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Table 1 Chemical composition of apatite and potassium feldspar
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Fig. 1 Chemical structure of DTAB
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. Table 2 Flotation test results of artificial mixed ore
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Fig. 2 Effect of pH value on floatability of potassium feldspar
and apatite

2.1.2 DTAB B EXF Y ] # MK i

TER" K pH BN 9. 0 1F, DTAB FI 4 %) 1 1y o 3
PEWLIE 3. i 3 nf LA s A BT kA
R M BTt K AT MLP-Jodk B 77, 24 DTAB
FiI k%] 3.0 x 107 mol/L LA 1B, Z 2 Wi 1E2E 54K
Ko

100
- SEER — e
80
i
o —— i ;:1’,
— HHK A
S 6o
=
& 40| PH=9.0£0.5
0k .
0 = — —a

1 2 3 4 5
e = Ok B R /(10 mol- L)

B3 DTAB It # AT S5 A 3 [ WO A R
Fig. 3 Effect of DTAB dosage on floatability of potassium feld-
spar and apatite
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function of pH value before and after adding DTAB
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Fig. 5 Microcalorimetric atlas of potassium feldspar and apatite
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Table 3 Relative atomic concentration of potassium feldspar and

apatite surface before and after adding DTAB
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Fig. 7 The steric hindrance of dodecyl trimethyl ammonium bro-

mide on the surface of potassium feldspar (001) (left) and collo-
phane (001) (right)



78 - BRI S H A

2022 4

T S F AR 24750 5 A [ 14 R S 28R -5 0
JERY, M T A ek = R A R AR W A A
A AT P I =R B RLCT B I B 5R A
ML AR UL 1] 8, Kt I3 4.

;Qj %% Q giﬁ’"ﬁ*a%“gsu

B8 ek = WAL SRS A (001) i ( £2) RO K
A1 (001 ) AT (A7) 18 it R A5 24

Fig. 8 Basic adsorption model of dodecyl trimethyl ammonium
bromide on potassium feldspar (001) surface (left) and collo-
phane (001) surface (right)

R4 b bk IR AL B A A [ R AN R B AR AT
LSRR
Table 4  Adsorption results of dodecyl trimethyl ammonium bro-

mide on different surfaces and distances

% Bt 2 1 W pE/ A V5 Ja i/ A
32,213 3.548
A 1:3.609 3.614
3t :3. 809 3.74
2,724 4.108
WA 1.3, 853 4.09
36 :4.322 4.13

e 4 o, - ek = R AL B R B I A A
SR AT BT I R TR AL AR PR ke
= WA B W) T A2 225 A7 BEL AT A A A i Y HE e A

FHRZ IR, A B 2 3 5 T HE e 0 5 A o ) 2%
T HE R PR A A AR E R AL T SR
FARZHIN -0 1.36 A fEHIR IR, M AL
W B A FHYE W , (R AR R AR TSR Bl 1 A7 BRAY
WS X BRI TR R G R HTRLEE , DTAB
FER W) A AE T LA T o FERR K A1 2R, 1 ke
e = WL IRAL B AR I RICR TN 2R Y FE R A1 3R
TE 1147 VB B 5 22 PP S AT A KA 30 T 14 MR e 2
XA - e = PP R PR B A B A 3 T O R Ak
SR B 508 T R A 2R T P IR BRI

4 ik
(1) 5 4 )+ = e J = 13 0 Al

(DTAB) VR USRI , 72 pH ELIX ] S ~ 11 5 B K
A58 A IR R, N TR 07 il g ml
PIARAS PO, §h1 34.85% | [ R 91. 46% HIBEKGH™,
KW H ALO, &5k 1.52% , F W] DTAB #] Ll sZ 3

B AT R IR A B R 3 R

(2) Zeta WU o B B XPS JIE (215N K
Oy T RLAAE R AT, DTAB A5 8K A7 A K A1 2 T
BHAF AR K 22 5, DTAB nl 3 o #f l A A ZE A K 3%
TR R, TR B KAy 2 TR A L2 A A 0 R

S &

[1] BRI, KRR, W], 5 AR BRIEAL BT & A AR ST S v R AE TR
[t R BTEAELT ] sh RO R §4,2022,24(2) 1210 - 217.
CHEN W D,ZHANG Y X,CONG B M, et al. Cold resistance of alfalfa
root neck under different phosphate fertilizer treatments and changes of
carbohydrate under low temperature stress[J]. Journal of Agricultural
Science and Technology, 2022, 24(2) . 210 -217.

Andelkovic IB, Kabiri S, Tavakkoli E, et al. Graphene oxide — Fe( Il )

composite containing phosphate — A novel slow release fertilizer for im-

[2

[

proved agriculture management [ J ]. Journal of Cleaner Production,
2018, 185: 97 —104.

GRIG ANET IR, S5 B IR I P B AT AT B AT
[J }.35@@5;,2021,44(6),69 73.

