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Abstract; An optimized two-step separation-titration method was adopted to determine calcium fluoride content in a
complex low-grade fluorite ore. Firstly, the sample was leached with 2% dilute hydrochloric acid for 150 min under
magnetic stirring to efficiently separate interfering minerals such as calcite, dolomite and apatite, showing the leaching
rates exceeding 98%. The residue was further leached with 80 g/L. aluminum trichloride solution, and the calcium
fluoride content was subsequently quantified via EDTA titration. Given that approximately 10% of fluorite would be
leached by 2% hydrochloric acid, a correction coefficient (K=1.10) was introduced to calibrate the test results. The
experimental results demonstrate that the relative errors for samples with various calcium fluoride contents determined by
this method are within the permissible range (£0.25% ) , showing excellent consistency with theoretical blending values.
The determination results are basically consistent with data obtained by Mineral Liberation Analyzer ( MLA) and total
fluorine content testing. It is concluded that this method effectively addresses the difficulty in accurate determination of
calcium fluoride in complex low-grade fluorite ore, and can provide a reliable reference for mineral resource evaluation
and optimization of beneficiation and metallurgical processes.
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Table 1 Main chemical composition of fluorite samples %
FEfR S Ca Fe. Mg S F C O P
ZLHS-Y 11.82 2356 0.31 17.23 6.38 0.71 36.36 2.13

DNXT-Y 25.36 13.56 8.59 1.63 530 6.29 29.32 1.33
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Table 2 Phase analysis results of fluorite samples from Bayan Obo

%
Fefgis  rfn BAnfA WA EBEKA SESRERRER
ZLHS-Y 0.20 IR 8.96  9.69 15.23
DNXT-Y  3.04 61.77 1075  3.46 0.39
TE: IR0 W) & AT XRD 2 5E 5t 3B A A R, 2 BT

R dh PR,
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FREL 0.500 0 g i FETF 150 mL BE#r i, bt [7] 1 RE
A F sy, 3~ 5 i oK £ BEIE IR R, A
50 mL 2% M ER RV, A REDE 1T, 35 LR m L, 78
PEBEFERS EHEFE 150 min, BRSS9 HI1S B 2%
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1.3.2  #AL4SE 45 5 & 4]

W 13,1 735 A sk K AR R AR R I A
50 mL 80 ¢/L M) =S LA, & LRMNL, & T
260 C I HL AN _E ARG 2 b, AN InZK LA IR
RFRGERFTEZ) 50 mL, JnFAGEE o5 O ¥ 4, F rh okt
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Table 3 Leaching results of four calcium-bearing minerals

via glacial acetic acid-aluminum trichloride

- B2/ %
R e A=a wkn &6
10% VK 2. 1R 99.90 57.30 5.20 0.46
=R 0.10 42.70 36.88 98.75
2.1.2 HBREZHEHT YA RACEE

BRHIRR R 2%ERTREE W, ARG 1.3.4 5 7 k4T
2, TR I AT 4 A AR R AR
SR 4, MR 4 VA BEE R TR 30 min AE
K2 150 min, 1247132 H 3G WG K 3= R 4k sk
FE ZE 180 min B, W A I H 380/, 58 4 12 R T
£ 10.23%, LERFHIET T W4 B s A 1
Vs fRAR S, e R I E] R 150 min,

x4 RHMEX 4 FEI5HWIR HER M
Table 4  Effect of leaching time on leaching rates

of four calcium-bearing minerals

o SyIE
B min e Ran Wkh | EA
30 99.58 55.20 88.88 5.25
60 99.96 74.29 98.63 7.79
90 99.56 86.83 98.99 9.46
120 99.89 89.08 98.80 9.66
150 99.87 98.22 98.99 9.89
180 100.00 98.50 98.69 10.23

= EFE] 150 min, % %8 T R Uk (5 5L,
FIED) X 4 RS YR R, 45 R WK 5, H
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Table 5  Effect of hydrochloric acid concentration on leaching rates

of four calcium-bearing minerals

SRR/ % B %
WG HaG WkG &6
1 99.98 98.10 75.49 6.97
2 99.87 98.22 98.99 9.89
5 99.98 98.50 98.90 27.65
10 99.89 99.10 99.23 28.74
20 99.93 99.10 99.25 52.27
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Fig.2 XRD patterns of leaching residue of fluorite ore samples
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Table 6 Experimental results of correction coefficient

R R CaF, B %/ % F-341E/% RSD/ %
2%E5FR  9.92.9.87.9.91.10.11.9.90,10.00 10.00 13
pasid 9.87.10.06.9.86.10.11 .10.18 : :

