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Effect mechanism of Ca?" and Mg?* in water on the floatability of
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Abstract: In order to research the effect
of water quality on the separation of

specularite and chlorite, the effect and
mechanism of Ca?* and Mg? on the
flotation behavior of specularite and )
chlorite using dodecylamine (DDA) as I "

Tap water
the collector were studied via micro-

flotation tests, Zeta potential

measurements, Boltzmann theoretical

analyses, solution chemistry calculation

and molecular dynamics simulation in deionized water and tap water flotation environment, respectively. The results
of micro-flotation tests demonstrated that specularite and chlorite were depressed to some extent in tap water. Compared
with the deionized water system, the recovery rates of specularite and chlorite decreased by 8.01 and 8.99 percent point,
respectively. In simulated tap water environment, Ca?*and Mg?* made the recovery rate of specularite decreased by
11.91 and 18.88 percent point, respectively, while decreased by 7.44 and 15.45 percent point, respectively, for chlorite.
The inhibitory effect of tap water on specularite and chlorite flotation mainly caused by the existence of Ca?* and Mg?*.
The depression effect of Ca?* and Mg?* on specularite was stronger than that of chlorite, and the depression effect of
Mg?*was more obvious than Ca?*. The results of mechanism detection indicated that the adsorption of Ca?* and Mg?*
shifted the surface potential of the two minerals to higher values, wakened the electrostatic adsorption reaction between
DDA and the two minerals, decreased the contact angle, hydrophobicity and the concentration of RNH3 in interface
layer, increased the adsorption distance between DDA and the two minerals, increased the loose degree of DDA, which
in all depressed the flotation of specularite and chlorite. The research contents provide theoretical basis of disturbance
law and elimination methods of water quality for iron ore flotation.
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Fig.1 XRD patterns of specularite and chlorite
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Table 1 Chemical composition of specularite and chlorite
Chemical composition content/wt%
Sample - -
Fe203 SiO, A|203 MgO TiO, CaO Na,O
Specularite 95.74 3.36 0.38 0.23 0.081 0.036 -
Chlorite 16.35 59.39 12.48 7.35 1.91 0.77 0.14
*2 EBFKEBERKTHEEETFRE
Table 2 Metal ion concentrations in deionized water and tap water
Metal ion content/(x10~* mol/L)
Sample
Ca?* Na* Fed* AlR*
Deionized water 0.03 0.55 - -
Tap water 8.79 6.88 - 0.006

2.2 XWRES SIS

XFG 5 A AHERE A IFE AP 16 WL &
HIRAF]), XPM B = S FLHGRT BEHL (VT PG K B IR % 7%
HlEA RAT), PHS-3C BURE% pH (L 2 R

A IR 1), Material Studio 8.0 BEHLLEfF(3£ [ Accelrys
NF]), ZetaPALS HIAL AT AR (36 A 68 Tl SO AR 2
), JC2000A #fil A (Ll h REFHRAR &R
BRAF).
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Fig.2 Flowsheet of single mineral flotation
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Fig.3 Effects of DDA concentrations and pH values on the floatability of specularite
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Fig.6 Effects of Ca?* and Mg?* concentrations on the floatability of specularite and chlorite
-4.0 -4.0
(a) Ca™ (b) M@*
45 - -4.5
5.0 - -5.0 |- )
o A~
S 55 2 55| . 2
- N
§ o
6.0 - 6.0 - S B
. =
6.5 - -6.5 -
-7.0 | | 7.0 | | | | i |
8 9 10 8 9 10 11 12 13 14

pH

Bl 7 Ca?Fl Mg 7K fig2H 73k B %o B th 4%

Fig.7 Logarithmic plots of hydrolysis component concentration of Ca?* and Mg?*
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Table 3 Measurement results of mineral contact angles
i With deionized water With DDA
Metal ion - - - -
Specularite Chlorite Specularite Chlorite
Without metal ion 50.4° 74.3° 61.6°
Ca?* 47.7° 65.6° 56.2°
Mg?* 45.1° 62.8° 53.7°

3.2.3 st

SHFFT Ca? Al Mg Bt o 238 A0 A gk 26 1 i
TEMERIRSI, 7F pH=6. DDA ¥ & 4.32x<10~*mol/L. Ca?*
M Mg2H FE 1.0<104 mol/L 44 F, XA 45 Ca2
H Mo FH A S e fb A A AT T AL, A5 R LR 3.
R LAE H, B B R AR GK MR T 4498 47, DDA R}
BIn i KB Fae A K . TR Ca?t, Mgt

PR ) R fd A S8/, SRAKPERE R HILETT S, TR
Bt Mg J PR W fi R 253/ TR Y Ca2* J i B
R M? X A A E I L Ca? 5k, X577k
M Zeta FEAZEEE— K.
3.2.4 FHHIHRIAR AR 73 Hr

W28 2R o A B W] T iR A S T i
TR B2 AR AR 33390 B AR e A 3K IHD TR B AR AL AT
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Cs=Coexp[—¢F/(RT)] (1)
X, Cs N PR TH B IR £ (mol/L), Co AR P36
WEE(mol/L), F 34 5 % (C/mol), R=8.314 J/(mol K)
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AR HAL(MV), ST RERR H A PR S A

¢=0.059(pHpzc—pH) 2

K, pHeze AW Y E S pH ME, pH AXTN T o B
IR pH 1
B F& e A1 5, Co=4.310"° mol/L, ¥

9 IR AL Cofl o AR A(2), THHELRS
W 4. ATLAE H, AETC Ca?*, MgZ/E HI IR 4™ S i
2 RNHSIRFE R T-4t0e 41, RIA{EAH R DDA WREE T, 4
BRI ER T 4R, ST SE — G Ca?t, Mg
VER G B FI SR e A1 ST 2 RNH3IR FE 35 8 2 BRI,
KA Ca?t, Mo E R G A ) R Th PR X, ff
DDA 5w ¥ i /e WSS, Rk fgkle =4
TANBIER: BAN, XFEE Ca?t, Mo E i 4 A 2
RNHS#EE AT LU I, M2 H 5 B 8t At e 41 T
2 RNHIKRE /N T Ca?*, SR Mo 5 Begktr f e £
A E R L Ca?* ik, X 5FEss R —5.

