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Abstract

For medium-low-grade collophanite in Yunnan, compositional differentiation occurs during the
grinding process. Particles of different size fractions have different compositions. P,0j5 is enriched
in the coarse fraction while impurity content decreases. Conversely, the fine fraction tends to be
depleted. Using Yunnan phosphate ore as the research subject, when the original ore was ground to
afineness of 78.81% passing 0.074 mm, settling and siphon classification were used to obtain upper
(fine) and lower (coarse) particle fractions. Classified flotation was studied. The test results show:
For the upper fine fraction, using a reverse-direct flotation process achieved a concentrate grade of
29.41% P,0;, with MgO0, Fe, 03, and Al,0; contents of 0.79%, 1.56%, and 2.71% respectively, and an
MER value of 0.172. For the lower coarse fraction, using a direct-reverse flotation process achieved
a phosphate concentrate grade of 32.34% P,05, with MgO, Fe,03, and Al,0; contents of 0.93%,
0.67%, and 0.47% respectively, and an MER value of 0.064. Therefore, by applying different flota-
tion processes tailored to different particle size fractions, distinct process indicators and phosphate
concentrates of varying quality were obtained. These concentrates can be used as raw materials for
different phosphate chemical products.
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Table 1. Chemical composition of phosphate ore (%)

1 B LA (%)

% P20s Na20 MgO Al20s3 SiO2 K20
EEI% 20.80 0.74 6.05 1.78 15.4 0.47
5% Ca0 Fe20s3 S CO2 F /
E % 37.0 1.02 0.148 13.68 1.46 /
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Figure 1. Relationship between the content and distribution rate of main chemical components and particle size at different
grinding fineness levels (a) (c), (e), and (g) represent the changes in the content of P2Os, MgO, Fe20s3, and Al2Os, respectively
(b), (d), (f), and (h) represent the distribution rate changes of P20s, MgO, Fe203, and Al20s, respectively
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Figure 2. Changes in the content and distribution of P2Os in the upper and lower coarse and fine particle sizes of different
grinding fineness levels
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Table 2. Multi element analysis results of upper and lower ore layers

# 2. ERWSTEVHNEZTRESHEGR

Z IR X I Hrai 1%

Y|
P20s MgO Fe203 Al203 SiO2 CaOo
2Bk 19.28 6.69 1.28 1.33 15.58 34.82
TJE R 24.90 4.65 0.86 0.52 13.35 39.85

MF 2050, LEGBRIT A F, MgO. Fe0s. AlOs. SiO, K& &= T N ERF B 41, T P.Os
AR, N 19.28%, MgO 1A 2] 6.69%, {1 A& &N 2.61%, 2RI (1) S AL n] LU E] 24.9%,
MgO kT L E4IRURIAT, 2 4.65%, 5 A EaEh 1.38%, J T RUR T, K LEMRRT 5T
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Figure 3. Closed-circuit test flowsheet for reverse-direct flotation of upper-layer ore
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Table 3. Test results of reverse-direct flotation for upper-layer ore (%)

# 3. LR RIEFEXKLER (%)

FEERARR e E WAL FE MgO MO r#E FeOs  Fe0srFR#E AlOs Al203 73 it %
IEFA5 5318 2941 8217 0.79 5.83 1.56 62.61 2.71 61.41
IEWREY 281 613 091 088 0.34 1.41 3.00 5.10 6.12
JOFRENT 4401 732 1692 1540 93.83 1.03 34.39 1.73 32.47
LEW4E 100.00 19.03 100.00 7.22 100.00 1.32 100.00 2.34 100.00

ST REN R 7Tl 4 WIEREFE T 2RAE, EFiE— Rk — Rk, RIFiE—Ucllic— ok
36 P R 398 HEOR I R B P A, TE VR G R I R B 7K 38 - MON-35. LSD-Z 1 & 433l - 2.0 kit
2.0 kg/t. 0.56 kg/t 5 75 g/t, FIEIHUCGH &N 0.3 kg/t, SIFIEMERRER . flGT LAA-T &2 3108
9.0kg/t. 0.60kg/t, AL R 0.3kg/t, RIFH—IRFE S5 4% IR A &4 %18 6.0 kg/t. 3.0
kg/t, RIGLE SRR T E 4, RIGIKEBRED 10 RAN 32.34%, [AIULZFE A 93.23%, MgO. Fe,03. Al,Os 1)
SR 0.93%. 0.67%. 0.47%, MER {4 0.064.
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1> KHEFE 2. Okg/t
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Figure 4. Closed-circuit test flowsheet for direct-reverse flotation of lower-layer ore

