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Development and challenge of dry coal separation
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Abstract: As a non—-renewable national strategic resource, coal is still one of the most important basic energy resources in the world. Low
quality coal has considerable potential reserves and has become an indispensable energy resource for energy security in China. Coal prepa-
ration is the source technology to realize efficient and clean utilization of coal. The traditional wet coal preparation technology strongly de-
pends on water resources. Due to the characteristics of no water, low cost and no pollution, the dry coal preparation technology has provides
an effective method for clean and efficient separation and industrial transformation and development of coal resources. The working princi-
ple,research status and industrial application progress of air separation,compound dry coal separator, photoelectric separation technology,
dry dense medium coal separation technology were analyzed in detail, then the progress of dry coal separation technology at home and
abroad was summarized. Based on understanding the progress of the above separation technologies , the limitations of the existing dry sepa-
ration technologies were pointed out, such as narrow feed size, high water requirement and low intelligence. Then the development trend
of coal dry separation technologies was prospected ,and the next research focus was pointed out,including breaking through the theoretical
bottleneck of fine coal separation and realizing dry separation of whole—grain coal , developing efficient coal separation and drying collabora-
tive technology and solving the problem of water limitation of raw coal, speeding up the research of dry precision separation technology and

saving the processing cost of high—quality coal,such as coking coal, carrying out up—scale theoretical research on the separator and reali-
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zing the up—grade of the separator, coal—series associated minerals and coal—series solid waste resource utilization, etc. ,so as to provide the

possible suggestions for the research of dry coal separation technology in future.

Key words: coal beneficiation;dry beneficiation ; pneumatic separator;compound dry separator;dry dense medium fluidized bed separator
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SREHOR SRR 43R/ mm B
AR TR R 100~ 1 HERT, Tolk B
S ik JRT IR >25 HERT, Tl B
WAL $7is W 80~6 HEWF, Tll 3
TR EA B AR S R 100~6 K53, Tl

L1 RKASEREAR

T3 53 3B A AT LA by T o A A 78 s
A s P UTRE AR E Y 22 5, A I o 90 e ok sl A= =2
IUBEA A BT, A G A KT BRIk 5 XU)
FEIRM ML, AR, KT BRIK e 5 R A2 2] 7 v
el PR R SEIRERE AR FE DG 7E Tk Ok
DI RAHES™ EHUS T B RS, FEE R Allminerals 2

A R A A T2 Tl RS ) 43 BERE L,
LbFREE K 300 kg/h, WEINSTEIN A1 SNOBY ' F 1]
RT3 BRTR TR T 5 Tl M 43 3 1 52, B 149
TEALHL T B B AAAR , 7E3E F @ 1 WUy kIR 43
T MRS, A #E & AE 50 ~ 120 v/h, HHT, X JJ
FEIR ST 1E AL 0 B 58 TAF 3245 vh /£ KADEMLL F1
GULSOY ™ XF K TF 6 mm # M LE®F 5T, T B 4047
33



2021 4F55 5 14

www.chinacaj.net

E A g B K 527 %

TIRIZRSA R Z MR BE 4R FE A% 1Y)
1o JE X 3 SRR 52 0], 5 R R e R 5 XU
BRI B, R B2 IR (1 v] BB AR 25 £ T DL 4R FEAE
0.13~0.23 g/cm’ , FRLSERIE R 6~38 mm,
1.2 EaXTENEN

BEAXTE S EVE SRS R E S T3R8
PURHE B0 ) 0 3 R v e 2 BE S R B R R A A, o
11002 i D O =R W RV o B S0 N0t i sl L0
B2, T AR JUR: 43 16 4o A8 55 DR THI A 1Y) AR
HRE  FARBT ST T R A R B A A
X oG BE RS2 PR5T T I iz B R DA R e
WA, BET, E A6 AT AR ETE
ESEING X2 SN NANE SR ANEE |
E A5 2] ) W, Ab B8 J1 7T 35 480 v/h, E 1E
0.20~0.30 g/cm‘zO
1.3 SEBS®EFEA

