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First-Principles Calculations for Flotation Separation of Magnesite and Hornblende
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Abstract: Based on the first-principles of density functional theory, quantum chemical calculations were performed using the
CASTEP module of Materials Studio (MS) software to simulate and optimize the crystal structure, cleavage surface, and
adsorption models of magnesite and hornblende in adsorption with reagents. On this basis. the band structure and density of
states of magnesite and hornblende were analyzed. The adsorption energies of dodecylamine and the novel collector KDLX on
the magnesite (104) and amphibole (110) surfaces were obtained, respectively. The results show that the band gap widths of
magnesite and hornblende are 4.920 eV and 3.962 eV. The optimized crystal structure has a better stability. The ammonium
hydrogen atoms in dodecylamine and KDLX undergo hydrogen bonding and physical adsorption with the oxygen atoms of
minerals. Compared with dodecylamine, KDLX has a stronger adsorption capacity for hornblende and it is predicted that the
collector can be used for flotation removal of silica-containing gangue minerals in magnesite ore. This study has revealed the
surface characteristics of minerals and the adsorption mechanism of reagents, which has a guiding significance for the flotation
separation of magnesite and hornblende and the selection of flotation reagents.
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Fig.1 Primitive unit cell models of magnesite and hornblende
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Table 1 Lattice parameters and errors of magnesite obtained _ 14620 . . . . L L 0
250 300 350 400 450 500 550 600

by exchange-correlation functional calculations

1Z PR a/nm b/nm ¢/nm R/ %
W 0.463 6 0.463 6 1.502 6 —

GGA-PBE 0.473 7 0.473 7 1.543 5 2.720
GGA-RPBE 0.477 5 0.477 5 1.576 1 4.891
GGA-PWY1 0.473 7 0.473 7 1.539 2 2.435
GGA-WC 0.470 9 0.470 9 1.514 4 1.585
GGA-PBESOL  0.470 7 0.470 7 1.515 7 1.524
LDA-CA-PZ 0.464 8 0.464 8 1.477 1 1.697
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Fig.2 The influence of k-point selection on the total energy

and lattice constant errors of magnesite crystal cells
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Fig.3 The influence of cut-off energy on the total energy

and lattice constant errors of magnesite crystal cells
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Table 2 Lattice parameters and errors of hornblende

obtained by exchange-correlation functional calculations

Z B a/nm b/nm ¢/nm RE/%
i 50 {8 0.990 8 1.798 8 0.527 1

GGA-PBE 1.054 0 1.865 4 0.528 2 6.381
GGA-RPBE 1.068 5 1.886 1 0.532 6 7.843
GGA-PWI1 1.052 7 1.864 7 0.527 8 6.254
GGA-WC 1.022 2 1.860 1 0.526 1 3.410
GGA-PBESOL  1.043 1 1.849 6 0.524 3 5.283
LDA-CA-PZ 1.020 1 1.818 1 0.514 9 2.961
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Fig.4 The influence of k-point selection on the total energy

and lattice constant errors of hornblende crystal cells
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Fig.5 The influence of cut-energy selection on the total

energy and lattice constant errors of hornblende crystal cells
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Fig.6 Optimized crystal cell models of

magnesite and hornblende
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Table 3 Surface energy of magnesite(104) surface and

hornblende(110) surface with different atomic layer thicknesses

Yy T JE T 2R /nm Fifig/(J/m?
SR (104) TH 0.276 3 0.302
0.552 6 0.296
0.828 9 0.295
1.105 2 0.294
1.381 5 0.294
TTwWAaiom 0.859 4 19z
1.289 2 1.492
1.718 9 1.490
2.148 6 1.491
2.578 3 1.490
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Table 4 Surface energy of magnesite(104) surface and

hornblende(110) surface with different vacuum layer thicknesses

Y i T KRR /nm FMHRE/(J/m?)
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WA om o T Lasg
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6.0 1.484
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Fig.7 Band structure of magnesite and hornblende
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Fig.8 Density of state of magnesite and hornblende

B 8Ca) AT LAt 22 8607 1Y gt 45 48 = 243
gAY —40~—25 eV Z A M FEE il Mg
) p BB TTHR; —25~—15 eV Z M O
B s BLIEA C 1) p Uil 5k ; —10~2.5 eV Z [ Y
Hralk EZH R O A C 1Y p FLESTER . I 2L O 19 p B
ETTER N s P REH o EE R Mg 1Y s.p HLiA
K C 1y p HUETTEK. 7E 28 KRB AL , DTk i K1Y
O 1Y 2p BUIE . i T 2% K B SR 3 1 L 7 Fe M I BR
T O T RE R 5 25 R & A W Ak AR O
(A=

