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Research progress on the impact of mineral surface roughness on
particle-bubble interaction
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Abstract: Mineral surface roughness is an important factor affecting flotation efficiency. Surface roughness can affect the
hydrophobicity of minerals, the adsorption of reagents, and the rupture of liquid films between particles and bubbles, res-
ulting in a significant impact on the interaction process between particles and bubbles. However, there is currently a lack
of systematic review work on the influence of roughness on particle-bubble interaction process. Therefore, the authors
firstly reviewed the surface roughening modification techniques and roughness testing methods. Secondly, the influence of
roughness on the particle-bubble interaction process was systematically discussed from four aspects: flotation kinetics,

contact angle, formation time of triple-phase contact line, and interaction force between particles and bubbles. The concept
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of roughness scale was proposed for its importance in the research of particle-bubble interactions. Thirdly, based on the

coupling mechanism between roughness scale and mineral surface hydrophobicity in the particle-bubble interaction pro-

cess, the importance of mineral surface wetting state in the interaction process between rough surfaces and bubbles was

emphasized. The reasons for the inconsistent research conclusions on the impact of roughness on contact angle and flota-

tion performance were also analyzed and discussed. Finally, the conclusions were drawn through critical analysis and liter-

ature review, and the prospects for future research directions were outlined. This paper contributes to a better understand-

ing of the influence of mineral surface roughness on the flotation process, and can provide a theoretical support for regulat-

ing mineral surface roughness to create favorable flotation conditions and improve the flotation efficiency and selectivity.

Key words: rough surface; roughness measurement; particle-bubble; contact angle; interaction force

ORI AR A P RS2 BRI (RN, %
JE | Bk JRAR MRS R AR AR PERT (/D JBAR
SRSEHISE) IR T (B 1 B Wk B L PR B2 )
VW pH AR ESE), M H SN Ky m U, 7
DAFERRIFFE Y, ORISR AR FHLRE ) X7 i
o R R R A A B A A 2 (R,
SR b U 2 T 0 2 5 e R 2% 1 1 Ao R L
RS T R] | Bl R e A TR A AR

AHAE T 2R TH, HEURE 3R T8 AAAE AT # (CRBRE
Tt T AL 5 ) BB Ry 24500 A IR B R 7 L fR k2
F R B, AT R 0 e ) i AOH U 7 T 7 P
ZSIE I ST AR T ORI B A P B
(R HEVR A 2R, AT D b 3 AT AR 1 = AR i 2T i
Jit 5 st i) T OVR AR < A AR A AR R
2710

SRNT, — B 5 R T 1 RELRE 8 X6 V7 Sk 5 SR
L B B R 2 e AR O RS I . ULUSOY Al
YEKELER 2% Bl — o7 1) 2 1 122 fish £ i 25 AL R
JEE R B I el / 0N, RELRS B8 X8 9 0 ] R e A TR
S LT 2P YEFL A 4 ik b 2 B T 2R LY
B4, CHEN %% iR T B RS 422 A £ /)N

X TRELRE B (R 52, AN )2 5 75 L 1 251 AR A
o B Tl e T (1) AR Y5 — B8 TR ) by R
T REL RS 2 X 77 o ok R 5 T (R B 5 R OR L T AN T R Y
RBE A T o B2 f i FH 0 o] 2 AN [ RE RS
JEE URL A i, LS A o R 2 () A e R )
ARFNFRAOHDRE D 1O o IR A RO I B K T
BB, A6 BRSO AR S AR A 5 o, ORI AR
i 22 53 ] e S SHLRE B 270 IR, T e
74 2% IRDADRE 19 JURE 248 7 fDR J0RE 5 A AH BLAE
PUEEAY R . BRAb, A hE RS 26 i R (B A /0

AR ST B EUK R 25 51521,

VAT o S50 ) 3 T 2 ) A Y B e S o A T
E VLIPS
D 7 RS FEE A 0RO AT EL AR T A v i 32

e AL, A 40 2 TEREDRE 85 P A o Tt 2 — A R 7 i
TR T 5, VAl 2 TETAELRS 32 ) 000 iy v AR B,
BRGNS B BT BB R T B
(AFM) Fl— B8l Ak 4 2 1 T2 SR i 45 11415 24270,
T % T REL RS T %) 00 S0 L9 R S R 3 TR
JEE AN 5 12, AL B 5 Y ANCRT LA S BRAORE i D  X
Sl e ARELRE JE, T T 4T 2 W s AR P R RS AR
i T %) UK 9 TR i e A N it Dy VA R T ST
ST 9 T RELRE -5 OR S UAH ELVE FH I R 1 G R A
AU, H TR ST R RE B 6T T i A L T iRk
SIS G —, AR 5T TR FH A HLRS £k
B 7 B 2 FhZ2 R, T ELREURE B 0 ) vk 5 13 45
B AR, X W R R S50 22 R — A E 2