BE & FHE & R 1 A58 B8 AR
TR . BED, BTk ksoR 25
32X BRIy SRl R T A 2R
REUN, LR R AT % X 2Ry SRk
WSCRITHBC R B A7 B IX31) , AR DG4 I 8 R AR B
5 BAEAE 22 0 R A B TR A R IX
BIBE PRSI BL e R A7 2 2 25 S AR
EWAR AR AR, BT, B R T
SrIENLOT BB o e kG B A, A T RfE T2
TR, SCEL TR TR AR, KRR T AT
A T TSI 300 ~ 25 mm BB AR5 9 Tolk v
AEFERE F73k 380 v/h, A REAR 1A AT R TR
9 AR AT T Tk i U
1.4 FEENRBURDEEA

TEENTORAR TR AR, MR BN
PRI A | & P e i 2 — 2K
SR I A A RTE W Ml 55 0 6 e 1 T A AT
TALRABLIRE A A R a5, S BRURE R R A JR % B 3
TTAEBGTE . BT, ER A 05 2] TR
KA EPEE | H A REE | o [ 45 [ 203 1 O TE, &%
[l 2237 Rl S AR 2% BE R4 B 3 LI 45 7
T TF R TS o, d o T 28 Tl MU Y 43
FEML, 76 TP i, h E R e kT
B TR A AR IR R G, U7 T T
MEAHEST ST e R A, S SR RS A
100 ~ 6 mm M s B & 3 T3k 5%, E 7E 0.05 ~
0.08 g/cm’,

2 FTESEBRAHNREBSHEK

WHE TR H o AREAS T 5k vk e | ib 1
34

TS AL, R T I o e B BT, TR R B M
FAMRB B 2R AR T 28 ok, B, R E
PRI B FEAR TR AE B T B, AR B B R 7 Leg
oSS ) s 7S vl UK 7 e | LR T AR e b ST
b D KGR B BRI R R, BRI, Tk
VER AR WAL KR, AR K A3 223K 5
BB AR BEAS 5y S e iR 7 e, DRI, R BT
B TR BATEEDR AR & AR5 0]
2.1 EMFERRFESE

Hip, Tkt iR B P ek, 2
AH— XI5 B AT gL A E 5
TEHL, WF 5 K 3043 e 4 AR B REAR R i oy i 43, 2
AR, SR FE XU A ek 7 v | Bt A7 B2 3
/0N 2 BE AN [ i UKL AR 43 AL bz 2 3 RE 1Y 22 5
BWTIRIN BURL A B MEBE RGN, AR A KE A AL
PRATIENLH, H TRl B R BE /)N 2R T AR )
FTARAE FH Ty 385 (o e e 55 B2 43 1R S8 i 553 , 4
RS EHOR AR, P, 75 28 S0 I o AE AR
R T IR A T IR T A s R
T, 1 X A D )3 o

EH TR T B AT Lo 158 240 R AR K
opo, HH B i iz 2 5 IR I i i A B
SO SR A AL B S BRI . EET, A
il B BT AT ) = R o S HLAR BRAE 1 RT3k 1000 t/h,
IAERLETE 1~13 mm, E A[3K 0.13~0.23 g/cm’, &
BN T AR R

RIS, i b A S A AR BE TR S A
AN B T R EOG R B R i | s A
%, L, A3 S EE G| A SR 75558 T+ AR 43 5 350%
T AR 5 0 A 5 ) B 22 5 AR A i R
W, MR AR EEA G AMUIESh F137 0 3R h itk
IR GBI GRS K Sh LR |5 | AREAIE W
FoE TARIR , (ELAHA 5 3358 12 AR A 45 B 7E S 55 3 /)
FIRL AL ST, A it — 2 b sy MUK
WFFE , SEBIE IR 1 G A
2.2 BWrRHSESTERBEZAR

SRR TSR ad A P BRI A48, B T ZK o0 A
SRR , 5 A6 SR ROURE [ 7 A OV, 38 m
SO [0 286 B 0 TR JCRER SR A, 388 T 3 i A L R
T LR AR B ek, JU Y UK 4
TR, TR E A S i 2 1 LA 5T A A R
P, 8 AT A vy SRR A B AR 4R T 5
M 533 250 2R R0 A3 BE ML R g ie 17, UK, JE Jie A
PEIT K 43 75 45 W 35 R AR e B i 18 BB VR A 2K
A PR R B K MG 1.2, Bk, S



IR R T e R R S PR

www.chinacaj.net

2021 455 5

ik o Ve BOR B T A, 1 75 T A K K — 1
PR 3 BEHE A, o i 8 IR A7 4 o, 4 v
g RIS Tk T2 S m ik s ok
i I .

