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Fig.3 Schematic diagrams of aeration volume test using drainage and gas collection method

BRI A ) AT AR XS AT Y 8 NI AR (AL T L
K4), MSCIHABIEETEIL R 1,
F1 IERRERSEERJ RESHME
Table 1 Flotation equipment air filling volume J,
and air dispersion 7
V¥ RAEE ) AUy
ISE/s (mfem ™ omin™") HOEE 7

Pl 42 P e

Mk 2 & Wk 14.27 0. 84 2.83
%51 & Wl 3011 0. 40 6.09
MIEZSE 1 & FEL 19.69 0.61 9. 30
HEAKR=% 16 WEHL 19.85 0. 60 10. 33

B4 FENZSHOBPERRSENES

Fig.4 Flotation cell air dispersion and aeration

measurement points

W25 R 7 R R P e A S5 4% KYF - 100
RN 2 S B Bt 2.0, & R
A SO EUERE

R ORI T HSC3E R A R I 3 R FH A v 1 5
A, DABHROVF 5 R AR L S ], e R —
78

WEEL0Om'/(m* -min) ., HE, B ARG YPE
B2 5 i AR AR AR e, B, #il
I AT HOM , 8 W i R R IR S S
AL PR BR A Y DGR LA, HE AN A A 7 S B
3.2 ERMEKEREENZN
ARG B AN S PR, YR TR
PEFEAE IRHELLT 0.9 m 0. 6 m A% AR 3% — 58
1 BIFEILE R IELLT 0. 85 m 0. 55 m % m 47 HL
(= C £ Wb s | 31 i a1 B 1
AR =% e BeE R VAN

Bs5 SEfmEihils

Fig.5 Measurement positions of air bubble loading

%k d5Smx10 m TRIEAE N 2 A AT AR
s PR B ST RIS B 28R DL 3 2, B T BT A% R )
(73 BHE AL REH & A3 A g T UL 6 ~ 8.,

SERFH HEVE) 5 m x 10 m PELEAE TP H™ 1k
SN HE 0.9 m EFF2 0.6 m 3 2, 4H
i oF B TR ARG, (H A0 5 2% 1h 16,80 /L i M &



WA . RBLERE P28 3l g 2 il b 3 #r

F2 HHiE ¢S mx10 m FEHSERFNLER
Table 2 Rougher ¢5 m x 10 m Flotation column

air bubble loading test results

P T
Y;I/_'%E"Z/m % (g_ L -1 )
. 0.9 0.79 16. 80
0.6 0. 68 23.82
80
70k [ B3 i i20.9 m __
[ #R % i 3E0.6 m
60
5, 50
2
M- 40
£
30
20
0
+74 —74+38 _38

R/ pm
6 FHIE 5 m x 10 m FREKBABRR RN
Fig.6 Rougher ¢»5 m x 10 m flotation column bubble

loading particle sizes mass-pull distribution

[ B HE0.9 m
[ BH%3 7 HE0.6 m
0.8+ ]
S 0.6f
E
2
F 04t
0.2+
0
+74 -74+38 _38
B4/ pm
7 HBIE ¢S m x 10 m PSSR
L5

Fig.7 Rougher ¢5 m x 10 m flotation column bubble

loading particle sizes Mo grade distribution

23. 82 g/L; TN AR TP 43 + 74 pum 0% [ AR SR
A HLETE (& 6) , 12 I b v A5 31— 52 72 B 1Y)
EAHEE 7) AAEH SR 5 R (R 8) , RIS
3 v TSR A ok A ] B2 A 8 40 L UKL BH 7 ) %
AR K VTR DX B 75 A AR A — 38 um KGR
PIRURLAE M AR TS TR RS T
(K6 & 7)), (45 I 5 A7 T AR 485 7 [ 4 JB0RE 184
Z R ERETE

