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Abstract: The flotation behavior and action mechanism of sodium oleate as collector for direct
flotation of malachite was studied. The adsorption mechanism of sodium oleate on the surface of
malachite was investigated through the adsorption measurement, Zeta potential test, Fourier
transform infrared spectroscopy analysis, and solution chemistry calculation and thermodynamic
calculation of solution. The results showed that the recoveries of malachite are more than 70% at
pH value from 7 to 10 with sodium oleate 160 mg/L., which reached the highest value 88. 67% at
pH =9.5. The Zeta potential measurement and solution chemical calculation indicated that sodium
oleate mainly emits the chemical adsorption on the surface of malachite, the active component are
C,,H,;,COOH-C,,H,,CO0 ", C,,H,;CO0~ and (C,,H,;CO0);" in sodium oleate solution. The
results of Gibbs free energy calculation and FTIR spectrum analysis confirmed that oleate ions
tends to react with malachite surface to form copper oleate precipitation causing malachite’ s
flotability.
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Fig. 1 X-ray diffraction spectrum of malachite
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Fig. 2 Relationship between the dosage of sodium
oleate and mineral recovery
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Fig. 3 Relationship between pH values and mineral
recovery

2.2 FiEBRBUFITES Zeta B DM

MY Zeta L5 pH A R (K 4)
FLAEARER S pH =6.8,pH <6.8 B fL&E A
R IEH  pH > 6. 8 I i AL TR B A B 5 5
SIS, AR #h B H A kAR R, FE R
6.8 FEF|4.5. X4 pH =9. 5 I, il AR B4 1 I ke 111
FL ) FLAE A 2R 1T H A7 AR A5 5 1, U TR AR 5 FL
A Z B AVE R 7 Ak 2= A .

—=— BRI & 0 mg/L
10+ —— THRHPIAE 160 mg/L

Zeta B i//mV

pZC=6.8

A.t - 5 6 7 8 9 1.0 1‘1 12
pHIE
E4 #THHBEMS pHERNXR
Fig. 4 Relationship between Zeta potential of minerals
and pH values

HRAIE PR WAL 5T 2 Tl R A AE AR TR
pH {HAAF T AL B (L S) | IR AN R T
T R SRR ST AR T - B TERA S
B pH =5 ~ 12 B, 0 F - B T4 &9 (C,
H,,COOH - C,, H,, COO ™ ) & 55 Th v J W1 1 #4
P76 pH = 8. 7 BHR IR B K, tbih & a5

TR L () 3) —, BLOTIRAL 5% FLAE 11 V7 i
B0 I T A7 A JUAL A 5% L8 1 O T
A7 B,

1gc
l
|

—11+
-12

E5 HEEHARPEESH IgcF pH ERIX R
Fig. 5 Relationship between pH value and Igc of
oleate ions solution components
(¢, =0.53 mmol/L)

R THIR B0 7 i 2 5 1 S RN Cu® ™ Wk B3 4
K6 ml M, £ % ik pH {6 4 1 F, B W+
(RCOO);" 1 RCOO ™ Wy AKX, 5 1™ 4 2% 1 1)
Cu’* fil Cu(OH) * [ /b, S 2 IR, i 45
f pH (EA5 4 % i (RCOO) ;™ Fil RCOO ™ 1Y
W (BT R Cu®* 1 Cu( OH) * Mk I,
[ I A7 7 KB OH ™ & 2B SE 4 W B, st [l iR Al
AR, 172483 pH =9 I, "W R A A KLY
Cu’* Fl Cu(OH) * 5 5 W+ (RCOO)3™ F
RCOO ~ & A A4 It , Al Bt OH ~ ¥ AR, 5 4
W RS0 /DN | I ST [R5

Cu* Cu(OH),,

cokow 2
) C“(OBY
[ 0\\@@@

-
YL
25} 0°®

-30 e e
4 5 6 7 8 9 10 11 12
pH{E
El6 Cu*ERKRDEZANH Igc5 pH EHXE
Fig. 6 Relationship between Igc of Cu®*
solution components and pH value

(¢=0. 1mmol/L)

