%515 %ol i B R Vol.51 No.6
2023 % 12 A COAL PREPARATION TECHNOLOGY Dec. 2023

XEHS: 1001 —3571 (2023) 06 — 0001 — 12

HEEET MR LR

5& j;;12
(L AR TR B LR A RAR, WAt F 063012; 2.3 db 44 B vh ik TR B AR R PG, Wk B 063012)
TE: A PEELIARKEL Fuﬁﬁu\kﬁﬁﬁg CRMENRE . OB i F R
HH, BERBTABAK T LRARY | RK. R LA EMaGRER LG LR, MEE 8
T#BEFE, TEAR. HAESEL AT ﬁ?%#%ﬁ@ﬁﬁ% 20 #4250 K, RETFHEL
M T W, HabegiES R RPN, 1956 R R T AL R R kA kit R, “— a7
RV WM AR R, R ZHEB TR EIRT 6 EMKAER); 198FAETREITRES —AE
ATRAMEE TR 1959 F A £ RPERTF— B, R TXRBRET LA, 20#2
60 FRBZEME ZFI 3T 10 kB, &AL 164MYa, K KIRG TR S s %t
T RABK + EA+FRKESELL, 1970 F KB AT ERTE—EAFRAANR =L &0k
BT, ABRBEBRITLESHARKLERET L%, 1980—2000F, REEB T LA TREMNE, £
SAESE CRBETRT . AF ARG, ABRREG Z4H. Jl AR PIESEFTN, ERT —
KR A HAAT . AR, AR EZHRLE T . KRN ABER TR % ) 49 1.80 Mt/a L T~ 38 )
&, ERGRET T EIAT RKABER; AEE., 28, X253 # T 3.0~40Mt/a XA
P REEE, RATHR+EN+FRKRELTL; 19897 FKERFI 3T % — & 15.00 Mt/a
HRAH AR, RARBEEIEENS + KRB ENRAAZ LT L 1990 F AT 748 5] 3t
1.80 Mt/a & Fa s Bt )™, KA ¢710/500 B = F AR A BT, RERKE I 2 X KLk
THABRBE TV EZRGLE, " HH, BAET “RAEZHATNMEERHLAEN T L RK
& F—MERHBRR, ARG RETERFBLFETEALA0ZT AT AR B RREM
Ji. REARE I LM EEk AL HARAKEGEE, 200045, RBEANLREIITICL, NikF
K 33.7%, EZBAEMET ET, K E 52%, TN 28%, Fik 14%, TREFETGT HE 6%, 21 #
AR, RBEAEAFTARBRR LR FTEHXANAGEE A, AT H %i&ﬁ%,ﬁ%
FESRRBENMNRG, AT AR EZARABNCELN LR, FHAMARFTRERS, BRFZEBMA
MBS RHAEEE, “TEZ2" NN, REAZHEAN T ALABETAL TN /ﬁx@%&
R, KB FH5®BAR, KORRRFLAER, REF THAERRI R, R BRERRHEAN
B FRAe R AT, 2] 20205, KB RENZLED 741%, WIAFLLEHF R RE 722%, K E
2021 5, R EIAAPAER A LRI 2400 42, BIENLRE AL 3410 ta, FHET Nk A
2000 #4933 7 t/a R ZH 5] 140 7 t/a; T HehBAF KAL) A 84 J, NikfkHAi 1310ta, b4
F RN N8 382%; EBAFEEFT EF, Kb 8%, A 80%, Fik 6%, FTFHMT EE
6%, AR EBVET X TP EARF, @ aREEHE PR X TR, AN AN
SMMAL . B MAE R, PR E R Ak, BT ES R, KFROERER . AT
BEAF R AR A RS A R, TR R, EFHRF IR RS, HR, FE.

&

R LR TR
KHER: BTk M, EEE; B ITE; BAHESE; NidF; EAAR
FEDES: TDYM YIRS : C

WiEHEH: 2023 -12-11  RfEHE: MUIEE  DOI: 10.16447/j.cnki.cpt.2023.06.001
TEEE N BREE (1963—), F, Wi, WAL=3TA, W1, #F50, WHERWPAE B TAE, E-mail: chenghzh@126.com, Tel: 0315-5819666.
SIAtER: B REEM T AMEARR R D). AR, 2023, 51(6): 1-12.

