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Synthesis of zeolite molecular sieve from coal gangue and its performance on
CO, capture

QUAN Cui', WANG Fudong®, GUO Aijun’, YANG Tianhua®, LI Rundong’, TANG Zimou', GAO Ningbo'

(1.S8chool of Energy and Power Engineering, Xi'an Jiaotong University, Xi’an 710049, China; 2.School of Energy and Environment, Shenyang Aerospace
University, Shenyang 110136, China; 3.Shendong Coal Group Co., Ltd., National Energy Group, Yulin 719300, China)

Abstract: Coal gangue, a by-product of coal mining, is accumulating rapidly and As a by-product of coal mining, the
amount of coal gangue is increasing in stock, which poses a serious threat to the environment. Due to the high content of
SiO, and Al,O; mass fraction, the use of gangue to prepare molecular sieves to capture CO, in order to realize the effi-
cient resource utilization of coal gangue is a promising technology. In this paper, zeolite molecular sieves are prepared by
hydrothermal crystallization method with coal gangue as raw material, and the effects of KOH addition and coal semi-coke
doping on the structure and properties of molecular sieves are investigated; static adsorption test of CO, is carried out to
study the CO, capture characteristics of coal gangue-based zeolite molecular sieves and amine-modified molecular sieves.
The results show that when the mass ratio of KOH to coal gangue is 2 : 1, the specific surface area of the molecular sieve
is 100.17 m’/g. When the doping amount of coal semi-coke is 40%, the molecular sieve has a specific surface area of

249.86 m’/g, and the total pore volume is 0.249 cm’/g. Under the optimal preparation conditions, the CO, adsorption capa-
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city of the molecular sieve is 1.16 mmol/g. Amine loading modification could effectively enhance the CO, capture capa-

city of the molecular sieves, but excessive polyethyleneimine will accumulate in the molecular sieve pores and block the

pore channels, resulting in the weakening of the physical adsorption capacity of the molecular sieves.

Key words: coal gangue; hydrothermal crystallization; zeolite molecular sieve; CO, capture; amine modification
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(1) o it o AU =, T LASLR 25 0 —F 0 e s A
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SENR, W/ T A SRR . SR SR IEAR L, N
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FHE KA B AR A MU R R Gl T R
A =25 TR EMT WA, 51 0K 3G ik il 4 1Y
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PEfE.

H i, BT 2R AT A R JsoRHR 5 1 40
i L FHAE TG K A B o 4 WA L o R o 4 s,
BHT CO, M AiiE. Ak, 5 LFRM
()RR A A TR, SR K A Ak 1) 48 kA 2
IR BT CO, gk, Hl&dfE %4 KOH Wi
FHE A FE 45 2% 1 X6 0 0 1 B S HE X CO, W B e g
FIsEm . i R 2@ R (Polyethyleneimine, PEI) X
JIF 28 0 431 IR A T R PR AL B, BFSE B X CO, MR
PERESE T A VE AL A A S 2, TR F AT A 2%
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1 3% 0y

1.1 KIeER

S T HIBEAT A0 ok B 1 52 R 5 A AT A 2 o 4
P BRI A, B A E T 105 °C BHLRT 3t
Jei, f A R LR, S ECRIAR T 120 H (0.125 mm)
AR AR o K o3 Ja AT A JRUBHE N, 4T 800 C
WAL 1 h, SERERT A v i) 08 1 S5 45 A R 20 43 2 2B i
TR AN, A5 TG E FE /) Si0, Al ALO,, $2 m Ho s b7
THPEN AL S MR A G T A X B Pt
it (XRF) Mg R 1. 2, AlLVES), a2
Hebeis b, & A it 74k 6.10% Ak T2, Sio,
(B B A 53.81%, ALO; FFRHIECN 21.01%.

