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Abstract

In order to study the adsorption characteristics of CO; and N; in bituminous coals with different vo-
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latiles, giant canonical Monte Carlo simulation and molecular dynamics simulation were performed
on coal LL (C136H153NO0¢), coal PDS-1 (C207H165NO11) and coal XZ (C131H163NOg) at different temper-
atures and pressures in this paper. The results show that the adsorption amount and rate of CO; in
different volatile bituminous coal molecules are greater than that of N2, and the limit adsorption
amount of CO: in low-volatile bituminous coal is the largest and decreases with the increase of vo-
latile content; the adsorption heat of the two gases are less than 40 k]J/mol and are not sensitive to
changes in pressure and temperature. In addition, CO; and N, are more easily adsorbed near oxy-
gen-containing functional groups and benzene rings. The order of diffusivity of CO, and N in coal
is N2> COz, which is due to the stronger adsorption capacity of CO,.
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Figure 1. Basic unit of coal molecule

Bl RoFEKRERT

(b) PDS-1

Figure 2. Structure model of coal molecules after structural optimization
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FIH Materials Studio 2019 # {411 Forcite BEHOM - TS T B BEATOUAL,  AEAS R4 R 53
B e IR R R R . SR Dreiding Y37 03 73047 JURTARAL AR AR AL 38 Y HLAes 72 (QEQ)
THE A 234 9F T A TH R ER e RE AIVE A AR Rk . FIA Anneal BEATIR K3 )M EE B RAIRES, VI4h
M9 300 k, il A 600 ko 225 J LA ARAL AR K 5 1 7 FREAR G MR AR (L A 3E 1 B, BEA
gERyEITnE 2 B,

it Amorphous Cell #5284y il #4 AN [F) 45 Rk 73 MR IR R TR, AR ALJ5 BB 53 1 B8 43 7 S 78 3
=Y A IR A R AR BT A R R, B LL SR/ N Na=b=c=153A; M PDS-1 LK N
a=b=c=157A; I PDS-1 i K/MAa=b=c=148A. EiFMHRDHIE H =FASFE K 2 HARE
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Table 1. Comparison of minimum potential energy composition energies of coal molecules
=1 BoyFe/\BEEEREEEXTEE

3 Bk B B (keal/mol) 3 Bk Bt B (keal/mol)

T Fh ST E IR B (kd/mol
& (WImoh oy memme  mfers R A GRER RO

1] 9656.138 2522.324 40.052 89.454 2.971 0 7020.335 —18.998
H A 737.047 98.528 70.856  127.546 2.373 0 463.767 —26.023
PDS-1 5| 14664.559  2920.523 58.821  159.162 5.466 0 11526.216  —5.628
K 953.895 114.976 86.910 204.776 4.509 0 528.379 14.345

%7 5| 11673.678  2224.656 47.597 89.301 2.982 0 9301.776 7.367
K 884.963 118.337 88.770  155.162 4.079 0 478.153 40.462

¥
'
(a) LL (b) PDS-1 () XZ

Figure 3. Structure model of coal molecules
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Table 2. Physical properties of CO, and N,
= 2.CO, 5 N, f94IB M R

WER R Co, N,
JEE /R J5i & (g/mol) 44,01 28.01
I S (K) 304.13 126.19
Il 7% 77 (MPa) 7.38 3.40
o AT 0.22 0.04

W BEHASE B PR SE S AE W B AR ) Locate #EAT HEEIMG FEoR. Locate 1 1S5 B S Fixed
Pressure Task 57 [¥11% B AH[E
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TR N, 7 1o S RERE R A AR WL A2 Y @ Dynamics TEEAT 4> 73l Jy 24540, #5E4ELA (8] A4 100 ps,
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Figure 4. Relationship between gas fugacity coefficient and pressure at different temperatures
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Figure 5. Isothermal adsorption curves of LL coal molecular structure on gases
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Figure 6. Isothermal adsorption curves of PDS-1 coal molecular structure on gases
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Figure 7. I1sothermal adsorption curves of XZ coal molecular structure on gases
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(b) NI MRHAEXZIE ST |