CHENG Hongzhi. Development of China’s coal preparation industryand technologies[J]. Coal Preparation Technology, 2023, 51(6): 1 — 12.


https://doi.org/10.16447/j.cnki.cpt.2023.06.001
mailto:chenghzh@126.com

HS51LE FHoh % e H A 2023 % 12 A 25 8

Development of China’s coal preparation industry
and technologies

CHENG Hongzhi'?
(1. CCTEG Tangshan Research Institute Co. Ltd., Tangshan 063012, China; 2. Hebei Province Coal Engineering & Technology
Research Center, Tangshan 063012, China )

Abstract: The paper presents a brief review of the gradual progress of the coal preparation plants, since the
founding of the People’s Republic of China, in the aspects of plant design and construction, advances of coal
cleaning technologies, raw coal treatment rate, and the entrusted missions, as well as the historical course of the
country’s coal preparation industry starting from start-up and growth to transition from a phase of rapid growth
to a stage of high-quality development. Following that, some significant achievements obtained during the
course of development of coal cleaning technologies, processes and equipment are briefly summarized. In the
50s of the 20th century, the coal preparation industry started to be established, for undertaking then the mission
to supply cleaned coal for the iron and steel industry. In 1956, Tangshan Coal Research Institute and Tangshan
Coal Preparation Design Institute (TCPDI) were established in succession. During the first and the second Five-
Year Plan periods, six coal jigging plants were set up with technical assistance provided by the former USSR
and Poland. In 1958, the first independently designed heavy-medium separation shop came into being. In 1959,
an independently designed and built coal preparation plant made its debut, laying a foundation for the coal pre-
paration industry of the country. In the 60s of the 20th century, ten plants with a total designed capacity of 16.4
Mt/a were introduced from Poland, making it possible for China to drastically increase its raw coal treatment ca-
pacity and to start using jigging + heavy medium separation + flotation combined processes in design of plants.
In 1970 an independently designed and built plant which used all home-made equipment, the first of its kind in
China, was set up, through which the experience for the development of the coal cleaning industry and related
technologies was accumulated. In the period of 1980—2000, the coal preparation industry was in its growing
stage with its mission focusing on energy conservation. Following the implementation of the reform and open-
ing up policy, a large batch of large-sized plants operating with high-performance equipment and a high automa-
tion level were set up through independent innovation, assimilation of introduced foreign technologies and run-
ning plants in form of joint ventures with foreign partners, and also in this period, in the plants built according to
the general design specifications complied by TCPDI for the design of the 1.8 Mt/a plant, the coal washing oper-
ation with closed washwater circuit was made preliminary possible. And complete sets of advanced washing
equipment for the 3.0 ~ 4.0 Mt/a plants were also introduced from Germany, the U.S. and Poland, making it pos-
sible for such plants to operate with jigging + heavy-medium separation + flotation combined processes as a gen-
eral practice. In 1987, the first extra-large 15.00 Mt/a power coal washing plant featuring the use of heavy-medi-
um vessel plus heavy medium cyclone for respectively washing coarse coal and small coal was introduced from
the U.S. Before 1990, the 1.8 Mt/a Jinyang plant operating with the use of ¢710/500 3-product H.M. cyclone
was introduced from the USSR. The introduction of complete sets of equipment from overseas countries helped
promote to a large extent the growth of the coal preparation industry and the development of the related techno-
logies. During the 9th Five-Year Plan period, a series of major research-derived achievements was obtained, for
instance, in the development of new washing processes and equipment, allowing large-sized plants to operate
with a simplified washing system featuring the use of large-size and highly efficient all-heavy medium washing
equipment. This is more than sufficient to cater to the needs for the building of new plants and technical trans-
formation of old plants each with an annual capacity of less than 4 million tons, all with the use of self-de-
veloped equipment, no matter what kind of coal was treated and what washing processes were employed therein.

In 2000, the amount of raw coal treated totaled 337 million tons with a treatment rate of 33.7%. Among the dif-



%515 F6 BEE: RERRE I LA L R

ferent washing methods used, the jigging, heavy medium separation, flotation, and dry cleaning and other meth-
ods accounted for 52%, 28%, 14% and 6% respectively. Starting from the onset of the 21th century, as the
source of clean coal technology and a crucial basis for realizing clean and high-efficiency utilization of coal, the
coal preparation sector was seen to enter a rapid growth phase which was characterized by the predominant use
of heavy medium separation method, emergence of large-size and intensive plants, sharp rise of power coal treat-
ment rate, and transition of production of only fuel coal to production of both fuel coal and chemical materials.
In the 13th Five-Year Plan period, the successful application of the all-wet, all-heavy-medium separation system
with an annual capacity of over 10 million tons, the high-capacity dry cleaning technology, low-rank coal slime
flotation technology and underground raw coal destoning technology pushed China’s coal preparation techno-
logy to stand globally at either forefront or a leading position. By 2020 the raw coal treatment rate and compre-
hensive utilization rate of refuse had reached 74.1% and 72.2%, respectively. Up to the year 2021, 2 400-plus
plants above the designated scale were in operation with an combined treating capacity of 3.4 billion tons a year,
and the average treating capacity of an individual plant increased to 1.4 Mt/a from 300,000 t/a in 2000. The num-
ber of superlarge plants each having a capacity of over ten million tons a year amounted to 84, reaching an ag-
gregate capacity of over 1.3 billion tons a year, which accounted for 38.2 percentage of the total raw coal treated
in that year. Among the cleaning methods employed, the jigging heavy-medium separation, flotation, and dry
cleaning and other methods accounted for 8%, 80%, 6%, and 6%, respectively. Several dozen of plants reached
the medium level in terms of intelligentization. In order to meet the needs for reaching the strategic goals of
achieving carbon peaking and carbon neutrality, promote supply-side structural optimization, upgrade consump-
tion-side energy efficiency, it is proposed to strengthen the research work on separation of macerals, dry clean-
ing of fine coal, upgrading of bulk low-rank coal slime, comprehensive utilization of refuse and making break-
through in basic theory of coal preparation. Plus, endeavors should be made to clean all the coal that needs to be
separated, so as to promote the transition and upgrading of the coal preparation industry to make it safer, green-
er, smarter and more efficient.

