531 B 4 M rERERERFR

Volume 31 Number 4 The Chinese Journal of Nonferrous Metals

2021 £ 4 H
April 2021

DOI: 10.11817/j.ysxb.1004.0609.2021-36566

FIEERR S A

g =4

I %, % R
(PR WIRIM T S4AY T2, Kb 410083)

. B E N BEARTT A, CTUL Y. R ROMERTTA BORE R, RN B TERESR
R ER . IR R BRI — M B e, BRGNS AR, itk
XF BN BAT R . A TR ARG R . AR TAR SR B S A TR
KIEPIRE ]y s B IR T Jameson FFIEAE . HEM-FF S MR IEM . T AT IEAE M HA L 5 TR
BLOARER A WEFCBUIRAIN I REfE s A9 TR AL A R A AR . AR F OO B B 3R ) S A
KWPTEHERE: AT UM R e R sl SN o i, 4R AL AR SR R R R A R R A A% K B

GRSV N 2 A R D ES R N S RICY S 4= 11 NN SE R LR

KEEE: VFIEAE ik, NH; RERES; e
SCEBYRE: 1004-0609(2021)-04-1027-15

Slxctgk: £ %%, ¥
10.11817/1.ysxb.1004.0609.2021-36566

FE 5525 : TD923

MERRSAD : A

ROFERMT RS MAD]. P EA AL E SR, 2021, 31(4): 1027-1041. DOI:

WANG Bin, JJANG Hao. Research and application of flotation column[J]. The Chinese Journal of Nonferrous
Metals, 2021, 31(4): 1027—1041. DOIL: 10.11817/j.ysxb.1004.0609.2021-36566

AR, R EREGFFSRE, EAT
FIRHIAWIT A, JRE AR AR 574
AR M0 G H K. s MREER
JUORT 7 B 0 o R R kB Ry, B SO
ORI AL, ST AR m e i A
T A AHIZ) T BHEG BN, AR L TR
T W 5 AT PP R A IRk, 0T e L% PR RE SR
THRIMER . FIERARIET R EEN T2
—, KA &Ry T ZR AR B R L
BLIE SR, T RAE R IR BRI B BRI B
— MR IGE T BT RINCR . FAEE
N M REF e B LTI A: 1) iR
N BN 2) FRIEEEER, FERRAER; 3)
RIZBJE N S BT LT 4) BT AR,
BEENEUN; 5) AERLE S 0 EACRE: 6) B
K BICRE . B e, iz

S BEA: 2020-06-10; &7 HEA: 2020-10-20
BEEE: B =,

FIAE & FhPIRL R 731 T2 o AHSRBR EIREiE A 20
ey e, HRR G LR, ERTE
HIFIEFERAR SRR KA W R, FiE A48
W 3L U B N AN B AR AT ST R R, B
SEAHAT 7 SN R £ S P AT 35t

1 GFERFRNERFE, FERESY

L1 GFERREARESEARTIERE
HORIFE AL 1 P sty e, HoE s
HIZE0 4 B RS R AES. BV, o
Vel A . HERIERAE 9~15 m 28], HE#A
£ 0.5~3.0 m 2|8, # EMOVEEREGEE, T
PO RIHER o LR IR 2 BOR R A ik, B
HEAARL S R I ik i ah 77 3, XA
275 3T DOy SR PR B R L=, A A

WEFC G, i HiE: 0731-88836545; E-mail: jianghao-1@126.com



1028 hEA O RYR

2021 45 4 H

TR AL AR S R 2 sh e X R 1
RSP i, XA IR RS, R
AR T B AR R A ) 2 %A,

PRIERE TARRS, R 297 AL B LT 1A S AR
T EEEYAR IS A N, BRI B B E
o) MUK, IR RS A AU g LA F L Y
FAMNREAE AT, AR AR S VIR S
RS ) TR, TR GRS RIS N, B
IR ROEFIER A 2R L, IR T2
EUTHIEE & S22 412V V=P N Ed M Vv QU N
REE, AR 0 U AR R0 A R0 HE 2.

Wash water
———ii

R

0
34
Concentrate

VA RE

Feed t
—

Pulp

Bubble generator

el

l Tailing

B TR R
Fig. 1  Schematic diagram of conventional flotation

column

12 FEFREERIESH

FE— N, FIEERES SRR
Wi B 22 306 50 AR T AR o BE R AATTXRHEE AT B VR O 1
WARAWOINER, AATZE RS A 1) 3 B AR
SYPRE R R KRR, kKR REESERT,

) RE. FENTRARERA RS TS
RLAREAE LA, AT Ik B3 7 it [ e ) A
BRI KNS, ZIE U A A, /N
M WA TE . Rk, 78R H
WARFFIEE PR R G BB S

2) MY . AE MK BE 8 LI Al AT

RIZHHIRED™, SRAGIEIRE I AR, SEm sy
WHCR . wid e, A E Hr KR IR —
i, HHRRE 2 K S IR A R X 25
FEW KRNI, R WAL B
AL BUK S 450 1) AL BUK B Z Z RN
Wit (Bias). A A ROMHEAT 70idk, B E R
IEfRiAL, RIS FE K T .

3) WIRREE . WIKIE R E ARG dh
B, FAEVE FELEETE 80~150 cm 2 [A]. B 1R
FESE AT CUIMSRIEoR — X E LA, e miiLnik
Bk, EIRIEIRZETE, W Rea R AERIREEA
AT I TR HE L DR S5 1) R, S B0 4 DX 2 ALk
b, BEARIEICR

2 FEHEMNERRAERTE

2.1 REMMEZRAE

20 el 60 FAX, HTF %W & A g fE
dHh /N BTN BERRIRERAL AL, R AR AT AE
B, SEE. TRBFIBOCRIE S E 5K, (HH T 2404
ARG, TEMB RS 2 5
PEARA ARSI S SF R, IR R e RS A
I R R AT RSN,

20 4l 80 A LLfE, N T IRETRILIENR, fif
PLEAE R LR B 1) BB AT S, M
WORAT AT M B, SRRl JLER /N, AL,
em i AT T E R IR 2) RIKAERS
0, AEBHAEE, BEFEIYEE, s,
3) 7K pH {EXT IR K AEZR MUK, 1E b AL
Gy EE SR AR 4) RIS 2 TR R,
NN RS LR C32E A R Y/ RN N Ry =
BEAF, FEERMRPOE. FEL mERAEA
NS4 M58 5 5 Bt 98 07 1) B8 3 (m) 9708 4
{13V I F R AR LIS B AW L R 563,
SR PAAERERFAR 100 K01, F2HERENER
TR ARG B, A R ) Jameson V7%
B, E£E MTU BFEHEA RS, s K
CPT ik FEAEPY, [ py dndb 5 YA 0k 78 A B 1 KY Z
AN, Kb AR CCF ks,
R K2 1) FCSMC g — 25 i i e 4100,

HAT, A B i Oy i, o E 2



H31BE AW T o5, & FEENTTRSNA 1029

b2 AN P A e 2 I 5K, e Lk
B1) 7 A8 a7 RN TN 2 o IR R i R W P S T N
RS R AU P, ok, BRI E
P, VEREIZEEIR S, FRIEAE ARG R A4
REZR R RL T e, R = BT B 2 M SRYPRHE 2>
.

22 SFiEERSE

FIRAEMMEE Z, HEMEAAR, HER
FEEIAEEE L 0070 By, A
B REKRAEZRNEE T .

