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IR MR .

B8 F g N &= AR A A ARV 2
AT NTERESSEAT Y, S5,
N BRI y, HORAZE <30 um HHI7E 4000 Gs
(R 5 SRk, BRIRE T BRI W) S kS G ok
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Table 1 Chemical component analysis results of chlorite (mass fraction, %)

FeO F6203 SIOZ T102 A1203 CaO

MgO MnO Na,O K,0O H,0O Total

25.59 1.72 27.49 0.37 18.53 0.63 13.70 0.12 0.02 0.08 11.75 100.00
F2 GURAHETEREI X A el R
Table 2  Electron probe microarea components analysis results of chlorite
Serial Mass fraction/%
No. SiO, TiO, AlO; FeO CaO MgO MnO Na,O K,0 Total
1 24.245 0.065 22.899 32.050 0.029 12.037 0.057 0.006 0.000 91.388
2 27.659 0.066 19.920 29.144 0.071 13.771 0.040 0.000 0.019 90.690
3 23.257 0.075 21.026 31.674 0.277 11.591 0.039 0.032 0.049 88.020
4 28.748 0.082 20.089 30.378 0.056 12.925 0.049 0.017 0.012 92.356
5 29.315 0.041 21.048 29.803 0.046 11.292 0.066 0.002 0.005 91.618
6 25.154 0.075 20.403 29.512 0.094 10.958 0.032 0.001 0.012 86.241
7 27.532 0.079 23.820 28.257 0.042 11.756 0.002 0.012 0.011 91.511
8 22.185 0.067 20.132 27.958 0.096 8.738 0.060 0.005 0.014 79.255
9 24.025 0.069 21.917 30.038 0.246 11.910 0.044 0.035 0.031 87.315
10 25.773 0.059 20.119 27.801 0.204 9.987 0.055 0.025 0.039 84.062
11 29.043 0.072 19.468 29.523 0.086 12.359 0.016 0.010 0.007 90.584
12 23.887 0.087 22.311 30.540 0.147 11.428 0.024 0.009 0.028 88.461
13 27.542 0.064 21.144 28.498 0.071 10.639 0.072 0.006 0.007 88.043
14 29.560 0.076 20.082 27.027 0.016 13.865 0.068 0.004 0.000 90.698
15 22.641 0.040 19.246 26.686 0.191 10.869 0.028 0.061 0.034 79.796
16 20.805 0.052 19.408 29.043 0.068 8.054 0.080 0.014 0.006 77.530
17 26.249 0.072 22.954 27.094 0.112 14.093 0.008 0.017 0.013 90.612
18 27.505 0.076 23.096 28.633 0.031 12.603 0.063 0.000 0.003 92.010
19 28.396 0.060 19.280 27.694 0.058 13.189 0.060 0.000 0.012 88.749
20 25.967 0.077 20.998 30.263 0.144 12.053 0.018 0.027 0.026 89.573
Mean 25.974 0.068 20.968 29.031 0.104 11.706 0.044 0.014 0.016 87.926
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Fig.1 XRD spectrum of chlorite

M 1 ATCAE Y, ASCHF 7R F At Ao Rk
P, BT g a mATRESS, A IS 1)
A YERT U o
122 SEPRATFER A0+

SV N IR EL R = =B 8 NE TR TS 2 T
Y, 2Rk, 8 S aNREREY, 3
WIS BN 3. MR 3 WAL, NEFAY
W) E R MBS, S AR E R
57.1%, MkAWYEEZAEMGER A, ZHEGIS
N 37.9%.

1.3 REHEE
1.3.1 B kil e

B DIF IR R AE 40 mL ) XFG R ik
17, FHESEBN 1900 r/min. FEIGRIGHERHFRL 3 g
W N(ERJR AT BRI )ON 40 mL ik, #4018 pH
VAR IR VS AR R I s I 24 5],
HAE=L 25 CHIFAF N IAT RIS 77 56 iE 1Lk
PR AR P2 S St e . TR AR R, AR ]
R . IFIERARE L 2()fTR .