x1 BEEEFANTESN

Table 1 Ultimate analysis of coal gangue after pretreatment

TER A, C H N S

54U % 6.10 0.50 0.44 1.04

=2 TAEEHETAR XRF SHER
Table 2 XRF analysis results of coal gangue after

pretreatment

) %x Si0, AlLO; SO; CaO K,0 Fe,03 MgO NaO TiO,

B 5% 53.81 21.01 5.50 3.49 3.15 2.17 160 1.12 1.00

1.2 BEAE#RAS FIHRHH &

SR FH K PG A 1 25 MR A 33k A 20 T 1
FL IR K KOH 516 AL AT 41 FE & 43 591 5 Jo o L
1:1,15:1,2: 1,3 1#FRA, mMA—EEN L
BK, TERE IS FHHE 6 h J5 T 105 <C At
TR 24 he B ERIR S W7E N, O T T4
P 800 C B 2 he Ve HIEEIM, INA LB FK
FERE IR P I RE 2 h R RS 5 R IUR L6 N wt
IRV 28 Hh 90 °C 44 R /KA Sk 72 h, BUH
B E E G UE, I & B KRR E P, T
AR E > T FE S x-AB, Horp x i KOH 51041 1)
RA . e A5 KOH IR AT FI b in A
T U AR A A B R R T A R R
y—Char/AB, Herr y Sy AR 1 BT i 03850, AP b %
SR A 500 10% . 20% . 30% Tl 40%.
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1.3 BRAHESFHHOHE
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W B, BT LA LA PELAVE i A AL, SR R 5t %
il 5 A A A e o T T A ke . AR
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I3, FEREIPFERS Th i PE 2 Ol 2R R S A
i B TR T ZE 80 °C R T 12 h 15 B kot o 1 i
zPEVAB, H: 1 z 2y PEI ) 1 8 & (15%. 30%. 45%
F1 60%).
14 SFIFRIMERTRA

SR FH HE 2 i AR R AL AR A B A (b RS T 1
JW-BK200B) Il 2 Jir il £ 43~ 0 (14 b 2 1 FRR L 45
¥ o MEHT, KA RE AR AE 300 °C AU EAS A RN 12 h
FERAE K NG 5T, BEFS R AR TE 77 K R #EAT
N, W BRI . 4K HE Brunauer—-Emmet-Teller(BET)
Jr AN t—plot Y550 HERE A ) LU R ARG L AR,
AL TN A B AL A B RIIL A TR Z 223145
T2 43 (72 [F Vario EL cube) il & AT A1 &
il AR 4> FOm AR SR €L HL N RIS 500 K 1 i
S RSB T BT (15 E 25 W] Gemini SEM
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1.5 CO, W ERETEM

R A 4314 (H A< 5 HE DTA-60) il 5 il 5
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Ko BARMEADIR: MR FRELZY 10 mg FE 0 E T HHR
o 7E N, SR FFHERE 110 °C f£9%F 25 min, LA ZRE
i R 7K A3 R IR B A0 . AR 5 I B B % 30 °C,
IR EEE 5, VI 2 CO, <4 (50 mL/min), 7£ 30 °C
T BRF 30 min, A5 35307 9 S5 S Bl A [R] AR AR Y Bl A
Mgk . W g, T Ch

nm; —mo

" M(COy)m,
A, mg. my, SR BT 6 B 220 RS (8] ¢ B A T o
g; M(CO,)2ky CO, IEE/R i, g/mol.,

2 HRWTE

2.1 BEAEBAD FIiFMERERIE
2.1.1 R EARFNFLESHE oA

(1) KOH # iz g5 . A fa] KOH B it T il
B (R RRERT A Bk A 53— 07 ) N, WGBSR 6 il e M AL 25—
LR &K 1 s, B 1(a) ATE T, B
PR 2 A PR R BFFF- 75, 72 0~0.1 BORARAIXT T,

qr (1)

W ot e TG b, 2k b, AR TUPAC(E PRatike 5
IS A 20) B AR, 43 F-0 AB A WIS B il 2%
& T LR ey T 0 087 9 Dk B 2k 2R B
TR A A H3 B IR, X R B A T AB HE
LA, I HALAS AR AL . & 1(b) ATFEH,
ANJA] KOH # e T il 45 i 2 70 LA RER - A 7
2~11 nm, R AB HAFLIT