FUR, 2 8 ARARER T IR ShIRAL R 70 1 T4 —
A AT 58 IR I AP K =B IR =B N 7K 3 A By
Bl R IR BRI IR — 0 B - IR S RS A LA
B, SR i 5 R A B[R] s Ak, I 1 BT R
(U, Al S <, K R IRshom i, f o PREIIR
ANIRIE) o 38 3 BrBUs A Al o IR R i R
FREAIIK , FEARABURE 18] 2 B 7, )7 B K aod 7 UR 3
75 TR NIRRT KA AT 48 = K TR ACR . <
Ui IRBN il A iR R 4 P REAT AR IR s K
JRAR it SO RIURE TR 7, 5 A < 1Mk, T2 A e
AT ACFREE o 3 3 1 UL R XU R (R
SRR SN K — R 7 I K — iR AU R PRI, DA
T 52 FR T B 438 RS R O, A 20 v e AR
SR, EIEEAA AL TSR = T B B, Al figp ke <
[ AH 1R -5 4R 3 B8 i i 15 25 XfE 50RE 2 R R AT 5T
H Al

TRIRES FaE 7 BOIRES TRAX SRR
JhiBRAhIK Jhi Ak Btk A 7K

et '.;._".:

e
ke ik s ¥ PRrS
S T [0=120y] T [08~090Uy

K=3~4 K=3~4 K=3~4
Jizh 1| ~10~20 Hz /=10~20 Hz /~=10~20 Hz
A=3~4 mm A=3~4 mm A=3~4 mm
L [80~120 C] [~160 C]

1R R BB R AR A

Fig.1 Coupling process of staged deashing and dewatering

for low quality coal'™'**!

2.3 FEBESERAR

VER 43 300KG B e e 1 TR e BER , S REAY
TALIR S AU AT FH T AR R 0 P e FH R S I 2% i
SYIETT R, 3RS B SR AR, AR, BT A Tl
AN B R AL PR 60 t/h, 43358 4 AR Y b B
RE T AR AT , 15 43 2 HLL K 25 S BUB AR E .
RIIE, B HIAT AT e AR B 2 SE R A
e et stk AR R AR R T
AR , A 33 AR R 328 A S AR L
AR, A& 2 B, WIAR B9 4L R R 2 K DL R 2
WA E AR Y i T e A9 N R
Geldart B/D ZEHEERA A FNAIRLIE A 41K, IR 2 2L
AR MR B A AR, 32 AR S S0 AR R IR )22 12 ik i
ATy, SEBIRT R E IR, SR, YRR Z &

FEBHHEAN, AR &, AR A W
I, SIIB B R T IRIZ L B, R AR
SYBERCR, NI, A B i st R (4 7 T
SRR AR VAT e UK A S

INES

l——@ A

A
fgai ——@ i

TTTﬂ@ SR

as flow

o=2

B2 SRERMKFEAERED
Fig.2 Density control diagram of gas solid fluidized bed'*

A, BEE SR DU AR BE ) Pt & e | T4k
PR B BT N, A AN BEA AT R | 2338 BB I
TR PRI, T AW A by e 28T 1 A i F R B e
JEBE ., ERT, EEEE o e HOR S — AR S
TR EAR , FE R MBS H A LT Y i/ B
B2 S S BRI A A 03 AT L A A
g, FT, BEE S R AT b TP Jie
W Be, 27 B AHARTT A 1 VR (T i FL A R AL ST fe oty =X
SR VEHLAF S HOR o B KE NS A0 A IR
4R T B S A ) TR R B AT SR MR 5 i JEE 462 F,
VERY TR [R]IN, P 458 P 326 73 e BOR 1Y T AR I
KAIAFAEIR S, FE 25 RS Tl Ak 0 R A 25 8E
Ay PRIIE i R FL 3 BE SR L S HOR I 42 2k 5 7T 5
PEFEASRAE A, BRI, AR50 0 45 & 0k PE
[T 52 JIREE AT LSS R AR B ORIk
e BT, BT R HL 3 PORS BERR A 18 4
BB TR ABEGEAS [R) Fh 245 i B0k TE fiL 7 (i3
Bl , W 2ok R e 5 Ao i D] 2R A9 A B OG B
BILT 5 30 458 F S AR I T AR I T i 4 4y
JHEPEE 82 HL TR 109 B8 O3 S B
2.4 SENMHKEBIEHAR