Keywords: coal preparation industry; coal cleaning method; coal cleaning equipment; coal cleaning process;
technical breakthrough; raw coal treatment rate; transition and upgrading
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Table 1 Amounts and rates of raw coal treated in different years in China

AEfy 1980 1985 1990 1995 2000 2005 2010 2015 2020 2021
S (f2t) 6.20 8.72 10.79 12.92 10.0 21.9 324 37.5 39.0 413
AR/ (f2t) 1.14 1.43 1.91 2.02 3.37 7.03 16.5 24.7 29.1 29.6
AIEZ /% 18.4 16.4 17.7 15.6 33.7 31.9 50.9 65.9 74.7 71.7
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Table 2 Proportions of the coal cleaning methods em-

ployed in different years %
YRR 20004F 20054 20104 20154 20214F
Bk 52.0 45.0 30.5 12.0 8.0
HAN 28.0 39.5 54.0 75.0 80.0
ik 14.0 9.5 9.5 8.0 6.0
Tk K HAlh 6.0 6.0 6.0 5.0 6.0
it 100.0 100.0 100.0 100.0 100.0
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Table 3 List of coal preparation plants introduced from foreign countries in the 80s of the 20th century
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RIEAN, T BEARMRAN (k) WUAS g b s W M 0 5
SRRHE, A7 sl TR R A, TO R
Ve a2 AT R A RE T SR P gk B AR A
OYEAE, X — B A . e S R A
KPR PO REERE T, PR — . = = R s
7R I AR M A A e R T (1994 4
2.4 Mt/a) 55, #RAE R WEIREE . X — BT, EK
Mt — A T B e TR RIS BUEOR e
HET B SRk i K e, 1R SO ZS N ZRRE (1993 41,
4.0 Mt/a), 3% T 5 (19954, 4.0 Mt/a). F ¥} %
FI& (2000 4, 15.0 Mt/a), K [6] P4 & 8 (1991 4F
5.3 Mt/a), R KM (1999 4E, 6.0 Mt/a) &5 Pe 4t )
A R 3 RO T N AR A . L Y R i
BRI E AT — R KT IR ),
AW HLRL 15.0 Mt/a, SR FH 13 ~ 150 mm B 45 7% f &
AL 0.15~ 13 mm AR F A 5ONE I A 2k L R
It g e T2 RIS WA, R
RERRBESE T W E T ERAEE, T
T e TR A K R A R R, AR T ik
BB A LS, IR E ) R S
WS T — JE R A LR AR, HOR B L RS )
HENESPEh IEN BRSSP E T L,

2000 4, A EA A 1584 ), wITRET
521.99 Mt/a, V25 HLEL K 0.33 Mt/a; SEBR A i
JRAREHE 336.65 Mt, R A BEFR K 33.7%, AT AR
F1 R H R 64.5%. 2000 4F 4 [F I A 7= 2 R M
105 Mt, A5 BESE 2 0K 43 9.50% . 7K 43 4 10.35%; 4=
F 3h 1 Bk 106.84 Mt, 77 5y 35 AR R
WAL Bt . ORI, s A
T LB 14% . 7645 Fhse 557 vk b, BRIK 7 52%,
A 28%, RN 14%, HAb DT 6%, BRIk
2 BB vk, AR A 4 38 7 I A 20 k2
90 4F AR & JRAR P, M “NH” B A 23% Lt F)
OUR” K 28%. W TikEBEHARNLE A,
B T S oK b OB s R T IT &, R Tk e
FeARAE /N B 7 I e T A5 B P R R

WAt [ R ARG, B AT IR

ELAE W AR E P RE 1400 Tt AR AR T AL A
WG ORNFIPREE T2 MR I AR s i
e o WEHRIBLII R B SR . T EPLERPE M B )
Pl RGO RESC I B AE PRI [ sl AT 4R
g, BRI HE S T R Tl P kR

13 HREEZBHE (2001 £— ) EEEHERF

EENEAETANEEERM

HEA 21 2, FRE T dE R, LA
TR RRIEAR SR ok T/ E AT A, [ S RE K
He o DRAPERES | A R IR LR G R AR A
FEAE R, M A B TR Ui e A R Y
Benl, MR AR A R B RS
PR B 5 28 S RZRAEAN N K
TP, BRI KA, T2 a8k, RaH
ofe. ErEASfe. mEREL. RS Eni.
MK Anfk . &) 5 B/ Rtk . IR ALY ik
IR RS