120 ——1-AB
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g
S
S 60t
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=
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0 -
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(a) N, Wit B iy 2%
0.05 F ——|-AB
——1.5-AB
2-AB
= 0.04F
£ ——3-AB
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'on
= 002}
S
58 001} ™
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1 1I0 l(I)O
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Bl 1 R[] KOH B il #2011 AB (19 N, e b 2k
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Fig.1 N, adsorption and desorption curves and pore volume-pore
size distribution curves of zeolite AB prepared at different KOH

addition amounts

3¢ 3 45 TORIR] KOH BRIt Firfs o370 (14 14
RES B, WTLIE H, BEE KOH Y FL B H i, B iebe
T FERETE AT K Si BRIk, il A8 o3 ) L R
TR PSS & 5 AR %, > KOH 54EAT A it
FE M 1383 2 i, b i AU 80.46 m/g 2 v #)
100.17 m’/g, {HJ2 24 i it Hett— 4R m i, He e A
PBEARA IO . FLABUNA A R, — B IR
FaH, M LN 1 BN E] 3 B, S0 B AL A
FHA 0.143 cm’/g #4 K5 0.169 cm’/g, 58] KOH HAY
PEEh A I ALA RO . AN KOH W init T,
Gy FTi AB BT H AL ES 1, SE LA RN
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WA LI A AR Ea R 2R AT AB RUFLER
A3 PERES BRI TH FE, 1E8% KOH = JEAT A1 1Y
Bkl 2 0 1 NJE2ESCE KOH e .

&3 A KOH FMETH &S FIF AB HERESH
Table 3 Properties of molecular sieve AB prepared at
different KOH addition amounts

HERTRm? - ¢ ALAER(em® - g ")

o B SaET VS% Vr(:)ic V,@,e : dg?e fm T %
1-AB 80.46 0.143 0.143  7.10 75.0
1.5-AB 93.07 0.114 0.114  4.88 64.8
2-AB 100.17 0.160 0.160  6.40 83.1
3-AB 96.00 0.169 0.169  7.30 62.0

F: @ Vo (Total Pore Volume, SALAEF): MENF A FLEHY
BB, AFELAIAFL. @ Vi (Micropore Volume, #FLAR): #§
FLAR/NTF2 nmFLBRAY BT B) Vipes (Mesopore Volume, FrfLEF):
FEALAEAE2~50 nmAYFLER A B AL, @ d,y (Average Pore Diameter, -
YIFLAR): 85T RN LA A 3

Q) M EBAEEm, B 2 40 TBAAR
AN 0970 Char/AB 19 N, Wz I R il 28
HAEAE M. HIE 2(a) ATE 1, B
fEJ5, 431U Char/AB R IRt S A7 7 11 2 ek
AEHR LR, IF H HA W B A H3 B 5 3R, /R Char/AB
ST AN LA M . B BRI, 2 F
s B R R B 1 AR 2 T AR . Al 2(b) AT
B, BB B A R T, & T R
GBI FLAR o3 A A B 2, Hodh 4370 2-AB 1Y
i AL JLFLAE R 2.91 nm, 1453 20%—Char/AB. 30%-—
Char/AB Fl 40%—Char/AB (1) fz 7] JLFLAZ ¥4k 2.00~
2.10 nm,

T AN T HBAOR R R A0 o A
GAEIYERES B, BB EERENIG 2, T
i ) LR T AR S AL TR T W e . ek
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BRI LR 116.24 m*/g T 2 249.86 m?/g,
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2-AB 1Y 25155 1.6 8. FE MBI LB nY 1
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HARE, BB N 10%., 20%. 30% 5 40% I}, /31
fifi Char/AB BrIGZE W =080 3R 4.17%. 7.81%.
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LR, KOH S0 2 (RSN A A 2 b S vy 25 77 A=
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FEARAE S A A, fEHE 0 1Y) Ak . DRIk, AR AT
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Fig.2 N, adsorption and desorption curves and pore volume-pore
size distribution curves of molecular sieve Char/AB prepared at
different coal char doping content
R, HN, WP et REAS 2 e, U BTk
R BT 3R BRI 0 0 T A SRR B
gy TR R HAR WG B R e
MR B BT T AB, 73 Ui
Char/AB 3L T — & i YL AR, RIS I £
A T o 2 RS A R AL A LAY 2 S 2 L2

