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Effect of moisture on anthracite crushing behavior and grinding

energy consumption
LI Zhaohui', XIE Weining'?, LIN Shengmao', JJANG Haidi', ZHANG Fengbin', WANG Shuai’,
TAN Zhihai’, HE Yaqun', SUN Xiaolu®
(1.School of Chemical Engineering, China University of Mining and Technology, Xuzhou 221116 , China; 2. Advanced Analysis and computation Center,
China University of Mining and Technology, Xuzhou 221116 , China; 3. Hunan Zhongtian Qingding Engineering Technology Co., LTD, Changsha 410021,
China; 4.School of Resources and Environmental Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: The change of water occurrence form and content in coal will change the physical characteristics and pore structure of coal, and
then affect its crushing process.In order to study the effect of moisture contained in coal on on the crushing behavior of coal particles,an-
thracite coal was used as the research object. A Hastelloy grinding equipped with a power measuring device was applied to simulate the
crushing environment in a medium-speed coal mill. The individual and mixed crushing experiments were carried out in multi-time batches
of coal samples with different water content. Thus, the effects of water occurrence on coal crushing rate, pulverized coal fineness, and
grinding energy consumption were studied. The experimental results showed that compared with the original coal samples, the initial
particle size material crushing rate of homogenized soaked coal samples decreases significantly due to the increase of water content, its

grindability index first decreased and then increased with increasing the water content when the homogenized immersed coal sample was
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crushed separately, and the fineness of pulverized coal #,, was positively correlated with water content. When dry and wet coal samples
were mixed and crushed, the crushing rate and fine-grained material generation rate of 13.34% moisture content samples were much high-
er than that of homogenized soaked coal samples with the same moisture content, and their its grindability index was larger than that of the
original coal; The grindability index of the blended coal samples with other moisture contents was slightly smaller than that of the homo-
genized soaked coal samples, and this difference became larger with the increase of moisture content, while the crushing rate and the yield
of fine-grained materials differed less from that of the homogenized impregnated coal samples. Also, the result indicated that the classical
energy-particle size relationship model may be used to characterize the individual and mixed crushing processes of samples with different
moisture gradients. The internal and external moisture reduced the ability of anthracite to resist crushing to varying degrees, and increas-
ing the water content during separate crushing improved the energy efficiency significantly. So, the water content parameters were intro-
duced into the energy consumption model to characterize the crushing process of various moisture coal samples. By exploring the influ-

ence mechanism of water content in coal on energy consumption of coal crushing, it reveals the way of energy loss in the process of coal

crushing and provides theoretical guidance for optimizing coal crushing process and reducing energy consumption.

Key words: anthracite; crushing rate; grindability index; pulverized coal fineness; grinding energy consumption

0 5l

BEpe I — R EERYREIR IR, )iz B TR
4 A TAEAT A, AR i e v, e AT
JEAR DR TR o o T sAL A A S A P A
WU 22 5, R 10 32 SR 2 R s
AR RS R (HG) R ) — i e 22 A4 1y BB
AE, PR B A XE S R BE, T T T PEAG E BERLA H
JIFIBERE, Bl Bh 2L PE 5 AR AN o BER Ay ]
JEVEAR 5 B HIL A RE R TR AR 2 0] B — € A S
PP, PR T B VR B0 00 PR 3R AT LB A 8 5 T
A=, BEARBERE .

FIHI G T 7% m] B P 5 e o 2 AR AF S 32 B4
TR A | A RS AR A I o 2 ORI el A
PCRESE | K3 R | 4 S BRI IE LU 25 0 i P S5
SRR . EA7 5 50 8 1B R ] i R R
7 1l B FRIRE DA ity 22 (o) AT P R AR R 22 5, 0 AT T
o it i e R v S ORI A ST A A A B, A
T TC IR AT R i I 1 A AT A AR A o A
D7 o BT 2 M e B T A 0 S TR
BRI RE AP B, 3 TR 95 07 1 SRR BRI
R P TR A P i A o o e A PR R R I IR
LB PR B S o K A DT B3k T ]
PEFS RN E i AR T, AR A L VAR SR I T
ASCARI G 7 15 6 9 {6 FH 45 7 18 £ 582 W DR 38 o g X 47
Tt o b IR JE B R AT N A i R P R
st 1l g . ASCR LA AR A 2% 0 25 DX R o = Bl vl
Pt 2 S AR S Ao X P A A S T
L T HGIE AR H R 2L, b 76T
Xof ey I T S M L (HGI) 15200, AFF 5% & BRRERE L
B 245 44 A1 22 57 2 HGI B iR B2 728 A6 A AR A TS
ST RS T 0 28 TR AN OK 4 5 T
262