FEVEME T A A A B, X — B
B WmE R R, KT E, STk
Ve BB | AR A BT 43R T2 R TR R AR AR
(9 R AR =7 i 8 Ui o 53 18 T W R ) R
MTZEAMEE, B, SAcen A mait ) i
DA R s Rk . Sk . B3k
DLRKHRAEN F s s A didn i . KA T
RAREER; AR L, JFREATLIRI N ek
TR SR, KOREES T T sl e, 4k
THEBE T 7E AR A TR R 22 Y SR BOE
TP B Ll R B B A A

BOE 2010 4F )18, 4 FE A L) Fis 29 1800
JE, AEABERESI A 17.6 1Ct, ELEMAZERES 10.00 Mt/a
K UL R R AL I 41 )8, ABERE 1 5.95 1 t/a,
d A B fiE Y 33.8%. 2010 4F JRE A i =
16542 t, A6 K 509%; Horf, AR A% E
8274 t, AIEFI 90%; Zh J) M A i it 8.23 14 ¢,
AN 35%, FEUREEfe Iy it EE M
W, Bk 30.5%. H A 55%. iF ik 9.5%.
HoAth J5 3% 4 5%,

#2013 4 )58, FREC A A F AR S 0k
BT M4, R EE N T RE 42 2412 t, I
M TE IR 60.2%, O3k F i F - HKF, Soh i
TR E

TERT A 25 4 A R 1995 4 1 23.5% i &
2005 4F 18 59%, i 2017 4E 1Y 67.3% ka6 {5 43 5]
2020 411 72.2%",
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O 2021 47, FRE AE B 4T 0 BURR K DI BRI
JT 2400 2, JEEEATERE T R 3440 va, Hh R
WA 1012 t/a, B L) 24 12 ta, FIBA)T A HERE
J1iK5H) 1.40 Mt/a, fE 45 P74, BEIK S 8%,
HA 80%, TFIE 6%, T 1E5FH AT 5 6%, #i i
T KA A B S KO B R B R R AR
JEORE A 3 i 1 1K B Bl 5T 10.00 Mt/a fi9 47 R 7Y 358 S
JUA 84 HE, BT AERE ML 1314 va, 5 OHAE R
A BB 11 38.29%1, d5 R Mk AR B BE AR RE
ik ] 30.00 Mt/a, g K Y 2 J7 M2k 8T8 T35 B
40.00 Mt/a"),

2 EEBAREREHNERE

JE 1L B 9T BEAE 1956 4F WL ST Z W) s L TR A
AR LT, B E . BhkE . PEE.
figrE . WoKE . AsifbE, 20 Had 80 4F 40 XL
ST TIEE . BEEES, MEET A KA
B ECR TR T 2 MR & 51 N, iF
FAB T Tk e, R E T 2R EE T
2 BORRE R, AR AT T IR AN e 5 A vk
T BTGB = i E A e A . R
FEREASRE ., EEXATEEREE;, AFTFER
T 3NWX/BNZX A =7 i B A B e ik de e I 205
AR A . KA SKT i N2 A BBkl . XIM/
XPM HIPFEENL . FGX/FX BRI iE BRI &% & . SSC/
2PLF B 5» 9% W #5 AL . LVB/BVB BUR 3 i . WZYT
RUES K ML . GPI/3-C RIS B R i uE AL . ING
RUR G THRAL . JK-5 BUBEAR ) 2 h sl R4 . HM-
CS AU Ay BTk i 8 B sh M R4 . FC-5 BITF %
gy B s R G SR R R AR 5%, W
T 2T A SRR EARMESL, B TR R
T R .
21 BERIZERATHMERTE, HettRGETS

20tz 70 AE AR LAY, T R R R &
BRIK + BV AR TR E 1.4, REHGER) R AUIE
SR B, BEIK N BB T A B . 70 A AR AE 1R
ST, SR TR SR A B R T,
— U, MR K B TR AR U TR A K 2 e FHER A
B, S =IO, ARAE R IR LR N BEIE KA DGR A,
SEEE T BE K P BEE A

20 tHod 80 AF AR, MAEE . EE . P2 . RiR
WA HE 7 RB I I ER , A4E ik Bk
ML, SEAC AR E A o BE AL . W7 S = B E A
J e it A . PR IEAIL LA RO A W K R A, R T
8

ZmBmEA T B, TR R EAN T
PRk + R BUK 32 PR + e K BT E . HUR
VRS A ORI A T A e . AR
B BRUK F2 3 + P oRE R A TE A R L SRRk UIOR
TE + RS F A e T AR A L SRR R = R
AR BE LA + IR E LR T2

1986—1989 4%, Ji 1L W% Be I e T 5 v it e
WL A% 4> BE 50 ~ 0 mm JEE T2 M 4 I BFSE, 1989
AR N T L vE o AS EEAETT,  Ah HE R
80 t/h I, T BEMR 2% K 0.03 glem®, HX R ER 5 93%,
ARk T BR K 0.15 mm, $EAN T OE A FRBE R A AN
B AEN T LA H; “JUH” BRPH R Em H
“OR T e Ak A T A e BT AR R R R T2 ik &7 A
G, L 5E T AR AL T2, ik T &
I e B B R L IR BRAL