FI T S SRR

R4 BELREFESFEHSFIH Char/AB HtEsESH
Table 4 Properties of molecular sieve Char/AB prepared at

different coal char doping content

L H Sy TLABY(em® - g7

(m2 . gil) Vot Vinic Vines

43 F-1 dyy/nm FEF %

10%—Char/AB 116.24 0.144 0.019 0.125 4.96 71.8

20%—Char/AB 155.90 0.181 0.035 0.146 4.64 70.5

30%—Char/AB 191.87 0.198 0.056 0.142 4.12 78.8

409%—Char/AB 249.86 0.249 0.071 0.178  3.99 72.8

2.1.2 REEH B
43FIi Char/AB %) SEM EHZUNE 3 FivR. & 3(a).
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(b) H4F i 10%—Char/AB fit) SEM [E{%, n] LN H]
KANA— 1530 J0RE, /R HAG 5 19 2 1T 45 R4 Ry
&, WAL R . IEL 3(c). (d). (g) FTLAXRE
BB ERIE 43 -0 kL, I BLRCHEBC 3,
0.5~2.0 um, & JE A2 7 0 Lo ) A 4 s 3 O
30%—Char/AB 1Y) SEM EI& S BUBAR T I 20 73+
OO . [ ESF, B o o A B 4 5, AL 3(). (h)
WG 1 W] 50 B e, 1 A b BRI g Y B E0RN
LB, [ B 280 b 1 4 0 ORI SR LA
SEM 45 53 B, 38 5 7K R Ak 12 1 4 1) 40 O 2R B
T RAFRFLESH, ZEROU R 1235 b A Bl o3 A
[, Bl R A4 e 14 0, mT LUOULER 2143 Ui
RN 3 U ORI 18 1) B2 548, il 4% 1) 7 Ui i
TRk 41 3T 2 A A

(f) 73 T 7730%—Char/AB(2)

1 pm

i i) CO, 4R AE 7 52 B IR i) A2 P 3 7RI B 4
FT B, 1 O A st PO R U T, X 7 £ % R
LBEE T, A5 e B B 23 by bRade kg R B BE, bR Il
BiF: B9 B KA RE SUR g Z 0, B AR SR AE AL T
V-2, W B s B AR, PRI R SN o

CO, W Fff &/(mmol - g ™)

0.5 —— 10%—Char/AB ~ —— 40%—Char/AB
— 20%Char/AB  —— JEApJiok A
—— 30%Char/AB —— 2—-AB
1 1
0 10 20 30

W2 B BT 1] /min
4 AEEEEBI R /T CO, WML
Fig.4 CO, adsorption curves of molecular sieve prepared at

different coal char doping content

3T 4 23T CO, MR £k, 75 2173 Y
PR W BRI 5 (1) THRAT R PRE  E g,
TR AN B g, ANTRIEE SRR 2R T ] 3 A5 2 A 23
Tt 4 CO, W BT RES BB W3k 5. 4 &1 4 F
5 BRI LI Y, 7E 30 min (B TR] P, 3
T 0 A PR SR B R (E) A 1~ 2 min, 25 HRSH I B B
BREE TR, SRHR 37010 (4 W B e AR A Ao 1 A R
Y 60%. 710 2-AB HY P I HEB BRI B,
4 1.70 min, #2448 )5 i 45 Ir 15 40 19 Char/AB
(R H I BB TRDAE 1 min 2245, HL43F i Char/AB )
PR B AR T AR AR Y 60% . S BB
ZRIE R 73T 2-AB A LL, 73T Char/AB H)I
WH AR T R A ER T, B B CO, AR fE
WFFERW], 16 KOH {lfbid R b, i PEmbT R 2 FL4S

RS5 BRILBREXND TR CO, MR

Table 5 Effect of coal char doping content on CO,

adsorption performance of molecular sieve

(g) 7+ T 140%Char/AB(1)
3 4Fiifii Char/AB ) SEM &%

Fig.3 SEM images of molecular sieve

22 BFAERASFIHEN CO, WM EEER T
221 BEREBIREXT CO, WHMERERI IR

3 o IR S A S 52 £ 3 9 43 F 7 Char/AB HY
CO, WM L anl&l 4 Firos o W B S 30 °C, WK Ff
BFE R 30 min.  HHIE] 4 BT RREZAE T 64 1950 1

(h) %> ¥ #%40%—Char/AB(2)