il

ZIAH SRR o R AT A (P ey TG AT A 43
4 AN [RDALEE FIT 4 Bl AN ) 995 B ALK AR o A A A s A
Ja PEATRLEE 43, WESE T A0 okr B 55 4% 1 e o o A
FE) HGT LA S ATE P J5 503 i B i s i AR . R4S
B2 00 3E 2 I R 5 g 2K 20 e AR M S ) dg st
[B) 250 T RIS SE 0, 5T T 7K 43 % MR ARE W] s 1 (1)
SEMR, (0 FH 0 P B AR P R 0L 3 64 0 o LR
PeR bt K AR S B R UK B
TCHRIEE Sy S 6% 52, 3 o 25 75 ek SR B A R B X
WRBE I BE M AR BEFE I OC R, BRIT T M 41 3 X =
PSR 520 . VUTHALURU 2600 B 58 7K 43 %) 76
YRR TR I 1) 380 2 R T s P i 0 %) 52 g B 22 30 T
JEMEFE RS 5% B K A AR B AR e i B e )
FE 53 BT =2 ¢ TGS WCARE 1 1 R R P 15, SR FH SEML A
B BFRATE ST T 2% T RN T TR B il 1R O 358 AL
A5 o WFFTAE B, TR AR 2 T B0 T2 T
2% 0 TH LB 25 R0 38 5 W eI DR FROR 1 Sk 32,
MW AR RIE. DLEMREZEZEXT
P T AR o e e o 25 S A AT B T S AR A
M Z2 AR TR A W i R AR s i PR R 20 A %
kel ) o T B K TURPAS [ e i Y
TRREAE MGy G AT B i B30 e A b (R ks R ML, AF 5
ZERRI: TEIRIR G W iR i R b, M X &)
SR AN R R A S e . 2 st i
T F PR K VR TR T R e ST 6 A R T s S
{65 BE A A AE B 1R 22, 0 B Ll PR A T
2 la] ] EEE BOR B e nT bk . 2R me st ks
2L IR UM T R R L R &, 2B LA
PAPRRAEARE S0 HGL LU =R A . a5 53R
FH B0 S 1100 )RS A X 22 e TR HGT (1) 2 i AR 22
T S BE WG AR s = 5N AR B S 9 HGL S
[ e 7 2 e el 1)) D O A



RS IR TCARRER A T oA AT REFE A2

2024 455 6 A

e T A 22 A K ) =R e e BECA [) L 51 P 7
TR 5 T R P a, ARAS i = ) o A 1 TR ]
BEPERR R AR AR F, R BLIR A m] B VE R B BE
{7 BT 2% UL A4 ST S48, S U EL AT AR i =2
[BIFEE— 2 M2 58 . XIE S ff PR FQ ] S AT
J& T AR IR 53 B AR BE AR AR - B S 0, I
A FHBE A HLBTL /A0 S PR A AL LU (E S IR A
Ho— S R AT R A YARTE IR S B R 1R
. TR A0 RPN Ty 5 A ey G T
SO T JC IR JIEARE 1% B TR 45 R S 6, AR
Y852 50 25 SR 0 W MR e TG AT A PP B A T O
RTCIRAT WS E T 25 410 O IR T AR AT B S
B R

W 7 3 2 A R S AR 2 1T B B T A AL
(] R /K FIBURE R FLIBE L 2Bt i) ALK, LI £
R A AR A SRR T Ry BT PR BEAE ™ A AN [F)
SR, TR SC TR N | SNk 22 S e I R T
AR SR B BT FEAIS B D o AR S FH IC AR it
FERR, R SR ASAU 1 75 15 r i AREATL A
B SRR FERT AT A R BERERI 2R . 25 FE 2 oA
R TR Ry, LI ARARE Y, A SCR AR 7 =k
P AN IS )RR BE K 7, A6 Bl QAT 4SO e TG
RIS A5 L IR A R A AR ) B B TR 5 T 2
%o FERIE = HPRLIE 73 At FIBERE W I At _EIEAL 7K
VAROPL SER IR GE IR E L SN LS SN DS RV R
FEAT R BRI, 4 S7 B A B2 56 B AR L 23 1
FERT I REFE XS LI 5 7K 23 B R

1 REYRR T EE T

1.1 RS

BV FH R AL R P BEE) 19+2 mm JCARIE
FEHE, 28 B AR XI5l SR BRI RN i sl i g6 A 7
BET 3, 155 0.63 ~ 1.25 mm KiEEHAE, T4&i%
SRR AR 559%, LT ATas SR L2 1. Bekadh
(I ZRIRIARA 18.364 8 m*/g, FLERE A 0.022 150 cm’/g,
FEA ) L T AU AL B8 TR,

I EC AT BB A2 5 R o B AR HEA T 3 1K
AT A B A, A e TG AR B R TG AT B MR R B
47.65, R S BT WL 6 TR i K o R B A
T AE T H AR KA BERE A i ACAS 8] 5 2 1 K R
BN B ELSP R PR SR EE 24 h, SR EAKEE E bR
GB/T 211—2017 #A7HE il INAEFIIMEZK 733K, 45
WL 20 JRUR BRI 4K 43 & 4.9%, JhK & &
1.2%, WK E i 3.7%. ARIINZK SRS B K & &