80

70

60 N 32
N I HE%5 7 0.9 m
gl S0 ] Bk 120.6 m
< 40l
1 40
iiﬁ 301

20

A [

0
+74

-74+38 -38
B4/ m

E 8 #HiE ¢5 m x10 m FEEFESRAAHERHA
cBESH
Fig.8 Rougher ¢»5 m x 10 m flotation column bubble
loading particle sizes Mo metal content

distribution

K6~ 8 nf I HLEE 65 m x 10 m PFHEAE
AR A0 v AR G ) 7 R R 4 o o LR
e, PRDREZR P U o PSR, AL PN S 0 20 2
TR PR A B 67 2R 0 R X 800, S5 B R 1K BH
Y b i RRURL ) £ 2 BB ) A8 , TRk
PR Wy % AR R TE R B PRI
HLAEE— KYF-100 JFREHLN 2 A0 i85
B, AR A O S R AR B R W3R 3 R,
il R T AT 285 2R A0 45 25 9 10 7 2B b L S BH 46
J& o3, 3B ULIE 9 (& 10 A 11,
3 HEE— KYF-100 FENSEAHVRER
Table 3 Test results of bubble loading in rougher-
scavenger I KYF-100 flotation cell

o B ¥ i M, AR/
- W/ m % (g'L7Y)
0. 85 0. 51 29. 17
B
0.55 0.41 31.93

M3 5RO E M E—1E KYF-100 773
LR S IS 37 HE 0. 85 m B FF2 0.55 m 2
Frp SR BB A AL AR AR R AR K Ho R
WA Ny 29. 17 ~31.93 o/L, W00 b THd 72
YRR SR RS BV RE R4, TTH R T

B9~ Bl 11 R, A E—/E KYF-100 7%
AL AL WM IR R HE 0. 85 m EFFAE 0.55 m
TE AR AEAS R4 I IBORE 1) A [RDAE 5™ i 1) 7 8K
AT H AR, o + 150 wm KL BT

79



ik 2025 AR5 4

#— [ HE0.85 m
A —o— BB HE0.55 m

1 1 1 1 1
+150 1504109 —109+74 -74+38  -38
REGR/ pm

B9 fA13i%— KYF-100 iZiE 4S8 5 3l
BRRF=ES
Fig.9 Mass-pull distribution of each particle size in the
bubble load test of rougher-scavenger I

KYF -100 flotation cell

141

1.2 —=— [F i i H0.85 m
—e— IR %S HE0.55 m

+1K50 ~150‘+109—10§+74 —74I+38 ~§8
AL/ pm
B 10 #H3i%E— KYF-100 ZEHSi8E 2 H M
BN REAMMS T
Fig.10 Mo grade distribution of each particle size in
the bubble load test of rougher-scavenger I

KYF -100 flotation cell

LRI dT Eftﬂtﬁtﬁ%m}%{‘ﬁu/ﬁ}%%%ﬁ

T S, SR WDHDRL ORI v LA KA o 32 BRIl R
HUREHT P03 T R0 L3450, i - 150 wm A
PR MR, B b A AE Lt B izoni g
P ARAS B RS 5 R NKCA RT3 A A
[EEEIERN) S
3.3 FRBEZEHARSSENTM

VERRR LSS | SR HLVE X 4, fE iR

WHE3. 7 m3.2m27m2.2m.1.7m. 1.2 m,
0.7 m 37 IR, AT RAE ([ FR 500 mm) £
RS N = O = TR W 1 3 B AL o= T A
BRSO . HFE — KYF —100 7[R VR BE B 3 vk BE 4%
A R RRE RS 2 A 12 ~ 14 Fs,

80

501
—=— B i E0.85 m
40k —o— {5 FiHE0.55 m
I
)
o)
17 30+
i
1
4201
=
10

Il 1 L Il 1
+150 -150+109 -109+74 —74+38  —38
AL um

B 11 fEE%E— KYF-100 FiEN S8
MK ERRECEES T
Fig. 11 Mo metal content distribution of each particle
size in the bubble load test of rougher-scaven-
ger I KYF-100 flotation cell