2015 AE LK, AHOCIE SO R . B3 26
o AE SR LR RIS S T BN BN 7 2F R L T T R
FLHIEH J7 . CFD B4, 43 T A48 . B0k~ o Al 43 |
ZRH B0 R 150 B ARE A8 S5y TR B 1 R R A B A
Rl AR AT BE R . HpScassd )y i, R Sc &P R £
B4 IO AR E | 3 124 RN T 2 0 A B b
RS BRSO B AR B BT R R R L
AV R Gr ik T WOk IR AH X8 B RS A
WFTEE . R SO 1 T ok R 56y
ERBE TS U . 2P RAE T R TRl R
BRIk M AR BT SSbE . tailg B PP R
SVHE T AR S e PR —S Zh B R AR
P T UL, B T RELRS Ak v . DR 30 S vk B
LR X A0 SV A B FH 2o 2 1 55 i R 3 A
ARG

Rk, FEHE SR T Y ORLRE fb 1846 A
WO, ARG TR S 12 SRl AR | AORE = A
LR TE BRI SR AR ELVE D 1 4 AT T R G 4y
MrHE T 0 4y 2 TR X6 0k~ o A A i
ISEIR . S 28 B 0 S LA 5 Th ) 2R e R
BIZE S ARG, A RV AR R B R4, i



5113

N T 5 ) TR i P2 X U — YA B A S X E S 4173

MRREAR, A R B AR . XA REE

YA 3t PR P AL RS A 0K — A LA RS AR PR,

JEIE A BEFE LA G — A BT, B Jm B T ORLKE
JEAEIF RO G B R TSI 1]

1 THREAELENETE

11 REAEREUIEIETE

REHE AT 5 Hh 5 UL F) 2 T R A AB W T A
2 fift, — R X G P EA T AL B, 55 —Fh it
RUCRA RIS 07 AR A T L AN A JORE o S [+ g T £,
AR RLRE P i SRR A B B D7 i A R 25 57

BDARTT JE: S PR AL AT JE 2~ i 3 i AL R £ fe
F B 7 3520, CHEN % i R [/ 3 B 4K
WP AR S T, 5% 1R R J3E 0T 2 fih £ AF0355 S5 T 18] )
SN o SR, B R I EH A — PRI RL A 2R
TTFELRE AR AB 7 05, LERIEIR i A v ™ R I Bl A S
JCHLI, MELL T 3R M E A Rk S5 i oE .
I, FOEIN THARB TR il ROK E BRI
AT AT — 5 A R A5 F RO R A9 2
FEET A, B A R ADIHIEER (SPTDT) K4
VEAVINI TR, AT TR R AR R A I T2,
SRTLRUN A ALIE D B A K, A e i )
BTT AT B BT LA, AT 7 RE R e T LRI L H
A7 R B T, J5 R A S BERES MY
JoRTE AR T SR T e 2 S A i 25 DLAR ) £
U

VR 2 AL T HELAS AL B A fre o P 7 1, 2%
PO G s SN 7175 /AN <1 i
S S5 U VA S ORI 358 25 1, DA T B2 0
FREALRE LI . E AT, M Ak R VR R O AL
SO A ORI RIS . ORI, FE LGS P
H, WAL AR At 2 R AR s o AR TSI R, R
TR AR LTS 25 SRR LA P A2,
DRI, A5G0 7 120 LK UL D RLBE 72 5 -5 Uk
AREIFZIE XG0 TF K

PR, 0 7 HEBR ORI AR X RIS 45 517 A= fh 52
BN 2 5 SR TR 2 X ORI AR B T B
A TR R AR B R AR P B R 5 1A BRIE BB B
RIMRLBE M L A o FER AT o (i flrE
FIAEALER) BOWTEEAE T, ORISR AT LA LA
AR, T 1) (b) M AN I i B0 2 ¢
TE SIS . G B BB BR 2 11 28 1 B AR AF S A I
VERTJE , A1 95 ) 5 AT A2 75 RLAE , T A R/ 5 B
i IE) . BIFEE A A R/ DI DANG-VU %6
B YR IR X BT B ER R A TR b, PR Ak

P B 3 T R 1 n] LA W R WL B AR 2 (8P M7
(&1 1(d)) o AN [RIRDAE EE AR iy FH 50 HEG T AL R 3
ERMEIRAT A . ZEILIERE [, GUVEN %53k — 4
X R PRI 5 ) BB BR A T e FE Ak, LIARATBR /K B kLA
TURL, FRFE 1 RS HE XS PR RCR AR

5

(a) BRI B i) (b) FELNBTEE 5155

(c) Bt Ao

1 R ARBIFIE AR ok b BT A B R R
Fig.1 Glass beads treated by ultrafine grinding and acid etching
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surfaces of different roughness (Data source: Reference [7])
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