEA T H
WA o Yang 450218 B JJo 7K FeCls 1 Jy i 40 750 A1 I 25 AR Dy 6 58 5 4k A G
#, B HPR Friedel-Crafts fe =i R M & KR T WA E T8 RM0
PAF(PAF-95 1 PAF-96), PAFS ‘& 4%+ 1) 3% 5 oo ATk me 55 1 IE 47 A7 55,
I T NPS SR, 3L 25 50 #h 7y BUE B 45 1 AU-PAF 1, 45t 3% 1 R
459 N 828 m2g 'y 628 m2g ', Au-PAFs [ 3 [ AR 2 20 43 B 42 @ 4
KKLF, 15 FAE G 5 B (1 38 R b 3% I H A 0 1) AL 12

1.3.4 BRMFALESD

RAWALTR & W 72 i Mk gL o i di i M 4 g 07 20E 3 1331, o AR R
R A ML KRS . 5EANBMAMEAR, EMLTHK, &
oy BL AR SR W B 1-4 P, RE BRI R R R AN o 1 S5 R A A
HEEN AL RBCELSH, Mk RKEMAL.

?”?l”ﬂ LHETE
0 Ve
e o
AVE S VYK 2 ) MUK b

K 1-4 #873 PIM rh JLEI NI PESSCFL S AR 2 4

%4, 2004 4, Budd &B4RE 7 —MiE L 2,3,5,6-00-1,4-%F K —
S 3,3,3°,3, VY FE LB 05 ko557 6,6 VU By & A S i N AE RV fRE T
FFa s MEHB EL A HF 1) PIM-1 (0 &) 1-5 i) »
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K 1-5 PIM-1 (A4 Bt 2

Bl J5, Mckeown U 41 5517E 2013 44kl T — M@ ik & F AL &5
(1) Jhe A FR AR R OB 1) 4 3R s B A% 1 PIMES, & R DURE B A% B R A
%, ERGHR[EEREHR, F258 PIM-EA-TB # Rt 3= AR & X
EIE 1000 m2/g. Z Ja, NI N = ORI M A SR 15657, SR I HY
TR R L R AR . Swager 250581 i 1% 41X Diels-Alder & =4 B A A
FAEEKMEEYRREGY GEEH 2-9 NELHI0) , B DUBR R XA
T4k PIMs, Eb 3 0 AL B 700 m2/g, 3 H B A 5 1984k 1 A

1.3.5 BRZEBEY

BAZIKERER KRNI & E LB R G, — 8w i 2 &
NGk, il % HCPs [ =Fh 7 vk: (i) Zhag sk — B4 5%, (i) (EH G
CEER AW ETAR S AN B RS BEF (D) gw SRR O e A5 M B T (n 2, B,
MR, ZEF =K Jig ) [59-621,

@ hypercrosslinking %

Solvent
Drying

TN
- Crosslinker
/-_L_/_/'-—_

__—__.-/h

Kl 1-7 J5AZBRIL ] & HCPs R &

s

Davankov #0631 —Yﬁ‘(%&i;T HCPs & ik, dErERWE 1-7
Fimw, OW-— oW FERILRY @ 5B AR, 515 2 e,
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ARSI ENBTEHEEEY . JaLBEA R R A%, H2 Y
EPEA TR, A D H AR AR RS S RO

G, Wood SFI4T A R — Mo 1 07 X — B 4 5 Bk A R
HCPs. Bl 7E Lewis B2 i 16 T, B 44 b 1 SR 25 R0 B 30 2R B K 268 78 B (OB
T BB A e 0 R, W] DLJE O O B AR 1 B 3R AR A (R Bl SR T AR )
HCPs &Y. HE4GA I N W SAa s . XA 3 & 54k
P & B — € 1R R . 2011 45, Tan &5 OS2t — Fh b 3628 BE v & ik
HCPs, & i #% %) f{f IR 4t A S BE 7 (o — AR be) , 724 REW IE
BRI L, B S B OE B T 5 R IR R AR SR B, AR AE AR H
N AR O R T 2R AR %, AT A L HCPs. Liu &5 (661 DL 2R Al -
[l AR, DL H AR R R e R A B, J8 0 Friedel-Crafts g B4 % HCPs,
1921 HCPs 5 1 S M il R k& 2 &M KL GN / HCPC, R34 Kl
bt 2 T AL B 396 m2/g. A ACBRVEM R T AR IR ML, By CiRIE
ARG 1-8 Fios .

i ‘ Cl B Br
(o] r
b cl B

éilé@ o

R=H CH; C1 OH Y=NHS O

r

>
S

K 1-8 a 4RI P ARG K s b ANSZIE T o AR S A

1.3.6 ZILETEREY

ZIBETHEEMRE - RETE FHRAEMESY, RIS MR

JC AT T B A ECE e s AT R, B T A T PIPs MURE I 5,

Bl 40 PIPs K1 B fg [ ol i@ i B8 FAC #edb AT 2tk . BT, A A PIPs 17

@ kB, AR Suzuki fE B S B 8T fE b b 5 AR e B 1681

Yamamoto ff Bk s B 1891 K e e B TOT L B R R W K 4 A e R T
7
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Sonogashira—Hagihara 1% &z N 72124, Zhang 257314 ] 1,3,5-= (R 3E)
A 1,2- (4-MEE ) M N Bk, R SEAZBUR RN AR T PIPs, 1k 1-6
Fi7R, o Hao S U4ILL N-H R R M Sy ok, DL = & b v S8 657, i
Jo /K FeCls 4k Friedel-Crafts %t 2E b ) B, B Il % 7 — K5 B A &R
T AR PIPs, J8 i 1 4% 52 67 A B 4k 2 8] /Y Eb 5, PIPs 1 BU 3R TH AR 7 Af
£ 662 m2/g~1057m?2/g Z [8] . 3 4b ik A — Fh AT DA i) B2 B 82 & Bl PIPs J7 %,
MAAHE FRAEZEITEEERS, BEAEIRAEHRTERES, NI
HEWZEHEGHIG, RS EG R LT Ligl N BEA et 0 B FE e
T, XM S E. PIPS &5 AT IL MEm S F RSV S, EBEM
AE TR 2RSS, SHTRITHEERE, ERRkTE TR
P10 0 RG BE DA R s e L, R DR TE AL, . LSS E R

7z BN L7580

e

n N/‘

%

B v -
Br /‘N ' B Br

SR NFN —®
(Ejy ' @NQ — /SDVQ/\\/QN%
Br

7
N
®
]
N
_ @
N _Br -
Br =& Br
Y/
N
A
\(ﬁ Br
n

K4 1-6 PIPs B & i F2

i, Xing &FBIEG R T — MM B HEASY P(Ph-4AMVIm-Br).
ZETRAEMEA =B T A% A A AL, REEE DL E A =
K HE SO/ COp HEFEMESL BN SO, MERFE KBk, LKW, 7£ 0.002
bar, 298 K T, P(Ph-4MVIm-Br)%f SO, Wt & ik # 1.55 mmol/g,
SO2/CO; M3k # 1:>5000, 7E O IE W B 7 1 B A B4 5511 SO2/CO:
EREYE . SCIS A AY B T R B, v R W B S A A aE o i A ELAR
FSEBL T 1 e 1) ik B PE SO2/CO. W B, JF HF & m @ AL g 5 1
SO 1) W Fft & 77
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L4 S AN RAMES KRS ENORE

AR B AT AT N SRS IR AR i B BAE G, B an Y B SRS T IR A A DL
AR A RS R I SR B o B . ZALENL R EWAEL E T ILENBHT
FOURR IR FLAE 2540 S v vt s e, R AR IR B A PR L (81831, KRR AT
KU, ZALAREH TR S A OSBRI EE 7 T B L R AR, LR R A
FALARE, W5 T7 T R DAL AR 5 2R 1 E e B 2 B A BEAE A . i ln, Kuo
B A Friedel-Crafts M & % T WA A R K24 ) TPE-CPOPy Al
TPE-CPOP, @ WA, & & Wi R AE W 453 TPE-CPOP: Al
TPE-CPOP, ) BET % [l #2 43 %I & 489 m2g™t F1 146 m2g-t, X n] fit /2K N
TPE-CPOP: f£ Friedel-Crafts Jc M.id #2 i =15 B g [t %5 /£ TPE # 70 5 51
ff). 7£ 298K, 1 bar %1 F, TPE-CPOP: 1 TPE-CPOP, X} — 4 1k ik i) Wit
B+ BE 7143 %) 5 0.89 mmol/g. 1.15 mmol/g, 7£ 273 K, 1 bar &, 2%l A
0.99 mmol/g. 1.26 mmol/g, #EW H T =B R G M7 E, {43 TPE-CPOP;
XA B R W PR R . BE Sl I Bk 4k FI KOH & K ik Il %
TPE-CPOP;-800 fl TPE-CPOP,-800 [ 73 #L B #4 %l . & B bb 2% 1 AX 44 45 BH
ST, BN 1177 m2gt F1 1165 m2gl, [F i, BRAL S BB R R A AL
B B W Bt RE B B B4R FF, 7F 298K, 1 bar %1 ~, TPE-CPOP1-800
M TPE-CPOP2-800 > — % 4k ik 1) W Fff 5 U #& 7+ 2= 1.74 mmol/g. 1.72
mmol/g, £ 298 K, 1 bar 21, 43 7li& %] 3.19 mmol/g. 2.93 mmol/g.

Zhou ZESIF R T —R DY RAme bk — B B fi7 26 (10 5 L AR = k2 e
(TCNQ-CTF), Wl 1-7 fin, BEARA G E( 8%)MB KM xR A (>
4000 m?/g). FH A5 K5 ke I B3R F+, TCNQ-CTF [ b &= i 1 A 1179
m2/g(TCNQ-CTF-400)# 7 #| 4000 m2/g(TCNQ-CTF-900). £ i 36 M ik ,
7f 1 bar, 273 K ', TCNQ-CTFs Xt 4 ARk iy Wi it 58 /o BE & Lb 3R T AR fr 38
hnrisgin, He TCNQ-CTF-900 s Ak #] 5.99 mmol/g, {H27F 1 bar, 298
K &, TCNQ-CTF-900 *f =% bak KWt &0 A4 TCNQ-CTF-700, i 1-8
Fis, Uil LRI A ME— K R . £FRMEMRKI, TCNQ-CTF-700 (X
A & &I TCNQ-CTF-900 &, 4l A 8.54%, 4.56%, I1X 1] fg T 5L
TCNQ-CTF-700 5 =4t [A] S 5 [P B A 12 2% TCNQ-CTFs - 7EME
AR P 1) 2
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& & \ | =
g " o L«L\/‘\ L«L
1 trimerization ¢ g Sl
z T e— ¢ ¢ XL
v*  zncl, &
o =4
(& N Q £
(SN
L-LQ
TCNQ OC C ON &
Kl 1-7 TCNQ-CTF il %3 72 J 25 7 J
(a) b)
64 o o Tmerran | o TeNa.CTF-500
1 / F-500 & = J NQ.CTF-500
G BRG as B 4] L1, meorm
) 3 [o} 3
E 44 . E 3 o
E ,‘JJ" E _';'JJ
i Yo7t P
o ; o 2 P
~ X 5
S 24 8 B
=% IS
3 14 & S
ON 1 F ON 04 ¢
o 0 : 2 hd T A Ll T Ad L) O Ll A L) - T A Ll b a7 - |
00 02 04 06 08 1.0 00 02 04 06 08 1.0
F’/F’0 F’/PO

1-8 TCNQ-CTF ) A BRI Fff 5258 (a) 273 K (b) 298 K

BIT, WAETAL IR S Y (PIMS)FEAF & bR AR . & 28 mT 48 1 1% 55
M, TR SR B AU 5] R T A K 5 yA: (86-881, Farha %891 45 T PIM-1 #4
B, R H, R A S B RS I L AT e v, (1 PIM-1 B 2R B
R AN A T Re A, Bl 1-9 Fros . Farha S8l 2% 7 OH R R AN E i
f5 B A B et 1 PIM-1 6 8L, IF 91 58 H AR v 2 (NH3) AT — S AL i (SO2) <
Pl 2R 16 R B ) M R . RO B IF AR BT, R4k PIM R I Brensted
BRI A R SR A0y, i TS B R4 PIM SR B SRR M B B T I S AN
71 BARBSZIG A, X PIM-1 DL K& 2l % (%) PIM-1-COOH. PIM-1-AX
BEAT NHs 1 SO AR W B 5256, SEIe 26448 298 K, 1.0 bar, 4R KW,
7 — MNERE, PIM-1-COOH. PIM-1-AX. PIM-1 ) NH3 "% [t &€ /1 %
AN 12.2 mmol/g, 6.82 mmol/g 1 3.92 mmol/g, 7£ 0.01 bar Hf,
PIM-1-COOH X NHs [ fff §& /715 2] 4.31 mmol/g, & PIM-1-AX Al
PIM-1 /w5 4 5. 25 i, XL R FKE, PIM-1-COOH & i id 2 IR 5 [ 1)

10
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0 2 W B T S 2 L & R 55 B BRI NHs. EZ A LIRS,
M TR E N, P PIM-1-COOH W4 1.4 mmol/g NHsz, 1M
PIM-1-AX Al PIM-1 o3& A £ il 256 R 1) 2, EE T COOH & Z [A] 47
TESRA HAEH o 75 SO, W 5236 71, PIM-1-AX, PIM-1 fil PIM-1-COOH
X} SOz [ W By 2% & 43 5% A 7.32 mmol/g. 5.89 mmol/g 1 5.53 mmol/g,
XK W PIM-1-AX 18 i & i 5 B A B A SO2 2 18] 1 5 AH B AR R A 4k %
e Bk R . FAER, fEE—NEM )G, WEEIZ) 0.88 SO, mmol/g 17
7T PIM-1-AX ", W] 1 & i 5 B A Bl A1 SO 2 18] 47 72 s A AR H .

