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PRI BT FH — /K BEEE A A ) AT R /NG, BT
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#or. WAL ER TR 1 Pros. B3R 1 A5,
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Table 1  Chemical analysis results of diaspore (mass

fraction, %)

A1203 8102 TIOZ Others
70.400 1.206 8.712 19.682
Stirrer
==

Container

T2 KBRS AR R R

Table 2 Particle size of diaspore analysis results

Dyp/um  Dsy/um  Dgy/um  Volume average diameter/um

2706  11.371 35.475 15.825

XTGBT FH 25 77 % 4 NaOl. HC1 F1 NaOH %) 443 4,
58 P KN — IR Z&1BK o

1.2 RIWTFE
12,1 Ak~ 4E

PR = A2 B W 1 FoR. ERHNA 14
mm R E % 5 (WT—-600EAS), 2L IS,
WRABRMBRBAE RS . BRI MAK 1400
mL, AN FREE RS, R pH Je K iaim A £
BEPE . Bk 3 min 5, BIERBANB IR A
o WEAMARF R, FRESIE, WIRIKIRE
SIS R 2SR RS, SERCEAMEIR T
o THAEFE—E R E S, DU TS SRR I ER
FIERE . SHELYERWE 2 B, HIgEmR s
MZHWE 3 fis.

[Mastersizer 2000/
/ Malverm Nano ZS90;
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Fig.1 Schematic diagram of micro-nano bubble generation and detection system
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Fig. 2 Physical map of cavitation pipe
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Fig.3 Schematic diagram of cavitation pipe throat structure
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AL RT3 B R B0 R {X (Mastersizer
2000). IER WAL TERUS , SN R VR ARl
KAWWRA A AFEZAF T EEME 3 R, HBCFY
(ER(ES 2SR
1.2.3 AR H AL

K Malvern Nano ZS 90 g4k Hii 4% B AL 20 H A
BRI Em B ARG R, e
b W B RROE A ) 162 m/s, Bl EIKEE RN 2X
10°* mol/L [y BREN I B2 KRG AL EE 3
min. FFEEALEESERL, HHEL 200 mL 530, &G4
FELS A2 FE 10 min J5 FHHHEL 5 mL AT Zeta B8
AL AfE pH EAMFEENE 3 ), BCFMELNE
NI EAE
1.2.4  SRIH5K 700 E

K GBX3S MIE AR MR IR /T BEHIAS [FR
FERTM RN, S EGE A, B30 mL 0N
N EIRE SRt b, ARE iR E Rk Sy, R
JERQ25+2) 'C, BAFKMAEZIRLE 3 K, BCPHMER
NI EAE
1.2.5 B kil

R 160 mL XFGu B R L. ARG
H4mpi — /K454 8 g» I 152 mL AL ECE A=Ak
(1Rt R VA T AL BT BT 2R o PRIENLIE 1400 r/min,
Froeditbk 3 min, 7% 5 min. SVRHTLENE, &
LTI PR S e, M, ARE, TREECE.

2 ZER5THE

2.1 RSB RAR
2011 JHTR VAR T S oK S R A R 5

B 4 BT AR A P o e K S RS A A 1
SoM . R 4 WA, VAT R R R R, BRAK
I RSF AN o AT ERENIR BEIA ] 2 X 107 mol/L
i, S A AR RS EEAEFLE 10~100 um JEH]
P, RIS BT GOR G R A IR
5 B (D AR -
P=Ps+2y/R (1)

X POV P SIS STy
R TT; R N ERST .

WRAEA K- BT R AT AL, e AR )
TREFAVAEIT, VBRI A7), RN,
B 5 FT7 e R B A JRE o R T 5K T ORI o

a0

o 0.5X10™ mol/L
80 —4— 1.0X10™* mol/L
v— 1.5X10™ mol/L
s 2.0X10™* mol/L
60 —« 3.0X10™* mol/L
—— 4.0X 10 mol/L

40

20

Cumulative volume distribution/%

?0’2 107! 10° 10! 10? 10°
Bubble size/um

B4 RN B AR = RT3 A R 5 R

Fig. 4 Effect of sodium oleate concentration on size

distribution of micro-nano bubbles (Nature pH, v=16.2 m/s, =

3 min, aeration rate=0)
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—e— Cavitation solution
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Surface tension/(mN-m™)
N
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5 IR BAIR S RTAAR TH 5K 70 (R 5 )

Fig. 5 Effect of sodium oleate concentration on surface

tension of solution (Nature pH, v=16.2 m/s, =3 min, aeration

rate=0)
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IR TH 5K J 0 T B IS R RS 20 AR N )
FEFHZ —. [, XUEET R, mikE
FE AN BE ] SRR K HeIFAT 9, X
FEA R TN R .
2.1.2  pH XK SRR J3 A R 5