TANG J Y, HE J N, ZHANG S J, et al. Interaction between apatite and
quartz in phosphate ore flotation [ J]. Non — Metallic Mines, 2021, 44
(6):69-73.

S, £ UG FRA SO0 -5 s KA VR L BBIT 52 [0 . 5t
Fh2#,2020,38(5) :85 - 88.

YI D, WANG X. Mechanism of the interaction between hydroxamic acid
collectors and fluorapatite [ J ]. Guizhou Science, 2020, 38 (5): 85 —
88.

SR, RO T SR AR R BT B TR S P R ) S
LI AT Y 5hnT1.,2019,48(2) .33 =36 +40.

GUO XK, GEY Y, GUO W B, et al. Effect of metal ions on desili-
conization of apatite by reverse flotation with ether amine as a collector
[J]. Industrial Minerals & Processing, 2019, 48(2) : 33 —36 +40.
A A S8 T e B i S 7 e ik R AL S [T ] AL L)
5JnT.,2016,45(10) :8 - 10.

LI F, TIAN P J. Research on reverse flotation test and mechanism of a

—
w
[

—
~
i

[5

[

—
(=)}
[}

siliceous collopphanite[ J]. Industrial Minerals & Processing, 2016, 45
(10): 8 —10.
(7] &7 A8, .5 fERRER YR B0 P — SURHE LA M Lolfk
LT A Ee )R (TS ) ,2019(5) :90 - 94.
LIN, FU L, WANG T, et al. Study on SLR flotation technology of sili-
cate type phosphate ore and its industrial application [ J]. Nonferrous
Metals ( Mineral Processing Section) , 2019(5) : 90 —94.
X, B8 e 5, S50 AT, A5 B REBE BT BENT IE - TR IR BT 5
[J]. 58 THE,2020,40(4) 142 — 44,
DENG K, GE Y Y, GUO X K, et al. Direct and reverse flotation of sili-
con magnesium collophanite[ J]. Mining and Metallurgical Engineering,
2020, 40(4): 42 —44.
[9] MARAL, kAR X RUIE. 2 I AR SR IS W 0 1 P2 SR IR W R S [0 ] Ak
TH Y5 T,2020,49(5) :25 - 27.
YANG W Q, ZHANG H, ZHAO F G. Study on desilication of direct flo-
tation of siliceous phosphate rock in Yunan[]]. Industrial Minerals &
Processing, 2020, 49(5) . 25 -27.
[10] SRR, BRad , FIi, 45, 57 L8 b A o a4l S50 190 97 it 1 38 T 9
[I]. LG R ,2017(6) :39 - 43.
ZHU Y M, CHEN T, YAN X, et al. Collecting performance of new
collectors on apatite at room temperature[ J]. Comprehensive Utilization
of Mineral Resources, 2017(6) : 39 —43.
[11] WANG Y, HU Y, HE P, et al. Reverse flotation for removal of sili-
cates from diasporic — bauxite [ J ]. Minerals Engineering, 2004, 17
(5): 63 -68.
[12] 7046, 2240, 5, 5. WFC - 01 S 3 5 S ke 475 S e e 7 B 4 1