R3I AFAEET SRS

(@) Feed
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Fig. 2 Flowsheets of flotation experiments of single mineral

(a) and actual ores (b)

1.3.2  SEPR AT Ak il e

PR N A RIS A 0.251 XFG B Al
ML, FENEEE Y 1990 r/min. FEGRIGHFEA 200
g, I8 pH PHEEF . ST SRR R i
ININZG5), fE=R 30 T8 20 CHIZM Tk T —H
ARG, FIE IR E W 2(b) AR .
1.3.3 FT-IR 3R

SRR AR R R <5 um, B TBA A
KHHETEH, H 1 mol/L M E VA Bl A E AL ihiA
TR EL ) pH B2 10, INAPIEEIR Y 1000 mg/L
(AT NaOL 8% CY-1, 25 C Rk 30 min, iLJE,
JEDEZ pH HATR/K IS 3 Ik, BT 35 CHT T4

Table 3 Analysis of main mineral contents in floating ores (mass fraction, %)

Half- d h Calcit Actinolit

Magnetite atpseu qmorop Martite  Limonite = Quartz  Chlorite aet .e ctino _l ¢ Others Total
hematite dolomite  tremolite

15.1 13.4 28.6 1.2 23.1 14.8 23 1.2 0.3 100.00
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FirP T4k 24 h, I KBr JE AR 400~4000 cm ™' 5
FEl N 1 FT-IR it .
1.3.4  Zeta HLA7IE

BRI AR 50 mg G BT YRR <5
pm), DIAZEMK, ZiR FHHE S min 5, HHREE
EALEATEOR T B pH . SRS IR E N
100 mg/L ISR 5 min, B EZEEIFHEAN
FEfhith, 7E ZetaPALS A Zeta 23 #H X _ERHTH W3R H
Zeta AT G, AEANRESAOIINE 5 K, BUPIME.
1.3.5 WP

FFUARIEHERAFREL 0.5 g 1 FE, 420074 I 78
TR ZK AN BT 5 25700 (SR W 48R FE D 100 mg/L, B2
IR LT (524 3 min), FCHIK 100 mL R IEHE
T 250 mL #EJEHE A, ZIR FHERE 2 h, BRI
LB . B E R ATE SR B O B O AR B, B
O T A5 B VR FH 8 410 53 D' 0 FE VA Fe KRO K
238 nm(CY-1)iK 233 nm(NaOL)Ab3EAT W6 B2 &, %6}
H8 CY-1 F1 NaOL PRIt B — o vk FEAm it th 22 23l v
SRR PRI L, THEAGRIE Sl A 2 1 R
lipean
1.3.6 XPSillsE

76 100 mL #ERHH NN 1 g £4H FEFT 50 mL
MK, TAEETIE pH S IMARIGEIREE N 20 mg/L
() SD #0771 100mg/L FIFITITEIR . 4 HER S
IFEET 25 CHEEKPETRG, %i#N 120
r/min. 2 2 h WP, BORHETE, K RadE,
JEVEHZ pH (HZR RIS 3 Ik, BT a
17 XPS Kl
1.3.7 G E =

I Chemoffice2010 B4 4 3738 ) 43 F o) 45 44
X, FIFH Gaussian 09W #fEL 4 MOPAC [ 1] PM3
JEAT o U B AR A, 7E B3LYP/6-31G(d)
AP XA S B GR 4 A B AT B A A
.

2 FHR5IMR

2.1 SRAMFER S TR S F LR
ZReAT AR VR [ )2 TR 7 AT 1E LT 19 [Mg—OHgg]
NIRRT 7838, JE L TOTO'BY S5 H:),  diviA 4546
K 3 fos
Mg fll Fe’" AT [RG 1 % SRAZAE T SR U8 A1 11
JVHR R, R “RUKRBRA R L “RUKBEA R

E3 ARG A N SR
Table 3  Crystal structure of ideal chlorite

HZA 1/3 1 M B AP i, 7o 1 AN IE R
Mg, Al(OH),] 2", iZZ 4t B F W ErEE I m ik
JeAER R T H AR AR . RSN IERT,
Zhle EEIR {001} HIKTEL, {010} A {100} [l th 2 %
L4, Fod {001} B FRAE )2 1H, ARSI,
5T [RAG  He R P B 85 PR VA 5 | A J2 T 7 AR
T, SR pH A" {010} AT {100}
WERRVE SR, R I 420 (R e R M AR 58 5 A ) ot T
H, AT H 5 52 2 H A (pHL,, o) ISR, 473K pH<
pHyc I, Hufi A B, 4873 pH>pH,, I, 31
gl SRR AR, — R m R, W
MR EE, BREHREZM Mg—0 #, V- RIkR
SRS Mg™, U/ [ T A )
Al—O #A1 Si—0 #, Kt AP #ld, X
SRETHNENRS ETF 2 AN Y i R E R
i, YRR T A AT T, BRI
B g A