E 4. TR MERFERERIZE

Table 4. Test results of direct-reverse flotation for lower-layer ore (%)

% 4. TR OERBERBER%)

LE=L ) PR 7 EES

MgO MgO Zlit® Fe03 Fex03 MEEH A0z AlOs 43t R

RIFHREN 73.03 32.43 93.23 0.93 17.48 0.67 54.44 0.47 38.20
RIF RN 19.92 6.21 4.88 15.64 80.21 0.71 15.56 0.86 19.10
EFER 7.05 6.79 1.89 1.34 2.31 3.86 30.00 5.44 42.70
TEW R 100.00  100.00 25.40 3.89 100.00 0.90 100.00 0.89 100.00
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Figure 5. Variation in surface tension of the agent at different concentrations
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W AT R Ak 7, S5 SR A 5 R

HE 5 A8, IR 26°CF, 4iKiIRMEIK 18 72.087 mN/m, FFEHEME, K 5(a) 255+ MON-
135 B AR E T, R TR Yol PR R e T RE, AT A IR SR FKE (CMC) 2y 50 mglL,
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Figure 6. Contact angle variations of Collophane, Quartz and Dolomite with concentrations of MON-135, LAA-T and AEO-
3P
[ 6. FERE T MON-135, LAA-T #1 AEO-3P 5. AEMATAEMATL

HIE 6 AR, ARGACPERICBER . A SN E = Al A 70 o 337, 25.75° 1 27.75°, LR IR =

DOI: 10.12677/me.2025.135119 1053 ol TAE


https://doi.org/10.12677/me.2025.135119

ikiG S

PPy A — R RISk, M =R i TR S, SR Bkl AR K, AR T B
KPR N BB 255509 FE IR K38 in . 1] 6(a) & W] MON-135 <%y 500 mg/L i, MeBE. A 9EfE
AR 00 66.75°. 46.5°F1 68.75°; 4] 6(b) KB LAA-T 0N 500 mg/L B, BN A5 E =
el A 23 50 80.5°. 49°A 73.5°; €] 6(c)# W AEO-3p A&l 500 mo/L i, JRBER" . A HEH H = A7 4
filh /14373~ 63°. 44.5°F1158.5°. MON-135 Fl LAA-T #R 0] LLKHESE S #si K %, (HAFVRE R AEO-3p
S MBI IR 5N

6. &

X TR B T SR A AT R AR T 2 R AR s KL R B AN A, RELRE G P2Os Y
TEAPT LT R S Rl T R, AR RL S T TR R 42 -0.074 mm, 5-78.81%,
B%Hﬂ&ﬁj\?}i%“tﬁi IR AR, R ABUR ) PoOs & EAIC, ABUE R, R EALURORL

P.Os (& BB R, RSB, PENERAR, FEik, XA TARKNILZE, 745 7 A5

L}Eélﬂ*‘zﬁﬁf%ﬁﬁfiﬂ?iﬁi*z, ST — ORI — UG IE B ik, FHIERRR . BEIR . HUSGR
LAA-T & 518 15 kg/t. 2.0 kg/t. 0.52 kg/t, FEMHISGH &8 0.2 kglt, 25— IXHE S Ik
IR ER FH &40 5l 6.0 kgt 55 3.0 kg/t, RIFIEREH FE IEVRE, SR A — JOHE — ORS % — IR R,
FHIE /KBTS . E1310P. LLR B LSD-Z (I FH & 478 3.0 kg/t. 420 g/t. 150 g/t, F1iEd YT EL310P H
HH 150 g/t, T B P R AR, RIS IR B AL 29.41%, MgO. FeOs. AlLOs H & &4
B8 0.79%-. 1.56%. 2.71%, MER {EN 0.172, %6 0] DME B JER T ERDR 00 R A IE R 7FiE
T&, IEIRE— UG — R, FHEmER N . /K33 . MON-35. LSD-Z & 5714 2.0 kglt. 2.0 kglt.
0.56 kg/t 5 75 glt, FHIEMHWGHIHE Y 0.3 kglt, RIFi%E— UG — JORS L PR AR I RE, HLEIRER . il
PR LAA-T B RS> 509 9.0 kglt. 0.60 kglt, Fifdii i FH &2 0.3 kglt, RIFEE— IRk 5 5 41k
R & 7018 6.0 kglts 3.0 kg/t, i i 3R 8] P S REE , I8 SRS BERE AT 10 & 07 32.34%, MgO. Fe;0s.
ALO; & &4 54 0.93%. 0.67%. 0.47%, MER {84 0.064, B LLE TR BEERES HOA I R .