B 18 8(b) AT LAE Y, # N A B RE A 45 4 32 22 43
RS A —52~—45 eV Z [ M EEH Na 1
s LB TIML; —43~—25 eV Z A M4 £ 5 H Mg
() p B BTk, HORE Ca i s B3l ; —25~—14 eV
Z A 8l Ca,Na 1 Si 9 p B8 5Tk, W]
A7 7E Ca.Si O Mg i s Hlii 2 5, L) Ca 1) p #Li
TIHRAN s —12~1 eV ZE MM E2H O 1) p #L
LS p FLEE . Ca 1 s p Al d FLIE TR, Hodh O 19
p BB TTRR i K 52~20 eV Z Al B LA Si Y p B
TN FEE TR, KON Si ) s BLilE . Ca B s.p.d B
i ,Na.Mg 1 O ) p.s PlLii A BHioimk. 76 9%
KBELRAL, FIRELL O B9 2p Bl STk & KL I, O
A fE S 5 24 70 & Ak W BRAL 2R R AT PR
3.3 S

S T BT DT 2 A T S R S AR P R AR AR 2

S X R RN R R A SRS By 3K T RE
SR T W) 46 2% 1 A o, 38 2 % R Sefg iR s/ME, T R
73 3 it B B 3 T LA A R, 43 i 2R BE AT (104)
T A1 A TN A (110) THTHEAT S BR » 5t B8 i i 19 405 2R 4 1#]
9 N

o %, ot ROy
| R . N %ﬁ??;;}}f_}?j, B
S O R v R
HFRET WKE MR Lk 35

(a) FEF (104) @
B9 ZFHET(104)E.BRA(110)EREMEE G LMER

Fig.9 Unit cell models of magnesite (104) surface and

(b) ANAE (110) &

hornblende (110) surface before and after relaxation

I 9 AL ZEEE ST (104) TR AT AR IN A7 (110) T
el R L L T B AL, B8R
KUY Z By R, WA R S R 2 0 R
KT RRIRES RS Tm e . Wik %
SRS ZE B (104) T AR I A (110) T 1R 5 22
245 711) W A TR A o



248 F R L5 TR

2025,45(10)

34 HBEHNETHRENEEERRE
W BA R SCAR A AR ELAE L RE 2 48 W BN S B0 SR
F RETE 5 B AT AT 4 B BE R R 25 5 fE R 2 M 22
fE o 8RR I A T8 B B DA B (B 3 7S A B 2 T A
WA 20T SR TICRE Bt e I O B R AT L R R AT
RETICHY RE BB 22, 7 24 A0 EL AR HTOCR B0 2, I B IR
ASWMARE A S R AW AR . MR RE T W
K2,
AE 1= E comptex = (E sacorbare T E mineral) (2)

Wb

i copf fopf 2
oL e

Lo il oy
(a) BT +T 8 (b) EHF +KDLX

P AE o W BE 5 E compie 9 25 5] 5 87 ) W R IS
(SR R BE B s E aonae A WBE AT 25 50 09 8RB &
E e MW TR G BT 2R 10 H) SRR RO,

W B 5 BEEERT (104D T AN AR TN A7 (110) T 1B
Ry W B - e BT R SR KDLX A Sy W B4
Sy R R R ) 2500 & A R S Y A
AR RE AL 2 A RE B . e T A I
FI KDLX 4> 31 522868 (104) T8 F1 A8 R A (110) T F
GRS,

(c¢) ANA+TR%

(d) ANE+KDLX

10 HAFEESET (104) @ AINFA (110) E1E A B IR B 5

Fig.10 Adsorption models of interaction between reagents with magnesite (104) surface and hornblende (110) surface
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Table 5 Adsorption energies of reagents on magnesite (104) surface and hornblende (110) surface

4 b 16 257 E complex/ €V E wineral / €V E dsorbace / €V AE 45/ (k] « mol™ 1)
ZEEER(104) T + R —80 501.44 —77 932.50 —2 567.35 —152.78
KDLX —90 253.65 —77 932.50 —12 288.69 —3131.78
"""" g Q1O®E  F—Me  —17057457  —168003.12  —2567.35  —395.13
KDLX —180 354.90 —168 003.12 —12 288.69 —6087.23
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T 2R (104) T A TN A1 (110D 1 Ji  J2 )5 JEE 4%

B4 1.105 2 nm A1 1.718 9 nm, H75 R H5.0

nm, LA AESN BN 0.293 J/m* Fl 1.483 J/m*, W4

L R T R ) 10 R T A5 AR HEAT SRR L Th RS B R

™ ) 2 T RE B 44 M1 T 00 B AR 2 B 1 1 ot I 5 4

o e PR
(2) Z2 5401 A TR A 1Y RE 7 45 A4 0 25 %% % o0

SRR W] ZE B R A TN A 1Y A5 AT B8 BE 43 3l 4.920

eV M 3.962 eV, “HBINMGANR . PIFHGTPI7E 9K

REAL AN B LL O By 2p BB STER b 3. I, O

AT RE A2 5 24 700 & A Wy BRAL A T A S PR AL
(3) &5 5 4 W ) 7 40 0 =4 T 1 W B ASE 28 0 1R

RE R 3 23 A vl g0, + i KDLX A i) 2 AR =0 e

5E Wi AR T KA N—H-- O S FH A B

A . o, KDLX A5 M1 A A (110) 3R & 4E

S ZU AR I BEEAE P 0 2% 45 WAC5R) TT X e R ER SR T )

JUHIE N BAT R B Bk A F) T B0 B 22 B

WA S R KA .
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