1) R EE 2K RIEFEEEET 2R
. s Al e =AY . BB A2 Jameson VF
BeAE. AiukipEaE; PR FCSMC jiE
BRSO IER . KYZ W ms it 3 At 2%
EAERL AN CCF Vi FE . MTU 7oA 0k A%

2) 7 o 2K AR ik 7 20 25T
B2 745 UL T I A I8 111 & R I 11
FERIUS I i LT A2 0 T A E e i SIS UL TR 1 2 R T £
BN CPT Fi%4E . CCF IRIEME . AR IREAE S
e —REAE A4 AL 0 e 78 R AT s B O
fltfE—H A A Jameson ¥FiEAE . KYZ Wi 07 %k
FEZE; Z R {b 4L & 740 FCSMC i~ S iz
bV,

3) $&EG T K3 o FIEAE R R T T
TESER, FRERM., SRRGHE. TR
1R B MTU 7R 5T 3784 s 2 U 2L 4n CPT
PPkt CCF iktEss: A—-MuR&%4an FCSMC
e —FRASHURTF LM . Jameson JFiEH S

4) FEREARE IS TR AT URYERE S
BRI Z A, Horh BRI R BOAT I, W
Jameson VFIEAESE; ZAEIRIEAE WA AR IE
R

5) IR AL E 3K RS R Ly A
RSB ANA 7E S A P F

3 FEMEMRSNARFETR
FIAT, R PR RS 457 T A T 7R

KHIBERE, ke rp 5 B0 I e A AR A
W AR A BUA R AT ) BEAT idt B B,

S R REAR G R R IR R A A T i, 5L
M A ATy DT AT SBR[
i, BEE TSR A AT R R, ORI (15
HURBIEOAR /] U T AR Bk, 733
TRE AT AT S UL TR -

3.1 JLFhEELR IR R RN AR

20 2l 80 FARE, EWAMALK IV 2T
PIFEIEAE, HrRmEE At o, mE AL A
PR PEREMER, FRAE Tl EEUIREZ N, Hi
O BN X LR A A ST 7T FE A N
AT
3.1 WAL AT

W% S TR 57 306 A 5 RV e A 2 Ol S AR ENLAE
SRS b, R R PR P AR AR R
SRR JE B A SO, BRI R N S e
S, AT ™ A — 40U X SRR 2
A REIEMESIE . W BRI A TR LSS MR B,
REACERY Jameson VF e A LR K,

1) Jameson VFEAT I FE AL 5 T AF J5 34

Jameson VFI T2 FR ORI B e UK L 4R
H/R K22 1) Jameson i,  H a5t = B &l
2 FIRtPl Z A UR B R A AR,
SEVEIEAERE SO B R, % &R A =
FE 27 8 C(HE A 1.5 m), JRAESRH 77 sUM 73 i il
HEARAH, BRI N YRR . B
PRI SR . R A B AR EE ) AT
EHN, P TRERNTEHNRARSG L, BES
WA R WA e S SR . AR,
WS RAENT SE R IREA RN
N =TS GibORl L FiAn il N AN Ve
ARG, BORASGEE T REAT L, FEANTRE
JROHEZR BN, RET S0 2% E,
L PEIKRE I BE KGR, R ) AT A IR ER 1
BN HHES .

2) Jameson VA LR 5T

SE A AR, 2 UL s 1
1) SEFREMPIEER, 7R i KA T2
BN, [SBELREIE 40%~60%, F+HA KEIHFHER
WM, AR TAREE; 2) ArRE IR
BUN, TR R RAEE T RE, BT



1030 hEA O RYR

2021 45 4 H

RAERKAR L 3) AR IR RURGE, W RIAE N T
B F RN AR AT, 9D 7RSORGB 5
Wiy, (RIS EE /N, IR E TR, B8 TRIL; 4) &
TN TREERL BB IO — 6 4R, il
RN, BE T RARS. BIR Jameson ¥
ERAE SRR A, (HHBAEED I ES:
1) WM EE IR, ABRRHRURI 2 35 2 2) [l
A, SRR, BN R 2RIRE HiEA ]
LRGN 3) RS RS, T T SELE
Iy BB N ANIRNBOR, 25 5 ot e kg
A T Pt N .

Feed
—
AL, Nozzle
Downcomer
Wash water
8
i e
o £
HiRgEn e
s
Jameson cell Concentrate
tank
Tailing

2 Jameson VFIEMTR R
Fig.2 Schematic diagram of Jameson flotation column

3) Jameson ¥ 1A R BIF 7T IR

Nt AR Jameson FFEGERE IR E R, #
PILSZRRRN F AP E B, F 22434 Jameson
TFIEFERAT T ERAWER I T, H REEHE
MUGH BB V73 8 0% . 45 M oSk 55 77 T
SAHBAZ 255} Jameson 15 36 5 7 AR L8 3HEAT
Wot. FFHEERETE L, AR TSER S S
FEHEBU TR B0 B, ST T T 43 A T
BfRE B, R Iy, okt B R Bk
JOSF I SEG 5 AR T A R TR . S5
BH, 2 28 ] DLV T 000 A P R R 7 326 1) i 9 K
/Ny REE Jameson VIR RE RLRLIF ISR 4L — 3
WAKIE

ZARGARAN ZUSVRI F 9236 52 UL Jameson 7%
e A AT A 57 34 Ak e 40 ST P AR R S R
JE, 44 CFD 445 31 1) Ffs X A2 i (Drift-flux)

BT st , SR TE CFD b FZ B R - g
FEL, JH¥ 07 Bas R SLin s Rk T xr . 4553
LW, W R AT A IR BN, A
R ()5 B RS B ARSI
WS A, 15 T B IR IR AR B T e
PN

LI 20948 2 Tameson V0 A 781K SUE 4K
Hi XAV A IRV R, X Jameson VRIEAEIEAT B
B a7 S L E T e B A e
TE BRI, FERT it 5 1) Jameson V1B AL EAT 14 BE
Mhk. GiRKY], SU# 51 Jameson Pk REA 2L
PR = A i sg i, SiE gLkt ik
BUAHLL, 508 ouidk 5 () e X PRk fe bl 14
PN

ZHU 25P0p sz86 %8 Jameson V16 A AR 58 %)
R, EHSRNE RSV T iiEaEh N REM B
FHE ARSI, Wi T R T R EE
(MIBC)WK . HURE & 2 B 450 N 8 B
FAE SRR 25 RKH: 1) SR TRE
FH MIBC ¥ (138 I o/ B 28 1 A< i ok
FE, FEIm A IEAFRE L b, ARG AR R
AR 2) SRBI RN S T S I TR VU DA
K, HIEE R/ N T SRR E S WA R 3)
Al B R, A AR RT B A U
SR Y INTITRE N

& 1 Jameson VEUEAE FIEIRHTT, BN AN TT
N JUIBAE Jameson {7126 AF [ JE A R Bl el 1V
2 R AT o 45 T ST OV SR B R R T KY Z
G 7L RS Vit = O s vt 1 VAN V€ 5/ S
YRR, i SHRIE RN, HEA R RS
fERAE, B kE T Nigsh, HHE
MR A RS, BeX S Ky H s ok i
| =i s 2 = 1 £ N Vit 8

JE A e U6 2L T Jameson T ALV T —Fib
BRI R, RS S U REE RS
CITRERAST AR TR ERE M A, BT
KUCH M T EEER R FA N, FHmEEdn & &
G, AISKELRTE BUER, AR RS T R AT
TR T P AR 2R, R T IR RO

R BB BT R A R 51 4E 2 = Bt
T MR B AT, WS SR, Hix



H31BE AW T o5, & FEENTTRSNA 1031

W5 A R IR L, AR E R AT S
R AR 2% T R PSS N T R SR A, v BAIE
I ST R S TR AGE REAS R 1
PR AR AR B R TR N H BG-1 TRt
SR EA IR AT AL, 2l —H SRR
T2, AIHE AL N 1.21%80 2.72%, 48 ]
A3 51K 12.30%F1 16.59% 144G R A A5 15,