ME R LLEH, —EEE T, BEEE RN, X COp o T W M SR T3 I, {EL R P 26 i 3 e
JIRERAWIBRAR, 245 A3 K E]—%E B (4~5 Mpa), WIS, thAh, BExE CO, AR IR M & %2
BEW, ERE—E@MERT, BEERET S, X COy SRR bt I T RS, X AR
AT (4.5 Mpa)iff AW T, AN [FHE K 5 fR G AR B =kt CO, W B & 43 Ji 4 1.380~1.594 mmol/g-
0.671~0.967 mmol/g A1 0.753~0.809 mmol/g. N, 5 CO, &R W it Hh 263510, BEE & S miExt N, 71
W B B0 I, I EL PR B T %, T CO, B 5 BITA MR PRI B &, e N, 7 F I P % R
TE R HER A L XZ R 00 H B 2 2% o = b AN TR 2 K 4 JORRE ERAER 3 s % N 1RO TR BfE 522 93 il Ay
0.455~0.633 mmol/g. 0.219~0.253 mmol/g 1 0.372~0.494 mmol/g. 1A R K 7 HHEEST CO, F N, P43
T PR T AR R B 2 T DA R i AN R SRR B A

Table 3. Langmuir fitting parameters for adsorption isotherms of coal LL at different temperatures
3. B LL EXREIRE TIRMEFIRZR Langmuir &S

TS InE K a (mmol/g) b (MPa™) R?
303.15 K 1.61 3.20 0.97422
CO, 313.15K 1.57 2.72 0.96424
323.15K 1.48 2.03 0.94881
303.15K 0.70 0.72 0.89168
N, 313.15K 0.66 0.59 0.95844
323.15K 0.62 0.50 0.95082
Table 4. Langmuir fitting parameters for adsorption isotherms of coal PDS-1 at different temperatures
< 4. 1% PDS-1 EAELRE TR MEFRLZA Langmuir BLESH
Ak IwE K a (mmol/g) b (MPa™) R?
303.15K 1.02 2.60 0.93366
CO, 313.15K 0.96 2.39 0.95996
323.15K 0.82 2.12 0.93664
303.15 K 0.51 0.30 0.98741
N, 313.15K 0.50 0.26 0.98747
323.15K 0.47 0.19 0.99097
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Table 5. Langmuir fitting parameters for adsorption isotherms of coal XZ at different temperatures
5. R XZ EARRLEE TIRMEELZE Langmuir #l& 23

Ak EE K a (mmol/g) b (MPa) R?
303.15 K 0.81 5.26 0.95563
Co, 313.15 K 0.78 4.28 0.96383
323.15K 0.76 2.89 0.97636
303.15 K 0.47 1.76 0.91439
N, 313.15K 0.45 1.50 0.95485
323.15 K 0.43 1.11 0.94326

AT 22 53 MREEAEAS R T RO B 253 26 (1 Langmuir &S50y mlinsk 3. % 4 fige 5 fs. 3
i, S8 a M b RA%N(), aENET I K RIREERM AR, b 2WRMEE, SHtEES
K. Langmuir 04 B R, UEEAR B R AC R A R0 . RREE LR AT A, 7ERE LL H CO, 1) a {HVERA
1.48~1.61 mmol/g, N, 1] a {& i [# >}y 2.03~3.20 mmol/g; 7E 45 PDS-1 # CO, 1) a {& i [# v 0.82~1.02 mmol/g,
N, [ a {535 A 0.47~0.51 mmol/g; fEHE XZ v CO, 1) a {H3E FI A 0.76~0.81 mmol/g, N, [ a {HiEFEA
0.43~0.47 mmol/g. LLAELHE 3. 4 4 FI5E 5 KI, ARIFER > IR E] = CO, 1 a fEK /N, K
CO, FEARIE R o MR AR OB BRI B B BT R, R 4 R o FEBETH s i PG [FIRE, N, tBAEAEARH)
s, FEBESE BB IIHE R AR, N IR PRI PR T B AIG . 12485 RS 1] 5 Bls iR b s 45 R —
e MRAEE 2 Frow, Im SRS, WA SRR, TR E R K/NMEF A CO, > Ny HI T CO, MG 5
TR RT N B SR L, DRI COp AHAET N R LU Bt i 38 45 BRI Bt 25 &

