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Fig. 1 Mechanism of ultrasonic-activated OHA in

enhancing bastnaesite flotation™®’
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Table 1 Process parameters and leaching rates of ultrasonic-enhanced leaching towards various metal ores
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oz SR it N 50 W,25 °C,20 min 93. 89 [23]
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TR PSR AR AR R IR T2 [k B R Y
B ERBR U 1 mol/L IR 40 C M P ol R
20 W32 I E] 60 min £ . LR R i
95% . Tian J. L. %5 DL AL BE RO = 1
I o SR R 7 U i Ak 12 B R B B B A e v Y
TR, 25 2R B 8 P Uk s b 1 A 1R R g
F+ 5. 28%, #LR MR F 11%, B € 6 E
110 minfi % 2 50 min, 7E & B o 0 £ 55 42 26
J5 1T, Yuan J. S50 58 o 8 R O 0 10 R 5 R 12
BRG T20 B 92 B e e 1 ik 40 B 42 T 22 97. 53 %4,
T LA A TR A 1 T B A RE R AR, S B T B A
P AR . Chen X, W. 2505505 88 /5 i 5] A K
BHAR 2 A7 88 10 77 16 43 B ot AR L 26 P AR B 30 min
Jei A AR DR DA 86, 22 %6 & 11 2296, 24 %6 X ST 4R
JEHL T RETE o A AL BR R SR KA C—O B L
e A B TR A AR TR,

PTG H W A B VRS R AR, DL
Bl VBREEEROLE PN — A Z R, I
ELA A% e 0 T () o e A AR e R v 3
A8 P I Ak B L A B IR IO 1) P R AR S 3R
Ttk 2 B 2 DA 42 i L oA i 4 e iR

UM Wang J. J. S5 ) FH 8 7 I 0 B R A A
PRAPIRE I A A0 390 e (i 4, A R 7S I TR 200 W
WA AR 5 mL/1 g 32 HEFE 1 h 32 1R
B 60 ‘C \H, SO, ¥ 60% , #5110, 1 mol NaCl 4%
PR AR R TE 9906 3 0BT X AT 5 &3 Fn
T FUBE RG] B PR R AT T AR R 2 1Y
KRTHEES H A8l B, e 7= H )
i, Lin H. L. 5850 R HTEE 75 % 4 i R4
ERTR IR H A AL R b A R A AR 1 R IR AR
BRI RKBTY, LEREXTETE
23.7% . Pathak %" HI 8 75 I 5 Ak A 3 =
CIRE W I S AR, N2 hiN AT i i 60. 2%
BIH .57, 7 Y RO ALA 42, 30 FOAR . R 5E Ak R i1k
FI A M 4 B = Ah R R I8 R TR A
AR50 1 A Ak B AR . Karim % R T
I T AL BT I A A R e BTG 42 R AR R D Y 5
Wel 3 o P I R PR TSt 2 B AN R T AR R
PR ) A % T 4 A 5 L P B B A BT s
P AL S A AR R DR T K R MRS AR
PRI 80 %0 (AR M B 6 mol/L & 1 T T4 B
50 min, A AR BT 43 I 1Y AR iR iR A
B K EHE T

P I AR A AN ] 28 331 9 U T i R g T
SRR ETRRBFRNE 2,

K2 BREBEAERARENZAFROKFIHIZSHRERERHEE

Table 2 Process parameters and metal leaching rate of ultrasonic technology in recovery of different types of secondary resources

JERE JLE Bk R EETIZSH BHE/ % SCifik

=R ATk B XUEIK + B R 300 W,70 °C,60 min 98.16 [33]
AT B B BRI R + B R 600 W,90 “C,30 min 98. 96 [34]
BRI i AR+ R 220 W,70 °C,90 min 85. 02 [35]
BB B R #H o B R A+ B IR 600 W,80 °C ,40 min 93. 41 [36]
BEE i+ TH R 4 200 W,40 °C,20 min 84. 00 [37]

i L JE 3 W R i i AN 1 440 W,70 min,130 min 96. 22 [38]
WA S it IELA 600 W,80 °C,60 min 82. 00 [39]