N T IR EEE S B AR SR A R, HE
USRI AN A (e 42 DY T A SR M Al 3R AE T
BEX PR ATT Mg, Al TTEAHREEM. Ak,
W B USGR CY-1, Al YT i 2 ok 1 S
A, SUEAERN, BRTRERERS, 5 Fhff
TERIBEHS O AL O IR HLHL T4 Mg A1 Al IS
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8, B ERe A ICRE AL R . A, CY-1
beAL gt 24570 B B 2 AR VR R, 1 BE o A T4 0 B
AE 1A R AT AR IRE ML

22 BEyYFERR
22.1 W% pH EM M

It S R A B A 50 mg/L, 0 R CY-1 Al
NaOL AU, 2% pH B -5 4% A Fl 7R 8 ml vk
[ 2 4 FioR.

HHE 4 71, TEiER il RIAT CaCl, iG A2 14
T, fEW K pH 1H 4~9 WX RGN, FREu PR
Wi, SRIR. SEEME SR T AR VR B W AR
BA%. SRYEA MIFIE BRI pH ERZ RN,
FERT NaOL 8% CY-1 fEFF, Stief i i Ak
RIREEN K pH AE I T & #iie oK £ 9% pH A
7~12 BIXTE A, B CY-1 VUSRI S e A (177 34 B
W28 15 T DAIH R AN 1 e USRI R PR3 328 [RS8 5 3¢ pH
>10 B, ZRI8 A 7735 W3R T ARk 137 348 1m0
2, Wl DASE IR ZR R T SR Ve A (0 RPEIE T2
Kl 4 R0, BRI KM, CY-1 XFERJe A il
A& 7138 T NaOL, IX 1] B2 KA CY-1 731 BISR [E B
FAEZH O, ReGaiaRI &R T RAENEM,
sAL T SOGRIE SR AT PR T R B

100 .
‘ v

80 &
§ —=—NaOL+Chlorite
> 00r —e— CY-1+Chlorite
%’ —+—NaOL+Hematite
8 40t —— CY-1+Hematite
[

20+

0 2 4 6 8 10 12
pH

B4 JC SD il fIH CaCly WAL N, pH (E X 2% U8 F1
FIREA 17 3% RIS 520 (c(NaOL, CY-1)=50 mg/L)
Fig. 4 Effect of pH values on flotation recoveries of chlorite
and hematite in absence of SD and CaCl, (¢(NaOL, CY-1)=
50 mg/L)
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FH B8 4 ) A0 A R R AR M Rk i K 2 T
INGE 4 PR AR TR AT S 7], & 5 s A LE#IHI7) SD
FNEAF CaCly FAE I 2641 R Y55 CY-1 1 NaOL ()
FH &5 Glle A R AR R T VPR R
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Y
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Fig. 5 Effect of collector concentration on flotation recovery
of chlorite and hematite (pH=10, c¢(CaCl,)=100 mg/L and
c(SD)=20 mg/L)

M 5 W50, AN 20 mg/L ekl E
FEIIAN 100 mg/L (1] CaCly, 7EA [ F & (13 1 5 NaOL
8 CY-1 TERF, AREIRIE RIBCRIIMET 15%; %%
VAT PR 4 1R AT 2 I ol RG] P 2 88 I T i 3 ok
USR] CY-1 &N 100 mg/L I, S8 A7 (R [
W% 85%, (HAEAHIAFHER NaOL fER T, A
(37 3% FISCRAUN 53%. B S R, dniek)a, 7
PR B sm 2N, AN CaCly, SRV A M REEAL,
BT SR AT 5 PR TR (7 dk [l i e 22 ok, T BA
SEIL R BRI S B . AEAR R AN B F 2 A
N, CY-1 X&Rie A pilpe /) 23558 T NaOL 1, i
—HESE CY-1 A5 58 & s A si/E