BILIR 2545 T8 A% Jameson VR #E: (K HF
FU, WhE TRk R T R R R, Wit
THHRY B IRAE(DFC), @iy KN SENR
Uity AR R PR N S R im0 A . RIS, A
THR R AR 22 5B, ffE T A ERY B L
AR, DAREEN N FE B 5 B R R, 1R
VIR ERE, 35 Jameson VEERHEAT I
WA X LSS, 458K IDFC ki ek
R P RE B 4T o

4) Jameson {F e 1) B FH 12 R

HBLAEE) M JTameson VEIEAE S 1% T AR
P, & NIFERA, R BEERETZ, fEA
FREJEIK5) 29.5% 00, FIISTRIEAE I % 61.43%,
FEIEIK 53 10.28%, 1% g8 (I HLBR 3 H X7 & AL
XIM-S12 MLk, AbEEfe 7 pif 2™l N sk
R Jameson VFiEAETE - B % 555 (Aegean
region)Kaltun VA A AT FES, KA —BoH
TN 43 G R 2 B S A R AR A, A
Fe,0:+TiO, & & 1.06% M # v, KET
Fe,03+TiO, & & 0.18%. [HIUCR 70% N K AR
RN RT3 & Tl A KA 20, H R
& 75 o (Kutahya)Emet-Espey B0 1) AL ER A
N Jameson VFIEM: O IEMENNAET G, FEZAH B,O;
mfr 36.8% MM N, WIRIGFENT ByOs fhAL N
45.42%, B,0; IR N 98.47%7,
3.1.2 A EFIEAE

Tl R AR R R R S R AR 2%, K
FEAE R R AR K BN AR . RuRiEiE
AR EBOR, EEABAEN: 1) £ E %
PR, AL, AR TS -,
SRR AR (] (AL 1 AN R B R, AR TR AR
VIR 2) IR R N IR SRR EAARE
be, AU RST I8 R AH 24 T FEAIK 1 PRk RIS R
PR, DRI R ARt (1) T2 A2 Tl 4t A sk TR AL 3 2 v 114 2 ok

FAFs )FHR AR BIE BN, RERe A R
WA SefE K IR E AT Y, A 2 2 RR
&, AEAAYIRNA 2 W B 5 T . i ik
I s, LA Y P LA RO S AR TE 1
s

1) Jigii— i A ot i AL S A S5 5 TAE R
H

H AT, ARG v g AR R 5 A S At
] R e A — A T A A (FCSMC) M B AR R
HeA s @ EmE 3 Frr, % T 20K
e, BAEEEL . RORm. AR, 4Ed 7 (5%
DU, ST 4RI 7 AL ERE™ 4R 4
WS W b o eI A SO I A 2 A
DERE . R BARE . ME IR E =)
k. TAERS, B M ERgs N, EEIEMT
[ MB35l SR UAUE R I R O I AU R B
SEARMTITT WSS, RSB
Ji TR 13, XM 1N T RIS R A
fIr G R A EE s i) S A N IS sh A RLRLE
B, BRI AR ik, ERIERK T
ISR B, SOB R TR A2 A )
A, RIS FE 7 B XS TR GRAR AN LA, I A ik
St VRIS, SRR B R ek e
JEH U D

i
Q
] .
g o
- — .. .
5| -3
° o0 B L 3
= £ —“ go‘. [
g | = .
g 2 oo ..
%’ = B U .
3| 3 58 Pipe flow
\ é \IDmeann |mineralization zonel
q)—‘— B || Al 1
s L e 1r1
) N o
£ R & =
i3 = °®
> 8 e~ o
O g . °
& i
21 N LH
o

Tailings |..- P e |

3 - AR A R E A

Fig. 3 Schematic diagram of cyclonic-static micro-bubble

flotation column



1032 hEA O RYR

2021 45 4 H

2) e A R A B

HHBFRIEMHALL, ZE&ALTIRA: 1) R
FH TR SR IR A I S BT AL, B e H R A R
K, WRELSWET; 2) BFHSLSRARIENE
THARN “ERAT S BEIAEE, AN R AR
If. BRARFIKERR, TREVKIXAEH, ¥
SRt 5 BERPY, A ER RN

3) FEL—FE AR LR P SR

JiE I~ A I %k (FCSMO) 2 B [ E 4T
RIFIERE, FUONHOBE AR IESOIRI T, 1%2KF
WAEAET ) E A —2 GA %, Bl TR B E
T AL PR B /I IR, 2RI IR I B R B R T 5E
4. HHl, FCSMC VAT A S ST A FFAR N
P IE 07 7 R B RIS 1% A tHENL
ORI, LR 1A A . T S0t e
FRATIRIF B RS R E wHE TR, R
JE 221553 IR S T 63 T 3ESCR ARSI Rk 5
SAR B E R, R RS SEIR B THER
SR AR FERN AT . 457K,
e R =A R R 2 g, Kk
IR AL S & AR 2Tl WG R Svist s e Wt SR S
WS — R FIEH .

ZHANG %PE FCSMC ¥tk d 7831 7 813k
IR, FEHEHT FCSMC FkFE i s i ik sh 1
WA . AR A H CED A1 B R A RS 34T T
FCSMC EZ: M Mk s J1ih &, Xt ath 7
FCSMC V335 FE R 78 SEVF AR IO IR sl R 1, B i
IS PRSI0 BAHER, W T AR
FuIH FCSMC Vi A4 ik R OCR ML EE . 45
FH, SRS FCSMC 726 kE BE S ik 2
B, AR TR S5 A o, A A T RO Y
By, BEWSIESE FCSMC VAt ivs et g .

WANG 201y 55w e i~ A8 Iy e A o 4
Kol wit 1A i R AE R (VG)E 8y
EingeE i CFD BT 7 VG X E R E A
I A e A AR R PRI, Ak TR B A
B SREY, Bl VG AR R EREGEE
BB RIRRIAEE, VG FATFES 2 7] A H5 A &
P = B 27l WS 8 i =R N EAt (AR Bl (B2 S vif CY RO
VeHEAT IR, 1T DAY i V530 K 7= R ] R4 A
2, NI mFErERe .

250 A DA e i — B S R IR BURE R 51N ik
WESANN s ZAUK T ERE 738 B = A Rk b s, A
B WA R Y R SRR . R s, R T
WP W R B ) e 2 B I, X R A SR
IR G T R . LIAO S i ik it
(R3S A N2 7S AN BT 77 A ik g3 R A 2 T, gt
ITRERY ORI, TR0 T AR . TR
FFF I (8] B =N SO ROE ROR 52 . 45 R
B, TEH0E T BKIPREA BAESEUG, InZE bk g
AR ERRENT (1) Fe [ AN Fe i 3 0] L TC )
IR T 1.12%K1 4.22%.