50r

45
40} u
35k /././././

25F

HePE /%
@

20 1 1 1 1 1 1 1
07 12 17 22 27 32 37
A AR S /m

E12 #EEE— KYF-100 RERET RRED
Fig. 12 Distribution of pulp concentration at different
depths in rougher-scavenger I KYF-100

flotation cell

80r ,
70k +%(ﬁfi§37m ﬁ

60

I 1 » L ]
+80 —80+100 -100+140 -140+200 -200+400  -400

R/ pm
B 13 % — KYF-100 iR 22450

Fig.13 Particle size suspension characteristics of rougher-
scavengerIKYF -100 flotation cell



WA . RBLERE P28 3l g 2 il b 3 #r

\. —
10+ L]

0.7 1.2 1.7 2.2 2.7 32 3.7
B i MR AL /m
B 14 #E%E— KYF-100 ZENS SRS
Fig.14 Distribution of air hold-up in rougher-scavenger
IKYF -100 flotation cell

FE 12 ATLAAS M % — KYF - 100 77 3EHL
R PR 50 P i I T 108 il /N T B, BBUAR: e R Ak
il fe Ak () e i 22T 10% | A7 R Il B2 43 )2 PR
%o B 13 KW SRR AT P BOR AE I E— KYF
~100 V7 EALRE P 20 A7 5 R 3475, T B SR 40 Sk
SRS, B 14 25 R M4 E— KYF-100 %
TEALAN [R) R 2 AT L 7 = 3 Bl R B 1) e AR T 220 ¥
I, X AE R TE 10% ~ 16.75% , Fe v BE % 0 42
0.7 m ZbZ e HE s ) H B2 1K 2, A Rk E
K, N 26.67% ,

g5 I, R IR B — KYF 100 P7EHL
SRR A XT 4 5] RN TC W S R o 2
MG ABLFERBORE 2 G , vl B8 454
T (/R R G GE ) S ERAE S B0 1 6
(el e B/ S B IC L ) | SR S ) 34 51 B 07
T G
3.4 WREERES AN

2 P IR A R & 15 Fros, B 1S &
N AR 2 YO ST DU BT A5 9 5 3R TR R 2 i 1Y
WA B Rl A i 4+ L, B Ak
2o AR, 2 ORTD W A 17 2% 455 B3 1 [ 43 331 oy
46. 13 min f143. 69 min, HF-{H N 44. 01 min,
AR FHAT R R E 1 6 &5 KYF-100 FEIEHL,
I A 55N, 0 5 345 B8 sl (] (B3
FEETE]) 2 44. 01 min,

SRR R A A X=X (3) B,

t=nKV/(Q (3)

Koo HIFEAUREE V RTRENU LT AR K R iF
EHLAMERAB (A AEEI 0.8 ~0.85);0

I ! ! I

Il 1 1 1 1 I}
=20 0 20 40 60 80 100 120 140 160 180
[ |] /min

E15 #EEEMED RTD MK R
Fig. 15 RTD test results of rougher and scavenger

process

R AR
ARIMIA n=6,K=0.85,V =100 m*, Q =
13 m3/mln,1|2ig{%liﬂﬂ‘lﬁﬁ+%j‘7 39. 23 min,
AR (44. 01 min) MAH A AE (39. 23 min)
9 112. 18% , W] 6 & KYF -100 %3 HL N ] fE1F
FESAT X (BEIX)

4 g

AR YR AT X ek A IR T A TR, @ R
GeMER I e B J 2 IR Ao B, A5 Y TR T2
TEAER AR O B T 4RV sk R A 3 Ty 2, 32
BERIT

1) A M AR SRR i R =
40.84 m’/(m®-min) , 55 KA HUE Ky 2. 835 MLH ik
YEMLFESEN0.4 ~0.6 m*/(m® min) ,HEMHE
U1 28 S BRI