CN .
Post-synthetic
modification T R
CN Jn
R n
O~__OH OH
R= Y NY NH,
PIM-1 PIM-1-COOH PIM-1-AX

K 1-9 PIM-1 1 J5 & Al el 14 7~ =

1.5 BEFREESIENT

2O o WA SE S [ AR o, M BRI DR . R A
BN IR T WY R I AN 1A 1 i g iR, el R AT 19 S i IR AR 22 A
FRFLD T - 4% )M (Thomas Graham), fil & R4 16 2% g B2 A\ . [90]
U J 38 H AR ME 2> 28, DR D R IR AT DA RN, AR A BB o i AR AT A
i 2 A A BB BEAT 0 2K, B L AR A AR R e,
AUHUIPE St (A2 52 ) 5 3 570 0 1k Jo LA R (] 4 1 48 Jo gk AT 73 2R 191,

2 WA B F R PR BT 20 28, 2 AW EAE I A AL = AE T . B AL 2 1]
AR AR B A 2 3L i, st R AMBEMEAEN, Bl E#, o
MEAFEMS R R EEEM AN, X2 3808 A% K 3D M.
A AN EAR W R AR i DU R4 /9 JF 2 EUE K AR 3D M 2% . H9R,

1
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ShA SR M, EREHL N EAS. EREHLT, thxY
B AR 3K A DA B d & 25 1

{2 W R 2 98, 24 0 WO Il 3R (0 V804 ) D9 A LI DI, ot RS AR
NA BB s 2470 WO Dy i, FR o9 BEIR s 24 20 B O & T AR,
RO T WS, =70 BUOAH N K AR, 8 R KB K 2 BOK i
HY 5 & W0 R0 4% R S I 1) 2R 5 0 W 2% T R 11, B R e R T S vk DL 3 R
SR TR, AN TR AR R AR R b . B UM R T R O R A R T
A B ] A ¥ w] 95 A k) 5 R R B AT AT AR K L AR /RO 3R T A B AR
H o B 7 WM e A R3S T — b AR BOR N R R — 2D R R AR
Jiik o KGRI S22 AN GE M AL AR 5 B 1 UM I A B N AR &5, AT BL i
Tt Zh RE 5 K E R ORE, MO R AT 55 R A/ T RE R B T AR R
R AR B R AR O R e, B, BT, B, ']
di s At S5 Ty BE AL ORL I T 73 192-991 R 1 A R IS L REAE S € AN T S 4R
A 2 G IR B2 T R IR I 8 R TR A B VA T R E Ak AT RE Y A )
M ﬂﬂ [95-97]

L6 ZRXHHREN. BEXMETEANR

A, BT BRI AR G AL A BORE T HE B SO2 5 A 2 i e A1 24 58 Jot &
MR T EXBM, FsRE T AR, WiEsHm SO, & & F
f£ 500~3000 ppm, 1% % B[ ¥ W B 2K A KW mT DL 3R F 25 Br 49 90—
98% ] SO2. fH &, X &5 # i 4R < i i (FGD) B2 A B A ¥ £ [ A 1
B, A AUHE AR JZ 22 B SOz, 1 H &) T 4535, & 4% 38 B ok A
BEA . PR, R AR T R Ak AN ik B MU £E T 4 BT SO, KR

AR XEITEW T WRMHE RS FRHRSYHT SOz ik £ MK
B, TAE —" 1 P(JAIlyl-TMG]Br-DVB) & 1 BT 3 5 & W) A B A K 4
(1) SO2 W Fft G& 71, T H R I H R & 1) SO2/CO2 Fl SO2/N2 ik # . N T
AR LR B TR AW SR SO, IN, Al SO, /CO, 43 B 1 g, Xt #4 Kl
BEAT AU E S 2000 ppm M4 B OE R RE S B, 1 AL R B
2000 ppm SOz, 15% CO2, 84.8% No. Mk 45 F KW, R ALK L
7£ 10 min/g PR E PE B, JF BL 150 min/g B 98 B I TR) TA) B 92 B0 T T A
SO, Bk, WM T P([ANlyl-TMG]Br-DVB) AN 4 o k. %, T1E
“ ) ILG-0.15 iR b 3R & 7 B My 1 R S W, 2 BHAE TN b Ak = B
e AR T, TN KNS — B BRIE R RS MER, 52

12
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AR TR R S AR EL, fE8E @ 1 SO (W Fff & (10.58 mmol/g) )
Beqih b, A 7% A M AE (X B 487min/g), 1 SRR A AN O i H A
IV R
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F 28 RERBTFEMERS YRS & ZETHM S0, #HR

oI

2.1 87

A, BT BRI AR A A ORI HE TR SO2 6 N S Ag FE A1 B4 B3 it &
Ry R T BECR B o BRI L, v AT v R M gk 5 A YR 4R AN ) B SO
B EMEERELE. BHA VL, C2&IHIFITR T &M Z A
B B 2 gLk 080U, gL AR & ) 02104 & g - BB 2
(MOF)[205-1081 - K1 25 LA L 3T FF B 1 7 VR A4 1109-112), DIUA R W B % A /<
&, f45 SOz, CO2, CHa, Ho 5. R0, RiFEREMIZ, SO % 5% M
3G AR — R AR RS, WL, 2 2 AL B X CO2 M N2 SR o 45
I B B8 77, AT B ZE BE AR T SO2/CO2 Al SO2/Np (1) 5 P (1141, i £k
Wk PR R AL B 5T R B G AL B L R B R 8 I 3 R A K DL B S I A
i ) SO2 W B g g 11181, X J 1P AL 4G X CO2 A1 N2 B B, T 1
SOz WM e A i £t . Bk, Beit B m Bt B & mr ik #: 1E 1) SO2
iR AR B AL R B AR KB & SR A

AR, BT IL AR H AR IR EE J1, L B AN
T OB B A R SR R B R e a2 A SRk, SAaWmIE TIF £ IL, B
TP T8 24 3K SO2 Ml CO2. 2B K, A &8 N SIE il & 1
— Tl i AS WK A G ALK M R IR (R MR ) T RERS, BRIk B BRI SO
W B 25 2 (7.78 mmol/g) F & 1) SOL/CO2 ik FPE (JA # 614) . R, %
MHoCm ok GAE T, XML RS T MRS HFETRPH &Lk, &g
W KRR BARFOG R E . S34h, TR A 7 & M s A fe 58 & 4 AN
. B, FEIAXNCEES FHREWHHENTA L, &30
ERLEE THRRSYUA LRI RGN R SO FiE a2 k%
AR E MG E A

AEE AT TR — B R R AR T — R AL e AT R
RS T RIMEREY, ZIBEW LI IL BN, BEEINEILS
TOERERMER (WE R 2-10) o @ s AW, SEM LLE TEM
RKAER B, XF B RN E R & R AR B 3R 450 1R AiE . 5F 3 2211
se, KR & 7 B 58 & W mT DL A v A%ORH ok % 1% W B SO0 AR R I
B 550 . IS #E 25 °C Ml 1 bar T~ f# H SO2 /IN2/CO2 iR & W) 34T % 1% S 4w
Bt — DR SE T H & SOz M 1k RE .

14
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2.2 SKREERSY

2.2.1 AR SIS

SLE A T H EEAT(TMG, 99%). 2,21l & XL (2- £ A JIF ) (AIBN,
98%). - MK (DVB, 80%). /NI H FEPYiZ(HMTA, 99%). — 4 %
(DABCO, 98%) . 3-i A /% (98%) M H L i % 7 Mk E 1 B R 2 7
C02(99.999%). N2(99.999%). S02(99.99%) 1 IT. V4 #& 45 45 Fh < 146 A FR
AR, TE AR ERESEH, REd S,

UG REM . EA TR (K%, DZF-6020), G188 (PHRAEARA
F], DF-101), BB R (5, TX2202L).

G HTRAE AR M X B £ AT 5 A (Rigaku RINT-2200), 4L 4k 614X
(NEXUS870), # 5 4> ¥ 1% (PerkinElmer, &AM H, FHiEEFE N 10
°C/min), 3% & St 43 1 B B 348 (HITACHI SU8020) Al i &t M 1 & i 84
(TEM, JEOL JEM-2100), S 1AW 4% (Micromeritics Tristar I 3020), X
528 5% B 7 BE 3% (Thermo Scientific ESCALAB 250Xi).

2.2.2 RERSFRAMERSYHIZ

4 P([Allyl-TMG]Br-DVB)
S~ AIBN

\ / Polymerization /£ =
[—

-

\
100°C,24h Q?

AM )

AM= amine monomer

\NH/ N r\|
A 1D

e o o - - -

B 2-1 —Hika R LR T R R S 20 3R

WE 2-1 s, KRB FRMERGEEMENENE = 0
FEIER B b 3L R R B — ik & . Bl P([Allyl-TMG]Br-DVB) K & A
1, YRR 3-IR A (1.21 g, 10 mmo) T RIUM LN &, ImA 10
ml 2/ 205, #HFE 10 min J5, 0N TMG (1.15 g, 10 mmol), =& F#

¥ 3 h. #RJ5, % AIBN (0.05 g), 7K(2.5 ml), #1 DVB (1.30 g, 10 mmol)
1
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=P LRBEE R, BAKMEE, BETHEZSTEM 100 °C
% 24 h, BT 753 U0 5E 20 DY S0k e R0 2 B T OK B B S k. R, TR 80 °C
HAETEFAS, BT 12h, B34 408 P((Allyl-TMG]Br-DVB) ¥ (1 £ [#
WK o N T HAELLE, A H] & T 55 40 P R U AR b 3R 2 7 2 AN 3R
a0, 57 L HMTA #1 DABCO HUAL TMG, I 51X W A0 58 & 1) 70 3l fim
%N P([Allyl-HMTA]Br-DVB)fll P([Allyl-DABCO]Br-DVB).

223 [REERBTFRMERSYRIRIE

ff F Rigaku RINT-2200X 5 £k fi7 4 £ (XRD, 40 kV. 20 mA Cu Ka
SR SRR S AR SE AR AT TR . 7E NEXUS870 41 4h i X bR 4
i HL - AR 4 21 A8 (FTIR) Y6 i . 4 E 43 M (TGA)TE PerkinElmer 4 NI A7 41X
w4, ERAAA T, LL10 <T/min (R E R =35 F+ £ 800 °C.
7 kS BT B8R (SEM, HITACHI SU8020) 1% 5 L 1 & ok 5%
(TEM, JEOL JEM-2100)7 #r#E MM B MR ~F . 78 77 K %M, 1E
Micromeritics TriStar 11 3020 13 2% [ 10 5% &0 W B B 45 35 28 A Le 2= i A
b A L TH AR 0 B0 SR LR 2 BIH BER H4E , 298 K &1 R FE AT N2
F1 CO, KW B H ¥ t 1 Micromeritics TriStar 11 3020 Wl 75 . X 5 £k % &
T e i (XPS)7E Kratos %l -5 Al Ka 54 #E47 7 be e, W43 k¢ 5 % 10 1L
2. FEMANRSAERE (K 2-2) L1 298 K M 1 bar 44 1
= 145 JUUM < (2000 ppm SO2, 15% CO,, 84.8% N3).