HEA 21 20, Bl o B B R i A R i T
TR AR, BT AR E R Al . e
REA, DG N R AR AL 7 i 2R A R
WA RE SR . RESM T4, Bz, A
W), kK . EA . Rk TSRS AR
AR . A 20 22 90 4R LISk, TR K im
SREERR KOG, B A I — R A AR
PR R TS B R A . EE A BT STT
T, TE R T RS B U8 0 R = b I A R A +
JHEUR T A R SR AR R4 T2 L DU R U B A R R
ROTIE T HUBERR EE A + A A TURE U A8 o
e T2 FEBRIKBEMRE T 1E, JE R T BBk
HRBEBRIK . IR A BIR 2 FE T HERF T2 7EtaE
Ve, W T TR IR bl . KA
T e T4 IR, MR T 4RI
FHAE + RS i% . MBE + L + K . BIREETZ,
FET IR, TR T4k . e B BE
T SREATE L AR 3h J BE s e Ty,
T BB AT 20 5% . UL E&RN L2 0rEm
AN, FEAWE L T AR R 5T R0 BT
SR AR I TSR, IR E AR T B B 1 PR
GEATH
20 EEEESHEANETKEHRS, &Mk X

BAYEEMATEEEERS

B R IE M, R LA S BEAE 1956—1964 4F
FEUG T BOIRHLES F A T2 S 8058, 1959 4F7E b
SR OR A T RN, (B TR B A Ak B B
TS VA2 A . 1964 AEBF 5T el gk 1 BRI b e T
i 4} BM-10 7 R EBK IR AL 5 W) 4F BF i L2 1 AR XL
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R T 25 S BOR AL, PO e R PG 8 K #R 44
IR A HIBk IR AL, T T 0 AR o0 5B . 1981 48
AFF o H Bk TR ML XU, X 4 g Bk TR PIL B4 ML AR A i
ML RS T EZEAEM. 19854, WLIh o i
H SKT-24 i 25 = Bk WL F 43 3% 0 ~ 80 mm &
M. 1996—19994F, R FEM T “ILh” EHKEHE
YOG “ [ s Ak Bk IR AL BB, A S T AR Ak
PR 15~25¢ (m’ - h) B, AN5%EEATF 0.14,
if A AR B & N T 5%, H AT, SKT %4 Bk
K HL R K AL 42 m?, 4b BEEAE J5 3K 550 ~ 600 t/h,
A EFR Al 35 200 mm, FEARSIEL T O AMESE, X
iy 16 v A5 AT e PR RE Y 0 R RCRAE 95% LA E . OF
H, %258 Bk Ik HLTE 2012 4F Sk 2h v 0 T
HERT

7 Ay T T, R L BIF AT B 7E 1956 4 T
U T T A O O R A AR R R A e ST Ak T
W7 ST, REAS TR S e 4 i T 20 R v 4%
RSB EREST TIRBIER. 1958 FF 4
AR B N T IR A — P A T4y 3
0] 1970 ARG Y 4 m A BE (4 A4S T A A BEAIL
FHF P00y 3 7 e 5T 43 3% > 50 (130) mm HeJE
1993 4E Wil H JLT4565 K7 7 58 5 A i 43 £ HL, M
FH T4 FE BT 13 ~ 300 mm He J5 009 43 %6, Y4
A BREE S R 512 th, Sy iR EAE 1.78 ~ 1.80 g/em’
W, A RE R 22 4 0.015 glem®, B AL FK ik 99.45%;
2009 47 ¥ il B T 4 Y 1oy A4 A EE Ay T 43 1E ML
FHFBEVE . Bt Ak, ABPRIE 13 ~ 200 mm,
B ROR K F) 98% LA I .

JE L F 5T 6 T 1958 4F IF 4 F 5% 5 4 J5 JiE O A
BEHE, 1966 4F 78 di e S ) % 4500 mm 5] 4 - [
HETE W7 i E A JOTBE A% 4 HE 0.5 ~ 8 mm AR JE R 42
(], 1969 4F7F H 3 2 iR F 4500 mm 47 it
JIE L A% 435 0.5 ~ 13 mm R JEHE ] #E 1973 4F,
4 [E i F 6500 F A T E T AF E R C A 24 F
1983 4FFE Ly R e I ) Mk R EInE i, A
DBZ 5 41 J5T Jié i % 43 18 Bk ok o, il A TR R
PRI T 4N EH YA o 1984 AEBF I $500/350 A
FE4 R = B A T Ay, TR R
TE 0.5~ 8 mm R JEHE, — B nl A& MW 22k 0.05 g/em’,
T BT REMR 22 M 0.07 glem®, B BURAE 90% L
1990 4F- 1 il 1 1 ¢710/500 A H 245 B = 7= i T A e
TAn P T KB, W TG P T R 4 1k
0 ~ 50 mm K7 g% R, — BT BB 22 4 0.037 glem’,
T BEATBE 22 4 0.071 g/em®. 1991 4 HF 1 A T 9650