% fff-48/(mmol - g 1) ax

R PR W S [] /min

ax Im qm

2-AB 1.70 0.68 0.79 0.86
10%—Char/AB 0.97 0.66 0.91 0.73
20%—Char/AB 0.93 0.60 0.93 0.65
30%—Char/AB 1.01 0.67 0.94 0.71
40%—Char/AB 0.97 0.78 1.16 0.67
AR AR 1.03 1.70 1.94 0.88
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A 238 1 ik SR 5 KOH (8] (%) 20 foft 52 19 1 7 A 4, T
il %4> F i Char/AB Rkl Z —H b ET S FEE
kTR, BEIE M LG5, KA & i+
i R BRI TR 0 U A A, Rt TR FL A5 #
X CO, BHHERA RIS .

ML S vl & i, 43P0 G H R T LS HAYR A Co,
W B B 5 OE AH OC . A AT 4 F U 2-AB, 43 1 i
Char/AB FlE AL B BT — @ AL Z5 1, I
HRE AR A AL A B B T BFLA T 46.7%,
RUSLETE CO, PR E B XRHEMMEM.
ZHANG Z" % BURCEL e A AR R % CO, M 4
% EEAEFH . PRESSER 25 5NA K3, R4S 1Y JE
T, BUNYFLBRZEHITE CO, ki B A %L

ol g
. o
=~ 15t
on
= 20%—Char/AB
g 0" 40%—Char/AB
£ Lofo%-CharaB T T
3 o 30%—Char/AB
2-AB
05}
1 1 1
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Sper/(m* + g™)
K5 2 1ifi LR TR S L CO, M BT A SRIR P
Fig.5 Correlation between specific surface area of molecular

sieve and its CO, adsorption capacity

222 FRHCHEEREA SRR CO, W PEREE M
OOt Ze i Mk I, A CO, 38 i BRI A
A SR A T, Jerh & AR ke i i U ol
C0,+2RNH, — RNHCOO™ + RNH} )

C0,+2R;R,NH — R R,NCOO™ +R,R,NH;  (3)
CO,+R;NH,+R,NH — R;NH} +R,NCOO™  (4)

2RNH,+CO, — (RNH),CO +H,0 (5)

ANENE 3 R 2010 PEVAB i CO, W Bl £k
WAl 6 firyR, 38 X5 Bt AT AR B, A5 BN [A] e 1 2K
N4> 10 PEVAB 1) CO, W MPERES B 6. W]
LI 1, 24 PEL Tk ik 15% B, Bl 45 10 50
15%—PEVAB 1% 161 F1W B 125 5 K, 4 1.59 mmol/g, [
KA A WU 53T 40%—Char/AB #2555 1 37.1%.
DR #k PEL G, 236 M4 53 iE A5 fLaE
W, &4 T2 (2)~(5) Bk 2E N, T B 5 22 1
CO,. DU 45" gt /K R il 46 T—Fl A MCM-41

SER AL S10, BB (M=Si0,), 1%k 2 — i) 3%
T AL FREAIR, B 28 B AE B 38 R v e 25 08 A 50
T fLiE, 43T 1 CO, M M 0.22 mmol/g $2&7F
£ 1.90 mmol/g. i fe i 4 ik — 3K, 0 F
% 30%-PEI/AB. 45%-PEI/AB fll 60%PEI/AB [
CO, W PR BE ™ [, E& 2 AT oA A ALY 37 i
40%—Char/AB, X f& HH T2 i i FL 725 BRI L R TR
AR, 5 1Y PEL 27 50 T 0 (I FLBR N R 4L, 1541
TR 3G SE, FRAR T RS B ROR 2K, TRl i FoL
BB IR T, 43T B4 4 B B BE ) g ) 55, el
15 CO, T AR F & TR

1.8

CO," Fff #/(mmol - g™

—— 15%—PEI/AB
——30%—PEI/AB

——45%—PEI/AB

—— 60%—PEI/AB

0 10 20 30
W B IS T /min
&l 6 RIF PEI kit 40 CO, MRk
Fig.6 CO, adsorption curves of molecular sieve with different

PEI loading amount

&6 PEI A EX S FiF CO, WHMHERERIRM
Table 6 Effect of PEI loading amount on CO, adsorption

performance of molecular sieve

FEfh

R R i) /min

% B 4/ (mmol gfl)

