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Abstract

This study investigates the beneficiation of phosphate ore from Hubei Province, China. Mineralogical
analysis revealed that quartz is the dominant gangue mineral, accompanied by minor amounts of Alz03,
Fe203, and Mg0. The chemical composition, characterized by SiO: and MgO contents of 17.53% and
1.8%, respectively, categorizes this ore as a typical mid-to low-grade siliceous-calcareous phosphate
rock. Based on its mineralogical characteristics, a reverse flotation process employing staged reagent
addition was investigated for the removal of magnesium and silica. A phosphate concentrate assaying
30.7% P20swith arecovery of 73.81% was achieved; however, the tailings grade remained undesirably
high. Consequently, a reverse flotation process utilizing a combined reagent scheme of sodium oleate
and dodecylamine was adopted. At a grinding fineness of 82.3% passing 0.074 mm, the rougher flota-
tion conditions were as follows: sulfuric acid at 12 kg/t, Ca2+ at 500 g/t, sodium oleate at 3 kg/t, dodec-
ylamine at 200 g/t, and MIBC (methyl isobutyl carbinol) at 570g/t. The rougher concentrate was sub-
jected to one cleaning step for silica removal using dodecylamine at 100 g/t. The combined rougher
and cleaner tailings were subjected to a scavenging step with Ca2+at 200 g/t and MIBC at 380g/t. The
results demonstrate that the reverse flotation utilizing the combined sodium oleate and dodecylamine
scheme achieved a separation performance comparable to that of the conventional double reverse flo-
tation process with staged reagent addition. Under open-circuit conditions, a final concentrate with a
P20s grade of 30.69%, a recovery of 70.37%, and an MgO content of only 0.61% was obtained. This
process enables the efficient beneficiation of this mid- to low-grade mixed-type phosphate ore and pro-
vides a valuable reference for processing similar ores.
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Table 1. Multi-element analysis of a collophane in Hubei province
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Figure 1. Flotation process flow diagram of reverse flotation
for silicon removal from collophane ore using dodecylamine
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Figure 2. Effect of different pH values on the flotation results of collophane
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Table 2. Effect of dodecylamine dosage on the flotation of collophane
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Figure 3. Effect of dodecylamine dosage on the flotation of collophane
Bl 3. + BRI SR FIEE RN
M2y B3 RIREE R AT, A+ RN 75 gt B, I RN 27.20%, IR 91.35%, 4
BRI 125 it 5, FE B 27.34%, FEARTRN, HEF M 5.37%REE 7.59%, %
JE TGRSR, HIE B, e IR 100 gty S SRR R ZRET fi b 2k

DOI: 10.12677/me.2026.143068 682 Bl TR


https://doi.org/10.12677/me.2026.143068

BURERT 4

AT G,
3.1.3. B AERE

PR A S R P B T e AR A KR, AR B AN R, WS AR, ik
FebmE LRI s T B i B0 40 B B T TH M s B, (H S BRI R Anhi R, BH TR UG
S YRR, BERRTE 2 BRI K. A T RIS B, AR pHAH 5 A4, + T HHEN
100 g/t BF, R B G0 F kst R m . SRWmE 4. % 3 iR,

Table 3. Effect of grinding fineness on silicon removal from phosphate ore by flotation
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Figure 4. Effect of grinding fineness on silicon removal from phosphate ore by

flotation
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Figure 5. Effect of calcium ions on concentrate grade and recovery during the reverse
flotation process of collophane for desilication

Bl 5. BB RF RS RIS B TSN AR B R B R

fRAE 5 RIREE R, 5B T BT AR ST S R E I R AR A A E R, e, AR 100 g/t
T RAE AT, CaPRIE 50 g/t~500 g/t JERI Y, MK Ca® W, K dn i S IR S50 1, 3L
Hr Ca? N 500 g/t I, KA SLATENSCR TR, 9353000 25.86% 1 93.18%,  BEIBGRIRIE Ca” X i
R rPARRERE SR M) ()77 th BAT (R, WO Ca? i Bk A 500 g/t

3.2. SHBRWRR IR M kit

FEWEN [0 i BE e R rh s 285501 B2 3 D pH R EE 57 (MR D i IR 400 H81) 7500 ) R g 0 R i WAL 751,
AT PN 7R S R P AT I R FH e B B R S, DISRIS R T E S B ik e br . IR
k6.

32.1. MEEAEXN

A J7 T2 S 40 WA 1) e T M) P 56 0 A 7 20 AU RIS T e M ik o 7 ek X R it W Akt v 2 B2 (O
T1.7%2] 73.7%), B TER G SL IR A N2 IR 2R — ST BESE AR IR SHE e Ak Jd B 1 S AR BB ™ A0 B o e
YA BER AN -0.074 mm 1 73.7%, RSN = 2 ke/t BT R TR A B A0 I8 45 R4 LA
7RI 4,

H 7 e 4 Fha B 45 BT 40, 7E HoSO4 F i 8 kg/t~12 kg/t Tl P, B8 INILIRE , K50 Sh A7 i 25.64%
TR 24.17%, B AL 12.17%4 2 9.84%, EH XK H 8.01%F4KE 3.13, 1 [FICEH 91.29%1
TN%E 96.98%, 1B HaSO4 0 BN IR BE A A HIER, L5265 BT M. B AL, Il 3L
KZGFIERE, 1€ HoSOs & 12 kg/t 1E i B %A -