2.24 KEEFRETFEMERSYWHM SO,

[Fi) 22 T 22 H00 A4 W B A 038 P IR 38 4 A 73— RET22-1250 R T SR WL
fis 25 AR R 5 A UHD T SO0 B TR B &

B 2-2 e —E AR R E . AR EA S AN 316 L
A5 B )RR AR . K IR R i SR (GR, VL = 120.5764 cm?), /INECR P
17 W YL T (EC, Vo = 42.6099 cm?). P /N i #4135 B2 (T) 2 A iR % £0.1
°C PR E IR KM (TB) . JE J1 4% 1K 2% (wideplous -8 £ & 2%, i#
EIE+02%) AT ek AENEN, HEHEMRNDERE, BT H
THEAHL (PCY LA 5 b1 18] G 78 28 10 5% | 1 B 1k

DL SO2 W Bt 9 ], K 8 0 03 & (w) B B i RN 1 1 W A 6
REH BN LE LM TR, WWBERREI AN 0~0.2 kPa. A
J& B A ) SO2 JBUH — 8 73 SO filf A7 1 fiff S, 8 P i — B [ )5

16
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SARIEJI N Po, P ROCEE B D92 Poo AR T T IE 3R A I = K
9:':

N> it WT
GR —l_ EC ' PC
J_| oo || W) ) A
P/MPa
~N
t/min

K22 ARk E

K, KIS SO 5| NFH WK HE. HWIEE HRFEAZIE 208, 7L
NN WP 7 . G B SP  h  SE ET R JaE A Pe, R CSE TR J1E N
P 1o “FHif A8 N A AK 4 [N Ps = Pa - Poo HRIIE, A AR n(Ps)w] H =X
(1)iH 5

n (P)=p, Py, V- pi (P, T)Vy- pg(Ps, T)(V,- Vi) (1)

A pi (P, T)RAREK N PLIREN T SO H K, HALA
mol/ecm?3, Vi1 Al Vo 735 7= N s AR AR AR, B AL em®. Vo 2 I Bt 7
AR XTREANFE S AT Z IR E R SLE, 15 B SO W B (11 318 . 7E1E 26
I, ¥k SO MK R I F R E S 0.1 kPa I E %/ T
¥ 80°C, HAT SO fEM 2h, MAHBAERNMLUERE FHEEWIHLT
KB SOz MRS 58 B 5, ¥R 56 WM I IE A SO2 BI AR
NaOH 7K ¥ 8 1 2 S W 2%, BLBT 15k B B SO2 X #6531 15 %L .
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2.2.5 FFEZNIN

Mass Flow
Controller

Mass
Spectrometry QLTI

A 4

K2-3 @R ER

ZF A 0 7E I ) 25 °C A1 1 bar § ZF& 2000 ppm SO, 3 E I
#HAT (K 2-3) . TESE D E LK, P ([Allyl-TMG] Br-DVB)# /i (0.35
g)F ik @ 6.3X140 Z K AH W&, IE4AFE 120 °C T K2 2 he 7E
FIR R, A 4 h #H A He(=99.999%), ARG K I =R. R )5,
PL23.53 mL min" ! f ik, 8L B 2000 ppm SO,. 84.8% N, fil 15% CO
HB IR G SRR SO R EHRER E HES, M A (%
AL HP7890B) i% 48 M Wil W B IR HE tH <Ak -

18
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2.3 ERERSTL

2.3.1 Rt REFRAMER SR

PDVB

([Allyl-DABCO|Br-DVB)

P(JAllyl-HMTA|Br-DVB)

Transmittance (a.u.)

P([Allyl-TMG|Br-DVB)

——¥
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'])

2-4 AKELFRE TR RS0 FT-IR Jg i

Bl 2-4 5 = AR EL R B v B R G W 2040 o6, H T iRm0 Ak
pHM . SR KRY, XREMHES THINER SIS E 1450~1610 cm™
LT R R RN AR g R B W, XL T DVB R 48 R 3 1126,
2, XKW =FEFRMAE RS R 5. s, 1564 cm™t b kF
fEWE X N TR RS T RAE R S5 P([Allyl-TMG]Br-DVB)H# N-H 3
1 ) 25l PR 2h [R281, iy AR R B R A Y P([Allyl-HMTA]Br-DVB)
1 P([Allyl-DABCO]IBr-DVB)I& . Bi/E, AT THETHEAEDN
R g R, X HAT T XRD RAEM K. WK 2-5 AT LUEH, X =4
BEE A RIS R, 75 228 A MM EEIG)RE T RE it RE 72
MEREG R AERESHK, K2R AMH&EMNKERE FHITEREY
il HHELRERN, HPWREREFES, HILEI NRAK
TG € ¥ AR .



Bl = SE AR S

Intensity(a.u.)

'l
W’W’Mﬁ e

MWWWWF P([Allyl-TMG]Br-DVB)
W iﬂb"w»""ﬁ-Wf‘ﬂ,Vh‘W.".ﬂ)ﬂ\-yl\wu-,‘I‘”h:“\wm, ATy
Ao S

it DAY -HMTAIBr-DVE)
Uit T
\ W ! ‘w qud‘nwwM,&m.m‘mwmw o

P([Allyl-DABCO|Br-DVB)

10 20 30

L) v L)

]
40 50
20 (degree)

60 70 80

K2-5 REERE T RMEERESYH XRD 1K

—— P([Allyl-DABCO]Br-DVB)
——P(JAllyl-TMG|Br-DVB)
—— P(JAllyl-HMTA|Br-DVB)

)
100

—T
200

L) M L) ) L) L)
300 400 500 600 700

Temperature ("C)

K2-6 fRELRE TRAELR SN ER.

A, 3 — W% T P([Allyl-TMG]Br-DVB), P([Allyl-HMTA]Br-DVB)

A1 P([Allyl-DABCO]Br-DVB)

B
®E

Yo e (B 2-6). B AT BLE

=R RE S R IR Y T 200 °C, HoR o P([AllyI-TMG]Br-DVB) ) #] U 4

figt i v 38 260 °C, LT Al 7 A EE R A 1 A ISR

X
G

Y, &H P(A

llyl-TMG]Br-DVB)H i B 4 I #Fa & 1 .

20



IR LR 1 RIS W ] 4% S LB SO PEREITFT

160
140 4
—A—P([Allyl-TMG]|Br-DVB) S =4m’g’
‘f; 120 —4—P([Allyl-DABCO|Br-DVB) S_ =58m’g’
mg 100 - —&—P([Ally-HMTA|Br-DVB) S _ =45m’g’
.5 80 -
=
5 60-
2}
=
< 40 -
5]
g
= 20 -
=]
> A bbb M
O-MAAAAA AA AA AA AA AL AL e
v ' ' ' ' Y . . '
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/P )

2-7 ARIERE 7 RNUEREWRI N W 5 iR 2k

K 2-7 A P(Allyl-TMG]Br-DVB) , P([Allyl-HMTA]Br-DVB) i
P([Ally]l-DABCO]Br-DVB) (W fi- i bt il 4. Bt ml UFE H, =P
RETFTHMEREYWEA H3 MW E IR i BERL . oW EEK
A AE 0.9~1.0 P/Po, Ui W] fF 1E 4% IR fL R (1291, P([Allyl-HMTA]Br-DVB) i
P([Allyl-DABCO]Br-DVB) [ Lt % [ £ 43 % ¥ 45 m2g™! A1 58 m2g™'. MLk 2
T, P([Allyl-TMG]Br-DVB) #f i £ &5 i £ b R I H AR B9 N W B e
HEMmMBAN A 4m2e'. Kk, 5 HMTA f1 DABCO #HEL, TMG B4k o B
ZHREE =T BRI R E T HITE RSV KB B

Kl 2-8 43 5 A P([Allyl-TMG]Br-DVB) I P([Allyl-HMTA]Br-DVB)H]
SEM fl TEM K& . MK 2-8 i FH H, 5 P([Allyl-HMTA]Br-DVB)A Lt ,
P([Allyl-TMG]Br-DVB) (& 2-8 a Al ¢) WKL T A HiE#, BB ZEW
mgEty, M, P([Allyl-HMTA]Br-DVB) K %A I 4 B HE K &£, 41
BB, X5 RAWM M ERERSERAAHEUE. A TN T2
EAEDH MR B AR OAEIRES, SR D347 T XPS
RAES AT, 5 FAE 2-9 Frox . FALUE B 7E 1X = PR k3R 58 1 B0 2 2%
ARSI SRS RN B . A AARTGER (W 2-10 Fixw) .
it 4 .  P([Allyl-TMG]Br-DVB .  P([Allyl-HMTA]Br-DVB  #I
P([Allyl-DABCO]Br-DVB)] N 1s XPS Jt itk u] LLIH N Fh 35 B i &
B, LA P([Allyl-TMG]Br-DVB A,  400.0 eV [ 401.2 eV 73 3% B T
ML s 250 R 2= i R 1301311 (18] 2-9 a) &
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&l 2-8 (a) P([Allyl-TMG]Br-DVB,(b) P([Allyl-HMTA|Br-DVB [#Ji& 5 H145 K, (c)

P([Allyl-TMG]Br-DVB and (d) P([Allyl-HMTA]Br-DVB H3 3 H 55 &

B4k, #£ P([Allyl-DABCO]Br-DVB) Ff & ] N 1s XPS 5t 3 1t ¥
W H| 402.4 eV TJE T FE A ML G HE . X255 JAESE 7 LR & 1 W 44 A
TR BAE X =R R O IR . AN, R X
(W E 2-9b FioR), 67eV Ml 68 eV {145 & 643 7 13 T Br 3ds, Al Br
3d 302, [HEFEEMKAL, KI P(Allyl-TMG]Br-DVB ' Br 3d 145 &
AE NS K T P([Allyl-HMTA]Br-DVB #1 P([Allyl-DABCO]Br-DVB). 1] fi£ /&
9 P([Allyl-TMG]Br-DVB 1 (1] AR AL $5 IL X ¥R & 1 B 45 B 7 RN,
M4 & Bri B 7%, $3 Br 3d £ P([Allyl-TMG]Br-DVB 1 [#) 45
A BE AH X B
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Bf SO PEREWTIT

a 400.0 Nls b Br 3d
67.4
68.4
401.2 P([Allyl-TMG|Br-DVE) P([Allyl-TMG]|Br-DVB)
3 4024 399.6 g 676
& = 68.6
= P([Allyl-DABCO|Br-DVB)| 2
z Z P([Allyl-DABCO|Br-DVB)
- 5
E f E
399.9 = 67.7
401.5 68.8
- P(JAllyl-HMTA|Br-DVB) P([Allyl-HMTA]Br-DVB)
I A
¥ L) ) L] ¥ ) L) L] L) T L) L}
408 406 404 402 400 398 396 394 392 390 72 70 68 66 64

Binding Energy (eV)

Binding Energy (eV)

62

K29 ( IMHEEZFRMERERAYN N 1s XPS B (b) KL FR B 7 RATE E
W1 Br 3d XPS & i

Intensity (a.u.)

Cls

O1s N 1s \J
L

Br 3d

A

P([Allyl-HMTA|Br-DVB)

, — |

P([Allyl-TMG]|Br-DVB)

P([Allyl-DABCO]Br-DVB)

600

L) M L) M )
500 400 300
Binding Energy

210 fRILRETFHES

I M L]
200 100
(eV)

Y1) XPS Az

2.3.2 RERSFRMERSYN SO, WMEaE

0

N TP =FMCEE R B T R ANEE R &) SO, Wefftae /1, 7£ 25 °C, 1 bar
%1 R, 247 P([Allyl-TMG]Br-DVB), P([Allyl-HMTA]Br-DVB) Al P([Allyl-
DABCO]Br-DVB) X} SOz W B a4 fi 2. ] 2-11a o, X =MIRHLER S
TR RGP R I A F ) SO KBt e 71, HiiF A P([Allyl-TMG]Br-DVB)>

P([Allyl-DABCO]Br-DVB)> P([Allyl-HMTA]Br-DVB). 1k kb3 &1 #Y i3k

2

X
K&
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) P([Allyl-TMG]Br-DVB)7E 25 °C 1 1 bar 214 F 1 & SO2 &g 11 9.79

mmol/g. XK A5 H Al # % & DABCO F1 HMTA MLk, TMG A &
B, Rt P(JAllyl-TMG]Br-DVB)tL P([Allyl-DABCO]Br-DVB) 1 P([Allyl-HMT
A]Br-DVB)E I H B 511 SO 5581 77 . B 2-11b &R T W B il £ % P([Allyl
-TMG]Br-DVB) 1 G ) 5 Wi . X KB, BE & IR0 F+ s, SOz (1M Bt R
7700 B BEAC, T 3 SO AR B R . AR SO W B BB 0 5 iR FE 2 TR I
K F, KRIEAL N -55~-45 kI/mol, SO, # P([Allyl-TMG]Br-DVB) E
(17 W B (2 ] 2-12 TR )

a b
104 10
Teo m-u-m-m—A—E K
I ' ‘ H
5 {1 % A——h——A—A 4 8
'S AA-A-"A/ z 64
£ 64 B
S A S
= (i 2
g ] —a—P(|Ally-TMG|Br-DVB) S a
£ —e— P(|Allyl-DABCO]Br-DVB) 2
. —a—P([Allyl-HMTA|Br-DVB) B 5
g 21 z
R =
z 0
g o] 2
T T T T * T T L v T T T T
0 5 10 15 20 25 0.0 0.2 0.4 0.6 0.8 1.0

Time (min) Pressure (bar)

Bl 2-11 (a) RILRE FRMERESYIE 298 K, 1.0 bar F 1) SOz W bt i % &
(b) P([Allyl-TMG]Br-DVB)% 5 7£ 298 K. 313 K. 333 K, 1.0 bar F W[} SO

SR 2k

WEENZ, KRS THAEREY P(Allyl-TMG]Br-DVB) R JLH JE 4 1
SO, W B 2, AT A]Z) 4 5 min. P([Allyl-TMG]Br-DVB)7E 0.5 min [ [a] 4
BPATIA £ 8 mmollg (1) SOz R AE J7. X P AT BT A 1 SO, W Pt i3 % & & i+
LE TR AT 2 Z AL BRI PERE, A48 A 81341, Z g pre-101, ILAEHIL
R A YIS IR MOF10S-108] - 5if LY W [t SO /T J& 9 P([Allyl-TMG]Br-DVB)
FE b B L0 A5 B, NH 3 B0 Sz 4R 3 e 5 2 2 35 B AIC (& 2-13 a Bt
~), Ui P([Allyl-TMG]Br-DVB)H NH # 7 f1 SOz 2 [A] £7 75 fb % A1 H.
fER . tbah, ME 2-13 b R LLFE H, W SO 5 # & 7£ 1120 cm™t Al
1290 cm P Ab WL EE BB N, RIS TS = O SRR A S FR 3R 3
[137-140] | jx bk BESE T SO, A1 P([Allyl-TMG]Br-DVB) [ ff)-NH Z 8] fE1(E
M EAEH
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-100
-80 4
5]
£
g -60 -
ﬁ " o u n —
S
= .40-
2
£
]
8
& =204
0 T v T v T L L) v L]
1.5 2.0 2.5 3.0 3.5

SO, capacity (mmol/g)

& 2-12 P([Allyl-TMG]Br-DVB) ] 2 {i7 #4

—— P([Allyl-TMG]Br-DVB)
ln:)ad-SO2

—— P([Ally-TMG]Br-DVB) + SO,
—— P(JAlly-TMGIBr-DVB) + SO,

—— P(|Allyl-TMG]Br-DVB)

-1
1290 em’ 1120 cm

Y

b

Transmittance (a.u.)