AT LR VI B ) B R A B R BT
ik UEVRRL R B b bRz o TH e, F T
MIE S5 B S B A B A A B SEPRIR R KR
FE(K) AT,
1
K=1—) (2)
KA HE AL 2% 508 T AE YR R %
7 N HBORES A IE R B, R T L3 41
BUAERL Y Cak, & IR S APRFEIYIR 3 (10.00% ) K&
AR UE T RAE BB AT SEME AKEE S P RS
RS EE I 2 AT A I E R ALK S 1,10,

®7 BEHERERERH

Table 7 Correction coefficients of self-prepared samples

A CaF, 22/ % RSD/%
ZP-1 9.81.9.69.9.77 .9.79 .9.99 1.02
ZP-2 9.89.9.75.10.03.9.65 .9.90 1.21
ZP-3 9.79.9.83.9.69 .9.72 .9.76 0.56
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2.3.1 FH Y EICAE R B G AR ARG T

R B UE AR T 3 X S o A ot R I A 3 P 1 S
PR BRI 2 A SE G = B ) I L FE G [ YSBC28733-
2014 .GBW (E) 070102a ] 1 Ff [ 2= S {8 5 0 A5 4 A
FECHE 3) S 2 Pt Ay B AR HEY oL (IE 1. BE 2) , F R
SRS A A VA IR, S5 R LR 8, FER 8 M,
JIT A AR P00 A T 15 2 1 77 A% 2 T X g SR /PR 22
JLFEI P L BE 1 LBE 2 AT IR 2240 3 -0.11% . +0.07%,
RS 8 A (CaF, & it/N T 30% ) M £2.0% 1) 157
ZRREER BT 3, YSBC28733-2014 FYAH X% 2243 51 K
-0.16% .+0.16% , £ & & it 5% f1 (30% < CaF, <60%)
WE £1.0% (IR ZERRAE ; GBW (E) 070102a BN 2 FHXT
BR2EH-0.25% , AR T2 At 2 T 8 (E AN 2 B 1 2 1Y)
+0.5% " FE B AE.

RS B YELLHERIRENRITER
Table 8 Analysis results of artificially mixed mineral samples and

certified reference materials

CaF, & /%

e B
T T P P
it 1 9.00 8.89 -0.11
fic 2 10.00 10.07 +0.07
fic 3 45.00 45.16 +0.16
YSBC28733-2014 46.59 46.45 -0.16
GBW (E) 070102a 59.48 59.27 -0.25

g5 b AR INE A ROERR H A BE IR A Kt 1%
09 5 BT 10 %o SR 0 1 T, B A R M
JE 538 Ve RBAE MRS 8 A S = SP A
FE U A TP R A ARG T R DU IR AT RE A B R
BEL
232 HEHER T kAR

Ry i — 2L R AR Ty 3 6 S B A el A T s M S
HEBRPE R H 30 9 43 A A (MLA ) AR SCHE ST 17 31
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W T2 A7 S A AL S & T R A 7l 5 %0
Fbrdr, 26 9 o 3 s Jy il e 25 1 b, iR 9
AT, UK RN T A 1R 1 Ak 05 000 7 {450 4 3 I
15,5 MLA Kl {E S S A B I 22 K, A= 5P
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FRIZ Y, BRI S S A BT E A T R AR
AEG I S5 AR = AR 2R AR SCRT | ST 1Y 43
BT 71 0 4 26 A T2 254 i 1) A0 45 0 25 R 3
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AR oA KA S5 S 26 T 4, S
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Table 9  Comparison of determination results by three

testing methods

CaF, it/ %

RS —— e o T
AREMEE KZRRENEE MLA BNE SR
ZChs-0 8.19 13.96 8.52 —
DNXT-0 9.44 23.26 10.03 —
DNXT-k 35.10 47.29 — 35.96
ZChs-x 4.33 11.27 4.99 —
l#tby 5.06 13.26 5.00 6.12

1 AFE S5 ZChs-0 FIl ZChs-x 2 SRR K W # H 0F 52 e A FR 384T
SRR AR O R T 5 R TR 5 DNXT-0 F1 DNXT-k 43 %)
REED — T AR AR SR RE S ; L#by MZEA LEXRE &
Ay K vK 2R B9 B MY 5 UCEAT S2I0 A 348 ; MLA 4630
L B S TR A kg R A 70 5

3 4k

1) WG TARA O B 24 A0 P M E o B
TRAT R A E B TR, A5 880K L8R Tk
BROTETIY .

2) BASE T “2% F ERFR G 1 FE 150 min T3 55 -
80 ¢/L =& ALER IR " Wik, SE T e
S W) R R B, AR TR L B R AR T, AR
2%IRFR XS A 29 10% W= B3 I AR IE R K =
1.10, A SUEIE T I 25

3) ESE L, AR X ANE CaF, 2
st PRI 2 R KR 22 A 7 ARV L (I +2.0% ,
T +1.0%) , 5 MLA #6502 8 G 5 S (B B AR — B,
YR AR SEME A,
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