B RAME AT LA /2 H 25 B Bk o L
B RT R, B T i R & I se 4 0, RN e T
501k RGOS B P& AT N % AR
ML, (AT AT A BRI AR Y R IR 258 7™ A 22, 5%
M) Al F- AN T3 S 4 43 R AR AR AE Tl b ] e X
IR FH PRIt B 55 X6 B AN [) RT3 8 118 A R A 75
SRR, W5 A RO 43 3% 15 25 S 80 A S AL
P BT A5 X0 3 8 A% 3 1 5 ), R 55 B B I AR
FHAILH , 2 0 0K 2 A8 v OC 5 8 52 2 5009 18 O
Bl

H AT, (AR A A ik 1) 10 H] T 58 B A ik

35



2021 4F55 5 14

www.chinacaj.net

E A g B K 527 %

REFBe, CI T T iR a8, WokiE H
2 THARE ) ZORM R, B A ORI AU AT 76 SR
B PR, i e O, 2 4R TORDR A AR Y
R AH K 52 TPk BORBL A% 0RE T f 4k
AR S Tl R R OB, B AR
2 THFACR AR I A RAT 5T, B T T
M RN A TEARASLL, Qa3 IR0 Kok T
7 1 R HAR A IR BB S AT ORI SE , hid
SN SEER A B Tl AL i & i S Be HE BE S0Fr , F
B AR BUA BRI AL T A B B, A
J7 ik B 1R R R A T B — AU L3 AN [R) T
LRI R

EMMS-DPM
MR LAY

B

B3 M A R &Y

Fig.3 Simulation diagram of coarse grained model >
2.5 TFiESEEREN

PEAFR , T REAL 115 B BOR B Rt
o B IR S5 H A ME LAXS AR AT 43328 , (] 4
REAL TR LI AT AE v SFEAT ] e AL B AL
BRI MRS, 4T3 1 — 20 1 g P Rl Y R K
V-5 TARN B AT SR, Dy itk — 25 4 i 4 A
fifl, o3 — 05 W, FEHES b 28 B Rk e R b, KRB
P N TR RSB L BB K RSN T L A2
A EEYW, H T, PV BRI A B
BOER S R RN R B | =7 5 55 LR
W+ BoARA s B L ) et KO THik
PR BRI AR P B Ak AR A B TR R E T
LR TR — R THTE B )
2.6 REXFETY RREEFTENL

BEE AR 28 U R Bk 28 T e 2, B¢ Tl i b
LERAR R v RPN (R SR Ao e ] 6 I R P
TR ZEGEM 1, 56 [ RR AR B TR 5 TE AR R 4
FRIGE IR et o v 7T A S 5 OB S TT A
RBEFE, BB BORE IR FER ] 5 A T DU 4 e B B,
7l 52 i i R AT TR e 45 A B 7 26 el

MRS 5 32 Jin T IR BE R, IR B DA 1
XS I B B SRS W 4 vy, A ok 1o 2 IR TR 2
OFERRS T AH, SR ey ik, T
VERARM T IAT $EAR T7 58 Je T2 R, 42 IR
FATAWE W F AR B 28, WIT & T - k4
Beles T2, A4 PR3 s I Do 4 fe 7 i

36

PR THFR IR 5 73 Tt 0 8 (9 BT IRA R 80ROl I
FARHR B SRS RS2 B A i 4 23 B8 Rk
A

3 & iE

RS S E B SRR IR, 0 T SR 22 5 K e
KA B RH RN . AR Ml i H 22
TR WA 53 N TR DRAIEARE ¢ 37 17 R T B 1 ik
fifl o MUEE T A AMEE B TIE S AR BUIR, X XA
BEIK RHEIR A Akt = E A AR
Orik B RETIE AT LR, RN T AR ik
BORM AR TRt LR Tl & R O, 8
FE T TS HOR RS, X T 12 7 I RR K
JERES TR E 45 T RR 570k B BF 5T 2
ATRAM i SEARPRE G I3 16 5 T 1 [a] i+
R BOR MBS B EAUORAR M IR Tk
IR REALRR BT AT, B v 3 I ARG R S
T AR

£ %% 3L ik ( References) :

(1] E&sBe. ChmbmhERed &) HEBIR]. dbat. hEA
B e 1 55 Bt , 2020.