4 Im qm
15%-PEI/AB 1.41 1.38 1.59 0.87
30%-PEVAB 0.93 0.88 111 0.79
45%-PEI/AB 1.63 0.62 0.70 0.88
60%-PE/AB 1.45 0.40 0.47 0.87
3 &

(1) KOH ¥ Jin i X Brf 47 34> 7 AB 19 Fb 1
FURALES A B K, 24 KOH S BT i oA
2+ 1, BG4S T e m AUk 100.17 m?/g; 14
R, B R R AR T4 F O Y HL R AR
FLAR G H, M 2 138 28 ol 40% B, 43 F
40%—Char/AB [ LL R I FL A 249.86 m*/g,

(2) o T2 AL A FLA R, B — 2 1 CO,
WAERES, B EE ) 5 H L R A AL 2 IEH



%5 S1 1

G ARAE B R T R A SO CO, FlSEERE 381

Ko B T & Rl B 5 A LR A FL Y
IR AL o3 T A RORE 3T TR Y CO,
W R . A KOH S5EAFAIRA Lol 2, a4
R 40% WS AF T 48 Y 43 40%—Char/AB
(1) CO, M fft A FI R, A 1.16 mmol/g.

(3) Mefa gk i XF CO, WM AT 3K . CO, /Y
WG T £ i 5 P 0 28 o A 185 I 2R 0 S T 5 S B AR Y
e, 4 PEI ikl 15% I, CO, M Fi& ik B oKk,
4 1.59 mmol/g, WK RESE T 37.1%, Y PEI 2%
FE 53T ALIR SR AR AL BRI, BRAIR T 2 A 3K
FIFHZ A0 A ) BRI B RE 7T, CO, W B k2L

S 2% X #k (References):

[11 XU Z F, ZHANG M X, ZHU J B. Application of fly ash and coal
gangue for preparing high-class solid insulating brick by roasting at
low temperature conditions[J]. Advanced Materials Research, 2012,
446/447/448/449: 883—889.

[2] BLAGODATSKAYA E, KUZYAKOV Y. Active microorganisms in
soil: Critical review of estimation criteria and approaches[J]. Soil
Biology and Biochemistry, 2013, 67: 192-211.

[3]  EMEHL, R, Sy E R, 55, FE BMERT £ 6% Fe/C/Mullite-4E
Wi A2 & BB RHD]. MM 2241, 2021, 49(2): 238-246.
WANG Yake, ZHU Baoshun, LI Guomin, et al. Preparation of
Fe/C/Mullite-based ceramsite composite absorbing materials by re-
cycling solid waste coal gangue[J]. Journal of Fuel Chemistry and
Technology, 2021, 49(2): 238—246.

[4] HEAE, LA Eme, S5, R & 3 Fe,0, MM

BB B B W S R B 9T 0], BRRHAL 2 2R L 2021, 49(9):
1347-1353.
TIAN Junru, WANG Xiaomin, LIANG Liping, et al. Preparation and
microwave absorption of Fe;O, loaded ceramic composite by recyc-
ling of coal gangue[J]. Journal of Fuel Chemistry and Technology,
2021, 49(9): 1347-1353.

[S] ABDULLAHI T, HARUN Z, OTHMAN M H D. A review on sus-
tainable synthesis of zeolite from kaolinite resources via hydrotherm-
al process[J]. Advanced Powder 2017, 28(8):
1827-1840.

[6] LIH,LIM J, ZHENG F, et al. Efficient removal of water pollutants

Technology,

by hierarchical porous zeolite-activated carbon prepared from coal
gangue and bamboo[J]. Journal of Cleaner Production, 2021, 325:
129322.