F4 Ca?, MgZMERRTEIRIAN MO F EE RNHIRE
Table 4 Concentrations of RNH; in specularite and chlorite interface layer with and without Ca?* and Mg?*

oH Specularite Chlorite

Cd/(mol/L) Cs/(mol/L) Cs"/(mol/L) Cd/(mol/L) Cs/(mol/L) Cs"/(mol/L)
3 5.82x10° 7.72x10°6 2.25x10°8 4.27x107 2.67x107° 8.67x<101°
4 5.79<10 7.67<10° 2.26x<10”7 4.25x10°6 2.65%108 8.62x10°
5 5.75x103 7.62x10 1.23x10° 4.22x10° 2.64x107 8.56x108
6 6.11x102 7.58x103 2.22x10° 4.20<10* 2.62x10°6 8.51x<107
7 0.57 7.53x102 2.22x104 417103 2.61x10°5 8.46x106
8 5.64 0.75 2.20<102 4.15x102 2.59x<104 8.41x10°
9 56.17 7.44 2.18x1072 041 2.58x102 8.36<104

Notes: C; presents the RNH; concentration in minerals’ interface layer before Ca®* or Mg?* adsorption, Cs' and Cs" present the RNH; concentration in minerals’

interface layer after Ca?* and Mg?* adsorption, respectively.
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Fig.10 Effects of Ca**and Mg?* adsorption on the spatial equilibrium structure of DDA on specularite (001) and chlorite (001) surfaces
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Fig.11 The concentration profile of N atoms of polar group in the normal direction of specularite (001) and chlorite (001) surface with
and without Ca?*and Mg?* adsorption

3.2.5 Ca?*, Mg¥ X} Be ki S ye A VE FH o0 T8 J1249%

Hr

& 10(a)~10(c) Ny Ca2*Fl Mg?1F i j5 DDA £ %%
A (001)H - Ry Bt P 2544 . 77 Ca?t, Mg?* Wl i T
DDA X% W e BE 2k R T, HARPERE M 858k . BE
B R Ca2t, Mg?' 5, DDA TESEEA R TH R R
APABUEIESR, HEo Sz Sy ¥R, K Ca?,
Mg W {5 DDA TESE AT 2R Th ¥ PR FH 855

FH & 10(d)~10(f) 7] %1, % T3 41, £ 76 Ca?t, Mg?*
WL P55 T DDA W B ELEUR %S, 4 Ca2t, Mo W Ff 7
LA LM, DDA 7Tl Mo* /e J& &6
4> DDA 73 IR FE 7 1) SR IR R - BT Ca?, Mg?*
W R K T BRI Sple A R T HLPE, { DDA 584
KM R 380, MK T DDA 54 Y3 1)
WPt TR e, BAAKUE B 11 Fros.

SFFBERT T &, 7EJC Ca, Mg> W Fff i, DDA #%
PR FE T ALE 0.272 nm kb, Ca®*, Mg WM 5, ARk
BRI R oy A BE RS IE OK, MR PERR S T A% & 0.301
0.328 nm 4b. F W Ca?*, Mg¥ B#(% T 1 ¥ 1H DDA ik
FE, A B RV T . SR A0 2 T AR M ek v vk
AT 5B A AN IR, Ca?t, Mg? W B 8 DDA %
PEREH 0.388 nm &b 7liE % 2 0.371 #1 0.367 nm Ak.
Ca?*, Mg?* AR R B K DDA 548 7 (W B e, {5
Ca?*, Mg?*{f DDA W MK JE TR 5. F14h, Mo it
X} DDA TEZRIE A P 2R 2R Th W Bt 1) 52 oK T~ Ca?*,
KRS R Mo SRk FI 2 A Rl 7R B K
T Ca?t e —Eum.

4 4 H
DL+t (DDA) A, B9t Tk Ca?*, Mg?*

S BEERET FNSRIE A TR R, B Zeta FRAZAS I
PR THEA 273 )AL, BT T Ca?t, Mot X Bk
WAV A AR, 1S3 F 4.

(1) ERAKR BN FILRYEATH — T2 FE 1 H1)
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PR ECR 533 R F% T 8.01 A1 8.99 AN 43 #

(2) ERKIFFIEI I R B Mgt v R
B 10 E RN 2 SR Ca?t, Mo IHIEIE T, 2288
TR AN Ca2*, M2t AT {85 k™ [m] U 2 43 )
TFE 11.91 A1 18.88 ANH 4 A, RIS SR Ye A R E 4y
WIBEAR T 7.44 A1 15.45 AN 53 .
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FhiE, 1855 7 DDA S5 [ i e AE R, &R
BT RN S 8 A B o A ek D SR PESE OR . SR N
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7%, H M@ s fak e A 1 dms /e Lk Ca? 5.
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