EEX AR A0, RAAFRRRE T2, R T AR T, 240y g 7 bme
MR, R T SRR EE 2V E NI, B T SSERMEAN R NV RIEBCR ZE ;R R DR IR IE R
AT DASRAS 1w o RS A

EHEWHE

K H R B3 4 (52374272) i AL 44 48 #% i T H (2021BEC029) i At & i A @ B = oK I H
(2018ACA153, 2022ACA004), s TR K 2= 7t A4 0E G 2 4 10 H (CX2023188).

SEEk
[1] Z=Wet. R BT E B SRR B[], A6 T P HuJ5, 2020, 42(1): 95-96.
[21 REK. T E R SR IT AR AR B L), FH5, 2014, 66(5): 51-55, 4.

[3] Gharabaghi, M., Irannajad, M. and Noaparast, M. (2010) ChemInform Abstract: A Review of the Beneficiation of Cal-
careous Phosphate Ores Using Organic Acid Leaching. Cheminform, 41, 96-107.
https://doi.org/10.1002/chin.201038230

[4] *E, B, Mk, 55 SUMSUEARIEE BT # LIRS SRR L T Z0 0] %524k, 2019, 39(4): 397-
402.

[5] akMEAR, HifE, P HE4e S BRI DB IE TR I 7 [0]. A LH #5001, 2016, 45(8): 1-3, 83.
[6] A¥, &4, HE, & J\)ll%ﬁfﬁfﬂ}iﬁﬁﬁéIa&ﬂfifﬁn[\l]. WA TR, 2022, 42(6): 74-77.

DOI: 10.12677/me.2025.135119 1054 ol TAE


https://doi.org/10.12677/me.2025.135119
https://doi.org/10.1002/chin.201038230

ki S

(7]
(8]

[°]

[10]
[11]
[12]

AT, WO, TR, WHEREREEY s LEM R[] AL Y51, 2016, 45(6): 7-9.
o RS, PR SR ST AR AL BT IE SR e B B JE (D). (IS N L, 2015, 44(3):

|

, XA, BREAE, & WIRIERTFIE T 208 R3S LA O BB\ A 7L [3]. BEARS SZAE, 2022, 37(8): 9-

, 2ok BRBh G bR R ICEEY I Bk TEM ] AL TH Y 5 0L, 2010, 39(12): 1-3, 11.
. FRAR, BOKE, 2 SRS RS s TET YR, BRI TR K 243), 2008(2): 5-8.
,BRE, X, S RS AL AR B R R B o S [0]. B R AR, 2011, 33(3): 87-91.

DOI: 10.12677/me.2025.135119 1055 ol TAE


https://doi.org/10.12677/me.2025.135119

	云南中低品位胶磷矿粗细粒级分级浮选试验研究
	摘  要
	关键词
	Experimental Study on Size-Classification Flotation of Medium-Low Grade Collophanite in Yunnan
	Abstract
	Keywords
	1. 引言
	2. 试验样品
	2.1. 化学组成
	2.2. 矿物组成

	3. 实验设备、药剂与实验过程
	3.1. 实验设备
	3.2. 实验药剂
	3.3. 实验过程

	4. 实验结果与讨论
	4.1. 化学成分随粒级的变化规律
	4.2. 沉降分级
	4.3. 上、下层粗细矿的浮选

	5. 机理分析
	5.1. 表面张力
	5.2. 接触角试验

	6. 结论
	基金项目
	参考文献