/

3400 cm™

T T T T T T T T T T . T T T T T 1
3500 3000 2500 2000 1500 1000 1500 1400 1300 1200 1100 1000

Wavenumber (cm™) Wavenumber (cm'l)

2-13  P([Allyl-TMG] Br-DVB)W i} SO2 fi J5 414 I

2.3.3 RERSFREMERSYFAEMEHER S0./CO. iE#F M

ARBTH R, fERZHOWA A, SFHERE N2 M CO il H 5 SOz It
LA AR T2, mR M e 2 EERER. B,
£ 25 °C H 1 bar N — 2 W &K R B 7 ICE R & %M e
P([Allyl-TMG] Br-DVB), P([Allyl-HMTA] Br-DVB)#ll P([Allyl-DABCO]
Br-DVB) X} Ny fll CO, HI Wt 88 71, BATF Al SO2/No Al SO2/CO2 1 W B ik
B (B 2-14 FroR). SRR, A X =M KRS T IMER &Y

2
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MRS N2 F1 CO2 1 W B BE 77 #BAR MK - @1, P([Allyl-TMG]Br-DVB)
N2 fil CO, W Fff 2% & MK £ 0.01 mmol gt 1 0.07 mmol g*(¥F 2-1). H I,

K1) N2 F1 CO, W B 45 & =5 19 P([Allyl-TMG]Br-DVB) ) SO, W Fft 7] it &
B E B SO2/N2 Ml SO2/CO, Wi Mt i £, BEfE, HE 7 X =MACIL X
B RN R AW L SO./N2 Al SO2/CO, ¥ & 91 (10/90, v/v) ) B A8 W
W W (AST)iEH M, J5FFR 2-1. P([Allyl-TMG]Br-DVB) & 7
Ak B ) SO2/CO, i M (452) Al HE €4 1) SO2/N2 1EF14:(2294), it T
P([Allyl-HMTA]Br-DVB) 1 P([Allyl-DABCO]Br-DVB) 1 4 fiE -

1

S0, adsorption capacity (mmol-g )

84 P(JAllyl-TMG|Br-DVB)

n

4 P(Any-HEMTA|Br-DVB)

S
1

—h— SO2
— CO:

+N’,

~ W
1 1

SO, adsorption capacity (mmol-g
1

<
1

T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Pressure (bar) Pressure (bar)
. d
34 2004
L 7 2
o0 - =
< P([Allyl-DABCO|Br-DVB) § 1504
£ 64 z
E Z 100
e £
5
£ : o I
g 41 —e—CO, 2
3 . £ 20
2
£ LA
£ 24 <" 104
5 s "
T 14 % ,
O"o ----- 0
w O] B B g A e GO o o
T T T T T T T T T T T o \\\“‘»‘\GM\*‘,‘& d{i" a°°°i\-‘> n‘r"’t\‘%_\':»“ o
0.0 0.2 0.4 0.6 0.8 1.0 AT YT T e

X b
WY
Pressure (bar) O g

K 2-14 £ 25°C,1.0 bar F, (a) P([Allyl-TMG]Br-DVB)] SO2, N2, CO2 W ff} 25 i

£%: (b) P([Allyl-HMTA]Br-DVB) SOz, N2, CO2 W ff$ 5 35 28 ; (¢) P([Allyl-DABCO]

Br-DVB)f] SO2, N2, CO2 W fff 25 i 25 ;(d) 0.5 bar [ JE /1 F SO2 Al CO2 7E A [7] W it
ORE BB WP L

e 2-14 d fi%, M 45 T 1E 0.5 bar HJE /3 F SOz Ml CO 75 AR [ W
B 700BF RE b B % B L . 2 4R P([AllYI-TMG]Br-DVB)# it &% & ) SO,
ICO2 Wi Y B LE 3% i MOF, v, 2 fLA ML & W MG 1k R 55 K 2 5
ML SO./CO, WL I & [ [207.183142-1451 1 Ak 3R 47 34 76 SC kb o A Lk 32
BT REAMX SOz MWL fE 77 55 F AR BN M AT T U (R 2-1). &
BEH, P([Allyl-TMG]Br-DVB) I SO, fit /15 3 ¥ MOF W [ff 7] MFM-3
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00(In)[t44], SIFSIX-1-Cu #1 Ni(bdc)(ted)o s!* 4514 24 . T B B ) &, P([AI
lyl-TMG]Br-DVB) X} N2 Al CO. MW b & AR, LtV 2 HkiE i 2 1L
MEKEZ . Wik, P(Allyl-TMG]Br-DVB) I bt 22 55 1 5 B F & %%
e Y B SO., /£ FGD L2 B/ H R IFHIHE 1.

#+ 2-1 7£ 298 K, 1.0 bar A T4 W B 571 5 e A W B 71 1) 20 55 1 B

SO: CO: N2
B4 (mmol /g) (mmol/g) (mmol/g) SO2/CO2 SO2/N:
(10:90)  (10:90)
0.1bar 1 bar 1 bar 1 bar
P([Allyl-TMG]Br-DVB) 295  9.79 0.07 0.01 452 2294
P([Allyl-DABCO]Br-DVB  3.60  7.69 0.13 0.02 272 2062
P([Allyl-HMTA]Br-DVB)  0.99  6.10 0.07 0.01 131 871
MFM-300(In)!44] 7.20  8.28 3.61 0.25 50 2700
SIFSIX-1-Cul'¥ 870 11.00 4.94 0.29 71 3146
SIFSIX-3-Znl!!4] 1.89  2.10 2.65 - 7 507
MFM-305-CH;!!'7] 438 5.16 2.39 0.35 17 136
Ni(bdc)(ted)os!'+! 3.50 997 2.27 - - -
HNIP!22] 3.54  7.20 0.37 0.01 91 3186

234 REERSFEMERSMFEEGENR

NTHANEIREE RS FREMEREY Ll SO2/CO2 il SO2/N:
B R, P P([AlNlyl-TMG]Br-DVB) Al P([Allyl-HMTA]Br-DVB)# 4T T
75 3% Mk e IR, IR 2% 4 R & 2000 ppm SO, A5 FUUHH B S IR A& 0, 25T,
1 bar, Jit 3 & 23.53 mL min-1(}& 2-15) . K 8l SO, 7E P([Allyl-TMG]Br-DVB)
A P([ANlyl-HMTA]Br-DVB) b (1) % i& i [8] 43 71 Jy 150 min gt A1 20 min
gl. XEMEMLMERE FRIMERSY P(Allyl-TMG]Br-DVB) it

2
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Jii tH T 15 N2 1 CO2, 1T BA i1 2% 0 i B SO2, X 5 A #2 B 1 7E 25 T Al
0.1 bar W [ 52 3 & P([Allyl-TMG]Br-DVB)(2.95 mmol g1) ,
P([Allyl-HMTA] Br-DVB)(0.99 mmol g)3 3l #1% K 1) SO, W [ fie
FH HLENE

2000 ppm SO, 99.8% N, Flow: 23.53 mL/min

—e— P([Allyl-TMG|Br-DVB)

U: 0.6 —v— P([Ally]-HMTA|Br-DVB)
© 044
0.2 4
0.0
LI . L] L T T T T
0 100 200 300 400
Time (min/g)

2-15  P([Allyl-TMG]Br-DVB) 1 P([Allyl-HMTA]Br-DVB) %% i £k

2.3.5 [REEREBFRAERSUEIFERENR

53 B8 A AR ¢ B R me o TR SR B M AR E B . AT S IR
P([Allyl-TMG]Br-DVB) ff] SOz Wk Bff Al fif " 75 ¥F (B 2-16 a), LA IRk
P([Allyl-TMG]Br-DVB) ] %} SO AJ ¥4 3K Jy. W& 2-16 Frax, 25 6
RIEAT J5 » P([ANlYl-TMG]Br-DVB)) £/ £F T # ¥ (1) SOz Wk Bt 4 fig - Bk 41,
o A BR fE AT USC K P([AlYl1-TMG]Br-DVB)#E 1T FTIR JGilk RA4E, 5 #7611
P([Allyl-TMG]Br-DVB)AH Lt , [l i i) P([Allyl-TMG] Br-DVB) ] FTIR J%
WERF AR UE G B B AR, R SO MMM . T Axes REHY,
P([Allyl-TMG]Br-DVB) B & % 4 i) vl 3 4, 7] DLk AT SO2 W B A i Wt
T8 21 .
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y b
104
e —h gm0 A gt AAeee
3 oy e I~ r
E 81 4 0 I 5
‘ .
i 4 g A & regenerated 6th
g 61 4 : i :
: 4 $ 4 £
.E % 2 3 2 fresh
£ 1 I 1 I 4 z
2 21 A | A : i
S0 S S A
8" 0 i ® s
T v T v T M T L} L) L) Ll T T T
1 2 3 4 5 6 3500 3000 2500 2000 1500 1000
Cycle times Wavenumber (cm™)

Kl 2-16 (a) P([Allyl-TMG] Br-DVB){& ¥ £ G2 il i ; (b) #r&F P([Allyl-TMG]
Br-DVB) 5 76 ¥ 6 X Ja P([Allyl-TMG] Br-DVB)#) £ 4 it &

2.4 FENG

i BTk, ARTAERI & T —Fh s R R T UIMEREGY
MR BT E k. BRI SO2. T B U 1 25 R RN S 5 1 B
M, REEEETRMIERSY P(AlYl-TMG]Br-DVB) JLFHEE T N2(0.
01 mmol g })Al CO, W[ (0.07 mmol g1)HFH HAEH =K SO, W it
H(9.79 mmol g'). SO2/CO, Al SO2/N, ¥ 5 1 |AST i F 1 =i ik 452 Al
2294, M4, MBI LE SO2/CO2/N2(0.2/15/84.8)18 & ¥ v i3k 47 % 3% 1 fE I
R, #E— 5K & IFE 52 2000 ppm SO, 7 P([Allyl-TMG]Br-DVB) L [ it
S E R . LA, P([Allyl-TMG]Br-DVB)ZE 6 X1 ¥F b % Bl Y B 4T 1
gifyfa e MR AT, R LAHEAT SO, WR B /R . m bR, fRELER S
THRIME R ESY P([Allyl-TMG]Br-DVB) & 52 Br M0 A i i i F2 #2447 i

=N
2R oo
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£ 3E REREBTEHBERSUSIER WM SO MR

3.153|8

SO 2 HH A RS R [ A K 7 % T A IR v BB R R e R AR I, G
ERZE TR Z e, FONEN AT AN B EEMN R T E KR
B AL TEF, CEAFR T Z2REE, FIEMYETFEES
Bt 75 ik REBEEA KA -AF T 206185 32T 25 95% ] SO2,
EATS 7= AR R & AR P AR A I A B AR K .

F—WAAT PGSR RS TFRMEREY, HH
F i W B SO2, BRI A RL A ok FE R, R DLUIE I A 4 R 7R HOAR
ERW IR A A FE D REMRERE FRESY, o &8 A difh i 72 T
ARG, HEERRAR G, X—f8fld 7T e Tk ERR .

AR SR, B AR R R GE, AE Dy — B4R 6V R B B T MR AR (ILs)
PR LR TR 10 45 R FORF (O MR RE TR G 18 T &t A3, T HTZ
WS ZE YRR, AN R PR DL R mT i B A R M SR, B R 2
A5 R B A IR 4% B Ak 2 W B 7R, 9 G SO[99:119.125,149-1511 1 C 0, [152-153],
st[154,155]’ NH3[117'118’156], CO[157’158], NO[159’160]%0 Jﬂﬁ&l" Z://I\z}l_‘
A OREE SR W B 7 T A G A B B R, K 2 BB R A R AR
2 W B A B AN B 1) FL 45 0 7= A 1 A B R B R A A O [198-1081, fH A,
GERIA H & B IR B, DRI AR BT A R T — AR B R T R
REW, HWEE TERESWN —M, €328 71 7R & 4458
. fE£ 298 K, 1.0 bar %1 ~, X SOz i)W Fff & ik # 10.58 mmol/g,
i H SO2/N2 [ 43 85 1 BE 1A F] 7000 LA b, it i3t — B o 3 v gE Ik,
LR E FHMmBEREAY ILG-0.15 M ZFiE M At R If, 1A% 487 min/g,
T E— TAE 1§ P([Allyl-TMG]Br-DVB)#J 150 min/g, 7 1R B &
I, AHET R T SR B .
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3.2 SERERSY

3.2.1 SERRFI AN BE

S K 7R - 3-% 3 2K W (199%) 1 /N i 2 = FH R YR 4L 4 (CTAB, 90%).
N H R DO (HMTA, 99%) g | Bl wm sk AL H R 4 ", CO
(99.999%). N2 (99.999%). SO, (99.99%) H IT V4 #& 45 5 F S 4k A IR 2 7]
gt BTE HAM MmN EEMEN, R —Prdif.