2.3 FT-IR XS

SRR ATIRA ) o M S RG] CY-1 AT NaOL 1EH]
i JGE B FT-IR JeiE Bk 6 s, HE 6 /%, S5l
BRI CY-1 1EFE, TESRRANT YIRRIMER R T —
CH; M1—CH,— /1 C—H #47T 2920.56 cm ' £l
2850.08 cm ' /i A ARSI, 1471.03em " Ak 1T
WU 2 —CH; Fl—CH,— 1S FEIR BN i, 1574.77
em ' AT 153551 em' AR HVEL T AN OO, X ALE
SR8 A R TE BT B R R0 P AR R I R R 2R
(—COO-M)FIHFFHEMR IS IE! T, NaOL 1 J= i 4de 1
W IR R FT-IR Y 5 CY-1 18 o f AR, {EAH
JIARFAE IR AT Ve PR iR P 4 2 955, R NaOL 7E4RJE AR
TR PR L CY-T (55, 5 T ) il 5 R — 25
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Fig. 6 IR spectra of chlorite before and after action with CY-1
and NaOL, respectively

2.4 Zeta B HT

W YIAR 1H Zeta FAL AR A0 AT DA R B2 S AT 1) R 1T
PRI AR IR CY-1 8k NaOL i) 7%
Yl SRR R T Zeta HAALFERT 2 pH {E 45 fh 1043
DA 7 Bis. BB 7T LR H, AR 7E 7R
KA AR 4.8, 5ICHRE 5.0 B2 Al
7 CY-1 8 NaOL J&, 7EW K pH<7 MIX[AI, 7FEk
R T B AV REE R, 7E pH>7 XA, JRek
W2 A AR R T g2 B 7(b) AT A, SR
AREH SN 6.8, SClMERA 257, WEE & H
TaRATRE&RETREMEEAFRE. WA
U CY-1 8¢ NaOL J&, Z&iE 13RI Zeta HLLLHR
) Bt L 7 1) 2 3 RS B, 22 HL U PR 3 3.2 F 3.3,
] CY-1 #1 NaOL fif &5 H (1 [ 85 7 T 2r e A i
VIR TH - I\ Zeta HLALS7FS FA MR B 0T, 3R UACHT) CY-1
SaR A MM AT NaOL 5 4¢3 A (AR B4R
F, X 5 R0TH 1B PR iR s s R — 2. B 7(c)
AL, JRERETASRe A fEN 2K pH>9 I I T4
KIJHEMEZESR, AR T AR V7 iE S e A 1 T
T2, 5600 B s .
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—e— Hematite+NaOL
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Fig. 7 Zeta potential of hematite (a) and chlorite (b) in

absence or presence of CY-1 and NaOL respectively, and
comparison of effect of CY-1 on Zeta potential of hematite and

chlorite (c)

2.5 IRFMHALE

R CY-1 Al NaOL 7E R3¢ A7 3 T 1 T8 Bt 26 O
K 4. HFR 4 0TH1, TEBCAH TR AT CaCl, fEHI, CY-1
A NaOL 7E £ e A1 2 1 B 22 73 0 O 24.6% Al
6.2%, CY-1 Lt NaOL 7E Zxfe A 2 [ W Bt 26 57 18.4%;
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RIS R S 467 CaCly 5, CY-1 A1 NaOL 7
SRYE AR PR 2 2350 BT+ 3] 45.3%F0 18.0%, 1
TMEEE > 5A 20.7%F1 11.8%. PRSI SHR A
FE R P AR ARG LR W, AN R A A ),

A BT RBORIE SR e A R T, CY-1 HE NaOL B 4%
Gy ARSI AT DR TH, CY-1 X4 A I RE
7138 NaOL 1, 1X 5§ 77 a0 45 A &

R 4 pH=10 I AS[R) 2470 1 B T S5V A 2 1 4 47 AR W
b A<
Table 4 Adsorption rate of collectors on chlorite surface at

pH 10

Reagent Adsorption rate/%
CY-1 24.6
SD+CaCl,+CY-1 453
NaOL 6.2
SD+CaCl,+NaOL 18.0

2.6 XPS Mg

G5 CY-1 F1 NaOL /£ 5, Mg, Al fll
Fe [f] 2p BUESE A R0 LK 8~10. HHE 8 TTLLE
th, 5 NaOL fEHJE, ZrieA 3K Mg 1) 2p $LIE 125
A ReIAMKAETT MBS A 3 TS H ARG CY-1 1E
G, &R A3 Mg 1 2p PUB IS & RERMKAE T A
BERY), XFP NaOL 54404 RIH M Mg {EFH 53,
5> Mg ¥ 2p BB 45 & ReUE A E AL, 2RI A K 11
RAT HAHGT CY-1 1) Mg 28 BB 658 BT I 1L 24
B, Mg kR