[2] A ANRIERIEEZS R, A RIERIE 2019 4FE R4
TrAt e R R AM R, dbat: h A N RILFE FE K g8t
J7y,2020.

[3]  vhfe NRRIE E 5L B 2 b 2. BRIEAE 77 I 28
AT (2016-2030) [ R]. JbAT: s A RGN [ A J A 4
7z 5143 ,2016.

[4]  TRIRLL. FeFE Tk BEBoR & SR BRSBTS [T ], SRR
K ,2019(1) :43-52.

ZHANG Zhenhong.China’s coal dry cleaning technology : State—of—
the—art and application prospect [ J]. Coal Preparation Technology,
2019(1) .43-52.

[5] BEEE IR, RS B TR DO AR K3 1% 5

BpE T ABIE[T]. B TR, 2021,53(3) :46-51.
WEI Lubin, ZHANG Zhen, ZHU Changyong, et al. Combined
process of fine coal dry beneficiation using variable — diameter
pulsed airflow in Ningdong mining area[ J]. Coal Engineering,
2021,53(3) :46-51.

[6] BOYLU F,TALI E,CETINEL T, et al. Effect of fluidizing charac-
teristics on upgrading of lignitic coals in gravity based air jig[ J].
International Journal of Mineral Processing,2014,129(3) .27-35.

[7] BOYLU F,CINKU K,CETINEL T,et al. Effect of coal moisture on
the treatment of a lignitic coal through a semi — pilot — scale
pneumatic stratification jig[ J]. International Journal of Coal Prep-
aration and Utilization,2015,35(3) :143-154.

[8] WEINSTEIN R,SNOBY R. Advances in dry jigging improves coal
quality[ J]. Mining Engineering,2007,59(1) :29-34.

[9] WEI L, LIU P, Zhu X. Optimization parameters of discharging

heavy particles in vibration fluidized bed separator used for coal



RIS R TR O B A R RS PR AR

www.chinacaj.net

2021 455 5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

beneficiation [ J ]. Journal of Chemical Engineering of Japan,

2016,49(9) :836-844.

CHALAVADI G,SINGH R K,SHARMA M, et al. Development of

ageneralized strategy for dry beneficiation of fine coal over a vi-
brating inclined deck [ J ].
Preparation and Utilization,2016,36(1) :10-27.

CHALAVADI G,SINGH R K, DAS A. Processing of coal fines

International Journal of Coal

using air fluidization in an air table [ J]. International Journal
of Mineral Processing,2016,149.9-17.

PATIL D P,PAREKH B K. Beneficiation of fine coal using the
air table[ J]. International Journal of Coal Preparation and Utili-
zation,2011,31(3/4) ;203-222.

CHALAVADI G,SINGH R K,S M, et al. Recovery of combustibles
from fine coal through controlled air fluidization over inclined
deck [ J]. Separation Science and Technology, 2015,50 (13)
2032-2040.

CHALAVADI G,DAS A. Study of the mechanism of fine coal be-
neficiation in air table[ J]. Fuel ,2015,154.207-216.

Byl 255 RIS, ATk T 7E I a5 Tl b iy
AL T 5456 R ,2021(1) . 1-5.

XTA Yunkai, LI lei,ZHAT Jipeng.The industrial application of dry
separation process of fine coal at Yang coal five mine[ J].Coal
Processing and Comprehensive Utilization,2021( 1) :1-5.
TEHAR , Rt rh. S5 0T i Ar e AL R 2 Wk 1932 3l 3 A
(I AT bR =244, 2005,34(4) :447-451.

SHEN Lijuan, CHEN Jianzhong. Analysis ofmaterial motion
in compound dry separator [ J ]. Journal of China University
of Mining & Technology,2005,34(4) .447-451.

LING X Y,HE Y Q,LI G F. Separation performances of different
particle sizes using an industrial FGX dry separator[ J]. Interna-
tional Journal of Coal Preparation and Utilization,2018,38( 1) .
30-39.

HEHl, 2R, RIESTE TR EORIR KRR T]. i
PR 2017,23(6) :21-29.

XIA Yunkai, LI Gongmin. Current situation and prospects of pow-
er coal dry separation technology in China[ J]. Clean Coal Tech-
nology,2017,23(6) :21-29.