2.3 FLEASHMBMURNEANFETH

ARAE A1 1 8 ) 4 e 15 250 14 S
LR ROARIE T A 0r A RE A 728 A0 R AR . R
WAL AR 0 Cu 5l RN R L R



%5

FNEL T, ER AN AR ILE B LA R 719

B A B
Cu’* +2RCOO "~ «>Cu(RCOO),,
2 o } (1)
L, =[Cu®* J[RCOO™ ]2,
IMERAR N5~ S B

RCOO~ +H*«<>RCOOH,
w__ [RCOOH] (2)
[H*][RCOO™ ]
TH R AR A 2 - I S o R ACHh
a(RCOO™) =1+K"[H*] , (3)
a(Cu’") =1 +B,[OH ] +B,[OH ]* +
B;,LOH™ ]’ +B,[OH" ]". (4)

K L, MBI RV AR (1 x 1072 %) K™ i
FRAR BTN F 40 (1 x 10°) ;B 4 85 T 2 Jk
e R ERB(B =6.3,B8,=12.8,8; =
14.5,8, =16.4) ;% L' FoR 5510 BERL, W) S
B F HHREZE LR
AG® =RTInL,’ = RTIn( L,a(Cu** )’ (RCOO ™)) .
(5)
A R HR AT R T ATy 22 R iR
(L) ~ (5) 51 Cu®* S5l B 7EA TR pH
B 25T SR AR A1 5T HRE, LR 7.

-80

T 75t

AG®/(kJ-mo

6 7 8 9 10 11 12
pHE

B7 Cu HMEREFRM AG® 5pHEXE
Fig. 7 Relationship between free energy AG® of
Cu®* and oleate reaction and pH value

H & 7 S8 ol 1, 78 pH (B S5 ~ 12 B, Cu’*
FNHERAR 257 1% & A Wt s N At RE AG 1) ffiE
Bl pH (B 3% KT R S B AR, 7€ pH =5 ~7
I35 A5 3 52 07 R RE AG® Y Ul it 4k & E T
P ML A R TEE PN R &2 B FH 3 7F pH
=7 ~ 11 B, AR F B g AG® R
L, 10 FL A4S At f 15 A v [l i o, U ] 7 3K o
Cu** 5B B 1 & A Ak 2 I R A R i 1R 4l T
VESRTRFEFLAE A ) B L 2 pH > 11 B3
A SR S AG® B 67 R il R [, X ]
BESE R SRR ST Cu®t 5 OH ™ A L e imi 1
FERFBATHY Cu* (A A [T SR AL

2.4 LISMIES R

&1 8 S LA A SRR AN AT S L0
A3MT. E 8a Ay il R AN 4T b 6 i, 2 921.7 Al
2850.4 cm™' & C—H % [)—CH,—HI—CH, 1Y
T FRIR B, 76 1 712. 6,1 562. 1,1 446. 4 Al
1425.2 cm ™' H—COO— KL (1K) X FR AR 5 W i
723.2 cm N THIN S AR SO, BT 8b R fLAE
HLLANEE 3 403.9 il 3 315.2 cm ™' J&—OH 4
R 461 45 9 3 W e 06 1 492.7 11 390.5 em ' 2
CO;~ 1Y B X ik i 4 i 20 W g, 1 050 em ™'
CO;~ X FRIP 44 s i . 6l 8¢ MFLAE A
TMERENE T IS 2081003, BT W i g 2 923.7
12 850.4 cm ™" b Ay FBE R AE HY 3 W i i
1575. 61 1 439. 1 em ™' Ab AR L AU RRAF 1%, S50
FRENDCIG AT 562. 111 425. 4 cm AR FOIR LAY
FROE W A b, D B Xy m v e Be B Bl T 4
14 cm ™' FFIFIEN B 5 & 8d Cu®* 5 M RN 1E FH
A IR I R R A RFIE DG 2 922, 5,2 849. 6,1 575. 1
11 400. 8 cm ™' XN, UEBHFLAE A R AT Cu®* 1] BE
EJIMBRAEN R A T A2 B, 2 1 AR TR A £6.

—
o
Nl

G
17
17126
562.1
.
.5.41446.
4252
v d
7232
i 2

292
28504

€
8/34039
33152
4927
390
1051.1

(d) § o 8 Z FEag 2
4000 3500 3000 2500 2000 1500 1000 500
BB em™

B8 mMBMmSFLERAEAEBOII LR
Fig. 8 Infrared spectra of sodium oleate and malachite
before and after interaction
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