Chlorite+NaOL
Chlorite

52 51 50 49 48
Binding energy/eV

8 S SIGT CY-1 3 NaOL /£ F Hi & /) Mg 2p ot
T

Fig. 8 XPS spectra of Mg 2p of chlorite before and after
CY-lor NaOL treatment

Chlorite+NaOL
Chlorite+CY-1

Chlorite

77 76 75 74 73 72 71
Binding energy/eV

B9 St SMUGH CY-1 5 NaOL 1EFI TS 11 Al 2p
T
Fig. 9 XPS spectra of Al 2p of chlorite before and after CY-1

or NaOL treatment

Chlorite+NaOL
Chlorite Chlorite+CY-1
72.0 71.5 71.0 70.5 70.0
Binding energy/eV

10 ZRASHWGH CY-1 8¢ NaOL 1EH Rl 5 [ Fe 2p )
T i

Fig. 10 XPS spectra of Fe 2p of chlorite before and after
CY-1 or NaOL treatment

HE 9 w41, 5 NaOL fEH G, S a R Al
(1) 2p BUIE M2 & REJ LA & 5 CY-11ERS,
SRUE AR AL 1) 2p PUIE 45 A RE AR 77 171 F2 30 ]
2, RG] CY-1 MR AR Al ZSHUETR
THT, RAETHFREER, Al RENERES,
VA1) Al 2 UG CY-1 BTG TEAL .

HE 10 7751, A7) SD J&, F5HiG
CY-1 8¢ NaOL £, Zklef1 31 Fe [) 2p HLBE M ZE &
AEAAR /N o SD A ERAT 1 =y MR, A ARk
W E, R M AE SR R Y Fe b, FEAG 14
W) CY-1 B NaOL 5 4¢ie A1 3K 11 Fe 7 s IEH

2.7 DFT B4R
U CY-1 FsERE FELE /WP 11 fros, #4905
TFHURT B8 2508 Mulliken HL 7 4 J& L2 5.
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Fig. 11  Solid ophilic structure of CY-1

S5 CY-1 A JE AT & IE R 4% Mulliken LA AR
&
Table 5 Frontier molecular orbital coefficients and Mulliken

charges of selected atoms in CY-1

Atom 2Py/ 2Py/ 2P,/ Mulliken
(kJ'mol™ (kJ'mol™") (kJ ~m0171) charges/electron
C30 —-0.24 0.26 0.21 0.38
031 0.11 0.24 —-0.71 —-0.33
032 0.53 0.26 —-0.71 —0.25
039 —0.08 0.05 0 -0.22
046 0 0 0 —0.25
Cc47 0.08 0.05 0 0.38
048 0.08 0.29 -1.23 —-0.32
Cs3 0.26 39.46 18.12 0.38
054 —1364.39 —140.57 —484.77 —0.32
055  1998.08 627.15 575.38 —0.12

Note: 1) All data refer to data in aqueous solution; 2) Py, Py

and Py refer to three degenerate orbits in P energy level.

M 5 ATCUE H, HUGR CY-1 H 4 s s 32 224y
fire O b, PO & CY-1 st et . CY-1
Iy T i 5 PEHLE (HOMO) BE & —1127.24 kJ/mol,
FEZH 57 054 1 055 1 p BBk, FHAh R 51
TUER T LAZZS, IX LY CY-1 4T 55 ¥R /EH
I, FZRE A S 054 #1055

& 6 XL R LAE H: TS TIRE
EREEPIRE TN, GR CY-1 19 AE {E(ELumo—Enomo)

6 CY-1 Al NaOL M4 F X B FE TSt HE 1xt L

BIBMERI /N, RS HMERALL, FGH CY-1 1t
EVETEAR, SRMNIETEE R, EH T ER, BA
SERRICAHUCRE ST o SR 2 T AR RO, R A
AL o 7% B Y AR W AR R T P AR
CY-1 7E5r T RAS T AR B 731 I mE /)N, (R TS
T CY-1" (BN KT OL [RMEARSE . i) CY-1
ety A AE AR K pH BN 10, SRiHilion &
TR T AFLE , CY-17 1 KA B R (B T DA L o
RO MER T, R A RE SR . thAb,
TR TIREEZLEFRE, CY-1 h#E 0 EK
Mulliken Hifif KT NaOL H¥2%: O 1) Mulliken Hifif,
R CY-1 FREE O MG TREITE S, B 50
RIMEA, FFEUA TR CY-1 BIRBLE LT
.