4) R AR IEAE IR

S B R FH A — R A T PR e A VR A
YRR BT A, et R mAR, IR
P Mo N 0.181%HI%4F R, T Tk
Mo fh i 25.32%, Mo AR 54.58%F4HAE S T4,
AT 7y el 55 0 B A A 2 R AT SR AR LER & 7%
RRFEIF R, KA FCSMC FikkE. JIF {Fik
NI SF PRl ML A7k, Bk —H—HRAEN
HN—H —K. —H, BT EER BRI R
2, L2008 fa A RE RISCR S = 2 76.13%, 5
ST IR BB = T 10.42%, £55 AR AR R
= 3] 63.96%, BAEHT AR E 10.78%, 1G4k 3124
B, RGBS R FCSMC—4500 AUV e ML %t
IR, WIS R IIZHX 0.045~0.074 mm
WL AN 1 R LU, FCSMC—4500 2477 g A
BN G T S RS K 2 8.14%, KE =2
51.63%, FRIEIK Y 51.84%, IFEREIEE B4R EUE 90.
34%, FikSEEIRbRE 52. 99%, FHET Nl
751 J375P%,

3.1.3  wIAAFIERE

1) FRIEAFEAE P ARG H 5 T AR R B

703 S A B TR 2 B B VAR BR K 2
(ke BB, KR B E K 4 R,
ZIF AR A R R, JEORLE i SR
BUESUR, SR RNE A SR B RS, A
W RENRZ ZHEP, HEAHE 90°RLE, R AR
/NS TE, AT ORI S e () T
FRAR TR, R T A IEOR, TN T &R
Wk SR KA R . TARRS, B3 WA
BN, RS NAEARIRERIE N, TR A WK 2



H31BE AW T o5, & FEENTTRSNA 1033

Concentrate

\
§

Conditioning

o
e
1
/§2
j\

N Packed medium

Mixer

Pump

Liquid level control

Pressure gauge
Compressed air O
O

O Water

Flowmeter
Pressure reducer Flowmeter

Tailing
B4 FEEAFEEREE

Fig. 4 Schematic diagram of packed flotation column

B, RS0, AT I A AR

2) FEIA AL LBk 1

5 Ho A AR M E, A B DL T
1) ARESRRES, FIEAS KA TR A5
FEM R, 2) AENAFER W AEBERLN”, AT
GRS 3) IR N4, REWS v Asm 21
RUFECBAETS YRR FAMIG; 4) BT
FREER, IR AR AR AL, T
I VA gii s IR S AR E. HFER, TR
VAR AFAE DL I — 28R 0. 1) JRSUM RHEE A 4L
PR, AP [ R B RORL A VRIS 5 36 R S
5, YEBRINAE: 2) AHEE/N, BT R T
TN, AERIA R, e ES
izl s 3) RN RS R RRTE R 5 4L
R

3) FEIHAEFEAL BT TR

HAlT, FesR e esin BE 28 . FesH A
JoR R A B A i FBUR RE e A g ok, XS Fe s
e ol A RS VA RS T TRACINIE 7 TR B Vit 2 A P =
ISR S R B S IR T A RE et — D itttk A
RO LA B e L, X 7S SR A R S A ARy
MIPL e Tk ESCIE 2 N . H AT, ekt se

AR IR AR, M S N AT TIRIES
o AR RN . ZHANG
2 D8I 70 S P 08 A v A A X 0 R £5¢ B4 B 1) 43 A
BHTAHORHT ST, #E— PR R iR s 5k
TRILG, KB IPRERE T W5 B B[] i 22,
BEAT HR ALY 5 2 v SR OB R B UL S LA, IR
FARAE S HOS BURLIE B (B A A e . 45 Rk
], HRAERAA B IILE ROR, AR S &
T AR TUE BUBIC R A X i BEIT UL ) 3 Vi 1
K, WK & PR AR A o 15 B B 8] 43 A7 A8 A4 U] S I 4
/N,

B SR A R R A R
il 1A AR, R TR ETHE. R
TR T RWATE . RMIR S K RN KT 7R
AIFEAE R S S 5SS A e, IESE
TACHHER A ARSI ERARE, K PARE
A T2 N R A T TSR BTk

F AR A 4 il VR AT FE SRR A
eV WA 22 0 O i BOR LW N [ BBt 353 N e S
IEFERA S [ AR A, 16 G IE B AL, Ik
AR SR R, REEX HARE
ik 715w B B R, feim TSI
PE, R AE =R T — 8 R SR

4) FRIEATREAT I B 3 e

BN AR AR AR R AT B R R S
FRIARIFEAE, EAT Fe il 42.15%M1% 4T,
S —H—K—HMRE, TERET Fe M
67.05%- 7=Z 45.75%. Fe, [HIUZ 72.77%, {Hik)E
W Fe i ifE R 11.25%. [FIFEIIGH 24T, N
XFD B BRI ML T 0 H ke, 45 R i 7a X
R IEAEAE AR A7 T BOR N BB B
FRIRE R 1% R d 50 mm X 2000 mm ¥ 78 3 =X,
OB R A IR A, AT AR TR ORI B
BT AR IR, fE4AT Fe ih iz 39.89% 1461 R,
AW —HMRE, TR Fe i
66.07% F=F 42.17%- Fe, [BIIR 69.82%, F1ERE
B Fe, iAZBEE 13.04%*,

32 PSR EBNTRLR
SRR B R H R, T



1034 hEA O RYR

2021 45 4 H

FEFR A SR/ NI R A 28 . FRRER . I
SRR PRE . IR A BRI %O
PR, FL R SURIVERE BB 5 BN o iR UR 4
By, BT, SIKRAERIR RGBSR AN E
A E SRR, BB m A E R R .
AR E R REEED P ) s
M 2) Al 2 AL 3) BERE R K
M 4) SRR 5) BRI 6) BRI,
3.2.1 IR A SR

LRI 00 SRR AR AR 2 NI R AR AR
HEmg™. 1) diEmsmkd s, Eat
PENLRE IR b 58— 28 AT, KB TR R,
SR RN, ZRIE R AR
L), (HE B, G¥E%E; 2) VESRERER. B2
ANEAZ 40~75 mm. 5 300~500 mm {254y
AT PREAE R, H5 2 LS AR ERE, &AL
EETIBRANERZAN TR, BT RESES
A FERIYUE, WIS IEE; 3) A
RESBALER. BHERZ 820 m ML E T ET
WZT 12 18], 85 300~600 mm IR f IK)Z,
HAELH R AR A, HEERR, HRAEN
SIEAR: 4) BESIERASR. BT TERIERR
T FEAR ) LR AR P AR S, IR S A iy ST
FF Tl KA ER . A0RR Pk v 2

EAT, PSSR A 2R B Sk o) 15 %8
SR HME S ) B, DRLRCAH SR AT T b, BTN )
WHFC H I I R RE SR . Sy . A Gk
ARSI AR A4
322 VRIEFEAMRAIR A A

SRR R A P AG B 5 s St
B IBRESCE AR 0, H A B AR K
A g Wi IR R AR BT A AR R AR
JE g R R A AR

1) U AR 2 . AR e & A 28 T
i/ e S VA £ ) Bt S S P 1P 2 (B
PRI SN 5 AT v i Y, s AL R
HBENTE, TAAAMEEBRANREGE, FEES
TEMGEE IR S A R U I 51 K sk
DA, BRI REREE R R . TR, XIEE
PRUT50t e 0 A P e A 1 R R AR 28

BEAT O, Wt T LR R R R A A,
TAEAENEN A, Bl AL & R
AN, B ERIERER. BEARIR. ST SR

2) Wi AR AR A o WA R R AR A
AR K/ AR R A E AR A . AR
1 P R 1/ TR ) O LB O AN
Jeii s MRS HEH ™ A S LR K/ S SRR
4= 884 TurboAir. Flotair. CESL =#h*, im4Esk,
KA e &t F ok Bl 7 — s St i
SRR AR, IR ] 1T 4 AR LA e,
PRSI R/NAA HI5), WG B, M A G
%€, ATUSEAME R 4 T deis ],

3) BYNRA AR AR ZRE WK
A48 H Minnovex FRATR G Microcel KA
#555 . Minnovex i TR & 45 H @l 3 A S A
SAEBTUIER PR, RATNE. 5T 3%
HRNLE 245 SR/ R R (BN RS 2 2R 8L
e 3% AR S AR IR S ikt O BT Microcel
RIBRAERNRAHRIREGESE, MRS BIEE AN
A [ e I ER IR A AN, TR B [ E
Fi 1 8O F R A 2 60 e

