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Study on moisture re-absorption characteristics and equilibrium prediction model

of coal dust with different rank
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Abstract: Moisture re-absorption is an effective method to measure wettability of coal dust, but for different types of coal dust, there are
difference in their hydrophilicity. In order to explore the moisture re-absorption characteristics of coal dust with different degrees of coali-
fication, the variation of moisture re-absorption rate of coal dust under different ambient temperature and relative humidity was compared
and analyzed by a self-designing moisture re-absorption experimental system. The effect of coal dust properties on moisture re-absorption
characteristics was clarified, and a prediction model for the moisture re-absorption equilibrium of coal dust with different degrees of coali-
fication was established. The results showed that, with the increase of ambient temperature, the moisture re-absorption rate of coal sample
firstly increased and then decreased, and the time to reach the re-absorption equilibrium was gradually shortened. In the same temperature
condition, the moisture re-absorption rate of coal dust increased with increasing relative humidity, and the time to reach moisture re-ab-
sorption equilibrium was proportional to relative humidity. The higher the degree of coalification led to the stronger moisture re-absorp-

tion capacity. As the contact angle of coal dust increased, the moisture re-absorption rate was linearly inversely related to the contact angle,
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and the wettability of coal dust was positively linearly related to the moisture re-absorption capacity. The moisture re-absorption rate over-

all increased linearly with the increasing proportion of oxygen-containing functional groups. The increase of specific surface area of coal

dust will inhibit the moisture re-absorption process, while the increase of pore size will promote the storage of adsorbed water, and the in-

crease of total pore volume will provide more space for moisture re-absorption. The moisture re-absorption rate and wettability with differ-

ent coalification can be effectively predicted based on the characteristic parameters of coal dust. By comparing and analyzing the fitted res-

ults of each prediction model, it was found that the Henderson model had the highest fitting degree among all the prediction models and

was the most suitable for accurate prediction of moisture re-absorption equilibrium of coal dust at different coalification. The results will

help to qualitatively analyze the hygroscopicity of different coal dust and provide a reference for coal dust wetting and reduction tech-

niques.
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Table 1 Proximate analysis and ultimate analysis ¢,
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HikE

HM-B 11.58 34.28 35.72 20.59 60.78 12.70 17.59 3.72 5.21

YM-X 416 21.63 6542 8.79 83.14 383 9.78 1.12 2.13

IM-G 396 14.13 7539 6.52 8838 5.03 482 1.57 0.20

WY-S 130 942 7887 1041 9324 342 1.76 127 031
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Fig.1 Testing and characterization of coal dust with different rank
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Fig.2 Experimental devices and process of moisture re-absorption

1) BE7K 5556 1 E 7K 10 556 /KRR 128 42, S8 A 7
Pl 25 K 2540 N R 7K o, BfAR 12 FLASASEE 7R 7K
SARRENSIE R AR, SRR IO 5 o5 (b A, 1 B A
TAF L SRR SY Aok 48 V il 40 Hz, BT %
FEAL, BERIK 3546 THRERS 700 U2 I 7K TR

2B RIR 5K E R R A, 8 2 )
A AL S5, R A 2 AR
V88 K 558 N 7 A 1 R K PR 26 22K 0 52 R A

162

N, B DR SEIAR N R T PRI R

34 7 A I ERAR S S0 7K o B IR A
ST, T80 2o 3 P S T A P AL E R R B R
i ASC AR PRI Sk B T K o0 S W S B A N, SR A Bt
P JRE A 5 I SR MLAR B, i K o S IR S
RES AT 180 AR X8 B2 0t 2 452 B s 1) ) 2 A s, I
MRIRIE MR R 7 | e LB AR,
IR FIA AR YRR R



EOREE AFERACR A K I SR KT A R T

2023 455 8 A

4) TR A5 A8 e B VAR I, o S S A i 4 R
DT AIK 5T W SR N, ZEAS [ EE T FTAR X
{2 RH(Relative Humidity ) PR35 T L2 Wl 5 h, H:
P HT 180 min HAERE 20 min FREFE S IFC 5%, T
Je MK PERE T %, AR 60 min I 1 ¥k, HLZE 2 KFK
HEZETE 0.001 g N, A Ak B P-4, 455 1k K S
55 B DL AR, 0 SN AR R AR T R
AR

5) MR YR AP R S 9 5T f AR A B 21
IR M,

A
My = 22 % 100% (1)
my

25
o
< o o
N o o
g [u]
. JANS] A
B A
=
LUD(
e
K
) 0 7=20C
O 7=30 C
A T=40 C
A . . . . . ,
0 50 100 150 200 250 300
JK 43 5 W B[] /min
(a) HM-B
15 ¢
12 +
g
&
SN
=
™ 6l
&
%
3 L
0 50 100 150 200 250 300

7K 53 I (8] /min
(¢) YM-G

P My AR ZIRK D IR, %5 Am SRR R
O3 S W R R N B JBRE, mgs my SR RE S TR I
A, mg. fEHE—IRIRIE AR, AR
BB AIRAS, U R i (1 B B AANAR, R 2%
TR 5 A0 FEIREE IR TP 6 (4 35 7K o, Bk 0 52
V-5 EMCM,