B TH L B 7 L it il i+ LR 360 W,30 °C,30 min 98. 62 [40]
J TF 1S - H b i WETE + 2R+ BUIA IR 450 W,50 °C,40 min 98. 00 [42]
J THE Rl B, 84 % FRETR + U IR I iR 96 W,60 °C,100 min 89.03 [47]
15 1H B Rl B8 % i i i R + i AL & 139 W,30 °C,3 h 98. 00 [49]
L AR I A AR ¢ Ea AR R 480 W, 70 °C,60 min 82.99 [51]
B L A I B AR ¢ i iR 20 W,40 °C,60 min 95. 22 [52]
1 9D £ 5 i SRR zgiziz g;z E Zg Z:i 07.53 [54]
B/ SRR AR ) e TR + &AL 200 W,60 C,1 h 99. 00 [58]
JE i 4 A Ak 5 # WA= 38 kHz,60 °C,2 h 60. 20 [60]
% A Ak ) el PGB PR T 300 W,100 min 38. 00 [61]
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TER P2 9808 H 48 354k B OR 2K H O ™ 4% 10
GBS VR & R NS B SR S N QNI
GHB L BWESBYIFES B FESRY T
B BRI R B B A R . R
PO T 75 P 0T A RO A R A R T T L 4R
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ThA M AR RE LR, EESEY T
T 68 75 I 38 o 3R 1E 0 6 R SR AR A% BT, A A e 4R
af B R AR O B S AR P R R AOCR .
FEZURGE IR R T B PR R B AEIR A
JTH B P vl A2 3 B P, B B L A B
¢ B I AR A R0 A 5 U Tl i A5 B A Y, SE R TR
i Gl SR MESE . B R
ARG E S T SCR S AEATY T 2 PR
AL Zm AR ZE D T LSS
BT BT R N 22 RUBE SRAE AR FE TR A 48 7R 25
AR08 B TOUE A FH Jer 3 5 A T 2 T R P O S
i A ST 36 3 AR ] T R AR L A A 3 4
AT AN (H BB 5 77 i L, DL R R B2 S ol A A 46 1)
B A Rt — 2 A e LA 7R R T ]
AR ZER 7 72 5RO B JR AT E N v T
VARE S AR 5 R AT AR IR AR .

JEEAK M AR B IR A
1) ] 5 ST 300 DA 2 56 2 P 5 3] Tl i g O
L SR AT Ml 1 o AV e e A 4t 1R ST A R R S
R B bR, @A JE AR 5 R R T L
TILATr ]

D&ifia AR T B S 2 RO RUE
0L, ST P I 2 R AR IO R 2 (] Y E T
RETRY TR B A AT i 75 I8 2 Ak R0 5 Ak 9 IR B LAY
S HLA 5

2) X Tl 3 5% 8 1 3% 2 X 75 I B I A%
ZPATEL NI 5 N T ek, LB A S 4L
1B AR A TR 5 5
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Research Progress on Ultrasonic Intensification of Mineral Resource Development and
Secondary Resource Recovery
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Abstract: Conventional processes for extracting and processing both mineral resources and secondary
resources are generally plagued by slow reaction rates,low efficiency, high energy consumption,and
environmental pollution, making it difficult to meet the industrial demands of green and sustainable
development. As an efficient physical field intensification method, ultrasonic technology has
demonstrated significant advantages in the field of resource extraction, leveraging the synergistic
effects of its unique cavitation, mechanical, and thermal effects. The research progress of ultrasonic
technology in the flotation and leaching of metallic ores, the processing of non-metallic ores, and the
recycling of secondary resources is systematically reviewed, and the effectiveness and mechanisms of
its application in flotation and leaching processes are systematically summarized. Finally,the current
bottlenecks of ultrasound-assisted extraction technology are summarized, and future research
directions are proposed. This review aims to provide references for theoretical innovation and
engineering application of ultrasonic technology in the comprehensive utilization of mineral resources
and secondary resources.

Key words: ultrasound; mineral resources; secondary resources; flotation; leaching; intensification