YU X D,LUO Z F,YANG X L. Oil shale separation using a no-
vel combined dry beneficiation process [ J ]. Fuel, 2016, 180
148-156.

ZHAO Y, LI G,LUO Z, et al. Industrial application of a modular-
ized dry
dense medium fluidized bed [ J ].
Preparation and Utilization,2017,37(1) .44-57.

ZHU X,FENG P, WEI L. Drying of lignite during beneficiation in

- coal — beneficiation technique based on a novel air

International Journal of Coal

the air dense medium fluidized bed under mild conditions[ J].
Fuel Processing Technology,2019,187:28-35.

FU Z J,ZHU ]J,BARGHI S, et al. Dry coal beneficiation by the
semi—industrial air dense medium fluidized bed with binary mix-
tures of magnetite and fine coal particles[ J]. Fuel,2019,243.
509-518.
T, Y,

R, A5 BRI PR P T 3 2l A B0k

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

SR BEAE R[] v Bl R 2 2 4, 2019, 38 (2)
430-436.

YIN Weidi, WANG Qinggong, LYU Junfu, et al. Modeling of
the gas—solid flow and particle segregation behavior in coal bene-
ficiation fluidized beds[ J]. Journal of China University of Mining
& Technology,2019,38(2) :430-436.

ZHOU E H,ZHANG Y D,ZHAO Y M. Collaborative optimization
of vibration and gas flow on fluidization quality and fine coal seg-
regation in a vibrated dense medium fluidized bed [ J]. Powder
Technology,2017,322.:497-509.

CHRISTOPHER R,JOHAN D K,HERMANN W. Experiences in-
dry coarse coal separation using X — ray — transmission — based
sorting[ J]. International Journal of Coal Preparation and Utiliza-
tion,2014,34(3/4) :210-219.

WA AR AR, A AR DY BE T I A b S A3 A
[J]. s TS5 44GH1H ,2016(9) :13-16.

YAO Guanghua, YANG Hongzhi,HAO Jun,et al. Necessity anal-
ysis of intelligent dry separation of low rank lump coal[ J]. Coal
Processing & Comprehensive Utilization,2016(9) :13-16.

5 #%. TDS & REJr HEtLAE PSSR A To e dE ) ORI D]
I T 5456 FH ,2020(6) :28-30.

JIANG Yan. Application of TDS intelligent separator in minmet-
als coal preparation plant of Yangmei Coal Group[J]. Coal Pro-
cessing & Comprehensive Utilization,2020( 6) :28-30.

B, TDS & RE TR HLAE SRS R [ T]. b g
2020,46(3) :47-50.
HUANG Bangsong,
in Shuangliu Coal Mine[ J]. China Coal ,2020,46(3) :47-50.
WEINSTEIN R,SNOBY R. Advances in dry jigging improves coal
quality[ J]. Mining Engineering,2007,59(1) :29-34.
KADEMLI M, GULSOY O Y. Investigation of using table type air

Application of TDS intelligent dry sorter

separators for coal cleaning [ J]. International Journal of Coal
Preparation and Utilization,2013,33(1) .1-11.

ZHAO P,ZHAO Y,CHEN Z et al. Dry cleaning of fine lignite in
a vibrated gas — fluidized bed: Segregation characteristics [ J].
Fuel,2015,142.274-282.

ZHAO P,ZHU R,ZHAO Y, et al. De—mixing characteristics of
fine coal in an air dense medium fluidized bed[ J]. Chemical En-
gineering Research and Design,2016,110:12-19.

ZHAO P,ZHONG L,ZHU R, et al. Drying characteristics and ki-
netics of Shengli lignite using different drying methods [ J ].
Energy Conversion and Management,2016,120:330-337.
ZHAO P,ZHAO Y,LUO Z,et al. Feasibility studies of the se-
quential dewatering/dry separation of Chinese lignite in a
vibration fluidized —bed dryer: Effect of physical parameters and
operation conditions [ J ]. Energy & Fuels, 2014, 28 (7):
4383-4391.

JHJRFH. Geldart A 240 T 5 <, 1 43k
(D] A5M R, 2019.
k. AR SR AL IR th 24 MR R S IR A
BFELD ] ARM - A Bk K57, 2019.

DA PR 1A 30 B2 3 2 0T 5

B AL

37