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WaRe, e, AT, 55, A BIP A AR5 G ORI ] £ K H
e RS BSPERELT]. i HIE#, 2018, 35(4): 462-468.
YANG Cheng, QI Jinshan, CUI Xingyu, et al. Synthesis of zeolite
Alactivated carbon composite and CH,/N, adsorption separation per-
formance[J]. Chinese Journal of Applied Chemistry, 2018, 35(4):
462—-468.
N, ks, BXCERE, S JRERT A DIBROR R 1 I ROK 4A B
[7]. Aihfk T, 2010, 39(10): 1162-1165.
LI Ping, YANG Xiaoyi, ZHAO Huixian, et al. Prepration of sub-
micron 4A zeolite from coal gangue by alkali-melting method[J]. Pet-
rochemical Technology, 2010, 39(10): 1162—1165.
ZENG X J, HU X D, SONG H B, et al. Microwave synthesis of
zeolites and their related applications[J]. Microporous and Mesopor-
ous Materials, 2021, 323: 111262.
XU, B, JHE, 55 DO ARAERERT A1 SN F AR 5T
VERE[D]. B LT, 2019, 48(9): 2246-2250.
LIU Chenglong, XIA Jupei, FAN Hui, et al. Research progress on
applications of microwave technique in reclamation of coal
gangue[J]. Applied Chemical Industry, 2019, 48(9): 2246—2250.
XIA S Q,CHEN Y Y, XU H S, et al. Synthesis EMT-type zeolite by
microwave and hydrothermal heating[J]. Microporous and Mesopor-
ous Materials, 2019, 278: 54—63.
ZEHIN, INETT, X%, A5 T A AT AR IR O ST 0], B B,
2018(11): 44—47.
LI Huixian, SUN Xiaonan, LIU Rong, et al. Experimental study on
thermal activation of coal gangue[J]. Brick-Tile, 2018(11): 44—47.
WILLIAMS N E, OBA O A, AYDINLIK N P. Modification, pro-
duction, and methods of KOH-activated carbon[J]. ChemBioEng
Reviews, 2022, 9(2): 164—189.
ZHANG Z S, ZHOU J, XING W, et al. Critical role of small micro-
pores in high CO, uptake[J]. Physical Chemistry Chemical Physics,
2013, 15(7): 2523-2529.
PRESSER V, MCDONOUGH J, YEON S H, et al. Effect of pore
size on carbon dioxide sorption by carbide derived carbon[J]. En-
ergy & Environmental Science, 2011, 4(8): 3059-3066.
GAN F L, WANG B D, JIN Z H, et al. From typical silicon-rich
biomass to porous carbon-zeolite composite: A sustainable ap-
proach for efficient adsorption of CO,[J]. Science of the Total En-
vironment, 2021, 768: 144529.
DU H, MA L, LIU X Y, et al. A novel mesoporous SiO, material
with MCM-41 structure from coal gangue: Preparation, ethylene-
diamine modification, and adsorption properties for CO, capture[J].
Energy & Fuels, 2018, 32(4): 5374-5385.


https://doi.org/10.1016/j.soilbio.2013.08.024
https://doi.org/10.1016/j.soilbio.2013.08.024
https://doi.org/10.1016/j.apt.2017.04.028
https://doi.org/10.1016/j.jclepro.2021.129322
https://doi.org/10.1016/j.micromeso.2021.111262
https://doi.org/10.1016/j.micromeso.2021.111262
https://doi.org/10.1016/j.micromeso.2021.111262
https://doi.org/10.1016/j.micromeso.2018.11.012
https://doi.org/10.1016/j.micromeso.2018.11.012
https://doi.org/10.1016/j.micromeso.2018.11.012
https://doi.org/10.1002/cben.202100030
https://doi.org/10.1002/cben.202100030
https://doi.org/10.1039/c2cp44436d
https://doi.org/10.1016/j.scitotenv.2020.144529
https://doi.org/10.1016/j.scitotenv.2020.144529
https://doi.org/10.1016/j.scitotenv.2020.144529

	1 实　　验
	1.1 实验原料
	1.2 煤矸石基沸石分子筛的制备
	1.3 胺负载分子筛的制备
	1.4 分子筛的性质表征
	1.5 CO2吸附性能评价

	2 结果讨论
	2.1 煤矸石基沸石分子筛性能表征
	2.1.1 比表面积和孔结构分析
	2.1.2 表面形貌分析

	2.2 煤矸石基沸石分子筛的CO2吸附性能研究
	2.2.1 煤半焦掺杂量对CO2吸附性能的影响
	2.2.2 胺改性煤矸石基分子筛的CO2吸附性能评价


	3 结　　论
	参考文献