4) Feids AR AR . TAERS, 40 i
AN OEE N, P B O TR 18 BE RS
3, BONET KA R RS, R BIR
2N AT DA SN 7 =0 S W TR (s S e 87
FEPL: TR VDR IE BUR Y, A IEEE. Rt
FEURLFA 5 % B 0 I 23 B i U A . A s ) 43
AL

3.3 SREAEEEFARE, FRELFIRCK & B shiz i
RiftR
331 FIEFERBUAER ZHBIHOR
BEAT P HCE R (B 7 A H 7 1)
YIRMERME AR E S B D it , TNk Bl e dr; 2)
TR B O AR 1 ] St A 1
S R E AR ON K SRR e
Iy RE S AT AT AR . I 4 EL B ORI T B
A UL B A 2 AR B PR R, Hal, X
AN B 7E X AT B S BORE R D



H31BE AW T o5, & FEENTTRSNA 1035

FEREA R BRI BT T RS R AE T T
DR, P X BRI TR s HLES BT TBOR BRI 72
FBCTE . AR RS PERERI S, 2RI
AR IR A 0 2 (R R o

251 2R B Design-Expert 1E A8 BT 2
LTV AR B U R B N
FCMC Je i Is i 247 7 NIRIRFE . TEI R IR
T3 B RE v I a8 A R R i DT 5 B W 5% AR 1 B
Rl 2R, 7E 5 R R Al B GAT T 2 &R IE
ARG, ARG TE RS IR AL A T
BB, 55 R B AT T 5T 5 S Rk
e AT, AR, TSI 73 A= 2 5
W R AR HEIR 72709309 0.10%A1 0.86%, 1A
SHCABEA AT EE . KSR, AR SEIN AR I
SRR T — K .

I KYZ-B JFiEHA6, BT TRk
FEIE R HA Y o 350 DAL PR AH X Al A
EECEN KRR NI, PRI EMAH H
I ena ok R, REET RSN WA, Fik
i3 1 I [ 2 VAR v =R an = & Gy EITINIR S vy 2 5
A ETF R, B e TR IR BRI A
BRI . 2l B ECA R S ] AR Bkl )
PR B AT R AT A Y

YOU Z5BU3E4T Jameson 16 FE T S48 (1) Sk
Wt 51k 1 T 5T . R TR T
B JEIF IR TR AR i T I R I B S
sz, PR B HE B R S i RE
FEYHFE R FIHNZAA T R A SR 7
eI A B R AR, IF 5 SIS R kAT
SRR SEREW], TR YRS S R AT,
P 2L A TR B () R e R B e K, X
FERIAEE, BENE N Jameson VR AL D0 AL BE TR {1
HIB KR .

ARAFIE — S R I 75 1 Tk A 77 h ik A
A SR A5 B I 1) 5 2 46 X 6 P 5 157 3 P 1) F) G 4B AR
NI TR PRI TN 250t R SV e A
WE S ARAE A AT VA, B LRI ) Ay Al
42 LL I TBOR RIS TR TEOR PR B B AE 6 FIR(REFE 9
BV PATHESI 160 m® [ W77 e A8 4 R 32 ]
PEHEAT, I LU AN —HE &N I A Y

JoR B A SRR [P B B 1 S8, i iRk Bh
JIRI G o ARG 7 i a0 N 3l ) i A,
T 7€ EH 23 W58 21 T 37 328 19 42 BU A5 380K iy [a] A
o SRR, IV EEOE T A gy
A ZE BRI R e L A7) ORI [) R
3.2, AR B A AT 45 AT .
3.3.2  VRIEAER A BT

SEIL PR G A 1) B B4 i v DA R AR v 4y ik
fRbr. g iEid e, (HlH T REs N RSN E
Fettk, AFAF IR AT AR B AT SR A shik st B A
—EMERE . HET, EMERESEIK R H B RS
. BEeth SEEAE, & — AR EE TR

T AT R ) P A % ) A S IRV e A
IEFE AR E R S ORAE . A RUEAE = H A 1
A RdER, HEBEPIAT T BN EEE B
B RS %R A WG E Xl %
G YAV A% [ A% A R G HE TS 11 A ke ) 2 N 9 3
TEAL, AR I b 223 i sh AT WA A B
JRA F AL TR THEM . KRG TSI, EFEM
Pzl 7 2, @AW SEIEL VIR R AR
i, AR E SR T iR, 7B E RS
B 1 ARIE

bEE R Rt AW AR, PRI R H Bhis R fe
WABTEA TR JE, — Lo B8 7 VA A S mT LAE
FE i E B4 ) i B2 A 45 20 R AR . TIAN
2t 3475 S ple b V7 0 o RRR A/t RN N 358 1) 4 SR
FBEA b, ST T — b v 2 a R R AL Tt 42 i)
7k, A T IEAE O MR 4 S HOR R A B ST T
SRR IR SR, FERNZAE T AT T 0 H A
UOAIE, IR AR b ) ) S B AT DA R A i v s i
e, YT

PR D 58 4t 7] LA AT 326 96 K B rh 32 B
PRBERFAE R AT S 12 Wi e i R B 254, Tl
IR FRRIPERE, BRIV Ik R g s
SO I S| P e 4 SO VA B X (F R
MASSINAEI 255 st T WU SE B 78 3 i
AN A AT AT R, R T — R TR
5] % W 05 3 i P LB A R G, Z RS EE T ARl
(173 7K BIEA SVM 43 ZE28 VLR R A 1 <00
HAT 3], TR MRS IR 32 B AR R AR 1 1]



1036 hEA O RYR

2021 45 4 H

BACHEE, UL T2 Witk St AR A 251 A
A 250 T LS5

4 JLMpFRBLZ AR &

4.1 NovaCell ;Fi%#E

NovaCell 36 52 R V8 e B/R 4R
Wi /R K241 Jameson ZUAZAIF I (19— B V7 A4,
(LR V.0 = ar W SRS TIDANS 11 £ s o AP 2 N [ A2
W40 UKL PR i, B8 A A% o 3 A UKL 1) i
I A & MEEk = NNV, . AN = YR N SO 752 N
B TRIREHESAH, AN EEIEX
MR EARARSIX . B X AKX . TAE
W, HTE T A A IR AT E AN, R
FE & TS AT B, SR A A AR A
JER A sl BRI YRR SR, R0
RS 43 Al A TEL 380 B P I8 A PR SR ) 2 et A Ak
DXHE N2 B X ARERT A T MRS s s B,

NovaCell ¥FIEAFFEATHIBURLE ) 73 3L I, mT
kLN LT I AR S NGRS S Al 5 A
£ 14mm. 1.4mm. 5mm, NH NovaCell Fikt:
TFIRPEA W0, TEJEH Cu AN 1.0%, BEH (A
%R VU & NovaCell 7734 52 B, w8 7540 [
RIEH) 99% LA -, £ 80 % HIZA R AE Ak A UKL A
I THLT AR, B TERENNER, A0
JEE BEFERI A BRI FE AR A L) 40%P0)

42 FfRENFIERE
FRFERREREAL Y, B AR R MBI TE
Tk 5 BA) T A 2 7 30 Al A — o 7 00 O R A R i
B, AT TRAR AL AR R e iR . oA BTk
LB R R UE . RS
Wk A SRR i TR
B R A0 38 AT A AE 73 JE I AR Ik 22 5
WA AR WL A SEI =R,
PRCRIF™ . TR, SR KRR 5
—RIGANFFEREN, BRI, AR
R BRI EAT 2, H7 A M R i
o ARCA WA HE . Totlshiz idofl 2
A IEROR Y ABEER . ZERTRI . REREIRARIR
s ABTHRAT EI R, SIS A TS

6:,\[1 3,37] .