2.8 SEFRNEN AFERE

HE NN A R AR ARLRAT R, AT
FER S A 15% 40 SR 6 S R B4, 4
B XE. PL NaOL A1 CY-1 3l 5543 750 % Hedk AT i%
R, 2550 SRR WL 2(b), VR R AR 7 B
.

7 RIS L5 R, CY-1 1E N —Fi s 2 (1 Bk 1R
T, Sk 5 A AR R GRS N LS T
BT TE R, 16 30 CHIVFIRIRE T, &— Uik
YENV G, FHRET Bk S AL AT B R 2 ik 65.48% Al
71.23%, 5 &G lg Wi B A YT NaOL (7L R AR AH L,
FERE A8k it r A0 RIS A A = T 2.27%80 1.22%,
Y CY-1 PRETRAnR /R 2k iy, FHofilscRe Jo ik £
PEIMRT NaOL [, 1% -5 [l [ 1) SR P i 10 45 2R
—5.

MVFEIRERE N 20 CH, CY-1 IFIE R E AN
SAFRRET BN 65.11%, BN 70.46%,
5530 C Rk fe AR, BT A G CY-1 X
B RO IR A BRI IE N, XN CY-1 4y
THEEREZEPEHZABEAMLRT O, BIHETFIET
RO T CY-1 BIRBLENE, $&& 7 2550 R

Table 6 Comparison of quantum chemical calculations of molecules and ions of CY-1 and NaOL

Collector E/(kJ-mol ) AE/(kJ-mol ) /(D) Mulliken charges of —OH/electron
CY-1 -8.82X10° 1.54X10° 0.51 —0.12
OL -5.02X10° 1.59X 10° 1.22 —0.11
CY-1 -8.79X10° 1.04X 10° 25.53 —0.62
oL -5.00Xx10° 135X 10° 2.48 —-0.17

Note: All data refer to data in aqueous solution.
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B rEfE, SR DFT 5245 540 —%. NaOL 7 20 'C
TP IR E A REIRAF R AL 54.00%, [EICRA
58.62%MIHLKET", b CY-1 IR1FHOHUES ™k fh Ao A [e]
RS BB 11.11%1 11.84%.

29 CY-1FESRANIERNIER MR

P 4 TR, 45K pH>10 I, CY-1 kst
A EISCERR TR AR R I I, 7EUE pHL 264
N, GRUeA 1 A g TR A ol e, B 7 PR gk
TeAHIRTH Zeta HANL AR 73X — 55, 2 HEF B 5|
JREE, A AR A AT e SR8 T R B B R AR
Bt, SXULEA CY-1 S0 3R TH FIVE AN & IR b

R 7T UG CY-1 F1 NaOL X & AT FEIVR e 45 R

TR 2 AR . SRR AR S, AAAE Al—O F
Mg—O 8, JFIE RN T iEHA CaCly, &85
TAERRER S K IR R B A, XSS R 5 T
FRELB A YE KR SR AT R, T RS
LR T, CY-1 B FIRE O St raaintt
SIRETHIHOE, BRI, SEOL A,
GRABTIK LT, AN, CY-1 FEFE PR O, B
Bk O AR EL O W LRSI s SR AL et ik 1 25 4 48 & s P4
BT, HIRTE SRR A 2 IR B 7 A e B VA U A
i, X RAGT CY-1 XERYE A iRk Bt g T
USRI NaOL RN 2 —. CY-1 1A E Filks)
PRSI A R T R A 2R B AR G ] 12 B

