SRR

#rxgaiam COAL SCIENCE AND TECHNOLOGY

N R BE ARk 20 2 A ik S - TR EL BT 5
IR EASdG ERR NLR & IR =T L

SIAA:

EK, EEE, W, S AR EERAK o R S A LT ). MR B OR, 2023, 51(8): 160-168.
WANG Fei, YAN Jingjing, LI Yucheng. Study on moisture re—absorption characteristics and equilibrium prediction model of coal
dust with different rank[J]. Coal Science and Technology, 2023, 51(8): 160-168.

TELR R BE View online: https:/doi.org/10.13199/j.cnki.cst.2022-0784

AT ARG HAh SCEE

Articles you may be interested in

B RSV A RNV A /8 T N S MR T B e T

Study on wetting characteristics of coal dust in soft coal based on principal component analysis

JERBI2FF AR 2020, 48(2)  hitp://www.mtkxjs.com.cn/article/id/9a06bfc7-067e—-4c08—80ea—595al8abbaca

LG I RER BT PEAS A BB L2 B
Comparison and analysis of energy absorption characteristics of chiral structure in novel energy buffering absorption device

PORRLFA AR, 2023, 51(S1): 396-403  hitps://doi.org/10.13199/j.cnki.cst.2022-1138
SR ZH 3 X BT AR A A R E T BRI A5

Influence study of coal dust composition on the lower explosion limit of hybrid mixture of gas and coal dust

JREIRBLEFIAR. 2020, 48(2)  http://www.mtkxjs.com.cn/article/id/d5760132—cf13-4c0a—b5c9—fdf0abcf6c3e

o TR RS o R P TR 0 5 R P Y PREI A R fF 5
Study on prediction model of alkali metal contamination characteristics during high alkali coal combustion

JREIRBIEFI R, 2020, 48(2)  http://www.mtkxjs.com.cn/article/id/2e7 1de82-2a2e—4d57-8f3d—ae7c550ef1£0

B A G I SAE R BT th i RERFE 2B
Analysis on characteristics of anti—impact and energy absorption of new type of composite folding column used in mining

PEORPIFFAR . 2023, 51(3): 225-232  hitps://doi.org/10.13199/j.cnki.cst.2021-0460

KA B A OCRERHIE L PR Al I e 52

Effect of moisture content on spectral characteristics and attribute estimation of reclaimed soil

JERBIEFFIAR. 2022, 50(2): 312-322  http://www.mtkxjs.com.cn/article/id/b834bbea—8384—4e41-abde—eab6dbcadcee

KHEMIFE AT, RAFHHEZTHRER


http://www.mtkxjs.com.cn/
https://doi.org/10.13199/j.cnki.cst.2022-0784
http://www.mtkxjs.com.cn/article/id/9a06bfc7-067e-4c08-80ea-595a18abbaca
http://www.mtkxjs.com.cn/article/id/9a06bfc7-067e-4c08-80ea-595a18abbaca
https://doi.org/10.13199/j.cnki.cst.2022-1138
https://doi.org/10.13199/j.cnki.cst.2022-1138
http://www.mtkxjs.com.cn/article/id/d5760132-cf13-4c0a-b5c9-fdf0abcf6c3e
http://www.mtkxjs.com.cn/article/id/d5760132-cf13-4c0a-b5c9-fdf0abcf6c3e
http://www.mtkxjs.com.cn/article/id/2e71dc82-2a2e-4d57-8f3d-ae7c550ef1f0
http://www.mtkxjs.com.cn/article/id/2e71dc82-2a2e-4d57-8f3d-ae7c550ef1f0
https://doi.org/10.13199/j.cnki.cst.2021-0460
https://doi.org/10.13199/j.cnki.cst.2021-0460
http://www.mtkxjs.com.cn/article/id/b834bbea-8384-4e41-abde-eab6dbca4cee
http://www.mtkxjs.com.cn/article/id/b834bbea-8384-4e41-abde-eab6dbca4cee

£ 5155 8 H CA =3 N Vol. 51 No. 8

2023 4F 8 H Coal Science and Technology Aug. 2023

.ﬁTj EOK, EEh AN, A, SN R R AR K 43 S W R R A RN AR AL RIS (D], B R AR OR, 2023,
vl 51(8): 160—168.

WANG Fei, YAN Jingjing, LI Yucheng, et al. Study on moisture re-absorption characteristics and equilibrium pre-
diction model of coal dust with different rank[J]. Coal Science and Technology, 2023, 51(8): 160—168.

BBhaR I i

TEWRMUARR Ak 5 8 IS B TSR 5

I ARV EER L NaR BT 2T
(1. RFHE TR 224 50 255 TR0, LG KJE 030024; 2. ILPGHEH 2 &R A BE G0 hoe, WPE KB 030024)

B OE AP AREZ—FAZOGENMBE L EBER DT E, AR XL ERERIEFLEE R,
H TIRA R R REACAR B Rk 5 B4, it AAT R KRS BRI A%, Do REIHE &
R B ER35 08 Fo AR AT IR E A T K AR TALHAE, P #A I 4 b 3t K 5 iﬁ%iﬁ%h I
B R BV AR I R K B A TRM AR R, AR AR A BAARBLIBEI G, BAKS LR
$#ti@k)‘i)éivl‘ KB RO RT R R S s, EARRBESHT, AR EN ARSI
Ko BR , AE&%&ﬁNHﬁﬁuﬁﬁﬁw PR MG, LR A REHME, A
%*&@%Mk DA BEL A REERILX R, BEAERMS KSR A R IEA X X
PR G Aﬂ”%m£mwm Ko BB T AR L 2RI mag AL B, B R AR K A A ] K
AR, MmILERE AR R MRS, ELRRERS AL RRREE LR, BT
VARRIERE 4 M A SR TR R B BEACAZ B AR 6 K o SR R BRI K, 8 i 5F o A7 & TR
A GG A 4R, &K I Henderson A7 % A A FUM AR P IS E R 56, REASRE AR L
R BRT e TR AR BE A B TR R AR U KN S AT, AR AR b
KA GTARAEAE %
KGR ME R K R TR IR SRR R BRALARE B R T RN
HE 5 ES: TD714 MER R R A M EHES:0253-2336(2023)08-0160-09