LI MM HE TR %, DZF-6020), Wi P28 (7RG
B~ ", DF-101S), H ¥ KF(&E, TX2202L).

S AT RAE S M . X B LR AT BT A (Rigaku RINT-2200), 4L 4k ) i X
(NEXUS870), # & 4 # 1X (PerkinElmer, &< A B, JHiE#E X H
10°C/min), ¥ K5 T B 7 258 (HITACHI SU8020)A1i%E & H 1 & i
5i(TEM, JEOL JEM-2100), " A& W B 4% (Micromeritics Tristar Il 3020), X
28 5% B 7 BE 3% (Thermo Scientific ESCALAB 250Xi).

3.2.2 REREFEBRERSYOHE

RS FHHmBER AW EH &R0 T L ILG-0.15 B il & i 72
R, HERIAREL 0.20 g 3-F FEKEY A 0.51 g HMTA T BRI+, A
20 ml & FAK, WA 20 min J5, A 0.15 ¢ CTAB, 4k&EH#E
15 min J&5, 4 L8 BN 85 °C g4 e N, KA HEHE, M 24 h,
BEIMNKERETFERBRADETESIREACERH R, 25 H
ZETFOKBER 10 K, BRI 5E 4 B R B BR 25N 60 °C 725 T #
FMHE 8 h, HEIMBEN KM IR IKFEN 24 h,AJ57E 60°C HZF
B4R B 5 12 h, 43 B8R & A 44 9 ILG-0.15.

HARW M A6 &5 1LG-0.15 Ml & SEMEEL, £ CTAB
()20 BRI & 2 04 0.05. 0.1, 4r 7148 3 ILG. ILG-0.05. ILG-0.1.

3.3 SRERS5VS

3.3.1 Rt REFREBMBRESYRIE
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v,
$3400-2402 2000KVAGmm xS0k

& 3-1 (A) ILG, (B) ILG-0.05, (C) ILG-0.1, (D) ILG-0.15 SEM

VU A AR bU 3R B 7 B T B R S 4 I 4 B R R R O B B I 1] 3-1
3-2 fiore WEIHATLLEH, REEERE FHMBRAMHEINKLET
WA, BE CTAB W IN & MIZ B n, A& % MR K/ A
B — ek R (i 3-1A K 3-2A)% i B il E &R (i E 3-1D F
3-2D). Ui B CTAB 7E L A ke 2 i ¥ JE 35 1 1E H

K 3-2 (A) ILG, (B) ILG-0.05, (C) ILG-0.1,(D) ILG-0.15 TEM [
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Bl 3-3 MK b 3R 5 B T i 5 A A I R0 B A R 4R . A T
DEHMKUES FEBMEBERAWEREA H3 M /EH il BMER%, 7
0.9-1.0 P/PO K, %0 = W Bt & A 8, 150 B A7 78 4% 1R FL B (1221 ILG . ILG-0.05.
ILG-0.10 A1 ILG-0.15 M Lb R AR 437 v 9 m? g1, 50 m? g, 73 m2 gL,
84 m2gl, HEARM LRI A EE BN, X5HTH SEM M TEM M %< 3|
M &R —3.

500
—=— LG

~ 4004 o 1LG-0.05
2 ——ILG-0.1

E 300 —v— ILG-0.15

-

(¥}

=

ey

S 2004

2

<

&

E 1004

=

(-1

-

04
Ll L] L) hd L) 1 L
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/Po)

3-3 Ik Lk 3% B 7 By I O S A U B A R 2R

= ILG
£
£
z ILG-0.05
=
ILG-0.1
ILG-0.15
| A L v L] v L) v L] v L] v L] v
10 20 30 40 50 60 70 80

20 (degree)

3-4 MIRILEZE THBmERSYWK XRD
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1512 1439
A ]

120
5
& 1004
g
5 ILG-0.10
£ 30
£ ILG-0.15
=
E 604 /A

2917 2832

40+

v T ¥ T v T \ T v T d T v
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

K 3-5 fREL R 7 A My i R & W i) 20 4 i ]

100 -
| —ILG
90 4 —— ILG-0.05
- ——ILG-0.1
307 ——ILG-0.15
S 704
%D 4
2 60-
B J
504
404
30

L B A I S B S R B S B
100 200 300 400 500 600 700 800
Temperature (°C)

K3-6 fRtbRE THBBRESYWHAERK

NT 0 TR ILG MBI SR, XA REIT XRD FRAE LA K 8 B 21 40
o FH I 3-4 Firs, DUMPIC B 3R 5+ B T % 58 & W) AE 200 £ B 1) 95 IR % CTAB
ISR RGN, WERLEEIARREL, RN AESSHIEE. MH ILG MK
(KIZE AN B (1 3-5 ) R, 2917 em F12832 em AJ AT+ kit =
BRI IRAL e () C-H Fr iRBh061, 1622 em™, 1512 em™, 1439 em! AMKFAEIE TN
RN B SRR BN 162104 X R IMIC L R B 7 A Wy B 5K S W T & . N T T iR
ik th 3% &8 7 By I R & W e e tEgE, AT HAT T HRE TR, 45
B 3-6 Fiom. WETTLLE H, BE%E CTAB UNINE IIGIN, 20 AR iR B B3 ,
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VURRIC e 35 2 7 24 1y 8% 2R & W) 9 4E 200 °C DL EATHIR iR, BB & IR &
PR IR e e -

3.3.2 REERETFEBRBERSYR SO, WHHERER T EERE

SO, adsorption capacity (mmol/g)

{ —s— [LG-0
ch —eo—ILG-0.05
2- —4—[LG-0.1
14 —v—ILG-0.15
0 -
L] o L) = L g
0 20 40 60

Time (min)

K 3-7 fik bR B 1 A Wy R I B R A

K 3-1 7298 K, 1.0bar N LK & 7 MWy B8 5K 5 W) o> B Re

CO2 N2
SO2
(mmol g') (mmol  (mmol SO2/N2  S0./CO
v mmo 1 1 2/N2 2 2
Fhdh 24 g) g (10:90)  (10:90)
0.01 01 . .
bar bar ar ar ar
ILG-0 0.19 055 498 0.62 0.032 19 8
1LG-0.05 064 210 7.41 0.36 0.038 545 56
1LG-0.1 135 223 839 0.33 0.025 866 61
ILG-0.15 143 265 1058 0.21 0.003 7271 120

4 3-7 J9 298 K, 100 KPa ZfF N, DURMIE bt 22 88 1 7 By 18 5 5 40 VR BfY
SO, AR B T LE A ﬁﬂ]%ME&Hﬁ%%?ﬁ”%ﬁ’%ﬂéﬁ%E 5 min
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100
901
;j ILG-0.15
Esm
&
£ ILG-0.15+S0,
2 70+
£
o
60 -
50

2000 1750 1500 1250 1000 750 500

Wavenumber (cm™)

K 3-8 ILG-0.15 Wy [t SO J5 #Y 2L 4h 1 &

Adsorption capacity (mmol/g)

v v T . r . .
0.0 0.2 0.4 0.6 0.8 1.0
Pressure (bar)

K 3-9 ILG-0.15 1F 298 K,1.0 bar [ [ SO, N, CO, 2515 26

LB P, JFH, BEE CTAB WRMEMIGM, KRB FHBH B RS
XF SOz B KW M 5 2 R B A&, HAd ILG-0.15 X SO, Wk bt 75 & 5 i »
1A% 10.58 mmol/g. Fifi 5 XU SO, 1l J5 1Y ILG-0.15 FAnEATLLANRAE, HIE
3-8 APULERE], WRF T SO I ILG MEIHEZ H T 1030 cm™ A HIRHENE, iX1]
HHT SO, H5ARFEZ A m---S FHE AR 1301451651 6p TS BRI BRSO,
X HAR SR FEPE AN EE bR, A T MK IR & 7 R i R S0 o e 1k
e, FRATIAR T 7E 298 K T, 0.1~1.0 bar 2 [A] SO, CO2, Na MR B A8, FFHit
ot T SFIRAR, W 3-9 Frone AL RIFE AR IAST a8, 45
W 3-1 Pron. HERATHED, ILG-0.15 #1EHK SO/CO, 73 B ik #4120, SO2/N,
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I Bk Bk =ik 7271, VR ILG-0.15 [0 55 10 fE B 1

3.3.3 REEREFEBMBR SV B

1.14 2000 ppm SO, 84.8% N,,15% CO,  Flow: 20 mL/min

. : x : v T r
0 200 400 600 800
Time (min/g)

K 3-10 1LG-0.15 (19 & i& ih 4 &

N T BINAG R B T A R A M) SO2/Ny BLK SO./CO, 4%
PE, XF ILG-0.15 3T T 28 e Rl ik SEIG 268 298 K, 1.0 bar, BLALHAS K
434 2000 ppm SOz, 15% CO,, 84.8% Na, JiIE A 20 mL/min. 45
3-10 fis, MEIHATDUE HAEIRFER TR N, BTS2 %E, £ 100 min/g N, —
AR B 524, 1F 487 min/g B, SO» 3% o IX 5 AT T H 1) SO2/N». S0,/CO»
SERAAPE R, X —Z5 R ULEH ILG-0.15 MRMRI 2B RE R 4T, Ssbn i st i
Peft 7SI A .

334 RERESTFEMBERSYEEE

AT AN, PRI G T AR TS bR B 2 oCE 2 Sl JATTE 26Xt ILG
MRMEFR I SO, B 5 AT 8 B 2L A0 i ik, Wil 3-11 a Frow. dh4bh, ki
177 SO Wi Bft 5256, 7F 298 K, 1.0 bar 254 N HET SO WLt 5256, 7F 333K,
0.1 kPa 260 FHEAT I S236 . & 3-11 b /40, E#HT T 8 IRTEH G, BHT 8
PAEFRINR) ILG M 8HE) FT-IR 8% B 55 — 08 iE ILG MR FT-IR 3% EIAH L
WAHWEAN, HETLEL ILG 1) SO, W &AW S TR, R 1E
HPERER 4T
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—
s
1

Fresh
80 4

50 _’\//V/\,f/\
Reused
40 4

204

ce
1

Transmittance (a.u.)
SO, adsorption capacity (mmol/g) ==
Y

350(] 3000 250(] 2(](]0 1 500 ll](]l] 500 1 2 3 4 5 6 7 8

Wavenumber (em”) Recycling times

Kl 3-11 (a) il ILG-0.15 PLJLEIR 8 IR 2 Ja i) ILG-0.15 L4 (b) ILG-0.15 /£

298 K,1.0 bar &I B 1

3.4 KENG

A TAE#E T R CTAB FE Il 7 — MR IR B F MR A4, JEH
T SO I8 R B R e B 20 B o 35 20 AN R AE AT R RI RS & B, A SEM
J TEM RAEUHH, ILG MEEE CTAB HEREM, I KAEMA, MNERIEAE
BRI LR B IRTE 298 K, 1.0 bar B4 FXF SO. HIWLFff, B CTAB
FE G0, LG MHREXT SO, (K & thaZ i hn, il 3% 10.58 mmol/g. i
XA R AE IR PR RE I X DA K 2 3 1 RE DX T 40, & AR ELR B Ty I SR A
VI 53 B PR RE DA R 50 1 e R, B A SRR A S B T T

38



IR LR 1 RIS W ] 4% S LB SO PEREITFT

L S5RE

RN 2’51‘9

(1) Il TR E FRMEREY, ST &A= Sk
PE W B 4> B SO2. fE 298 K, 1.0 bar % K, MEERKEW
P([Allyl-TMG]Br-DVB) X SOz ] W fff %5 & 15 %] 17 9.79 mmol/g, SO2/CO-
M SO2/N2 IAST & £ 1% 4 7l @& & 452 M1 2294, MEXKE Y
P([Allyl-TMG]Br-DVB)i& B A R i It 1 2 £ € 1

(2) Wi CTAB WId &, Bh il & 7 IKILR S F R MR S,
7£ 298 K, 1.0 bar %1 T, MRS ILG-0.15 X SO, i W fff & ik 3] 1
10.58 mmol/g, SO2/CO, Fl SO2/N2 IAST %k £ % 43 % A 120 1 7271, H
%, P([Allyl-TMG]Br-DVB) X 2000 ppm K& SOz E A5 1R 4 KW bt 43 25 PERE
2 I (8] ik 487 min/g, X 15% CO, F1 84.8% No JL-F- AW FF, 7EAEIA IR I
8 KJa, I SO WFHHEREA A MG N %, R ILH B 4F /908 5 18 A 1 g

—RE
AL 25 1 PSR SO WA RL, WFCRIA 22 kiR e
(1) (R RMCE: & 7R R AW Re 0 SCIL AL i & & i, A R4k SRR 5T s
(2) (R RE TR MEER AW SO2/CO, 7y B FEME AR ARHAR, i 4k 4
e R I FHE I

(3) FSE TR M AR A R P R e 5 5%, & 20 TR E



Bl = SE AR S

SE 3

[1]1 R “SAMHRHANTBEE 5 Wik 2T 7E[D]. B K, 2007.

[2] Xiao Z, Li D, Wang F, et al. Simultaneous removal of NO and SO, with a new
recycling micro-nano bubble oxidation-absorption process based on HA-Na[J].
Separation and Purification Technology, 2020, 242: 116788.