2 HRITESH

2.1 BREXMHEAKS SRR

R T 5 R X AR K o S R Y R, 7R
AIXFREE 65% MIREE AT, BE9E A BT EE y 20,
30, 40 °C BHEEARIR MR, K] 3 SR A ] i X4
Y &L ES A T

151
o)
c\\c'
)
=
] o g
&
%{v yay A
0 50 100 150 200 250 300
7K 3 W) A /min
(b) YM-X
8-
o
B
& o
=
&
%
A . . . . . ,
0 50 100 150 200 250 300
TK 43 52 W B 1] /min
(d) WY-S

B3 FRBEAELKSLRENH

Fig.3 Effects of different temperatures on moisture re-adsorption ratio of coal dust

Hi 1l 3 AT LA B, Bl P8 I 19 T s, A2k
5352 My SEXG RTINS ) BE X ) My B
A2 SRR . RPEEA WY-S RIRIEEE 1)
PUA £ mT LU B, A TR IR =20 °C 411
My=4.93%, T=30 °C 201V My, WITEIL A T4
T 18.7%, KB T 5.85%, Mij T=40 °C AN JE N T
27.2%. HA HM-B K432 M, AR 5
i, X5 A AR AR 2 = ALE LR B R %)

52, H T=40 °C 415 7=20 °C 4 PHS M, 22
SEPERIN, 3B RE S HM-B (1T 55 6 A %5 ; T
P YM-X Fl IM-G 1E T=30 °C B B 5 & T HAb 5
JE, X AR AT ADE I 2 Rl FEIZ IR B R 7K 43
W AE St . (B4R TM-G 7E 300 min 197K 2>
WA B vy, LK 43 52 WK 3 S 70 T G K G2 18 ek /N I
AT HIXTRSRE AW BRPIR A, A T HAt LRk A, TM-
G MR Wt i N . R, B PR 5% TR () 7
163



2023 4F5 8 11

#HEHMFHAK

%51 %

195 5 KRR 7K 0 52 W 3k B PR A S ) 7 28 3 40
X FE 53 Ul W E T e 2 e kK 23 T B S AL RE, B2
G5 A VIR R R 1 O A W AT T e A
S50 T e A s ] R AH R B, BRI K PR i
SRR 2% A TR TR X JBE X I P AR R ) 4%
MR R A2 2 1T B W B RE D, BRI 2 S R AR A g UK
IIEWATH

IR R Mo/ %
[\*] (%] B w
(=} (=} S (=)

—_
(=}
T

‘. 50 100 150 200 250 300
7Ky BRI 8] /min
(2) HM-B

[}
(=}
T

IR IR Mo/ %
s o

0 50 100 150 200 250 300

K43 I R] /min
(¢) IM-G

22 REIEALKSERERMR

N OYN TR PO RIT I OR S 24y & =14
A5 R 52 0], i BROK 53 52 W S 56 5 v AR A, 3%
P g Ak AR e R AN, BB R T2 30 °C,
W22 AH X I BE N 60% . 70%. 80% A1 90% VU Fift T.
BT 7K 53 52 W3R My BE B B] 9 AR fL RLAE, an &l 4
Fim

40

(o8]
(=
T

K R EE My/%%
)
S

—_
(=}
T

50 100 150 200 250 300
7K WL (8] /min
(b) YM-X

251

K7 EIRA My/%

0 50 100 150 200 250 300
7Ky N 7] /min
(d) WY-S

A RH=60% < RH=80% 3 RH=70% + RH=90%

CPRENCHY SRS ST T

Fig.4 Effects of different humidity on moisture re-absorption ratio of coal dust
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Fig.5 Relationship between contact angle and moisture re-ad-

sorption ratio
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Table 2 Proportion of oxygen-containing for different
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Fig.6 Corresponding relationship between the proportion of

oxygen-containing and moisture re-adsorption ratio
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Table 3 Microscopic characteristic parameters of coal dust

and moisture re-absorption ratio

. EREA EHTLE BALARE KSEmRR
Sger/(m*g ") DyJ/nm  V/(mL-gt) My/%
HM-B 5.967 18.166 0.027 41.09
YM-X 4.130 8.231 0.008 24.33
IM-G 0.249 36.918 0.002 20.11
WY-S 6.098 5.247 0.008 18.59
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Fig.7 EMC prediction results of equilibrium moisture re-adsorption of different coal dust
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Table 5 Correlation coefficients of fitting experimental val-

ues of each prediction model

LTS
Halsey Henderson Oswin Chung-Pfost Smith

BN 25

HM-B 8.680  —0.007 17.384  —0.251 6.303

YM-X 6.608 —0.022 11.521 —0.347 3.102

4 IM-G  7.143  -0.015 10.320  —0.256 3.795
WY-S 5783  —0.034 8.499 —0.347 2271

HM-B 3.186 1.595 3560  —9.889 —13.268

YM-X 23873 1.434 3.212 —7.745 —9.479

5 IM-G  3.242 1.658 3.636 —5.744 -7.114
WY-S 2.895 1.434 3.232 —5.692 —6.973

HM-B 0.765 0.921 0.817 0.912 0.966

) YM-X 0.823 0.959 0.872 0.959 0.906
K IM-G 0.816 0.963 0.869 0.951 0.870
WY-S 0.796 0.940 0.845 0.934 0.886
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