FEER T IERT T N oA B A 43 R AR
frgatam, JEAT ALO; & & 53.78%. A/S 4 2.32,
W R, AT ALO; X%
51.67%, ALO; & & 63.37%, AlLO; [HIYE 61. 07%,
A/S i& 5.18. [FIRS, FEAADT 0 T 2R S A4 = s
BRI 15 LU R LT X i
W 7o R IR I WL TR 2 — Bk ik 4 ] BUIA
B 5 AL BRI A/S Fahs,

4.3 HRRFIEME

R Ve S i SE AR (R (B, R T —
ol T e AR VR e R, LR AR K R M R
Hl s, BASMEMLG . RSP B Orm iy
CGERITRT A BB . ZH USSR, AT
— MR RCHLE R, AR AR A B T AR
0, G KRS AR AR TER, SERTE
UFII M ERER IR B T TR A 2, TR
PR B AR NS ik, TR iR ) B
BN, RIEAEE KRN BE R — R
DEAR R S B IR .

87 FE] B AR AR 7 0 A E R Bk b F
JEW TiO, fhAL 10% 44, Geid — Uik, ATiksn
TiO, £ 36.01%, TiO, [FIULZ 67.63%, ¥ TiO;
st ST A5 A P 30 7 A LN 780 19.95%7),

4.4 FRETERBIEFEE

A B AT Ml K S A A bR B R RO AL
FEERE, ZFIEEAE A A, BRI RO R A
MISERIPRES LRI I At S Aty b AT B 22 B
ik, BENFIRREY ROV “ -
M=BEdRE”, XM 2 BGlBU R TR 52
FRUNE R 8], SRR 5 R R R, Wk
SYBRIE T EAR IR S, SR IERCR. T
PRI, BRI ds g N, B E L ik
Ak E, R IEE R R, §K
FEFR AL R, fEAMINFE AR BN S — B
Iy, DU AT IE R B IR AR AR ) i
N, AFIERVZIRRG, B2 ik RR AR
B W RAE R L =N, EEA R T S RE
FAAe, BiERBTRIRE I 22K, SR TR AR -



H31BE AW T o5, & FEENTTRSNA 1037

JOL FH 78 SR I A T S A 5 A BRI A AT
SFECARES, TEAHFIMSEEM N, iR
TR IR AL BRI RS R R4 5 0.57%, &
WKy 3 5.03%%,

45 FEASFiEHE

PIRBRU R T Rl R R SR A, %
HLEHREAEMR. M. BRI (S50 5. BEHL
KRWRIFIE, HEANMRFIEELE KT 7 WZH
fE. A TAEREE SR AR R, (HBT
ZBIFIEA AT E, TS R IR G 2 AR
FEHHATHEE, ] DRIRE IS 2 AN IR AT
Hik.

LR SRS = R AR EAE S XFD BUAE 4t
PR HUAE 5 P 8 SRRk R B3k 47 % L i 56
I8 F S 86 5 IR 8 SR IE A AT — Rk B, AT 7S
WA S FhAL 49.44%, S AU 99.15%, 1M XFD
RN = R MBS S S A 46.51%, S [H]
% 96.79%!°1,

5 5B

IR IR P B 36, I
VENEEE A& ) “Bf 7, HAF TR THEsh 58
TA A EAE RS . XL TFERIAE A5
., Jameson {FiEA:. FCSMC 7Fiktt: . 7REAFIE
S5 R DR A ) e A A S R A 77 () G T R
AMXHESN TAT AR R, T HAR Ay B AR G2 ok
T & AR, IREFEFIE & SUSAA BOR i
R [A), FEGEAE RO A T R . ARRIF LA AT
Fo S NAZE AL LT JUAN T 1)«

1) SRS B S S . SRR AEZE
PG B BB A, M AR I IR B S R A
ITFIE R o ARSI R AL 2RI N A S R T 28 B
Gy TG TS, ARRPOZKHE T E fAE SN
TR AR A B BRI IR SO R A AR i b

2) LA JI(HSn . WIHRIEG ). A
Ty (R AE 7 346 1 v 11 82 FH RT DA 284 v v A A TR 2
HIEARETT, (B H BIERE JIHAE R I AH SC
RS, BRI AR R EAT v B SO AL LR &
FIHAEIFIERE R o

3) AT BRI AR L BIBOR I T . ik
FEHCARR R % EEGIBORWT FU RN, AT A B3R
ATTEE S RT3 3 S BEvHFahs,  sbnds s Bk #4
WERIRBEE B ARAL, WA A, g
PERE

4) BB B E S AT DU R ] S
AR RS TR AR, AR TR OR S 2 T AR )

R

REFERENCES

(1] &S 7 iEEM]L Kib: g K% i, 2014:
210-223.

HU Yue-hua. Mineral Flotation [M]. Changsha: Central
South University Press, 2014: 210-223.

(2] WCORW, AR, S, & VREAERT AN Bk ().

W= R4 5 H, 2003, 23(3): 44—48.
OU Le-ming, SHAO Yan-hai, FENG Qi-ming, et al.
Research and application of flotation column[J].
Conservation and Utilization of Mineral Resources, 2003,
23(3): 44-48.

[3] FEBIMK, PIrff. Fis R RIBR N D] B
EH b, 2015, 24(1): 115-119.

CHENG Qi-lin, LUO Li-qun. Development of flotation
column and its control technology[J]. China Mining
Magazine, 2015, 24(1): 115-119.

[4] Bk, EWARFEE TG LM — KEARARED]. +
E# L, 1995, 4(1): 43—48.

TAO Chang-lin. Jameson’s column flotation—A technical
breakthrough of flotation technology[J]. China Mining
Magazine, 1995, 4(1): 43—48.

[S] HARBORT G, CLARKE D. Fluctuations in the popularity
and usage of flotation columns—An overview[J]. Minerals
Engineering, 2017, 100: 17-30.

[6] ZHANG H J, LIU J T, WANG Y T, et al. Cyclonic-static
micro-bubble flotation column[J]. Minerals Engineering,
2013, 45: 1-3.

(71 B, WOMR, RERE, & FEHEBAR KRR

JE[T]. SEIEFAR, 2011, 39(1): 66-70.
CHENG Gan, CAO Yi-jun, XU Hong-xiang, et al
Development of flotation column technology and
equipment[J]. Coal Preparation Technology, 2011, 39(1):
66-70.



1038

hEA O RYR

2021 45 4 H

[9]

[10]

[11]

[12]

(13]

[14]

(15]

[16]

Bk, e BT[] EANEE IR
1991, 29(2): 8-12.

YANG Jin-long, WANG Yu-hua. New packed floatation
column[J]. Metallic Ore Dressing Abroad, 1991, 29(2): 8§—12
TP E. CPTIRIEM: TAE M K M) A C&ROET &
1), 2003, 55(2): 22-24.

ZHANG Xing-chang. The principle and application of CPT
flotation column[J]. Nonferrous Metals(Mineral Processing
Section), 2003, 55(2): 22-24.

P, KYZRZEFEHIER A1), A SR H4),
2002, 54(1): 20-23.

LU Shi-jie. Hydrokinetics research of KYZ flotation
column[J]. Nonferrous Metals(Mineral Processing Section),
2002, 54(1): 20—23.

JEIARYL. CCFV e i 2240 AN L i R A [I]. 7k TFE,
2018, 16(2): 42—44.

QING Lin-jiang. The application of CCF floatation column
in the floatation concentration of molybdenum and
tungsten[J]. Mining Engineering, 2018,16(2): 42—44.
KT, ShdkRE, £z, & FEEHEARESRMHI
R[N &JEH 1L, 2019, 54(6): 20-26.