[3] Wang J, Lu X, Yan Y, et al. Spatiotemporal characteristics of PM2.5 concentration
in the Yangtze River Delta urban agglomeration, China on the Application of Big Data
and Wavelet Analysis[J]. Science of the Total Environment, 2020, 724: 138134.

[4] Kampa M, Castanas E. Human health effects of air pollution[J]. Environmental
Pollution, 2008, 151(2): 362-367.

[5] XU, sk = B E T =S A B0a S S B =[], A ETs g
558, 2012, 34(10): 100-104.

[6] Song N, Ma T, Wang T, et al. Microporous polyimides with high surface area and
COz selectivity fabricated from cross-linkable linear polyimides[J]. Journal of Colloid
and Interface Science, 2020, 573: 328-335.

[7] Zhang Y, Zhang P, Yu W, et al. Highly selective and reversible sulfur dioxide
adsorption on a microporous metal-organic framework via polar sites[J]. ACS
Applied Materials & Interfaces, 2019, 11(11): 10680-10688.

[8] Yang W, Liu F, Xie L, et al. Effect of V,0s additive on the SO resistance of a
Fe>O3/AC catalyst for NH3-SCR of NOx at low temperatures[J]. Industrial &
Engineering Chemistry Research, 2016, 55(10): 2677-2685.

[9] Slater A G, Cooper A I. Porous materials. Function-led design of new porous
materials[J]. Science (New York, NY), 2015, 348(6238): 8075-8075.

[10] Tan L, Tan B. Hypercrosslinked porous polymer materials: design, synthesis, and
applications[J]. Chemical Society Reviews, 2017, 46(11): 3322-3356.

[11] Sun B, Zhu C H, Liu Y, et al. Oriented covalent organic framework film on
graphene for robust ambipolar vertical organic field-effect transistor[J]. Chemistry of
Materials, 2017, 29(10): 4367 - 4374.

[12] Park S, Kim M S, Jang W, et al. Covalent organic nanosheets for effective charge
transport layers in planar-type perovskite solar cells[J]. Nanoscale, 2018, 10(10):
4708 - 4717.

[13] Chen L, Furukawa K, Gao J, et al. Photoelectric covalent organic frameworks:

converting openlattices into ordered donor-acceptor heterojunctions[J]. Journal of the
40



IR LR 1 RIS W ] 4% S LB SO PEREITFT

American Chemical Society, 2014, 136(28): 9806-9809.

[14] Xu H, Gao J, Jiang D L. Stable, crystalline, porous, covalent organic frameworks
as a platform for chiral organocatalysts[J]. Nature Chemistry. 2015, 7(11): 905-912.
[15] Xu H S, Ding S 'Y, An W K, et al. Constructing crystalline covalent organic
frameworks from chiral building blocks[J]. Journal of the American Chemical Society.
2016, 138(36): 11489-11492.

[16] Wang X R, Han X, Zhang J, et al. Homochiral 2D porous ccovalent organic
frameworks for heterogeneous asymmetric catalysis[J]. Journal of the American
Chemical Society, 2016, 138(38): 12332-12335.

[17] Ding S Y, Dong M, Wang Y W, et al. Thioether-based fluorescent covalent
organic framework for selective detection and facile removal of mercury(II)[J].
Journal of the American Chemical Society, 2016, 138(9): 3031-3037.

[18] Dalapati S, Jin E Q, Addicoat M, et al. Highly emissive covalent organic
frameworks[J]. Journal of the American Chemical Society, 2016, 138(18): 5797-5800.
[19] Gao Q, Li X, Ning G H, et al. Highly photoluminescent two-dimensional
imine-based covalent organic frameworks for chemical sensing[J]. Chemical
Communications, 2018, 54(19): 2349-2352.

[20] Huang N, Wang P, Jiang D. Covalent organic frameworks: a materials platform
for structural and functional designs[J]. Nature Reviews Materials, 2016, 1(10): 1-19.
[22] Lee G Y, Lee J, Vo H T, et al. Amine-functionalized covalent organic framework
for efficient SO, capture with high reversibility[J]. Scientific Reports, 2017, 7(1):
1-10.

[23] Calik M, Sick T, Dogru M, et al. From highly crystalline to outer
surface-functionalized ccovalent organic frameworks a modulation approach[J].
Journal of the American Chemical Society, 2016, 138(4): 1234-1239.

[24] Cheng G, Hasell T, Trewin A, et al. Soluble conjugated microporous polymers[J].
Angewandte Chemie International Edition, 2012, 51(51): 12727-12731.

[25] Chen L, Honsho Y, Seki S, et al. Light-harvesting conjugated microporous
polymers: rapid and highly efficient flow of light energy with a porous polyphenylene
framework as antenna[J]. Journal of the American Chemical Society, 2010, 132(19):
6742-6748.

[26] Wang X, Han X, Zhang J, et al. Homochiral 2D porous covalent organic
frameworks for heterogeneous asymmetric catalysis[J]. Journal of the American
Chemical Society, 2016, 138(38): 12332-12335.

[27] Lin S, Diercks C S, Zhang Y B, et al. Covalent organic frameworks comprising



Bl = SE AR S

cobalt porphyrins for catalytic CO; reduction in water[J]. Science, 2015, 349(6253):
1208-1213.

[28] Jiang J X, Trewin A, Adams D J, et al. Band gap engineering in fluorescent
conjugated microporous polymers[J]. Chemical Science, 2011, 2(9): 1777-1781.

[29] Xu Y, Chen L, Guo Z, et al. Light-emitting conjugated polymers with
microporous network architecture: interweaving scaffold promotes electronic
conjugation, facilitates exciton migration, and improves luminescence[J]. Journal of
the American Chemical Society, 2011, 133(44): 17622-17625.

[30] Li A, Lu R F, Wang Y, et al. Lithium—doped conjugated microporous polymers
for reversible hydrogen storage[J]. Angewandte Chemie International Edition, 2010,
122(19): 3402-3405.

[31] Li A, Sun H X, Tan D Z, et al. Superhydrophobic conjugated microporous
polymers for separation and adsorption[J]. Energy&Environmental Science, 2011,
4(6): 2062-2065.

[32] Xu C, Hedin N. Synthesis of microporous organic polymers with high
COz-over-N; selectivity and CO» adsorption[J]. Journal of Materials Chemistry A,
2013, 1(10): 3406-3414.

[33] Rabbani M G, Sekizkardes A K, El-Kadri O M, et al. Pyrene-directed growth of
nanoporous benzimidazole-linked nanofibers and their application to selective CO»
capture and separation[J]. Journal of Materials Chemistry, 2012, 22(48):
25409-25417.

[34] Yuan S, Dorney B, White D, et al. Microporous polyphenylenes with tunable
pore size for hydrogen storage[J]. Chemical Communications, 2010, 46(25):
4547-4549.

[35] Xu Y, Jin S, Xu H, et al. Conjugated microporous polymers: design, synthesis
and application[J]. Chemical Society Reviews, 2013, 42(20): 8012-8031

[36] He Y, Gehrig D, Zhang F, et al. Highly efficient electrocatalysts for oxygen
reduction reaction based on 1D ternary doped porous carbons derived from carbon
nanotube directed conjugated microporous polymers[J]. Advanced Functional
Materials, 2016, 26(45): 8255-8265.

[37] Cui S, Qian M, Liu X, et al. A copper porphyrin—based conjugated mesoporous
polymer—derived bifunctional electrocatalyst for hydrogen and oxygen evolution[J].
ChemSusChem, 2016, 9(17): 2365-2373.

[38] Evans A M, Parent L R, Flanders N C, et al. Seeded growth of single-crystal

two-dimensional covalent organic frameworks[J]. Science, 2018, 361(6397): 52-57.

42



IR LR 1 RIS W ] 4% S LB SO PEREITFT

[39] Kandambeth S, Dey K, Banerjee R. Covalent organic frameworks: chemistry
beyond the structure[J]. Journal of the American Chemical Society, 2018, 141(5):
1807-1822.

[40] Sun Q, Aguila B, Earl L D, et al. Covalent organic frameworks as a decorating
platform for utilization and affinity enhancement of chelating sites for radionuclide
sequestration[J]. Advanced Materials, 2018, 30(20): 1705479.

[41] Li Z, Li H, Xia H, et al. Triarylboron-linked conjugated microporous polymers:
sensing and removal of fluoride ions[J]. Chemistry—A European Journal, 2015, 21(48):
17355-17362.

[42] Geng T M, Zhu H, Song W, et al. Conjugated microporous polymer-based
carbazole derivatives as fluorescence chemosensors for picronitric acid[J]. Journal of
Materials Science, 2016, 51(8): 4104-4114.

[43] Chan-Thaw C E, Villa A, Katekomol P, et al. Covalent triazine framework as
catalytic support for liquid phase reaction[J]. Nano Letters, 2010, 10(2): 537-541.

[44] Sun Q, Dai Z, Meng X, et al. Porous polymer catalysts with hierarchical
structures[J]. Chemical Society Reviews, 2015, 44(17): 6018-6034.

[45] Liu M, Guo L, Jin S, et al. Covalent triazine frameworks: synthesis and
applications[J]. Journal of Materials Chemistry A, 2019, 7(10): 5153-5172.

[46] Kuhn P, Antonietti M, Thomas A. Porous, covalent triazine—based frameworks
prepared by ionothermal synthesis[J]. Angewandte Chemie International Edition,
2008, 47(18): 3450-3453.

[47] Puthiaraj P, Pitchumani K. Triazine-based mesoporous covalent imine polymers
as solid supports for copper-mediated chan—lam cross-coupling N-arylation
reactions[J]. Chemistry—A European Journal, 2014, 20(28): 8761-8770.

[48] Ren S, Dawson R, Laybourn A, et al. Functional conjugated microporous
polymers: from 1, 3, 5-benzene to 1, 3, 5-triazine[J]. Polymer Chemistry, 2012, 3(4):
928-934.

[49] Ben T, Ren H, Ma S, et al. Targeted synthesis of a porous aromatic framework
with high stability and exceptionally high surface area[J]. Angewandte Chemie, 2009,
121(50): 9621-9624.

[50] Yuan D, Lu W, Zhao D, et al. Highly stable porous polymer networks with
exceptionally high gas-uptake capacities[J]. Advanced Materials, 2011, 23(32):
3723-3725.

[51] Yu W, Li H, Zhang L, et al. Preparation of magnetic porous aromatic framework

for rapid and efficient removal organic pollutants from water[J]. Analytical Sciences,



Bl = SE AR S

2020: 20P013.

[52] Yang Y, Yang Y, Wang T, et al. Highly selective reduction of nitroarenes with
gold nano-catalysts immobilized in porous aromatic frameworks[J]. Microporous and
Mesoporous Materials, 2020, 306: 110393.

[53] Wang Y, Ma X, Ghanem B S, et al. Polymers of intrinsic microporosity for
energy-intensive membrane-based gas separations[J]. Materials Today Nano, 2018, 3:
69-95.

[54] Budd P M, Ghanem B S, Makhseed S, et al. Polymers of intrinsic microporosity
(PIMs): robust, solution-processable, organic nanoporous materials[J]. Chemical
Communications, 2004 (2): 230-231.

[55] Carta M, Croad M, Malpass - Evans R, et al. Triptycene induced enhancement of
membrane gas selectivity for microporous Troger's base polymers[J]. Advanced
Materials, 2014, 26(21): 3526-3531.

[56] Rose I, Bezzu C G, Carta M, et al. Polymer ultrapermeability from the inefficient
packing of 2D chains[J]. Nature Materials, 2017, 16(9): 932-937.

[57] Williams R, Burt L A, Esposito E, et al. A highly rigid and gas selective
methanopentacene-based polymer of intrinsic microporosity derived from Troger's
base polymerization[J]. Journal of Materials Chemistry A, 2018, 6(14): 5661-5667.
[58] He Y, Benedetti F M, Lin S, et al. Polymers with side chain porosity for
ultrapermeable and plasticization resistant materials for gas separations[J]. Advanced
Materials, 2019, 31(21): 1807871.

[59] Kewley A, Stephenson A, Chen L, et al. Porous organic cages for gas
chromatography separations[J]. Chemistry of Materials, 2015, 27(9): 3207-3210.

[60] Slater A G, Cooper A 1. Function-led design of new porous materials[J]. Science,
2015, 348(6238).

[61] Li B, Gong R, Wang W, et al. A new strategy to microporous polymers: knitting
rigid aromatic building blocks by external cross-linker[J]. Macromolecules, 2011,
44(8): 2410-2414.

[62] Chen D, Fu Y, Yu W, et al. Versatile adamantane-based porous polymers with
enhanced microporosity for efficient CO> capture and iodine removal[J]. Chemical
Engineering Journal, 2018, 334: 900-906.

[63] Davankov V A, Rogoshin S V, Tsyurupa M P. Macronet isoporous gels through
crosslinking of dissolved polystyrene[C]. Journal of Polymer Science: Polymer
Symposia. New York: Wiley Subscription Services, Inc., A Wiley Company, 1974,
47(1): 95-101.

44



IR LR 1 RIS W ] 4% S LB SO PEREITFT

[64] Wood C D, Tan B, Trewin A, et al. Hydrogen storage in microporous
hypercrosslinked organic polymer networks[J]. Chemistry of Materials, 2007, 19(8):
2034-2048.