Study on moisture re-absorption characteristics and equilibrium prediction model

of coal dust with different rank
WANG Fei'?, YAN Jingjingl’z, LI Yuchengl, LIU Hongweil’z, GAO Yabin', Li Ziwen'
(1. College of Safety and Emergency Management Engineering, Taiyuan University of Technology, Taiyuan 030024, China,
2. Center of Shanxi Mine Safety for Graduate Education Innovation, Taiyuan 030024, China)

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.

Key words: coal dust; moisture re-absorption; wettability; temperature and humidity; physical and chemical characteristics; prediction

model
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Table 1 Proximate analysis and ultimate analysis ¢,
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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
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Fig.3 Effects of different temperatures on moisture re-adsorption ratio of coal dust
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B 25 B WK SR LB 22 (19 23 (8], 40 BE & HM-B
I WY-S, Vi M 0.027 1 mL/g FEAEE] T 0.008 mL/g,
XoF 7 B M TSR T 2.21 4%, DRI AR Al S5 2 R Ak
SLFFAE S 50K K 43 52 W RE T B, 5 25 IR A A5
mi AL 2R A AR SE 4, X PR iy 4 Rzl ORI
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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

25 LTS AU RE A R IR b T ARG K 2
I 557K o0 S W b R, TR AR K R R AR S B
2R W, DT SE 7K 53 5 WG Gl R, 2 il A N,
A SR K PR R, T A LA HE O, NI K
Z 3, AT AR K o S W A . R, R DA
Pt AN R AR B SR A R P A 2580 e WA K 3 B2 W 2 B 1Y)
PITERLH
24 K4S EWRFE EMC EERIE

AN TR 53 52 W ok AR S ST IO R RE T ST 1E T R,
AN [ 35 B2 % 7K 3 52 W AT A I S e FLEER R, 7K
I3 W — A BR R 7K W B 2ok A%, 52 R Bk ] 35 38—
EFERE G, I 2R BRRE 1Y S A R FFRIR A o i HL
ZORASH B T A R R, o] LAE R 7K
O3 52 AT EMC BRI 1 M B 2 i T i
FREE . 3% 4 i HETE NSNS 8 DA AT 09 2 FLA R
S A RIS, b 4 B S A MR e
T
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S5 3R 4 1] DU SO0 R [RIAE G B A A
TR - EMC, 38 FA 3 4 FP i TS R X6f
SEERAA (T=30 °C) FEATHAE, B 7 Sy A [a] T AR Y Xof
AN AR S IR S EMC (T8N 25 58 . I R Rl L
BRI, AR TESER K 73 2 Wt R v, B AR EE (1Y
B, K S WP EMC D4 2 245 4 11 280 iy
SRR BRE, BB A W BB AR I G T, -
EMC HA &4 3 BB AR b 72, 24 RH<40% A,
EMC 23 HE PRt 3 i A e 4, 32 R R L o LB
TR, W B e B B A1 FH S, O e B B 1 EMC
R A, (0 T SR A R, TRl EMC iR 4k
F—MEALRE; ML TE 409%<RH<70% 1 X [H]
JEFET, EMC S5 22, 25 S K o3 e b 3R
KM B T T A N, S Y R B RE R R,
P B A, S EMC 728 1018 B AR XT8N SR
1M 24 RH>70%, EMC X 330 H 201 3 1) #a 3, X
JE T ARG R RS R, AR HE T K43 R, K 43 R KEK
SKAT T TR L, EMC 3B A, A R
K, ISR .

x4 KHERTFERNEE

Table 4 Prediction model of moisture absorption

equilibrium
B T
1
Halsey EMC = ( —expA )2
InRH
L
Henderson EMC = [111(1 —RH) ] z
A
. RH \+
Oswin _
EMC A( . RH)

Chung-Pfost EMC = BIn(AInRH)

Smith EMC = A+ BIn(1 —RH)

HRAE DA P i 2R B R W7 445080 (14 T RS 2,
P U T 1.0 U B N %) A R R . i
BT % B A B X B0 A A HULA 25 5, TR & 3R
FAER A AR AL R S 50 (B B i — 8, 3R 5
25 TN R Y UL ST A G R AR Y
A, B AT LIRS AN [R] B0 B R XA 5 EMC 19 i
WA, X5 L84 BE R® AT L) & 31, Henderson £ 24 FI
Chung-Pfost F B X} 4 FfvRf i AY L4 1 R #RlB S T
0.9, Horp#E L IM-G il YM-X 19 R* KT 0.95, i
X 2 PRI 2 LA ) EMC FDRS 1 2 55 5
Halsey £ | Oswin 5 5 F1 Smith 55 74 XJ 45 4 b 1)
PIARCREZE, BR T Smith FIRIXTEE F HM-B Fil YM-
X BHLE BER T 0.9 4b, ARG G B AR g
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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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