Table 7 Results of flotation test of CY-1 and NaOL to minerals of Yuanjiacun

Collector Flotation temperature/°C Product Yield/% Grade/% Recovery/%
Rough concentrate 49.61 65.48 71.23
30 Tailing 50.39 26.04 28.77
Feed 100.00 45.61 100.00
CY-1
Rough concentrate 49.11 65.11 70.46
20 Tailing 50.89 26.35 29.54
Feed 100.00 45.39 100.00
Rough concentrate 50.53 63.21 70.01
30 Tailing 49.47 27.66 29.99
Feed 100.00 45.62 100.00
NaOL
Rough concentrate 49.48 54.00 58.62
20 Tailing 50.52 37.34 41.38
Feed 100.00 45.58 100.00

{001} surface

B 12 CY-1 fELR IR A AR (IR A Y
Fig. 12 Schematic adsorption model of CY-1 on surface of chlorite

Carboxyl group
bonding with Ca

Characteristic adsorption

o 0]
similar to that of crownether HO
=
o=
ol o DR

{100} surface
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3 Zig

1) BMESRAE T, SRe A ok IR J2 TR i [ #5714
WA, BORME B, AR E. MRS AR ER R
Mg—O Fl AI—0 %, ¥ HK Mg™ 1 AP HEAT % X
PR PR F SR8 A R, RO ST A 2R THT 5 17 557

2) AL R R, SR NaOL b,
CY-1 HIE G IERMEN AR N IRIE S f o 75 UTE R
9T, CaCl, RiEALF, WK pHAE N 10, i)
& 100 mg/L IS T, CY-1 feiFik i 85%(1)
AT, MFEZME S NaOL ik 4k)e A i B R
53%, AV TEIERIBCRIRT 15%.

3) PR ATRIERIG A LR, 30 CF,
CY-1 TEBRMESCAF T RIEIE 72 M AR 7 TR Ak
W58 NaOL i UGRAR ELE, CY-1 BT3RS 1™
HRER LA IR A AR T 2.27% 0 1.22%. 4TIk
TELRE PR 20 'CHY, CY-1 IR IESRAR FBFIREIR /N,
1M NaOL MVZIEIEN B3 R, o CY-1 SRAFHIHE
Ak it S A0 (B2 43 I BRAIG 11.11% 0 11.84%.

4) DFT iHHRM, CY-1 4 F I S s g
BEREHRIE O M p YUBA M, & O —RIEH T
1 3 B A, S [ Y At O R TE PR T o
ZLAMETEIESE CY-1 R O REEE & 4l A R TR
A o

5) CY-1 7 FHrEa I “nilf” ghFsam 7k
FIXF e A A B T b Mg A AL R [ P o Zeta FEAZ
W B AT XPS FIIIR 4SS FAESE T CY-1 Ltk NaOL H %
Sy B E SR Y A R T, CY-1 AR IS RE 0 AN 8 1 1
fiF NaOL .
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Flotation mechanism of novel ether acid collector CY-1 to
chlorite and its application in reverse floatation of iron ores

CHEN Wen, XU Hai-feng, ZHOU Yu-lin

(Changsha Research Institute of Ming and Metallurgy Co., Ltd., Changsha 410012, China)

Abstract: In this work, the type and chemical formula of chlorite in Yuanjiacun iron mine of Taiyuan Iron and Steel
Company were determined for the first time. A novel ether acid collector CY-1 was designed and synthesized according
to the types and contents of metal ions in the chlorite and the characteristics of its decomposition exposed surface. The
flotation behavior and adsorption mechanism of CY-1 to chlorite were investigated by micro-flotation tests of single
chlorite and hematite minerals, bench-scale flotation tests of fine hematite/magnetite mixed actual iron ore contained high
content of chlorite, FT-IR spectra, zeta potential measurements, adsorption capacity, density functional theory (DFT)
calculations and XPS. The micro-flotation results of single minerals indicate that CY-1 exhibits superior flotation
performance to chlorite. The results of flotation tests of hematite/magnetite mixed actual iron ore show that, the iron
concentrate grade and recovery obtained by CY-1 increase by 2.27% and 1.22% at 30 ‘C and by 11.11% and 11.84% at
20 C, responsively compared to those by NaOL. DFT calculation results show that carboxyl O of CY-1 is the main sites
for interaction with minerals, and the other O in the solidophilic group is also active center for providing electrons. CY-1
shows unique structure, such as the “crown ether” shape structure of solidophilic group, resulting in superior targeting
effect on Mg and Al on dissociation surface of chlorite, which improves the collector's flotation ability to chlorite.

Key words: CY-1; chlorite; reverse floatation; flotation mechanism
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