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Tab.1
(R,,R,) and AE by different approaches

Predicted hydrogen-bond lengths

. AE/ R,/ R,/
yi ;
Ny Jrik (k] *mol™) nm nm
B3LYP 24.2 0.29 0.20
0—H,
/ Rz
i 0 wBITXD 334 0.26  0.20
iRy -
MO06 36.0 0.26  0.20
Mo06-2X 37.0 0.25 0.20
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Tab. 2 Predicted thermodynamic values of the dewatering process under the room temperatures and pressures

25 4y 50 AH/(k] » mol™") AG /(K] » mol™)
lignite*=+n H, O n=1 n=2 n=3 n==4 n=1 n=2 n=3 n=4
HO----nH,0
CH, 27.6 72.0 75.3 60.7 —5.8 217 25.1 8.4
(97.9) (160.7) (207.1) (14.6) (32.2) (35.6)
OH---nH,0
\CL/O/ 51.0 83.7 82.4 62.7 6.7 28.9 28.9 9.6
\©\ (109.2) (168.2) (209.6) (22.2) (36.0) (36.8)
nH,0 ----- OH
H()(;)C 46.0 96.2 113.0 90.8 —0.4 3.0 5.0 —8.4
(96.2) (154.4) (195.4) (3.0) (12.1D (18.8)
nHL0
H(’) OCH, 34.7 66.1 76.6 45.2 —7.1 6.3 19.7 —7.1
)@( (92.0) (120.5) (192.0) (—0.4) (—2.D (19.7)
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AN AH/(k] » mol™") AG/ (K] « mol™)
lignite:=-n H, O n=1 n=2 n=3 n=4 n=1 n=2 n=3 n=4=4
HO---nH,0
OH 34.3 95.4 61.1 61.9 —5.0 9.6 10.0 7.9
(95.4) (147.3)  (209.2) (9.6) (20.5) (35.1)
HQQC/)Q: 50.2 79.9 79.5 71.5 8.4 29.3 22.2 15.1
nH,0 (105.4)  (164.4)  (218.4) (22.6) (29.3) (42.3)
HOOC 50.6 81.2 92.0 83.7 8.8 30.5 36.4 30.1
nH,0 O\/ (107.1)  (138.1)  (195.0) (23.8) (14.6) (30.5)
nH,0
/ 28.9 43.9 43.9 52.3 —8.4 —1.2 —6.3 0
O 0 O (69.4) (129.7)  (199.6) (—7.9) 0.4) (27.2)
OH-nH,0
i "OCHj 48.5 108.8 103.3 104.6 —1.2 43.5 34.3 30.1
—( i#()@ (134.7)  (189.1)  (251.9) (36.8) (41.4) (57.3)
0 nH,0
i 26.3 57.7 31.4 20.1 —11.7 —28.4 —21.3  —36.4
/C/\©/\ (57.7) (117.D (166.9) (—28.4) (—13.4) (—9.2)
nH,0
: 22.2 31.0 31.0 31.8 —12.5 —10.5 —11.3 —17.1
@ (56.9)  (116.3)  (178.2) (—17.6) (—4.2)  (10.0)
nH,0
: 28.0 47.7 33.9 63.6 —9.6 2.1 —11.7 0
NC\>— (73.6)  (118.8)  (174.9) (—4.6)  (—3.8) (0.6
H--- nH,0
N 33.0 68.6 58.1 39.3 —0.8 20.5 13.4 —8.4
975 (158.1)  (202.1) (18.8)  (33.9)  (36.0)
R o 31.0 48.9 68.6 15.5 —5.8 4.2 11.7 —28.9
- nH; (74.0) (111.7 (161.9) (—0.2) (—3.8) (4.2)
nH,0O
5 20.5 16.0 8.4 22.2 13.4 —17.1 —41.4 —41.0
SH (71.1) (93.7) (168.6) (—16.7) (—42.2) (—38.5)