2)EIFRE S AL % — KYF - 100 kLA
R DN U g R Ak T i i A 4 VR S 25 3T 10% , 47
R &7 =i R E D W KT vags =33 1
PEAN 3 AR W AE 10% ~16.75% , Bk
A FIXF 5],

3) HLASURL TS BE 77 <MLL b5 m x 10 m VEREFEFE
N AT XT Ak 2 AT ) kL B 17 2% 68 ) ek, HAH 4
J 5 o H R R 73% |, GHRLRE 20 T  fY [RD R  B
55, FEBN R LR AR 0 ) 8 AR IR AERE S
Fhad A rp BB 7% 5 B e — KYF -100 3L
TR A ) 1 T R B8 ) B, KR U
EFELIKAAE,

4) 45 R B ) 43 A 43 AT - £1 X 6 £ KYF - 100 72

81



ik 2025 AR5 4

BEALUEATAY 2 Yk, BT A5 0 45= B4 B 1] o3 A il 4 2
A EYEYE, S5, PRI N i 8 K 45 B
] 4K YK A 46. 13 min Fl 43.69 min, ¥ ¥ {H K
44. 01 min , &AL {5 B INF [A] Y 112, 18% , RIS 43
KYF-100 FEZEHL N AEAE“FEIX
SR, R R A S BOSCR DL R IR
B RWIR L B A M58 - 8 F1%.0 RGP D) g
RAF, 2 P& X RDRE 4 [ E I i Ik 45
SRR VR BT T AR G ) 1 TR R R4, 7
TEAILXT TR [T Do 38, 45 B8 B[] A7
R ENLNAEAE—E I B SR AE X HB 43 IX
B SRS AT REAETE IR, £ 2 A TURE AU | 5 22
ARG LS5 U A PR LR A 0 N S R i
[ B30k ]
(1] FEARBH. TR BT T VA A R A T4 A Pk e bF
W[I]. BEEE,2023,39(4) 25 -29.
[2] fal A, Mo A7 /0 e, BB 3k 0 1 20 AR AR AL BF 5%
[1]. AR 4:7HE,2019,35(3) :34 - 37.
[3] e, mtEde, ata). B m sk a0 17 T 2 Ak
KT RFFE[T]. = REiR 4, 2024,53(2) :58 - 63.

[4] iR, &AL A RS TZ2IRHTT]. T E4H
Al ,1999(6) .42 —45.

[5] Sl , B8 R QR BBk IR 16 30 7 2 K B 40 B
[J7. BI85k, 2023 44 (5) .8 - 14.

[6] BE2p3% Bif, b, & PUEkRLE ek EdLEh /)

SFRREAMIT]. WERPLER, 2019,40(2) 197 - 101.
(7] K&, BeRY, A, 2. 320 m® HIRSEFEYLE S
FPEREIF AN TR 1], B71R,2019,28(4) 1118 - 125.
[8] i, Sl TRARIY , 5. A 00 3 00420 0 B e
NI A e E (D4 ) ,2020(1) (91 -97.

(9] TRBLE, ST, R AR, 45 KAWL 207 e ML Py

A BIF AR 1], B AL 8 (T H5r) ,2009(4)
37 - 40.

[10] FRERZE ATMOE, BR K, 45 SHLEZEME KYF-320
PRSI IR ()] A EEE (LT3,
2019(5) :102 - 107.

[11] XMfEE, 24 22t B A5 BLAR 4 81 0 ik 5 i 3 A Y
(7). FE® I TH,2008(1) :10 - 14,43.

(127 WEHAA, S804 | A4k, HIF — 130 FF e HLLE 5 B AT ik 4
st SR T]. A G IS (R Ar) ,2023(5)
113 = 119.