TC IR 45 RIS A e A, ABRRIEE R 0.5 ~
13 mm, 7£4bH K 80 vh i, W] AE MR 22 N 0.045 ~
0.054 g/em®, 85 T BRIK 0.2 mm; 1992 4 B il
ALy ¢710/500 TG HE 45 HE = 7= i 5 A 5 E I 1B A T
SR, YA PR 70 ~ 110 th i, — Bt Al BE R
#H0.03gem’, "B RERZE M 0.043 g/om’; 1996—
1999 4F , R E M T “ILH” EHRKFHE % em H
“RAI R A EA RS AR T2 LR,
F 7% B 2 ANWX1200/850 & &I JG JE 45 KF = 7 fh A
JO T L A+ I8 A B E T A5 1 N B Ui A TRk T
20, SZK4236 HINUH i Pk 3l i LA K T A 0 R A
AalfEh R, REAEETI N 250 ~350th, —B
AIBEMR 224 0.03 ~ 0.05 g/lem®, - BE] figf 224 0.04 ~
0.06 g/em’, B VF IR H I A +£0.01 g/em’s H
A, BRI ==k . ARG RS TR,
e 5V . 43 G A PN SN R e T2
(R 9 Ak B A BT 4 8 B A, BE U A i R B AR IR
1.5m, f KAMHLEE J13k 600 ~ 800 t/h.

e R, IS BEAE 1956—1957
SRR Y B AN DG IR R R BERE, T e S =
TR IR ik, e AN ) B K PR RS B 1 B
filt 1, FF UG P AT TR U R R B 5T . 1959 4F B Bl
B Bk T AT RO R R AL ok PR 5,
1961 4E 3 47 45 Hif 73 BK 19 3 W <=0 AL A 5E
1962 AERFFECHE T AR PE ) 19 6AM-2.8 BT IEAL
1965 47 7 3 M5 v (A1 90 T #EAT T R L KR 1
Vet Tolb M 3% 2 v 3% X 50 o 1966 JF 4R BF il XIM-4
R ML £ IR AL, 1% TR 2 AL 4 A i i 2y
JE R bR R R R AN, AT
Ir1E 0~ 0.5 mm BEJE T, FAL 7R AR T MU AL BE A Gk
06~12t (m’-h) ; FE 19864 12 A, ZWLIES
e 250 A, o Y I PR I R TR R LR
Ko — 0L 1975 4F B AR T R AR — AR
XPM-4 B M 5 VR AL, B BN TR R 1Lk
M. 1983—1986 4FEWF il B D) XIX-T12 BIVEEEHL,
HEMH TR A PER) T, SRR E Y R KA
RN, — & AL &M Y T 1N & PA-3 BT
VEHL, AEFFHRFEANNEE 12 4, HANT RE
SRR R VR S ALY 25 . 1993 4F B il H XOM-S16
RUFIEHL, B AN TR N =), RARIK
T R A AR T, e T Hm K
% A S L B8 T 2 BRI AR ME L BESE T OH
MU PR LA B K Ty i, il T AR AR
HEN, g T V7 WL A AR R 5 AL S [

9
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HAl, EHER L, JFE T R RAA AR 90 m’ i
XIM BIVEBEAL R AN 0, 22 R

FE TR K T, R LRI 5T BE 1985 4F 5 9 FH
WL T A E B AT E P9 WLG-900 AU T R 1 8
B DMK HL ;1994 4F B & W 2l GPI-60 Y £ = n
FERLUEAL, I T N — kT B IR R K, 8
PFIK 3 TE 18% ~ 20% Z [0] 5 1996 4F-AfF A& Bl ) ik <
A — W HR 2 A S EIENL, F TR K,
KRR BT iR B 19% B, SF Y AR 18.2 th,
UEDEKAr F 17.9%, WEWHE P 0.45 g/L.

ek T, R LA SY B 1986 AR TF 4R T
T AL 5E, 1993 45 — & & A T kLA
e, RIS 1 m?, 7RI Tl AL P SE R T
P8, ARPRLE N 6~ 50 mm, EFEfRE SN
10 th, A fEMW 22 M 0.23 glem®; 1992—1997 4E
HFGX3 M E A X TL A&, 576~ 75mm 5
VEME, ARIEBE R 012, BB EN 93.97%, 1993
AR LA ZE BE 5 | E R P 1 CII-12 AU GRS AR, 280
M. eiE R, 1995 AR D) FX-6 A . FX-
12 BUR STkt H AT FX X s L i K i A
ik 32m’, AbFRBE ik 550 the 1996 4F 3 H, A4
Tk AR L R LT R B ST
O R 1L pk N AILARCAR A BR A mI AT S ), BN PLAR 4R
A EAT TR . RIMEBEE T &, 76 N 4
)R .