3.3. FEMMA

CO, 5 N 7 BIEANFIHE A S AR b S5 B I an 1] 8 o Wl RAACEIL, £E 303.15 K~323.15 K ]
IR EEXE] CO, 5 Np PIAR AR (55 B B A IF B0 BR34BT EE i 303.15 K T 8 323.15 K it
FE AN S SO R B P A A4 s[RI, S JJ7E 0~5 MPa IR W B A T I R A8tk . MK 8 ATLLER
MR T, PIRUAAEAS R R MR I RN €O, > Noo T IR K45 5 70 R
SRR I AR IRE T, =M R 2 BB T COp A N P A HOVR R E F1AH [

36
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Figure 8. Relationship between the equal adsorption heat and temperature
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AR B B BE 77 RT DL R B BT AT . SR B R B A O LA B LT E R R, KA
IS 40 k/molo A4 2 R B Ik A5 R e B A L Py R B I R RO, — Ml 84~417 kd/mol. G55 6 Fios, CO;
(IR B A AE 31.8~34.4 kd/mol, N I B #47E 19.1~22.3 kd/mol. RS AR [EIWR B 4R /N T 40 kd/mol. 3
B I AR AN TR 53 MR w16 B A S B

Table 6. Adsorption heat data
7= 6. MRMAEIE

TSR B #4 (kd/moll) LL PDS-1 XZ
Co, 34.4 31.8 343
N, 203 19.1 223
3.4. HRY

19 Hi(a). (b)FA(c)Z3 7l CO, Al Ny SURTEA [RIHE KR A3 JEME 1) MSD il 28 & el Gt 2. Ho,
HRPEI A LR T R4 1453 CO, 7 LL. PDS-1 Al XZ 413y 0.0195. 0.0530 £ 0.0140; N, £E TS HHME
HUHESER R 0.0476. 0.0924 A1 0.0792. #4H737)a N BI:(4)r, 75 CO, FEAN R K 73 MR ) 9k
FH0r 09 3.256 x 10 m?/s. 8.840 x 10 ' mP/s F12.333 x 10 M m%s; N, 7E AR [FIHE K M T B R ¥
5 7.935 x 10 M m?s. 1.541 x 10 °m%s 1 1.321 x 10 °m?/s, it bLis R I, FEASFIE K T, 7w
PRI R B BRI 2 B T EAS A R 23 JE i R FLBR &5 4 5 & S0 e R AN [\ i 51 k2 15
FE[F—FREE T, CO, BIF B R EIS/NT Ny (3 BURE, RIS A SR G N, B3 B RE AT O,
i, B CO, A H RN AE /7. XA T A UAR AR 2, B CO, MBI X, H5&HE
REM =AM EAE o, BHAS T CO, ¥
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Figure 9. MSD curves of CO, and N,
9.CO, 5 N, #9 MSD iz

4, g5ig

1) FE=FhAS R R S BB TR o, PSR IR B 2 K /NIBUT A CO, > Npo Bl TR 73S 0
PR A 28 T S A PR R B B, WO B R B 2 kN o AERHE R A RS PR AR B s R o JHAE B 2 5 1A
BN PRIB A & TR — R, 8 B0 BB R 5 B 2 2RI T A CO, > Na.

2) CO, Al N, MW B #4351 31.8~34.4 kd/mol A1 19.1~22.3 kJ/mol, WFRS A [ bt #4358 F 40
ki/mol, J&FWE . JFHALE 303.15 K~323.15 KR R, PR AR E, SFERE. K
SR IFAHUK
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3) CO, TEA [FH5 R A B3 R B0CA 2.333 x 1070 m%/5~8.840 x 10 ™ mP/s; N, 7E AN A4 52 43 MR 1)
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CO,, 1EH] CO, A B 3 MR B fE
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