—
oo
[}



H2H ATSESS 4 ek = R B AR B IR A 7 5 B A R 20 B P R i/ S L =79

PLEBFFE [J]. AL 50n1,2018,47(3) ;9 - 11 +27. 322 -332.
XU W, QIN H, TIAN Y, et al. Study on reverse flotation test of WFC KUANG JZ, MA Q, LIU P F, et al. Microcalorimetric study on the
- 01 for a siliceous and calcareous phosphate ore from Guizhou and its dissolution of scheelite in NaOH solution and the thermokinetics of its
mechanism[ J]. Industrial Minerals & Processing, 2018, 47(3): 9 - interaction with sodium oleate [ J]. Chinese Journal of Rare Metals,
11 +27. 2021, 45(3): 322 -332.
[13] 307, 222, 56, TR 4R o AR AR i 45 i ™ i Bn [0 ). Jb st (197 XUME . FIEE" R A7 iR A A0 I A o 2 Bl R 8l g 2 O B 58
BRIk ,2010,32(11) ;1388 - 1392. [D]. 8&M . VLPGHE T 24,2018 .1 — 69.
GUO F, LI J, et al. Improving the grade of asiliceous — calcareous phos- LIU P F. Study on the dissolution characteristic and microcalorimetry
phate ore with fine size by Reverse flotation method[ J]. Journal of Uni- kinetics of scheelite, fluorite and calcite[ D]. Ganzhou: Jiangxi Univer-
versity of Science and Technology Beijing, 2010, 32(11): 1388 —1392. sity of Science and Technology, 2018 1 —69.
(14T A0 A, XDV . 58 E 0" RO e B rk 245 0P E5R [T ] 97 7= R4 SR A, [20] WEWHLL, BRaite. & 4% BT a0 IR B 20 245 1 i R 3l 0 2 I (38
2008(3) :49 - 54. ) [J]. Transactions of Nonferrous Metals Society of China,2016,26
LIN S S, LIU S Q. A review of reagents on desilication of bauxite ores (1):272 -281.
by reverse flotation [ J]. Conservation and Utilization of Mineral Re- LAN L H, CHEN J H. Microthermokinetic study of xanthate adsorption
sources, 2008 (3) : 49 —54. on impurity — doped galena[ J]. Transactions of Nonferrous Metals Soci-
[15] #EER. Gemini A5 HLAEHT IS 149 G BB JEXT B ek TR R 07 0 1 07 ety of China, 2016, 26(1) : 272 -281.
PERERTSE[D]. Kb h g K2%,2010:1 - 85. [21] #9622 S5, Rt PR A9 22 1T JoUG 1R b/ T e Bk = W ki
HUANG Z Q. Synthesis of Gemini silicone collector and its flotation LB EE A 25 S PR 9T () . AR $7,2020,53 (12) .49 -
performance for aluminosilicate minerals[ D]. Changsha; Central South 54 +71.
University, 2010 1 - 85. XU H L, GUO R G, TANG C B. Preparation and corrosion resistance
[16] XN  EEYE5 | w45, Wdb ke O i K iR s arse [T ). 6k of fluorozirconate / DTAB conversion coatings on galvanized steels sur-
FRERIM R , 2018 ,37(2) :644 —648. face[ J]. Materials Protection | Mater Protec, 2020, 53 (12): 49 -
LIU M, GEY Y, MENG Y, et al. Experimental study on reverse flota- 54 +71.
tion of potassium feldspar from phosphate ore in Hubei[ J]. Bulltein of [22] LIU C, ZHU L, FU W, et al. Investigations of amino trimethylene
the Chinese Ceramic Society, 2018, 37(2) : 644 —648. phosphonic acid as a green and efficient depressant for the flotation sep-
[17] PAWLIK M, LASKOWSKI JS. Coal reverse flotation. part I. adsorption aration of apatite from calcite[ J]. Minerals Engineering, 2022, 181
of dodecyltrimethyl ammonium bromide and humic acids onto coal and 107552.
silica[ J]. Coal Preparation, 2003, 23 91 - 112. [23] SONI A, PATEY G N. Simulations of water structure and the possibility
(18] EARE, Tha , XM K, &5, fo PO IR 98 A8 76 NaOH 75 P 1) of ice nucleation on selected crystal planes of K — feldspar[ J]. The
Vi B R A IR D12 (0], W 42 )8, 2021,45(3) Journal of Chemical Physics, 2019, 150(21) ; 214501.

Effect and Mechanism of Dodecyl Trimethylammonium Tromide in Flotation
Separation of Apatite and Potassium Feldspar
YU Haoyong, ZHU Yangge, LI Songqing, HU Xiaoxing

Beijing General Research Institute of Mining &Metallurgy, State Key Laboratory of Mineral Processing Science and Technology, Beijing 102628,
China

Abstract; In this paper, quaternary ammonium salt dodecyl trimethyl ammonium bromide (DTAB) was used as collector,
and the flotation behavior and mechanism of potassium feldspar and apatite in DTAB system were comparatively investiga-
ted. The flotation test results of pure minerals show that DTAB has excellent collecting performance for potassium feldspar
in the range of pulp pH value from 6 to 11, while apatite has poor floatability. When the dosage of DTAB is 3 x 10 ~* mol/
L and the pH is 9.45, the flotation recoveries of potassium feldspar and apatite are 93% and 2% respectively. From the
artificial mixed ore with potassium feldspar and apatite in the mass ratio of 3 : 1, the apatite concentrate with P,Oy content
of 34.85% , Al,O, content of 1.52% , P,0; recovery of 91.46% can be obtained, indicating that DTAB can realize the
selective separation of potassium feldspar and apatite. The flotation test results of artificial mixed ore show that DTAB can
realize the selective separation of potassium feldspar and apatite. The results of Zeta potential, XPS and FTIR results show
that DTAB is selectively adsorbed on the surface of potassium feldspar through physical adsorption, but less on the surface
of apatite. Microcalorimetric results show that the reaction between DTAB and potassium feldspar is more intense than that
of apatite. The molecular simulation results show that the adsorption effect of dodecyl trimethyl ammonium bromide on po-
tassium feldspar surface is obviously stronger than that on apatite.

Keywords: apatite; potassium feldspar; flotation; mechanism; collector; dodecyl trimethyl ammonium bromide

SIS AT T, AR, R IR AL, T b = TP TS B AE B AR A S B A 8 0 8 Th A E T S LB LT . 0 7 BR S5 )
F1,2022,42(2) .74 -79.
YU Haoyong, ZHU Yangge, LI Songqing, HU Xiaoxing. Effect and mechanism of dodecyl trimethylammonium tromide in flotation sepa-

ration of apatite and potassium feldspar[ J]. Conservation and Utilization of Mineral Resources, 2022, 42(2); 74 - 79.

HAREME : htp ://kebh. cbpt. enki. net E - mail ; kebh@ chinajournal. net. cn