DOI: 10.12677/me.2026.143068 684 ol TAE


https://doi.org/10.12677/me.2026.143068

B &%

R

gWCD-aMMmﬁw

| %

X H,S0,
X HERY

v

R

Figure 6. Flow diagram of reverse flotation process for magnesium removal

from collophane using sodium oleate
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Figure 7. Flotation results of H2SO4 dosage
7. HaSO4 SR ZIRER
Table 4. Flotation results of H2SO4 dosage
F 4. HSO4 B IFEEER
HaSO4 & ke/t TS T /% SAL 1% ISR &/% 2 E/%
H 83.28 25.64
8 =2 16.72 12.17 91.29 8.01
JEH 100.00 23.39
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Figure 8. Flotation results of sodium oleate dosage
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Figure 9. Flow diagram of the stepwise magnesium and silicon
removal flotation process I of collophane
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Table 5. Flotation results of the stepwise magnesium and silicon removal from collophane through process I

F° 5. IR DL REREFEIRE 1 ER

IE S FEE /% BB BI% I &%
Kl 82.03 26.74 91.34

BN 9.22 15.41 5.92

SRR 8.75 7.51 2.74
= 100.00 24.01 100.00
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IEAE] 30%Lh Eo W, A T RS M RN P 2 HAR I IEAR, N THRERT R, TP
I MIBC 1R, FFHn—Jorsigiiite, HTZRBmE 10 frox, RIEgR W% 6.

WRYEL 6 FRLBED™ 70 0 BB I I B 25 R, e AR R AL 30.70%, RISy 73.81%, K0 &
IRBEREOR, (R MR, WK, fE M EHIE R RS TR A, 7RIk 33.76%
(P + FEERE), HaiAME(19.01%, 14.09%), R KR A=Y i ZAR R, IR 1271 25 E
WREE RN . TP BB AT MR AN 5 - Wl & N 28 S P b i e
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HERHN 3 ke/t, + % 200 g/t, MIBC 570g/t, HUAEH AT — YRR BLRE, + ficA & 100 g/t, KGR
ARSI & Bk, Z570HI A Ca H& 200 g/t, MIBC 380g/t. JF-0Eifi el 5RE6 45 543 il 14
11 ISR 7 foR, 1RIEPE M2 u R i a5 R LK 8.

DOI: 10.12677/me.2026.143068 687 ol TAE


https://doi.org/10.12677/me.2026.143068

VRS

JEH”

By -0. 074mm 5 H.82. 3%
H,S0, 12kg/t
HERY 3kg/t
MIBC 570g/t

H,SO, 6 kg/t
HERSN 1 kg/t
MIBC 380g/t

SRR Ca?* 500g/t
+ & 200g/t
BHEY it
Figure 10. Flow diagram of the stepwise magnesium and silicon removal flotation process II of

collophane

E 10. BT 9 E SRR 1 TZ5RIEE

Table 6. Flotation results of the stepwise magnesium and silicon removal from collophane through process I1

3 6. BB O SRR REFIEIALE 1R

7= i AR FEE /% s B1% [ECE &/%
it 56.31 30.70 73.81
T 2.08 19.01 1.69

THREY 31.68 13.70 18.53

BHEY 9.93 14.09 5.97
JE 100.00 23.42 100.00

Table 7. Results of the reverse flotation test with mixed reagents for collophane

® 7. R ORAMARFEREER

EZ F2E /% ST BI% EICA &/%
Kl 56.01 30.69 70.37
SN 9.74 20.85 8.32
==t 34.25 15.20 21.31
JEn” 100.00 24.43 100.00
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Figure 11. Flow diagram of the reverse flotation process with mixed
reagents for collophane
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Table 8. Multi-element analysis results of the products obtained from the reverse flotation process of collophane with mixed
reagents

8. R RAMARFE~RETREDINER

p— S K&
P20s MgO Fe203 ALO3 CaO SiO2 F
WS 31.89 0.61 1.69 228 43.60 11.15 2.64
W 21.28 1.73 2.68 5.63 31.14 25.9 1.27
Ry 16.79 3.77 3.37 6.98 27.39 25.60 1.10

WRPEZ 7 I3 8 S5 RaT N, MRWENRA Ca> fEBNA, MEREN S T IR A INZ5idtAT ik, mrikee
W FNUR 53 30 P R, T BT 38 264 T AT SR RE I S AL 30.69%, [FISCE 70.37%, MgO F &5 0.61%,
MgO & & [FKH] 0.61%, ALO; M 4.22%FF % 2.28%, HE. 5. B4R AP maUhi B .

34. TEEES0IHEED

AW FORHIREN S + IR & N 25347 [ i3k T AR AR RS WAL 30.69% AT BEAIR MgO &
(0.61%) A, KWEFI b IR Blin, RMFREE 1814 HE = i AR M AL ™, R “HEE%*—HEEE%”
MU, PE R BRI R b AT “ — Ut — Ui, — R3S AT ¢ — Ok
TIREILE” , WAEE A RS0 ik R BRI A TR U A S BT BT i L 17.1% 1%
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o3 AR o
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