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Abstract: In order to find out the influence of supercritical CO, (ScCO,) on the organic
composition and structure of coal, experimental studies were carried out on the ScCO,

extraction of different rank coals. Then, through comparing the differences in the main
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functional groups and macromolecular structure parameters of coal before and after extraction,
the influence mechanism of ScCO, on the low molecular compounds and organic structure of
coal was discussed. The results show that: 1) There are four types of benzene ring
substitutions in the aromatic structure of coal, among which benzene trisubstitution accounts
for the highest proportion, and the proportion of this substitution shows a decreasing trend
with the increase of coal rank. ScCO, has the best effect on the benzene trisubstitution
structure of coal, so the proportion of benzene trisubstitution structure in low-rank coal
decreases under the influence of ScCO, fluid, while the proportion of benzene disubstituted,
benzene tetrasubstituted and benzene pentasubstituted in the aromatic structure relatively
increase. However, the benzene pentasubstitution in the aromatic structure of middle-and
high-rank coals increase, with the proportion of benzene trisubstituents decreasing. 2) The
relative content of oxygen functional groups (I,) shows a decreasing trend as the coal ranks
increases. After ScCO, extraction oxygen functional groups in middle-rank and low-rank coals
decreases, while oxygen functional groups in high-rank coals increase. ScCQO, extraction causes
a reduction in aliphatic chains (I;) of different rank coals, and the hydrogen-rich index (I,)
and the aliphatic-carbon ratio ( f,) reach the maximum values in 1/3 coking coals, with a
trend of increasing first and then decreasing. 3) Under the influence of ScCO, fluids, some low
molecular weight compounds are dissolved, thus causing changes in the content of various
functional groups, but with the increase of the coal rank, the type of main functional groups
does not change much. The extraction of ScCO, can break the hydrogen bonds among organic
molecules of the coal which contribute to the disorder and relaxation of organic macromolecule
structure. It was concluded that the changes of the main functional groups in coal after the
action of ScCO, were the result of the combined effects of the solubilisation of various
functional groups with ScCQO, , as well as chemisorption and chemical reactions.
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Table 1 Ultimate and proximate analysis of coal samples
T 5B/ % JCE SN/ %
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M, A Vaar Caa w(C) w(H) w(0) w(N) w(S)

CY 0.63 2.80 9.00 27.21 72.79 70. 29 3.73 9.78 0.97 0. 10
1/3] 0.98 1.07 13.55 19. 97 80.03 75.40 3.57 7.39 1.91 0.24
PM 1.65 0.78 8.42 13.14 86. 86 81.43 2.76 3.25 4.58 0. 30
WY 2. 44 1.07 6.17 5.33 94.67 85.55 2.53 2.04 2. 41 0.30
CY-C 0. 60 2.94 10. 28 27.14 72.86 76.12 3. 80 10. 42 3.73 0.13
1/3]J-C 0.97 0.92 12.56 16.51 83.49 79. 90 3.75 6. 40 3.35 0.76
PM-C 1.65 0. 85 7.19 13. 21 86. 79 84.59 3.05 3.34 4.92 0.29
wY-C 2.44 1.17 5.74 5.21 94. 79 90. 96 2.74 2.06 1. 65 0.33
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Table 2 Main absorption peaks attributed to the infrared spectrum of coal
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Fig. 2 Fitting results of FTIR spectra of aromatic hydrocarbons in coal samples of the original coal
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Table 5 Peak area content of functional groups of each coal sample

U T AR

¥ dh 1030~1 350 cm ' 1 350~1 420 cm

' 1420~1 480 cm !

1480~1 645 cm ' 1700~1 770 cm ' 3 000~3 650 cm '

—0—) (—CH,) (—CH,,—CH,) (C=0 Cc=0 (—OH)
cY 70. 10 11.47 12.76 31. 60 8. 98 39.04
CY-C 88.77 13.15 13.87 35. 54 9.73 99. 31
1/3] 48.57 7.94 4.47 12.16 0. 46 22.20
1/3]-C 45.73 2.37 2.84 18. 88 1.86 30.57
PM 36. 51 13.80 19.33 23.57 12.31
PM-C 29. 38 28.71 11.72 29. 54 0.77 29.05
WY 17.05 1. 06 3.00 3.64 6.81
WY-C 6. 30 1.84 1.64 2.12 0. 68 7.95