FE i 43 W 0E 5, R L B 5 BE 1971 48 A 4l
OGS 15 m® B WUZ LR 5 1984 AF WF i ) iE
FH T K b Bk 8 ) A R v e W ek 43 R B A £
ZYKH2245 T RUHR 8l i 5 1994 4FAF il i ZK30525 B
LIRS . 1995 4E WG HE 55 — & 2PLF AU 43 Z i
Bl 1996 48 58 5L T 43 S W AL U5 I &5 ¥ B v A1 B
B BEFE . BB A R R LI B THBEE T HOR
SEml s 2000 47 B BT AT O LA G AR AL, 5 TR
R HMLL, B RCeRH S 5SS A A48, BEAERE
fR21 A a8 A 2 £ .

20 tH42 90 4R, Ak Z AR A AT I R A
HEHA, FRE B AR TR EH# L, a1
il (4 SKT RAVBRIKAL . == B\ A TR AT . XIM-
S RANIFIEML . SO0 IFE AR S RN, G5
TSRS ¥R T E b LIk,
REZS SV VI ENRNIET R C 82 E Bk« N s g i '
Iy 24 m’ i T 28 R B0 KR BE A BL . 41200/850 =
PR A RE A . 43 m B TR BEAE L R A
16m’ JEEEHL . 96 m® R FIEHL . 1 m B0, T8
10

FE24m RSN . SO B R IEAL . SOk 4 L
5 T VT 2 PR AL . TS A I R AR R A, B
ACTERRAE) M RS T A, &
. BRIK . TR OCHEA A e S T
ANTR)VRR BE 0 B R s LR WIS Y R
TR e 00 4 A O A AL R T L R T A it
HRFHE R BB, 78 2000 4 LT 400 77 t LA
TR TR A ARSI T Ak SR — S A
PR, W18 m’ L 43N, ¢1300 mm Lk 11
EbsCHRsh EURL B 0L, T E A R A s HAR
Rt oe, —sepkti) 51t T E A=,

HEA 21 LIk, Jo IR R AT 4 T
AE” (2003—20124F ) MMBIILE N K, Xk
BEHAR Gaeg B T HEedoR, KE. EE, MK
FIY S5 AE o [ 2y G B 37 43 SO, 78 7R g Rt e A
IR, ks B PR e ARSI A BN, KK
I E T 0 o SO R A R 2D

“F—T"” (2006—20104F ) 1 5a] 2 3 [ 4
VELE NN TR R B I, H R R R T
R, BT —HBEABEI ke . BUS 20
BEOF R A B R 5 s B & A = Sk i, S IR E
BRI R PR T 48 K 2 R R B A Bl
WE A W B B FE AR =77 i A Bk T
R E A . A KR = A T A
KAV G [ B P b B R gL . Tk E R AR 5,
Y3k B [ B A0 S K, A9 B R B HE ) R OF R 4R
A BEIRHL . AL PR . W R R AL
JE P VR A . IR AL B, BB AR I8 B E bR
Se ik AKOF R R T A 1k B BE O
90% LA Ly E =g, AN T#HO; BRI
1230 [ B S 2E K7 1 25 A eSO K BIL L 43 R IL
PN . REEML SRR BN A, 0 E &
HE A% MR T R

“F=FH" (2016—20204F ) LIk, BT
TR TE . BRI T TSR S TS e B
W ARE R . T 7 iRk & E AR
KRG A TIEMPET LB . R Tk
HERT B2 A R — A2 SE A T 3k 8 R 1) i
FH B, S-3GHMCS870/410 U8 ¢ o A Ji e I # B AL
Ab H R 5K 810 th, 400 J7 t/a, X} 0.5~ 50 mm ki 2 E
74336, AT REDR 22/ T 0.03 glem®, % i 4% K8 1
98%”';  SID500 7 i g% T 1t AL &b H & 35 550 t/h;
TDS 558 A T LA 2 )z i U XIM-S90 #Y
TF AL BA LA 3K AL B R 3K 2400 mYh, fif 11.00 Mt/a
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SR G N BE R R B R R IR AR S T
LA R BRUK L A R RE Tk T B T
THERF . SSC # A R EALAE R AL . ATEEE L N
FHYE A5 5 AT T 0 i 40 S KRR iX
1500 mm, 5 KALFEE S5 4 8 000 ~ 10 000 t/h, i
55 B 4 250 ~ 300 MPa, J7iZ N T 4 [ R g Sk
AR IR L R R R AR s . X — B
Bk R R B AR A BRETT 81
23 BEETBHUKERZRES, EEREREL

LB

FERHERS A T &R T®EA s
b/ Re AL F AR BEA, B T B P RUOR MR 2
UK. TSI L FAGR R IR i, Sela itk
IR . KAy . R BIFIRCRIE L R R
W R (W) SR MELBIAE, HE M
F kA, SEIT3EET R RS . Bk
R, BRIK TR RS . HE RGN AR SR
Hah#Edl . XEAELANERE B AT HEILER RS
Mma] Wk, B ENESET. EE TS
B . e R e R T R, 2
TR 7R R PR RS