SONG Zi-xiang, HAN lJi-kang, WANG Wei-zhi, et al.
Development and application status of flotation column
technology[J]. Metal Mine, 2019, 54(6): 20—26.

X g, skgsR, skA5se, . AL SRIEREAE S LAE
T AN L], 324208, 2019, 56(11): 7-11.
LIU Zhong-yuan, ZHANG lJian-qiang, ZHANG Shu-xian, et
al. Industrial application research of non-driven flotation
tank in bauxite ore dressing[J]. Light Metals, 2019, 56(11):
7-11.

Bk, FRIE 78 SRS AL AT [D]. B BUWHER
2%,2008: 109-111.

YANG Lin-lin. Development of ring-like inflatable flotation
machine[D]. Kunming: Kunming University Of Science and
Technology, 2008: 109—111.

UCURUM M. Influences of Jameson flotation operation
variables on the kinetics and recovery of unburned carbon[J].
Powder Technology, 2008, 191(3): 240—246.

JH g, HBGE, Tk . SBEIRLT IR AER)E,
2007, 59(2): 55-58.

ZHOU Ling-feng, FU Lian-hai, ZHANG Qiang. Efficient
flotation column for fine particles[J]. Nonferrous Metals,

2007, 59(2): 55-58.

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

SAHBAZ O, UCAR A, OTEYAKA B. Velocity gradient
and maximum floatable particle size in the Jameson cell[J].
Minerals Engineering, 2013, 41: 79-85.

ZARGARAN A, MOZAFFARI E, GIDDINGS D.
Gas-liquid slip velocity determination in co-current column
flotation[J]. Separation and Purification Technology, 2016,
169: 179-186.

LIS, LU D F, CHEN X H, et al. Industrial application of a
modified pilot-scale Jameson cell for the flotation of
spodumene ore in high altitude area[J]. Powder Technology,
2017, 320: 358-361.

ZHU H Z, VALDIVIESO A L, ZHU ] B, et al. A study of
bubble size evolution in Jameson flotation cell[J]. Chemical
Engineering Research and Design, 2018, 137: 461—466.

J R, ERE, Tk ORTRADEF AR BT E)]. &
JEH1L1, 2006, 41(1): 80-82.

ZHOU Ling-feng, FU Lian-hai, ZHANG Qiang. Study on a
new type of flotation column for fine particles[J]. Metal
Mine, 2006, 41(1): 80—382.

om, R, B R, S R S T
I8[)]). &JBH1L, 2009, 44(6): 64—68.

CHENG Yu, SONG Yong-sheng, LI bin, et al. Experimental
research on the column flotation of micro-fine pyrite
particles[J]. Metal Mine, 2009, 44(6): 64—68.

ENEESE, FE OH, S, & BEEMERET SGEF A
R[], 4R, 2013, 48(12): 151-155.

BAI Hai-jing, CHENG Yu, LU Hui-feng, et al
Comprehensive utilization and beneficiation tests of a
copper-nickel tailing in Xinjiang[J]. Metal Mine, 2013,
48(12): 151-155.

BILIR K, UCAR A, SAHBAZ O, et al. Comparison of
Jameson cell and jet diffuser flotation column[J].
Physicochemical Problems of Mineral Processing, 2018,
54(1): 174—-181.

A, WA, B, N Jameson T % % 4 ik JC
SR I SZRR[T]. FEAR THE, 2007, 54(8): 95-97.

JIAO Hong-guang, TU Bi-xun, LIANG Zeng-tian.
Anthracite slurry separation using Jameson floatation cell[J].
Coal Engineering, 2007, 54(8): 95-97.

KARAGUZEL C, COBANOGLU G. Stage-wise flotation
for the removal of colored minerals from feldspathic slimes

using laboratory scale Jameson cell[J]. Separation and

Purification Technology, 2010, 74(1): 100—107.



H31BE AW

O, 5

PRI EERRT 7S

1039

(27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

UCAR A, SAHBAZ O, KERENCILER 8§, et al. Recycling of

Colemanite  tailings wusing the Jameson flotation

technology[J]. Physicochemical Problems of Mineral
Processing, 2014, 50(2): 645-655.

REEE, TR, FEE, & e A O A 1 R
FH B Fedt e [J]. B =g I, 2016, 37(4): 6-10.
ZHAO Min-jie, FANG lJian-jun, LI Guo-dong, et al. State
and application of cyclonic static microbubble flotation
column[J]. Multipurpose Utilization of Mineral Resources,
2016, 37(4): 6-10.

BTUET, XK, 2= 4R, S5 RS E A
B KR B AT, R EA LR A Rk, 2010, 39(4):
617-621.

HU Wei-xin, LIU Jiong-tian, LI Zhen, et al. Research on
factors

influencing gas hold-up of a cyclonic-static

micro-bubble flotation column[J]. Journal of China
University of Mining & Technology, 2010, 39(4): 617-621.
ZHANG M, LI T L, WANG G C. A CFD study of the flow
characteristics in a packed flotation column: Implications for
flotation recovery improvement[J]. International Journal of
Mineral Processing, 2017, 159: 60—68.

WANG L J, WANG Y H, YAN X K, et al. A numerical
study on efficient recovery of fine-grained minerals with
vortex generators in pipe flow unit of a cyclonic-static micro
bubble flotation column[J]. Chemical Engineering Science,
2017, 158: 304-313.

&, HIMR, B, & B RIS R S e
FIEAH N 285, 2011, 40(3): 126-128.

LI Chao, CAO Yi-jun, YANG Xing-man, et al. Application
of the pulsed magnetic field in the cyclone-static
microbubble flotation column[J]. Metal Mine, 2011, 40(3):
126—128.

LIAO Y F, MA Z L, CAO Y J. Improving reverse flotation
of magnetite ore using pulse magnetic field[J]. Minerals
Engineering, 2019, 138: 108—111.

XK, /5, EKH, & - SR F sk
FAMEIERRT IR AT FT[I]. TR KA AR (A AR ),
2008, 39(2): 300-306.

LIU Jiong-tian, LI Xiao-bing, WANG Yong-tian, et al.
Experimental study on separating some molybdenum ore by
using cyclonic-static micro-bubble flotation column[J].

Journal of Central South University (Science and

Technology), 2008, 39(2): 300—306.

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Mroote, ek, A&, & VUG IR IR E
FRIEAE ML A i B AR FE )], A &8 G E84)), 2012,
64(2): 58—60.

CHEN Ke-feng, LI Xiao-dong, SHI Zhi-zhong, et al. Study
of joint flow of cell and column flotation applied in tungsten
rough flotation operation of Shizhuyuan’s plant[J].
Nonferrous Metals (Mineral Processing Section), 2012, 64(2):
58-60.

Zgtp, BN, KK FH. FCSMC-45007 V7 1 A 76 K it
V)T A XIS AT IR, 2015, 43(1): 52-54.

LI Jian-hua, LUO Bo-cai, ZHU Chang-yong. Application of
FCSMC-4500 flotation column in the second subarea of
Taixi coal preparation plant[J]. Goal Preparation Technology,
2015, 43(1): 52-54.

TR, Tk MR, BRMAE, S5 IR ORI R IR B
RRETTIA[I]. BARE L, 2015, 31(10): 66-70.

MA Zhi-min, ZHANG Hui, CHEN Xing-hua, et al.
Application status and development direction of flotation
column technology[J]. Modern Mining, 2015, 31(10): 66—70.
ZHANG L, DING Y G, JI J, et al. Particle residence time
distribution of collection zone in packed flotation column[J].
Advanced Materials Research, 2013, 781/784: 2195-2200.
BRI, BRICH, W, & KEREANFURIEH RS
TEMAN]. AEEBAEN D), 2014, 66(2): 65-69.