82

Flotation dynamics test and analysis of large molybdenum mine

HAN Zhibin', MA Chonghan®, LI Henggian®, HOU Xiaoan’
(1. BGRIMM MAT ( Cangzhou) Co. , Ltd. , Cangzhou 061100, China;
2. BGRIMM Machinery & Automation Technology Co. , Ltd. , Beijing 100160, China)

Abstract: In the molybdenum beneficiation process, the combined use of column and cell ( joint
application of flotation column and flotation cell) is generally regarded as an efficient and advantageous
technological process. Molybdenum flotation recovery is faced with characteristics such as fine embedding
particle size and high oxidation degree of ores. Aiming at the existing flotation process, the flotation
dynamics tests and analyses of molybdenum flotation column and flotation cell were carried out. The air
dispersion test shows that the air dispersion degrees of each flotation cell and flotation column are all
greater than 2, the air is uniformly dispersed on the cross-section of the tank, and the air dispersion effect
is ideal. The bubble loading rate test indicates that the shedding probability of coarse particle minerals
during the upward transportation process is small, and the recovery effect is good, while fine particle
minerals are not effectively enriched, and the recovery effect is poor. The slurry suspension capacity and
gas holdup tests show that the overall distribution of gas holdup in the flotation cell is relatively uniform,
there is no obvious particle size stratification in the tank, but there is a slight concentration stratification
phenomenon. The residence time distribution test results show that the actual flotation time is longer than
the ideal flotation time, and there may be dead zones inside the flotation cell.

Keywords : molybdenum ore; flotation; air dispersion degrees; bubble loading rate; gas holdup; slurry

suspension ; residence time distribution o
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accident flue and sent to the subsequent dust collection and desulfurization system. Based on the process
flow and characteristics, the paper developed a spray cooling box for flash furnace emergency flue. High
temperature flue gas enters from the bottom of the box and flows vertically upward. The atomized droplets
are sprayed vertically downward through the nozzle and downward in the direction of flue gas flow. The
two countercurrent contact, mix, and exchange heat in all directions. The tiny droplets quickly evaporate
and vaporize under the effect of high temperature of flue gas. The sensible heat of flue gas is converted
into latent heat of water vapor, which makes the flue gas temperature rapidly cool to the required
temperature and then flow out through the top exhaust port. Through the practical verification of the flash
furnace production in the copper smelting technology improvement and renovation project of a certain non-
ferrous group, the overall layout is reasonable, the process flow is smooth, there is no liquid water in the
cooling box, and various technical indicators meet the design requirements.

Keywords : copper smelting; flash furnace; accident flue; high temperature flue gas; spray cooling box
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Study on corrosion resistance of copper/aluminum dissimilar metal
diffusion welding joints

TIAN Jipeng'”, DING Yunlong'*, SHAO Wenjie'>, CUI Shiyi'”, ZHUANG Zhiguo’ , HAN Bing'~
(1. School of Mechanical Engineering and Automation, University of Science and Technology Liaoning, Anshan 114051 ,China;
2. Liaoning Key Laboratory of Special Machining for Complex Workpiece Surface, Anshan 114051, China;
3. Chongyi Zhangyuan Tungsten Co. , Ltd,Ganzhou 341000, China)

Abstract; In the study, the vacuum diffusion welding process was used to successfully weld T2 copper
and 1060Al. The scanning electron microscope and energy dispersive spectrometer were utilized to
analyze the microstructure and phase composition of the diffusion layer. Corrosion immersion tests and
research on the electrochemical corrosion performance were carried out in a 3. 5wt% NaCl solution to
study and compare the corrosion resistance of each diffusion layer and the base materials. The results
show that a diffusion layer composed of the AlCu layer, Al,Cu layer, and Al,Cu, layer was formed at the
interface of the T2 copper/1060Al vacuum diffusion joint. The corrosion resistance varied in different
regions of the diffusion layer. The corrosion degree in the diffusion layer region on the copper side was
relatively mild. In the diffusion layer region on the aluminum side, the pitting holes developed into pitting
pits, and with the passage of time, irregular deep gullies were formed, which eventually developed into
exfoliation corrosion. In terms of the corrosion resistance, the base materials and each diffusion layer were
ranked as follows: T2Cu > Al,Cuy > AlCu > Al,Cu > 1060Al.
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