19.2 39.7 38.1 39.7 —8.8 —14.2  —125  —104
S

d (36.8) (79.9 (169.9) (—20.5) (—15.9 (5.8)
“nH,0
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BRI R B ng T 5K T EAFTE RS AH 1 K DN R — 2 1 K 1 L B2 5 oK
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AT AB AL 5. 0 kJ/mol. X4 2 A~ 7K 43 F 43 5l 78 2R 34 1)
PRI B R PR O Y BE B #2928 0. 26~0. 29 nm, [l
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IR 2 A AT ERY RPN RE 5 K5 F H
Ui A ELAE RS 2 S 7K 43 F B AR RE i 5 R 3R 1Y
Rk,

(b) n=2

LRI B AK 43 (o H O) BY-F- i 14 B (BA37 :nm)

Fig. 1 Optimized structures of molecular complexes

of benzene with water molecules (n H; O) Cunit:nm)
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KRG F 02 DKy T 55 T L B 3 s 45 78 S, K 4 1 B
FI OB E S 0. 27 nm, BB IX 2 KA TF T
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HAE AR A AN AR ] Bl 40 5 00 B RE A ik B R K
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Fig. 2 Optimized structures of molecular complexes of carbazole with water molecules (n H, O) Cunit:nm)
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Fig. 3 Optimized structures of dibenzothiophene and benzyl mercaptan binding water molecules (n H,O) (unit:nm)
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Fig. 4 Optimized structures of hydroxyl compounds binding water molecules (nH,O) (unit:nm)
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Tab. 3 The critical temperatures for the carboxyl

dewatering under different pressures

T/K
P
n=1 n=2 n=3 n=4
1.0 349 369 359 364
1.5 356 377 367 572
2.0 362 383 373 378

H:n=1,2,3,4 Fr lignite--n H, O K53 F 1455
p HERR L.

i 3l L BE E IR B S, K | R 2 &
Wt AR R R T A E R R 2 DR T IR
FEEREMI (R 2 a6 fT) MK fem X — R
AU 8 O R KR EL AR R A2 5 K AR B
. e 7 55K R B 1 ¢ 2R AT DAAE — € AR B Sk
13 1 Jr dul 95 4 BRI L A LG L A [R] S T S R K P
Jot B R R B R B TR R KR R B T R A
& AR BT Kk o DK AR 1 18 5B 2% A oK
MFERE (L2 2) BUA M B K T b, o 1
HEFF R T AR A BT T T R O
AR,

3 4

il R R EE T AT R S iE T 16
BRI F BB R LR R A R R AR L B E T —
SR WLE BB S5 K o B AR AR R RE T R A E
RE AT 45 5 7K 19 BE T 5 55 4R A « R = i e = 52 ik >
HE T W HE > IR > SRR 2 BUE RE AT Y F K RE
3 JA B~ BRI B4 5 W 5K A8 R RE AT B R A
AL AR v LR KRR X R K AR FR L K RLK L R
B2 FEREMR. 2 T A0 30, ATHE S T Bk
on - RE e el AR Y AN R R (DR P e i /NS W o
SRR 7 K i R A2 T 9 1) B2 T /N AR SRR AT Y
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Theoretical Study on Water-holding Properties of the Functional Group of

Lignite Model Compounds

ZHANG Xiangfei' ,SUN Mingjun',GUOQO Juanjuan',FENG Li*,CAQO Zexing'"

(1.College of Chemistry and Chemical Engineering,Xiamen University, Xiamen 361005, China;

2.School of Chemical Engineering and Technology,China University of Mining and Technology, Xuzhou 221116 ,China)

Abstract : Density functional calculations have been used to explore the interactions between the water and the functional group of

lignite structural components,and the effects of water-holding capacity and local chemical environment on moisture adsorption and

desorption of lignite model compounds have been discussed. An approximate thermodynamic relation has been derived based on the

thermodynamic cycle to evaluate the temperature and pressure influence in dewatering process.The results indicate that the depend-

ence of the critical dewatering temperature on pressure is not remarkable. Under elevated pressure,the desorbed water molecules may

prefer in an aggregate state, which can lower the dewatering energy consumption.

Key words: density function theory calculations; lignite; water-holding functional groups;dewatering;thermodynamics values