Bl 6 iy pH SN K R 73 A6 152
M 6 FIH1, BEFIAR pH T, TRAUK IR TR
N BRYEZAMETT, WP AR BRI RN 2 A
100~1000 pm DX[A], T sRVEFBEPE ST, A
B RS EE T AE 10~100 pm [X (7], H pH>9.2 I},
B AR PRSI A B X 5 T RN 1) A L e
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TGRSR T A A K. MR & — e It
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T R SRR — 1, T e S 2
TR, BT MBI EE TN, TR AR
B, XU FBUERM SIS B 7
B NAK SR H FA R pH 784, e 7 /]
AN, FE pH 2 & 12 HYIKIX RGP, AR i B AL
BrntE, H¥EW pH BROR, AR RO
X KO BEVE MR pH THEr, R AERE R T 1) OH %
BN, S G SRR I SR IR A HE T T
RS SR RHFEIL G, ARSI AN

LY

o pH=6.5
80 ——pH=8.0
v pH=9.2
—e—pH=10.0
60r —« pH=11.4

401

20

Cumulative volume distribution/%

0 “ 1 I
1072 107 10° 10! 102 103

Bubble size/um
B 6 pH XK R 74 iR
Fig. 6 Effect of pH on size distribution of micro-nano bubbles

(¢(NaO1)=1X10"* mol/L, v=16.2 m/s, /=3 min, aeration rate=0)

Zeta potential/mV

|
D
S
T

_80 | 1 1 L 1
2 4 6 8 10 12

pH
7 pH XK R T A AL R
Fig. 7 Effect of pH on the surface potential of micro-nano

bubbles (mainly nanobubbles) (c(NaOl)=2 X 10* mol/L,

v=16.2 m/s, =3 min, aeration rate=0)

2.1.3 BRI PR IR 734 KR
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BRI EE I R, TR AR R R R R
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FERE RN 24925 A W AR VL I L I3 K, VRO
RIS T30/, T 7722 (K36 KA A% th A Rk
AR SELRR, KRSl T R EEK,
BRI 73 /N2, 23 (S R e B AL e A B B 2
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2.1.4 AR AR Rl oR I RS 73 5

K 9 Bl A T A oK IR RS A K52
LR E < RN AT P R A NI U AR S AL T ek Satie]

100 F

—a— v=9.9m/s
o v=11.5m/s
—a— v=12.9m/s
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60 F + =162 m/s
—— v=17.4m/s

80
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Cumulative volume distribution/%
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B8 LSRN K RS 2040 (5

Fig. 8 Effect of cavitation intensity on size distribution of

micro-nano bubbles (¢(NaOl)=2X 10 mol/L, nature pH, =3

min, aeration rate=0)
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Fig. 9 Effect of cavitation time on the size distribution of

micro-nano bubbles (¢(NaOl)=1 X 10 mol/L, nature pH,

v=16.2 m/s, aeration rate=0)
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TGRS A . Pk, EH 1 a
ERFERAESOVEE,

100 F

—=— Aeration rate: 0 ..
—e— Aeration rate: 0.1 L/min .

—a— Aeration rate: 0.4 L/min
—v— Aeration rate: 0.8 L/min

80

60 -

40
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Cumulative volume distribution/%
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1072 107! 10° 10! 102
Bubble size/um

E 10 ASENMGUK IR AT 20

Fig. 10

103

Effect of aeration rate on size distribution of
micro-nano bubbles (¢(NaOl)=1X10"* mol/L, nature pH, =
3 min, v=16.2 m/s)
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RS A A 5, X BRI R o
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Fig. 11

Effect of placement time on size distribution of
micro-nano bubbles (c¢(NaOl)=0, nature pH, =3 min, v=16.2

m/s, aeration rate=0)
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£ 06|
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Fig. 12 Effect of bubble size on collision probability between
particles and bubbles
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Fig. 13  Effect of micro-nano bubbles on flotation behavior of

fine-grained diaspore minerals
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Micro-nano bubbles properties induced by hydrodynamic cavitation
and their influences on fine mineral flotation

LIAO Shi-shuang, OU Le-ming, ZHOU Wei-guang

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

Abstract: By using a homemade micro-nano bubbles generator based on hydrodynamic cavitation principle, the
properties of micro-nano bubbles generated and their effects on the flotation behaviors of fine diaspore minerals were
studied through laser particle size analyzer, Zetasizer and surface tension meter, etc. The results show that hydrodynamic
cavitation pretreatment of sodium oleate solution(NaOl) can produce micro-nano bubbles in the bulk solution. With the
increase of NaOl concentration, the pH values of solution and cavitation intensity, the average size distribution of
micro-nano bubbles in the solution continuously decreases. When the cavitation time is short, submicron and nanoscale
bubbles can be formed in NaOl solution, while as cavitation time raises, the average size distribution of bubbles in the
solution system increases. The additional aeration provides a large number of gas nuclei for the cavitation system, which
promotes the generation of a large number of micro-nano bubbles in the cavitation process, and the bubble merger results
in a significant increase in the size distribution of the micro-nano bubbles. Micro-nano bubbles have good stability,
especially submicron and nanoscale bubbles, which can stably exist in the solution system for more than one hour. Lastly,
the introduction of micro-nano bubbles in the flotation agent solution before flotation can significantly enhance the fine
diaspore flotation, especially at low agent concentration.

Key words: micro-nano bubble; hydrodynamic cavitation; size distribution; flotation
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