[65] Li B, Gong R, Wang W, et al. A new strategy to microporous polymers: knitting
rigid aromatic building blocks by external cross-linker[J]. Macromolecules, 2011,
44(8): 2410-2414.

[66] Liu Y, Men B, Hu A, et al. Facile synthesis of graphene-based hyper-cross-linked
porous carbon composite with superior adsorption capability for chlorophenols[J].
Journal of Environmental Sciences, 2020, 90: 395-407.

[67] Zhang Q, Zhang S, Li S. Novel functional organic network containing quaternary
phosphonium and tertiary phosphorus[J]. Macromolecules, 2012, 45(7): 2981-2988.
[68] Hu X M, Chen Q, Sui Z Y, et al. Triazatriangulenium-based porous organic
polymers for carbon dioxide capture[J]. RSC Advances, 2015, 5(109): 90135-90143.
[69] Fischer S, Schimanowitz A, Dawson R, et al. Cationic microporous polymer
networks by polymerisation of weakly coordinating cations with CO»-storage
ability[J]. Journal of Materials Chemistry , 2014, 2(30): 11825-11829.

[70] Yu S B, Lyu H, Tian J, et al. A polycationic covalent organic framework: a robust
adsorbent for anionic dye pollutants[J]. Polymer Chemistry, 2016, 7(20): 3392-3397.
[71] Yuan Y, Sun F, Li L, et al. Porous aromatic frameworks with anion-templated
pore apertures serving as polymeric sieves[J]. Nature Communications, 2014, 5(1):
1-8.

[72] Fischer S, Schmidt J, Strauch P, et al. An anionic microporous polymer network
prepared by the polymerization of weakly coordinating anions[J]. Angewandte
Chemie International Edition, 2013, 52(46): 12174-12178.

[73] Zhang P, Qiao Z A, Jiang X, et al. Nanoporous ionic organic networks:
stabilizing and supporting gold nanoparticles for catalysis[J]. Nano Letters, 2015,
15(2): 823-828.

[74] Hao S, Liu Y, Shang C, et al. CO; adsorption and catalytic application of
imidazole ionic liquid functionalized porous organic polymers[J]. Polymer Chemistry,
2017, 8(11): 1833-1839.

[75] Lu Y, Hu J, Zeng Y, et al. Electrochemical determination of rutin based on
molecularly imprinted poly (ionic liquid) with ionic liquid-graphene as a sensitive
element[J]. Sensors and Actuators B: Chemical, 2020, 311: 127911.

[76] Zhang S Y, Zhuang Q, Zhang M, et al. Poly (ionic liquid) composites[J].
Chemical Society Reviews, 2020, 49(6): 1726-1755.



Bl = SE AR S

[77] Zhao B, Wu D, Chu H, et al. Magnetic mesoporous nanoparticles modified with
poly (ionic liquids) with multi—functional groups for enrichment and determination of
pyrethroid residues in apples[J]. Journal of Separation Science, 2019, 42(10):
1896-1904.

[78] Bacon S L, Ross R J, Daugulis A J, et al. Imidazolium-based polyionic liquid
absorbents for bioproduct recovery[J]. Green Chemistry, 2017, 19(21): 5203-5213.
[79] Sadeghi S, Oliaei S. Microextraction of sulfathiazole from milk and honey
samples using a polymeric ionic liquid membrane followed by fluorometric
determination[J]. Journal of Food Composition and Analysis, 2021, 97: 103774.

[80] Suo X, Yu Y, Qian S, et al. Tailoring the pore size and chemistry of ionic
ultramicroporous polymers for trace sulfur dioxide capture with high capacity and
selectivity[J]. Angewandte Chemie International Edition, 2021, 133(13): 7062-7067.
[81] Sun C J, Wang P F, Wang H, et al. All-thiophene-based conjugated porous
organic polymers[J]. Polymer Chemistry, 2016, 7(31): 5031-5038.

[82] Xiang Z, Mercado R, Huck J M, et al. Systematic tuning and
multifunctionalization of covalent organic polymers for enhanced carbon capture[J].
Journal of the American Chemical Society, 2015, 137(41): 13301-13307.

[83] Msayib K J, McKeown N B. Inexpensive polyphenylene network polymers with
enhanced microporosity[J]. Journal of Materials Chemistry A, 2016, 4(26):
10110-10113.

[84] Mohamed M G, Ahmed M M M, Du W T, et al. Meso/microporous carbons from
conjugated  hyper-crosslinked polymers based on tetraphenylethene for
high-performance CO, capture and supercapacitor[J]. Molecules, 2021, 26(3): 738.
[85] Deng Q W, Ren G Q, Li Y J, et al. Hydrogen and CO storage in high surface
area covalent triazine-based frameworks[J]. Materials Today Energy, 2020, 18:
100506.

[86] Jeon J W, Kim D G, Sohn E, et al. Highly carboxylate-functionalized polymers of
intrinsic microporosity for CO,-selective polymer membranes[J]. Macromolecules,
2017, 50(20): 8019-8027.

[87] Neumann S, Bengtson G, Meis D, et al. Thermal cross linking of novel azide
modified polymers of intrinsic microporosity-effect of distribution and the gas
separation performance[J]. Polymers, 2019, 11(8): 1241.

[88] Sekizkardes A K, Hammache S, Hoffman J S, et al. Polymers of intrinsic
microporosity chemical sorbents utilizing primary amine appendance through

acid-base and hydrogen-bonding interactions[J]. ACS Applied Materials & Interfaces,

46



IR LR 1 RIS W ] 4% S LB SO PEREITFT

2019, 11(34): 30987-30991.

[89] Jung D, Chen Z, Alayoglu S, et al. Postsynthetically modified polymers of
intrinsic microporosity (PIMs) for capturing toxic gases[J]. ACS Applied Materials &
Interfaces, 2021, 13(8): 10409-10415.

[90] Graham T. X. Liquid diffusion applied to analysis[J]. Philosophical Transactions
of the Royal Society of London, 1861 (151): 183-224.

[91] Marr P C, Marr A C. Ionic liquid gel materials: applications in green and
sustainable chemistry[J]. Green Chemistry, 2016, 18(1): 105-128.

[92] Ma Y, Liu B, Zhang Y, et al. Ru nanoparticles in ionic liquids confined by silica
gel: a high active iongel catalyst for low temperature water-gas shift reaction[J].
International Journal of Hydrogen Energy, 2015, 40(30): 9147-9154.

[93] Wang Y M, Ulrich V, Donnelly G F, et al. A recyclable acidic ionic liquid gel
catalyst for dehydration: comparison with an analogous SILP catalyst[J]. ACS
Sustainable Chemistry & Engineering, 2015, 3(5): 792-796.

[94] Horowitz A I, Panzer M J. Poly (dimethylsiloxane)-supported ionogels with a
high ionic liquid loading[J]. Angewandte Chemie International Edition, 2014, 126(37):
0938-9941.

[95] Negre L, Daffos B, Turq V, et al. Ionogel-based solid-state supercapacitor
operating over a wide range of temperature[J]. Electrochimica Acta, 2016, 206:
490-495.

[96] Moon H C, Lodge T P, Frisbie C D. Solution processable, electrochromic ion gels
for sub-1 V, flexible displays on plastic[J]. Chemistry of Materials, 2015, 27(4):
1420-1425.

[97] Ding L, Li L, You W, et al. Electrocatalytic oxidation of venlafaxine at a
multiwall carbon nanotubes-ionic liquid gel modified glassy carbon electrode and its
electrochemical determination[J]. Croatica Chemica Acta, 2015, 88(1): 81-87.

[98] Rosas J M, Ruiz-Rosas R, Rodriguez-Mirasol J, et al. Kinetic study of SO»
removal over lignin-based activated carbon[J]. Chemical Engineering Journal, 2017,
307:707-721.

[99] Zhang J Y, Zhang J B, Li M, et al. Solvent-free and one-pot synthesis of
ultramicroporous carbons with ultrahigh nitrogen contents for sulfur dioxide
capture[J]. Chemical Engineering Journal, 2020, 391: 123579.

[100] Wang A, Fan R, Pi X, et al. N-Doped porous carbon derived by direct
carbonization of metal-organic complexes crystal materials for SO, adsorption[J].
Crystal Growth & Design, 2019, 19(3): 1973-1984.



Bl = SE AR S

[101] Shi S, Ochedi F O, Cui S, et al. Removal of CO, from flue gas using seaweed
porous carbons prepared by urea doping and KOH activation[J]. Energy & Fuels,
2020.

[102] Zhang P, Chen D, Chen N, et al. Synthesis of porous sulfonamide polymers by
capturing atmospheric sulfur dioxide[J]. ChemSusChem, 2018, 11(11): 1751-1755.
[103] Hou S, Suo X, Chen N, et al. Facile synthesis of a linear porous organic
polymer via schiff-base chemistry for propyne/propylene separation[J]. Polymer
Chemistry, 2020, 11(27): 4382-4386.

[104] Sang Y, Cao Y, Wang L, et al. N-rich porous organic polymers based on schiff
base reaction for CO; capture and mercury (II) adsorption[J]. Journal of Colloid and
Interface Science, 2020, 587: 121-130.

[105] Chen K J, Scott H S, Madden D G, et al. Benchmark C,H,/CO, and CO,/C,H;>
separation by two closely related hybrid ultramicroporous materials[J]. Chem, 2016,
1(5): 753-765.

[106] Brandt P, Nuhnen A, Lange M, et al. Metal-organic frameworks with potential
application for SO, separation and flue gas desulfurization[J]. ACS Applied Materials
& Interfaces, 2019, 11(19): 17350-17358.

[107] Li L, Da Silva I, Kolokolov D I, et al. Post-synthetic modulation of the charge
distribution in a metal-organic framework for optimal binding of carbon dioxide and
sulfur dioxide[J]. Chemical Science, 2019, 10(5): 1472-1482.

[108] Brandt P, Nuhnen A, Oztiirk S, et al. Comparative evaluation of different MOF
and non-MOF porous materials for SO, adsorption and separation showing the
importance of small pore diameters for low - pressure uptake[J]. Advanced
Sustainable Systems, 2021: 2000285.

[109] Mirzaei M, Badiei A R, Mokhtarani B, et al. Experimental study on CO;
sorption capacity of the neat and porous silica supported ionic liquids and the effect of
water content of flue gas[J]. Journal of Molecular Liquids, 2017, 232: 462-470.

[110] Gao S, Zhang P, Wang Z, et al. Ionic Liquid functionalized 3D mesoporous
FDU-12 for effective SO, capture[J]. ACS Sustainable Chemistry & Engineering,
2019, 8(1): 586-593.

[111] Mirzaei M, Mokhtarani B, Badiei A, et al. Improving physical adsorption of
CO2 by ionic liquids—loaded mesoporous silica[J]. Chemical Engineering &
Technology, 2018, 41(7): 1272-1281.

[112] Nisar M, Bernard F L, Duarte E, et al. New polysulfone microcapsules
containing metal oxides and ([BMIM][NTf3]) ionic liquid for CO> capture[J]. Journal

48



IR LR 1 RIS W ] 4% S LB SO PEREITFT

of Environmental Chemical Engineering, 9(1): 104781.

[113] Zhang S, Zhang J, Zhang Y, et al. Nanoconfined ionic liquids[J]. Chemical
Reviews, 2017, 117(10): 6755-6833.

[114] Cui X L, Yang Q, Yang L, et al. Ultrahigh and selective SO; uptake in inorganic
anion - pillared hybrid porous materials[J]. Advanced Materials, 2017, 29(28):
1606929.

[115] Xia L, Cui Q, Suo X, et al. Efficient, selective, and reversible SO, capture with
highly crosslinked ionic microgels via a selective swelling mechanism[J]. Advanced
Functional Materials, 2018, 28(13): 1704292.

[116] Suo X, Yu Y, Qian S, et al. Tailoring the pore size and chemistry of ionic
ultramicroporous polymers for trace sulfur dioxide capture with high capacity and
selectivity[J]. Angewandte Chemie International Edition, 2021, 133(13): 7062-7067.
[117] Shang D, Zeng S, Zhang X, et al. Highly efficient and reversible absorption of
NH3 by dual functionalised ionic liquids with protic and Lewis acidic sites[J]. Journal
of Molecular Liquids, 2020, 312: 113411.

[118] Yuan L, Gao H, Jiang H, et al. Experimental and thermodynamic analysis of
NHj3 absorption in dual-functionalized pyridinium-based ionic liquids[J]. Journal of
Molecular Liquids, 2020: 114601.

[119] Wang L, Zhang Y, Liu Y, et al. SO, absorption in pure ionic liquids: solubility
and functionalization[J]. Journal of Hazardous Materials, 2020, 392: 122504.

[120] Zhao W, Chen L, Zhao Q, et al. Liquid-solid phase-change absorption of SO»
with tertiary diamines in long-chain alkane[J]. Separation and Purification Technology,
2019, 229: 115814.

[121] Zhang H, Jiang B, Yang N, et al. Highly efficient and reversible absorption of
SO, from flue gas using diamino polycarboxylate protic ionic liquid aqueous
solutions[J]. Energy & Fuels, 2019, 33(9): 8937-8945.

[122] An X C, Li Z M, Zhou Y, et al. Rapid capture and efficient removal of
low-concentration SO» in simulated flue gas by hypercrosslinked hollow nanotube
ionic polymers[J]. Chemical Engineering Journal, 2020, 394: 124859.