ER e AL e @ T, 2021 4, EIAKRE
BREN T BT e @i Em (2021 4F/R ) )
(ERERMRIM (20211295 ) | (Bfeths o
T gCE E M (A7) ) CEREA R 2021
69 5 ) AFBCHRE S, b EE B TR s 4
U T R BE b e B T U R G )
(T/CCT 005.1—2020 ) K3 A 56 Wie 5 47 b A A A5
WE o VE R REAL T d i i B A, KRR TR AE 1A
MIARA A, DLGRBEZR 4 BRAUSA . FRAK 57 3h ik
L ORES R IR SR E AT NS,
“AT N TR A0, 818 25+ H il i & gk
BERAS RN ONTHE, B TR ek EH A
T, ST XSGR e A SE L s
il i A% S A b gl . N TR R RS A SR
B ARSI W7 1 2856 20 H7 1) KB B o W i e A
ZHH M 2013 AR A, &1 T “ITREIAET 1
TR BT Z B, U T AR Ak R Y B B PR R
WAL R BE Ak ST N, T AR L T R DR
B8AH S EULE, BRI S AN E S, H
PyA = mf 4658 1 h, BERRRE RS T 120 H
M AR TRE AR T,

3 EERARRE
ik 2% W L gk v RN A L T I A AR

T RS R, R R — ORI R R
JRE A, M T X BEBEEOR T EEOR, AT
bk T R R SR AILIE
3 MEREEEREAS TERARAHAR

IR A T2 B e 3 I R 28OR) T Y R AR
TET 1o AR I A5 r AR R e o3 B R T O R U A A
AR AL 17 Ml X vy ot B OB A /oK, TR A
B o RIS SR, R e T
My B R Ak R B v R R FHACRE o B £
PR R A S A A B SR 4 B R i B o
w0 WEAE R, TR Y B R AL i AR R 10
AE A, IBCRATER R 44 E U R,
T WA R B R R A, HAS R4 5 %
FE2 RN, A B R R, £45
A S Tk Ak o A X B A T b X R A
BHER TR, BNIE R . FE . Ot BE S ) in
SRS WU A R RIS, — Bk, X
B R A B AT TR o i T R 5 R LA A R
HEE .
32 MREMETFERAER

AR S E AR bR . M CRLEETE
6 mm LN ) {84k 5 BAR KRR T, (H2K
Sy TR, O DR U8 U Y K 4yl E TE 20% LU
b, SR SRR R i 7 R IR AN TR
PRI AE R AR B sl T2 R B AGE T 28, BAK
KW = A R e o (R, IR TR R R ok
/NT 6 mm (R R B R A 30% ~ 40%1, S
B Tk B R S i — 2P B s Bl O B 0 3a )
Ko
33 BEMRAFEMERRERRANAREAR

— & R ST 5T KSR I B O U VR R TR OR
A R 53 AR B U v o3 2 1A A R P .
XFRAAHE . REBE SN LR & ik . & SAUE AR
% MG KNE2E TR e ME S, — T EEIR AR
FE N [) 2 TR R 0501 55 U o 0 2 vV ML, i R A
AR 43 F 454, DR SR AN R P A1 o 408 7 o 3 24
FIDCHEE, SR KT o — 7 R Z W5 T
IR IR V7 3% T2, JInsiR o7 o WAL B SR ekt L
EVREBCFEOREE | BV A . A HUR | TRk [E]
GEAESE, DRfbipiE . R ETRERCE,

TR ST RV R BE I TR AR R R
U, R AR A RN ARERT B ik B R 4 e R
TR BE Ay T, N AURS BT S A AL T
TKBEIR R A A5 43 BRI % 8 ol BT Rk, T EL

11
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R 2023 % 12 A 25 B

FHERLEEAN . A, v MR, MR A . P
BAELRA A  EoR
34 MaREHEMIBICHE, AEEE
WEEEM
B AR P S 5 o B R A ST R S LR RE AL 1Y
GRS PR SR UiB7 Oy R iy B L 2 1 I 2
R PR 2R (8] A B B A Bl 2R R AR, A S R e
FEWE Y EARYE . wn Rh = %A R Z AR AL
BE L me B AL R LR A ST, X TR R TR R
W&, PR RRAE .

EHRT Z

4 H5iE

B IO R AR U VR R RNOR) I B B A . PR
U RN RRIR AL AT oK, REEE T2 T
MG | B L PR R R ) e B A R R AN TR D R
BFHA, M “—95 (7 285 At B ik sk i e 1781
AE N RN 500 207 t 29T 3012t ABER M 7%
FHE L 70%; MR T ZNE—BOR B R4 @&
PR RSB i DR £ R 1) 5 B R R R
Ay )R A AN CBESEOR T B R CHE L TS
k. Mt A FHFR RIS, bk
FMTCEIAE . WA RIL, BIFae T 55 208 . B
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