225N, T WD T LB AR AR A TR B 1T
24 h PRI A RELEAK 432 A UKL PR T R 53475 LA
i B A AR T ORI SORUR R BE . BE T,
1 427K 43 A 13.34%., 20.20% ., 26.58% i1 31.90%
Fedt, LR AR KT A 5 20K 538 20.20% .
26.58% . 31.90% F1 36.44% Y IEREIR A B A S5 AT
IRRE T EL A A R 47K 43 TR A i CRE b BC i 7 58
UL 3) FF AN [R] Bsf ()bt v (1) A s 5 REAE e DU 4
Io TRA RIS R AT R, B etk 3 40Pk
YSURH 7 J55 2t 1) D A SR AN B A IR T A . iR
SeB IR BERE Tl FE D B TS, SR )5 H 3 iR i
SRR S B SRR AL B o IR A R &
FEBLLL T fef AL A B SRS RS 315

F 1 BEETSHT

Table 1 Coal sample industrial analysis

HkE M./% A% Vid % FC./%

TeHRiE 3.87 3.69 16.05 76.38

x2 SKENK
Table 2 Water content test

oK b/ % SR % MK E % LK%
5.00 1.55 3.60 9.34
10.00 1.77 3.44 13.34
15.00 2.80 3.36 17.01
15.00 2.27 3.28 17.21
20.00 7.87 2.79 20.20
25.00 11.50 3.04 23.83
30.00 11.90 2.66 26.58
35.00 16.74 2.92 29.29
40.00 18.77 2.89 31.90
45.00 23.48 3.49 34.26
45.00 21.69 3.19 34.16
50.00 26.56 3.22 36.44

&3 RAWEHRABEE

Table 3 Preparation of mixed crushed samples

BRI RRE JEHE (K ) BB RE ==
(FrK )i /g Fitit/g LK% Jit/g
(20.20%)27.58 (4.90%)22.42 13.34 50
(26.58%)35.29 (4.90%)14.71 20.20 50
(31.90%)40.13 (4.90%)9.87 26.58 50
(36.44%)42.82 (4.90%)7.18 31.90 50
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Fig.1 Initial particle size content over time during individual and mixed crushing
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Table 4 Separone and mixed fragmentation parallel experiments
S I ANTFPRLEE R 7 ) 1/ %
Kb K% TR [1) /s
—0.074 mm —0.09 mm 0.09~0.63 mm +0.63 mm
. § 10.07 12.55 55.11 32.34
JEIR IR 4.9 180
9.94 12.50 56.31 31.19
§ 10.90 13.61 57.72 28.66
PR 0 180
10.23 12.82 56.15 31.02
7.38 8.82 23.97 67.21
13.34 180
13.41 16.35 46.8 36.85
9.99 12.71 23.2 64.09
20.20 20
. 13.54 16.81 46.64 36.55
KRR
13.96 16.95 48.33 34.71
26.58 90
6.87 7.96 19.91 72.13
3.06 3.68 14.76 81.55
31.90 30
3.54 4.21 14.98 80.81
7.26 8.80 32.93 58.27
13.34 90
7.18 8.74 33.80 57.46
2.47 3.01 15.68 81.31
20.20 20
2.28 2.82 16.11 81.07
TRAHRE
4.89 5.84 18.84 75.32
26.58 60
4.74 5.62 18.15 76.23
12.29 14.23 23.08 62.70
31.90 180
12.33 14.28 23.20 62.52
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x5 BHERMOTTEMEES HGI
Table 5 Aoughability index HGI of each sample
AR K BRI HGI
13.34% 20.20% 26.58% 31.90%
Yfbig eI RE 34.76 41.14 56.10 61.44
TRBCERE 55 40.1 52.85 56.17
TR B IA 44.06 53.61 58.72 —

1 HETEEEHGINS50.91; JFHAHAEHGI N47.65,

265



2024 4F5 6 1]

#HEHMFHAK

52 %

T390 R R HGIR 5 R il v SR JAEARE T o o
B AR A BERE HGIGR & R il rh 25 AL IR Y B
R B0 o it — 22 BE T I B A A K 5 [
U 25 T A ) PR R B X s e, BTt
I FE F AN [R] 4 7K 23 B i BE ALK 7324 13.34% 1Y)
TR S AL, IR UEAT B NIRRT HE U,

A JBEE PR W MR SR, S5 5R IR 6. AR
KA R 13.34% F, AT BRI D B R AR 2l
AP PR AR RO T AN TR 4 oK g3 KA I A Y
R il BB SCR AR B L B M i R g T DA
L S e o N o ST 3 B v T [1 By Ea v ) B
AIER

R6 MK 13.34% WIAE TR R E b iR BLEAE KR B BT R Y ¥ 4L iR i SRR R P L FE Sy Fa X B

Table 6 Weighted moisture content of 13.34% of the mixed coal samples and the corresponding homogenized soaked coal

samples in the mixed coal comparison of the particle size distribution of the broken products
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Fig.2 The change of pulverized coal fineness with time during separate and mixed crushing
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Fig.3 Relationship between coal crushing energy and coal powder fineness in separate and mixed crushing
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Fig.4 The relationship between the crushing energy of homo-

geneous soaking coal samples and the fineness of coal powder

after normalization
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