[123] Zhong F Y, Peng H L, Tao D J, et al. Phenol-based ternary deep eutectic
solvents for highly efficient and reversible absorption of NH3[J]. ACS Sustainable
Chemistry & Engineering, 2019, 7(3): 3258-3266.

[124] Huang K, Wu Y T, Hu X B. Effect of alkalinity on absorption capacity and
selectivity of SO> and HoS over CO»: substituted benzoate-based ionic liquids as the

study platform[J]. Chemical Engineering Journal, 2016, 297: 265-276.



Bl = SE AR S

[125] Chen F F, Huang K, Fan J P, et al. Chemical solvent in chemical solvent: A class
of hybrid materials for effective capture of CO,[J]. AIChE Journal, 2018, 64(2):
632-639.

[126] Guo Z, Jiang Q, Shi Y, et al. Tethering dual hydroxyls into mesoporous poly
(ionic liquid)s for chemical fixation of CO> at ambient conditions: a combined
experimental and theoretical study[J]. ACS Catalysis, 2017, 7(10): 6770-6780.

[127] Fu R Q, Woo J J, Seo S J, et al. Sulfonated polystyrene/polyvinyl chloride
composite membranes for PEMFC applications[J]. Journal of Membrane Science,
2008, 309(1-2): 156-164.

[128] Cota I, Chimentao R, Sueiras J, et al. The DBU-H>O complex as a new catalyst
for aldol condensation reactions[J]. Catalysis Communications, 2008, 9(11-12):
2090-2094.

[129] Qiu Y, Xing Z, Guo M, et al. Cadmium sulfide quantum dots/dodecahedral
polyoxometalates/oxygen-doped mesoporous graphite carbon nitride with Z-scheme
and Type-II as tandem heterojunctions for boosting visible-light-driven photocatalytic
performance[J]. Journal of Colloid and Interface Science, 2021, 582: 752-763.

[130] Fang R, Luque R, Li Y. Selective aerobic oxidation of biomass-derived HMF to
2, 5-diformylfuran using a MOF-derived magnetic hollow Fe-Co nanocatalyst[J].
Green Chemistry, 2016, 18(10): 3152-3157.

[131] Liu F, Wang L, Sun Q, et al. Transesterification catalyzed by ionic liquids on
superhydrophobic mesoporous polymers: heterogeneous catalysts that are faster than
homogeneous catalysts[J]. Journal of the American Chemical Society, 2012, 134(41):
16948-16950.

[132] Hui W, He X M, Xu X Y, et al. Highly efficient cycloaddition of diluted and
waste CO> into cyclic carbonates catalyzed by porous ionic copolymers[J]. Journal of
CO; Utilization, 2020, 36: 169-176.

[133] Deng H, Yi H, Tang X, et al. Adsorption equilibrium for sulfur dioxide, nitric
oxide, carbon dioxide, nitrogen on 13X and 5A zeolites[J]. Chemical Engineering
Journal, 2012, 188: 77-85.

[134] Yi H, Deng H, Tang X, et al. Adsorption equilibrium and kinetics for SOz, NO,
COz on zeolites FAU and LTA[J]. Journal of Hazardous Materials, 2012, 203:
111-117.

[135] Fu Y, Wang Z, Li S, et al. Functionalized covalent triazine frameworks for
effective COz and SO, removal[J]. ACS Applied Materials & Interfaces, 2018, 10(42):
36002-360009.

50



IR LR 1 RIS W ] 4% S LB SO PEREITFT

[136] Lee G Y, Lee J, Vo H T, et al. Amine-functionalized covalent organic framework

for efficient SO, capture with high reversibility[J]. Scientific Reports, 2017, 7(1):

1-10.

[137] Li X, Zhang L, Zheng Y, et al. Effect of SO> on CO; absorption in flue gas by

ionic liquid 1-ethyl-3-methylimidazolium acetate[J]. Industrial & Engineering

Chemistry Research, 2015, 54(34): 8569-8578.

[138] Yang S, Liu L, Sun J, et al. Irreversible network transformation in a dynamic

porous host catalyzed by sulfur dioxide[J]. Journal of the American Chemical Society,

2013, 135(13): 4954-4957.

[139] Cui G K, Lin W, Ding F, et al. Highly efficient SO, capture by

phenyl-containing azole-based ionic liquids through multiple-site interactions[J].

Green Chemistry, 2014, 16(3): 1211-1216.

[140] Yang Z Z, He L N, Song Q W, et al. Highly efficient SO absorption/activation

and subsequent utilization by polyethylene glycol-functionalized lewis basic ionic

liquids[J]. Physical Chemistry Chemical Physics, 2012, 14(45): 15832-15839.

[141] Yi H, Wang Z, Liu H, et al. Adsorption of SO, NO, and CO; on activated

carbons: equilibrium and thermodynamics[J]. Journal of Chemical & Engineering

Data, 2014, 59(5): 1556-1563.

[142] Ding L, Yazaydin A O. The effect of SO2 on CO; capture in zeolitic imidazolate

frameworks[J]. Physical Chemistry Chemical Physics, 2013, 15(28): 11856-11861.

[143] Yang S, Sun J, Ramirez-Cuesta A J, et al. Selectivity and direct visualization of

carbon dioxide and sulfur dioxide in a decorated porous host[J]. Nature Chemistry,

2012, 4(11): 887-894.

[144] Savage M, Cheng Y, Easun T L, et al. Selective adsorption of sulfur dioxide in a

robust metal-organic framework material[J]. Advanced Materials, 2016, 28(39):

8705-8711.

[145] Tan K, Canepa P, Gong Q, et al. Mechanism of preferential adsorption of SO»

into two microporous paddle wheel frameworks M(bdc)(ted)os[J]. Chemistry of

Materials, 2013, 25(23): 4653-4662.

[146] i34 A~ BRE N TR SRR K AL BRI 7E[0]. A T BEiHIE IR, 2020,
46(11): 155-156.

[147] E¥oT, BERW], XESE. O KA —f B IR BT BORAE B R 40 <AL

N . A 48, 2020(02): 13-15.

[148] “Kidi, A, PR %0 KA A 6% 5 AR § 20 #r (1. B 4%

M,2019(18):161.



Bl = SE AR S

[149] Cui G K, Zhao N, Li Y, et al. Limited number of active sites strategy for
improving SO, capture by ionic liquids with fluorinated acetylacetonate anion[J].
ACS Sustainable Chemistry & Engineering, 2017, 5(9): 7985-7992.

[150] Dai C, Lei Z, Chen B. Predictive thermodynamic models for ionic liquid—SO,
systems[J]. Industrial & Engineering Chemistry Research, 2015, 54(43):
10910-10917.

[151] Jiang W J, Zhong F Y, Zhou L S, et al. Chemical dual-site capture of NH3 by
unprecedentedly low-viscosity deep eutectic solvents[J]. Chemical Communications,
2020, 56(16): 2399-2402.

[152] Zeng S, Zhang X, Bai L, et al. Ionic-liquid-based CO, capture systems:
structure, interaction and process[J]. Chemical Reviews, 2017, 117(14): 9625-9673.
[153] Huang Y, Cui G, Zhao Y, et al. Reply to the correspondence on “preorganization
and cooperation for highly efficient and reversible capture of low - concentration CO;
by ionic liquids”[J]. Angewandte Chemie International Edition, 2019, 58(2): 386-389.
[154] Huang K, Zhang X M, Zhou L S, et al. Highly efficient and selective absorption
of H2S in phenolic ionic liquids: a cooperative result of anionic strong basicity and
cationic hydrogen-bond donation[J]. Chemical Engineering Science, 2017, 173:
253-263.

[155] Zhang X, Xiong W, Peng L, et al. Highly selective absorption separation of H»S
and CO; from CH4 by novel azole-based protic ionic liquids[J]. AIChE Journal, 2020,
66(6): €16936.

[156] Yuan L, Gao H, Jiang H, et al. Experimental and thermodynamic analysis of
NHj3 absorption in dual-functionalized pyridinium-based ionic liquids[J]. Journal of
Molecular Liquids, 2021, 323: 114601.

[157] Zeng S, Liu L, Shang D, et al. Efficient and reversible absorption of ammonia
by cobalt ionic liquids through Lewis acid—base and cooperative hydrogen bond
interactions[J]. Green Chemistry, 2018, 20(9): 2075-2083.

[158] Tu Z H, Zhang Y Y, Wu Y T, et al. Self-enhancement of CO reversible
absorption accompanied by phase transition in protic chlorocuprate ionic liquids for
effective CO separation from Nj[J]. Chemical Communications, 2019, 55(23):
3390-3393.

[159] Sun Y, Ren S, Hou Y, et al. Absorption of nitric oxide in simulated flue gas by a
metallic functional ionic liquid[J]. Fuel Processing Technology, 2018, 178: 7-12.
[160] Chen K, Shi G, Zhou X, et al. Highly efficient nitric oxide capture by azole -
based ionic liquids through multiple-site absorption[J]. Angewandte Chemie

52



IR LR 1 RIS W ] 4% S LB SO PEREITFT

International Edition, 2016, 128(46): 14576-14580.

[161] Zang X, Chang M, Zheng L, et al. Synthesis and characterization of novel poly
(ionic liquid)s and their viscosity-increasing effect[J]. Journal of Molecular Liquids,
2020, 298: 112044.

[162] Zhu J H, Chen Q, Sui Z Y, et al. Preparation and adsorption performance of
cross-linked porous polycarbazoles[J]. Journal of Materials Chemistry A, 2014, 2(38):
16181-16189.

[163] Liu G, Wang Y, Shen C, et al. A facile synthesis of microporous organic
polymers for efficient gas storage and separation[J]. Journal of Materials Chemistry A,
2015, 3(6): 3051-3058.

[164] Liu X, Xu C, Yang X, et al. An amine functionalized carbazolic porous organic
framework for selective adsorption of CO, and C,H, over CH4[J]. Microporous and
Mesoporous Materials, 2019, 275: 95-101.

[165] Wang C, Cui G K, Luo X, et al. Highly efficient and reversible SO, capture by
tunable azole-based ionic liquids through multiple-site chemical absorption[J]. Journal
of the American Chemical Society, 2011, 133(31): 11916-11919.



Bl = SE AR S

NGV

TR, Lo, PR, 1996 4E 1 AL, TLiEEZ AN, 2018 4E 6 H AR
TP KA 24 T2 Be ke, 2018 4F 9 H Atis TIL o4 ImsE K a4k 2
WAL =Tk, NG SO, Pt 7> BTt fEEMRIA R 3 & SCI
W3, Jefa Znes U A B AR S ORI EE T 4 E B ik St ad 2 2
RS, FRIRVL VG G K S0 70 AR 2l 2 25 4 RV P 48 BURF 225 4, SRASIL G IT
WK “ =it 2%,

54



IR LR 1 RIS W ] 4% S LB SO PEREITFT

HIZHAE AT A RIS R MR

[1] Fei-Feng Mao, Duan-Jian Tao, Wen-Guang, Xian-Xiang Liu. Highly efficient

Conversion of Renewable Levulinic Acid to n-Butyl Levulinate Catalyzed by
Sulfonated Magnetic Titanium Dioxide Nanotubes[J]. Catalysis Letters, 2020:
1-7.

[2] Duan-Jian Tao*, Fei-Feng Mao, Jing-Jing Luo. Mesoporous N-doped carbon
derived from tea waste for high-performance CO, capture and conversion[J].
Materials Today Communications, 2020, 22: 100849.

[3] Fei-Feng Mao, Yan Zhou, Wen-Shuai Zhu, Xiao-Yan Sang, Zhang-Min Li, and

Duan-Jian Tao*. Synthesis of guanidinium-based poly(ionic liquids) with

nonporosity for highly efficient SO, capture from flue gas[J]. Industrial &
Engineering Chemistry Research, 2021, 60, 5984-5991.



Bl = SE AR S

B

FRHRIE), =AERAT AR AR JERG S R . FE K, MOLRRAERAIA L & (6
WAPAE o FEBLERMVAR S SE R B, 1 Sa B A SR 14 5 T o i =& I %ot
Wi dil. =40k, BZIMEBOIES, PR RIRE, I i T E .
I T B KBl - B Z IR 22 A2 R, R 2 SRR [ ARAR RO BRI -
[ ISR 2= I, A2 7 R SEIR T 00 T AR AL, TR O3 B ARk T2
I, AT L ) A7 2 s e B A SRR

IR S T2 e A 22 Mo 35 21 B iR !

ST A A 52 B o BT AR Do R 22 AT TR IR SCFF, IR 5280, R &2
PRI, 2=l 2SS O 15 A Ol !

WA = F AN AR T2 AR B, 721X BB S 6 = 1 Mk PR
AT, BRI BB FE IS X T IR A B, AU LA TER R &R
LR SR SESCOR . ARIRIRITAR . SBAM S . SR s A B, RSk
FIFRSCOZ A, PRORITGR, BRUIIMES, SRGmIT 6 8 5 aIm o f 3B, A 2t
ATRTREASE, JTE IR . I 2R R & Bl 1 I LA /N ER, S5SREE . HORER
THE=0ARE A, HRARE SRS ERATH T, BIEITAE KA

BJe s ISIRA N SCEFR N 25008 X B S LA =

FE A
2020 £ 6 H
TYLPEIHYE R & BEIRS X

56