mE 5 FrR, ScCO, E . fE & & & h
88. 77—>45. 73—>29. 38—>6. 30, {1 & FRE# ., 5
JE IR — B0, B W AE R R o3 45 1 R 9t ik
. Ta) iy A [m) 28 Jo A B2 R 28 3k ScCO, 1E MR #k
B C= O Mg IS0 558 55 AF X D AR Ok 156 BH I 1 0, 3 2
TN R B Y. 2T SeCO, fEM R .C=C
X & & 22,0 07% —> 26, 34% — 22, 98% —
16. 85 %0 » A& WIS 7E 2 4% 5T 1) JC K AR v HE AR X 5 o
ThiE ATRE & /N o 1 W o IR K 43 7 B R S
SHE 3 8 A DR/ DA B B o 48 5 A8 Ak 3 [ AR FH 1
GEL O o BRI VT R 2 R AR R AR T R B
T A W e e I [ A P R 485 SR e o, U
THRAREER, 2B RS S50 FEAEM
F1ek s AT LA 2 ScCO, 1RG4 M b B i
B % PN &k ScCO, 75 AT fE 2 ffi 15 5t
59530 2 6] BT p Y Ak kb Wi, S RO R
B R R 4R S R R, 2 LR 2 R K
N, A BRI D B ScCO, 1E G &b
Ba e )11 T VNG =9 s e il 1 e e
N ISR
2.1.3 JRWigsH

FTIR %K H 3 000~2 800 cm ' NP g B
o S AL I 4 i Bl e, I T AR AR R W S W T
O O EE R L AT 430 2 852 em ' B 1Y
XS FR A AR R 30 5 2 872 cm ' BRFIT A Y 3 X
FRABAEIR BN, 2 895 cm ' BFFAE (19 Y Y 3 (—CHD it
BiPRoh.2 924 cm ' BRI A F S X R A 4 AR
31,2 954 cm ' I A Y BE OR BR A 46 BR B L LA
FEINE 6,7 fs.

HAULA 45 R L I B I 0 i 4 b X

FRAR4E I 2 B o Lo B8] 43 0l o 120 67040, 11, 53 %,
10. 62 % ,17. 54 %6 3 F 3 X FR 1 45 412 30 Jr o Ee 491 oy
19.24%,18.41%,19. 72% ,16. 69 % ; . B 3 )2 %f
FRAR 45 #% 3h 5 L 43 5 R 34, 47%, 32. 36%,
28.60%0,22. 67 Y 5 H I J Xk A 48 41 3l 7 LE 43 i)
H12.78% ,18.50% ,20. 35% ,19. 84 %. ML K4y
T2 p rp B AT g A L A O Y o
A7 0 3 A T i DT L B 0 B AT B 1
TELHET A0 v o 4 B ARE rpTE R A R G 2 v
B RWPIER RS FRE D &4 & ERE I
NG 5 R B 45 A0 . Tl o R A R 1 g K,
L0 R X e B D AR AR T B AR T, B
A7.14%0—>40. 21 %, B WG = A8 ot B R 0 O A i
RN IR S5 Ae  i A T T [

I 7 AT 28 ScCO, 1B G » W 38 Xk i
4R B BT L g B ok 18, 22%, 11. 96 %,
11.22%,16. 20 % ; . F 5 s % R il 45 41k 2 48 Oy
31.68% .32, 25%,30. 08 % ,20. 99 % 5 B 3 X} B {
iR A8 M 16.46%,18.16%,20. 98% ,15. 49 % ;
O s 6 FR Y 4f % 3l 28 Sy 13. 4620, 18, 3620,
18.79%.,29.57%. % ScCO, 1E i Jm . B 3k | i FF 3
o7 YA BT AR Ak, H v R 3R e/ T L
e B {EIE R B AT v T R, U Y K 4
T AR IR, 28 b TR, ScCO, iR
Gy TR v ) R A5 R 5 e BE A5 A 8 A B D 4
PR S A5 R 40 05 75 4% 4 SRR FE 1 g

2553 6 WEFESHGH — Lo il 0, 05 &/ 3
M4 RFRRE D R 78 5T R B A R, A 5 Y
Kila#, 3 ScCO, fEMJE D 8 s i ik — 20 4%
KU ScCO, A FH 23 ff 5 v 35 43 1k 27 58 % A= W



1

HANIRAE . IR P CO, AR TR AN [ 5 5 HE A AL AL G R 295 44 B4 52 il AL ] 59

PR EERR AL ER B ke 07 M AL A AR T O A
JEE R 48 DR 57 A 0 40 R R BRI P R A LU AH T
L T TR 1 L U T U7 B R B A A o
T JRE A T T 4 L AR 114 A o oo A 1 B A N
HERIT . 28 ScCO, fEMG . T, it — 28 F B i W
PR, W AR, R R AR 1/3 BRIk
B KI5 T80 T R B R b e e i 4.
SEUCE BE ARG 5 i T, B R EE ) T e T A
238 ScCO, FERIR » I 22 ot 7 2 MR 9 5 SR
RE VARG 25 i [ ARG, g 78 o e B M R 5 S0 fiE