OU Le-ming, ZHANG Wen-cai, FENG Qi-ming, et al. Study
of gas hold-up in a horizontal packing flotation column[J].
Nonferrous Metals(Mineral Processing Section), 2014, 66(2):
65—69.

TR, IR ILAE LS ) A D] R )i
TR, 2014: 1-34,

WANG Li-wei. Research on flotation kinetic of packed
flotation column[D]. Wuhan: Wuhan Institute of Technology,
2014: 1-34.

EffZ, BRI, B4, & FREREEER T )T
3 T SR IR L[], B LI AL, 2014, 42(2): 97-100.
WANG Wei-zhi, CHEN Li-ping, ZHAO Liu-bei, et al.
Experimental research for application of packed flotation
column to reverse flotation of hematite[J]. Mining &
Processing Equipment, 2014, 42(2): 97-100.

Efbz, XNEME, KA. ERRMRE5RY RS T
RIFIRRIEHE T[], B P24 6 FIH, 2017, 38(6): 64-67.
WANG Wei-zhi, LIU Ze-wei, LAI You-bang. Experimental

study on cationic reverse flotation by flotation column of a



1040

hEA O RYR

2021 45 4 H

[43]

[44]

[45]

[46]

(47]

[48]

[49]

(50]

magnetite and hematite mixed iron ore[J]. Multipurpose
Utilization of Mineral Resources, 2017, 38(6): 64—67.
FEEME, XIMR, SMR, & SRS E5 Tk Re T
FEBRE[I]. EEHR, 2009, 37(2): 66-70.

GUI Xia-hui, LIU Jiong-tian, CAO Yi-jun, et al. Current
study and development of structure and performance of
bubble generator[J]. Goal Preparation Technology, 2009,
37(2): 66-70.

MREKR, BRMTE, M, & WO R A SR
Lit[1]. R TS5 465 H, 2008, 25(2): 19-21.
CHEN Zhi-you, CHEN Xiang-qing, LI Wang-xing, et al.
Research and development of flotation column bubble
generator[J]. Coal Processing & Comprehensive Utilization,
2008, 25(2): 19-21.

AR, e S a8 R 7 ARG 5 73 ik 15
WEFLD]. M P E LKA, 2017: 8-21.

LIU Jia-lin. Study on inflatable mode optimization and
separation of cyclonic-static micro-bubble flotation
column[D]. Xuzhou: China University of Mining and
Technology, 2017: 8-21.

LAHEY A E, CLARKSON C J, BRAKE 1. Microcel™
flotation column modelling[J]. Coal Preparation,
19(1/2): 83—113.
MRV, ki,
2000, 20(3): 1-5.

1998,

FIEAEKPE RS A D]. 576 TR,

CHEN Quan-yuan, ZHANG Jing-sheng. A study and
application of flotation column[J]. Mining and Metallurgical
Engineering, 2000, 20(3): 1-5.

MESA D, BRITO-PARADA P R. Scale-up in froth flotation:
A state-of-the-art review[J]. Separation and Purification
Technology, 2019, 210: 950-962.

&%, WO, TR, S TR AT IR R BT
ENBEEREFI]. Bk T, 2011, 58(8): 87-89.

LI Biao, XIE Guang-yuan, ZHANG Xiu-feng, et al. Study on
mathematical model of clean coal product quality and
quantity from floatation column Coal
Engineering, 2011, 58(8): 87—89.

BB, BT A E R IKY Z-B B V7 i A 1R 00 10 B 4 2
BTN, 50 (0], A & R LT #)), 2015, 67(4):
72-74.

separation[J].

HAN Deng-feng. Establishment and analysis of

mathematical model of test selection for KYZ-B flotation

column based on the feeding rate[J]. Nonferrous Metals

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(Mineral Processing Section), 2015, 67(4): 72—-74.

YOU X F, LI L, LIU J T, et al. Investigation of particle
collection and flotation kinetics within the Jameson cell
downcomer[J]. Powder Technology, 2017, 310: 221-227.
IB-ARFEHT, B =, W H. KRR RRE].
[ 4h &8I L, 2006, 44(9): 23-28.

YANATOS J B, CHEN Yun, YU Tian. Characteristics of
large size flotation cell[J]. Metallic Ore Dressing Abroad,
2006, 44(9): 23-28.

#HEH, & B, ERR FERIRKEZEEE A s R
G ATSEIRT]. EBERR, 2013, 41(1): 75-78.

DONG Zhi-yong, LI Lu, WANG Ran-feng. The design and
implementation of automatic control system of flotation
column froth layer thickness[J]. Goal Preparation
Technology, 2013, 41(1): 75-78.

TIAN Y H, LUAN X L, LIU F, et al. Model predictive
control of mineral column flotation process[J]. Mathematics,
2018, 6(6): 100.

MASSINAEI M, JAHEDSARAVANI A, TAHERI E, et al.
Machine vision based monitoring and analysis of a coal
column flotation circuit[J]. Powder Technology, 2018, 343:
330-341.

JAMESON G J. New directions in flotation machine
design[J]. Minerals Engineering, 2010, 23(11): 835-841.
B, AR M]. b B ek R, 2015:
1-14.

SHEN Zheng-chang. Technology of column flotation[M].
Beijing: Metallurgical Industry Press, 2015: 1-14.
JAMESON G J, EMER C. Coarse chalcopyrite recovery in a
universal froth flotation machine[J]. Minerals Engineering,
2019, 134: 118-133.

RMEYE, S A, PR, SRR e A I A T
Hl SR R[], 516 LFE, 2012, 32(z1): 46-48.
ZHU Chao-ying, YI Luan, CHENG lJian-guo, et al.
Development and experimental study of a new electrolytic
microbubble flotation column[J]. Mining and Metallurgical
Engineering, 2012, 32(z1): 46—48.

WKE, Fu, KXE, & BRSO
SN A5k BCRT A B IL P, 2015, 43(3):
99-102.

HE Chang-ying, LI Yan-feng, ZHANG Wen-jun, et al.
Structural introduction and effects study of new-type

inflatable cyclonic micro-bubble flotation column[J]. Mining



95315 4 O, S FRENETS N 1041

& Processing Equipment, 2015, 43(3): 99-102. Structural design and comparison test of laboratory type ring
[61] H#kHk, FBHE, T, LI SIFEYLN L inflatable flotation machine[J]. Value Engineering, 2012,
R RSB L[], M E AR, 2012, 31(14): 47-48. 31(14): 47-48.

YANG Lin-lin, TANG Xiu-ying, NING Wang-yun.

Research and application of flotation column

WANG Bin, JIANG Hao

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: With the continuous development of domestic mineral resources, there are more and more refractory
ores with low grade, fine grain size and complex mineral composition, which puts forward higher requirements on
the performance of mineral processing device. Flotation column is an important flotation device in flotation
technology. It has the advantages of small investment, simple structure and high efficiency. It is of great
significance to resource utilization. The basic structure, basic working principle and main operating parameters of
the flotation column were introduced. The development history and classification of flotation columns were
summarized. The basic structure and working principle, advantages and disadvantages, research status and
application progress of Jameson flotation column, Cyclonic-static micro-bubble flotation column and Packed
flotation column were elaborated. The bubble generator, mathematical model, scale-up and automatic control
research progress of the flotation column were summarized. The characteristics and application of several new
flotation columns were introduced. Finally, it is pointed out that the future development of the flotation column
should be the development and application of bubble generators, combination of comprehensive force fields,
mathematical models, scale-up and automation.
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