FHXT 5 2 0 . &5 5 r e LA M 2R A ROk

B G S I R i S R S AR AR A TE R TR
B g 1, 78 e i D A i R [R] L 76 I B
ScCO, Xt /NGy F 45 B 1 26 BUPE R 5 8
fiE ARG 2 B A = B Ok k3 C=0 &
A TR AL 2 8 H SRR BB A B T B
Xt i IR R UL SRR AR AT X 1 3 i 2
PR ScCO, 55 A HLEE A1 18] (14 1k 24 B R, DA K 7R
WEIE A B H 5 585 A8 8 i
10 30 5 S B . O AR TP SRR B A L T BB SR R
ity P A K A5 I 2 R S R ok At Ah AR TR
F T3 SO A B RE B0 HIR 25 B AR XU 55

ScCO, 1E RIS B & 0 E g A 5% ) = 2 7E T 45 Jr 5| .
— R 2 0.08 0.05
0.030 — %uﬂé.; ih £ 007 0014
J— I > .
0025 Ut 2% 0.06 0.04 y 0012
20020 005 0,03 2 0010
R R = 0.008
R 0015 0.04 o =
= 0.03 =0.02 0.006
0010 002 oo 0004
0.005 001 0.002
0 3(')\00 2050 2500 2850 2800 3000 2950 2500 2850 2800 OQ“ SR L D QDA H 03100 3000 2900 2800
DA PR AP AE AP AP :
WHE/em WeE/em ! Wt /em™! PeH/em™!
(a)CY-C (5)1/31-C (¢)PM-C (WY-C
B 6 JEIENE A S5 FTIR 430548 4 B3
Fig. 6 Fitting results of FTIR spectra of fat structure in coal samples of the original coal
0.035 — R 10 0.14
0.030 o 0.12 0.020
: —rUEZE o8 010
0.025 o o 0015
;% 0.020 5006 2008 -
0015 =004 = 0.06 -:iéo,mo
0.04 =
0.010 ) 0,005
0.005 00 0.02
0- 0- OQQQQQQQQQQQ 0
SERARAS D QO 3100 3000 2900 2800 2700
3000 2950 2900 2850 2800 3000 2900 2800 S AN
PeH/em! PeF/em! PeH/em™! PeH/em™!
(a)CY-C (5)1/31-C (c)PM-C (WY-C

B 7 FEAMAGII 45 FTIR 4044 B
Fig. 7 Fitting results of FTIR spectra of fat structure in coal samples of the extracted coal
R6 ANEMBHHH T A5 S A)Y A 7E — S i L B0 2 B JFG 06 7 1 06 ThT
Table 6 Analysis of infrared structural parameters & A4k, A] LB 1 BC-NMR ﬁz{ﬁ AR HE AL 2= 1j

PGS R D L Iy Iy BT LK B 4 4 A~ X3 0~50 F 50~90 (1)
cY 1,150 0.162  1.171  3.500  1.470 NS BRIE 100 ~ 165 19 35 BRI . 165 ~ 220 % 5 HL i
CY-C 2,200 0.239 1.351 2,772 1.150 B, Fot 2 I L2 85 0~ 50 il 50—
1/3]  0.560 0.313 2,023 3.056  1.379 DI BN P

1/31-C 0.680  0.429 1.312  2.968  1.211 90, = [ J-1J J° i i 8k » i L0k 22 o 2 149 o
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Table 7 Macromolecular structural parameters of coal sample

PE SRR fa I 1 fi A ri re fa fa fa fa
CY 0.652 0.434 0.218 0.092 0.341 0. 040 0. 087 0.214 0. 348 0.07 0.135 0.143
CY-C 0.634 0. 437 0.197 0.101 0. 336 0.043 0.071 0.222 0. 366 0.022 0. 187 0.157
1/3] 0.537 0.394 0.194 0. 059 0. 335 0.030 0. 085 0.221 0.463 0.124 0.197 0.142
1/3]-C 0. 561 0. 385 0.176 0. 030 0. 355 0.029 0.095 0. 231 0.439 0. 145 0.135 0.159
PM 0.683 0.465 0.218 0.048 0.417 0.025 0.091 0.301 0.317 0.099 0.049 0.169
PM-C 0. 685 0.467 0.218 0.026 0.441 0.023 0.099 0.319 0.315 0.099 0.043 0.173
WY 0.735 0.488 0. 247 0.019 0.469 0.023 0.072 0.374 0.264 0.091 0.020 0.153
WY-C 0.734 0. 487 0. 247 0.019 0.468 0.021 0.072 0. 375 0. 266 0.081 0.025 0. 160
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