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FEJ7 A, Smith B RGEAFFE T EDTA i o 45 i i
FNEY L o 52 A FEARAE G o A B AL T P Al
Mendham 5 YR B, 2252 12 25 e 1A (Ui 44 2 )
AT Ry 24 G i 2 (R HE Wi/ B BC AR , (8 7 v A Bk A o
B AR AT R, 8 7 5 AR P ]

e E HAT E FAnE(GBIT 14352. 4—2010){GB/
T 6150. 10—2023) K FH &R . £ K | = FBR 4 i
FERH R - AR A T b 4 FH 25 - 2B KO R Wi oy
JEIEE T RE , A7 D 3 16 32 B (B 5 /N T 5% )
() ] o T s B (R T 5%) R 2
WH BTy 5 N BRI 22, U0 T 325 W A7 78 40 7 ) 40
Ko BRAE RS & (B SRR B A 200°C)  FEAR T4 7™ H
(H, WO, 2.2 Pb™, MU 38 /N T 95% ) S i £ AR 5
5 S Jry PR

ARG EE T FRRHIE , 32 T A R4S
i B SRS R D R 4 B IR 3R T SE B T e A A
Hh A PR A I T R A %
W (VD) A=l T EEPEL WO, (CaH406) 127, 5 3509 il 24
FRULHE HNHIR KT 98%) , Fr B IR AN IE B M BE A e
AP S R T T — L e i ERAE
PRS2 T, TR AR ZE U i 55 b 7] B A LA, 87
SE AL HL A, N EC AL 2E EE AR S H Ak 2 P A
FHARBEHT BB A 5 76 0 FH )2 T8, 2 S 4
AR BT R 7 B RORS HE AN R R 38O &
PR AR

1 SEs 4
1.1 W& S5iKH

S i B BN A AL EE - MS104TS %I Hi - K F
(Bt METTLER , ¥§ % 0. 1 mg) ; PHS-3C # pH 3 ( I
AL R 27 A e A BRZA W\, K5 2 0. 01) ; DB-3
I HL BB (2% 1000 W) 550 mL % & & (R K
PSS AT PR AR K 0. 1 mL) o

S5 i PR 34 S Ay M s s g A, A
£ BRR ER R HR L SR AR TTUK LR R
FR AR — W B B 48 7R Bk 2K 55 . EDTA brifE
VW FE ] 0. 020 0 mol/L, ZHEHEY) Fibn & . SL1
AR AK (R BHZE>18. 2 MQ - em) .
1.2 KEHE

W = B e 100 H i (150 pm) |, BT T 49
FREL0.200 0 ¢ F 250 mL BEFR T, FIA 20 mL F 7K
(HCI: HNO3=3:1) F1 2 mL SU5UR , 76 H $p b Jin

WAk A5 mL YR B2 , i 2 B W S 0 (2
200°C) HL 2 I, B A B SR, WA 20 mL
TR AR OIS A FR+A R BN 25 50 o/L) , S0 90 s
QSRR S BB, TSN 0.2 g Y BR IR A . 2R
JE A5 o B R B, 1 37 Y 9 vk B DR AP 7E 1. 8 ~
2.7 mol/L, i 485 & HE UL TE ) PbSO4. HITA 100 mL
WK, WS min, AR 20 min, ¥ H R 2 h (5]
) .

PR B R AR U8, LARR R - R A Ve 7T 4%
VRV DLYE , B4R 2R % ZE TR R AR (JH 10% BaCl,
VSR I PR T A TTVE ) o KB AR R UTTE R B &
JEBERR , IA 30 mL 34 22 - 2 FR 4N 2% i T, 28,16
% PbSOSE AR M. NI 3 B F5 /R 71 (5 of
L), JH 0. 020 0 mol/L. EDTA i 5 Wi 5 B 4541 40,
RS (10 s AR ) o 25 FIRIE R A bR
BRERL, IHAEEDTA<O. 10 mL,

1.3 REFEE

48 0 B0 [0 0007 1) BB 38 i R U5 A7 b 2 v
(1) 5% 4 B AL o V9 4 2 (H2CaHaOs ) FIAT 52 TR M
(NasCeHsO)/E I Z U BeAA , il A lh 5 4 Jm 25
TR E A Y . R YR 0 FR B 3E , 1 A 1R
FRAE by DU 145 B A4S, 3 2 R S R L 4R (—O0 ) FT A
BREE (—Ccoo) ke S5m0 S B R E
[WO,(CaH4O06) [ 285 BB+, A RN Hil 25 B2 DT VE 5
Py AR T 0 DU ) 1 5 v SR B 1 Fed /AL EE A, Il
55 H 5 EDTA ()55 4 B A7, DA B[R] 388 v 28 A 28 BR
PR IR B T RO AR L (1) (2), RBEL
UL 1,

WO0,* + HoCaHyOs — [ WO2(CsH4Os) 1> + 2H0 (1)
Fe' /A" + CeHs07°~ — [Fe/Al(CeHs07) ] (2)

2 ZRHTE
2.1 FEEbiRik

22 s SCHRBIFFE 25 R 3R WY, AN (] 448 i 590 TG L o) 2
DLTEIN I BRAT A B 2R Skoog%:'”lﬁgﬁﬂfﬁ“{%
FE B M Ringbom 25" 1) 25 & b 24 TR P I 0 4
MRS5S W (VDB RS E 025 W), T AT A6 1R A )
TEFEPEE S FeX /AP A5 TR 1, W O W] 7 I AT
A AT B TR TV O i v T o A R BR T o Smiith
SRR G A TR B el T, A DLTE R L R 10% ~
15% , 2 5528 (O fEAE 3 R I G 5 A7 168 TR 4k B o 1 A
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Fig. 1 Reaction mechanism

I, A UTTE R 2K 8% ~ 12% , 2 15 S BRAL 5 5 T A1 1R
S R N4 20 1 FC LI, B U R AT [ & 3. 2%
+0. 4% , 2% pi A8 (A B B i

SRy AR U R RN, A F 5 SR o R 3R S 14
T, 225075 SN [RIHE ) I B X 228 o5 70 00 30 138 4%
DIVERBIFZM . LA R - pH 5. 8+0. 2, i J& 25+
2°C, A HGRIHE 50 o/L, EDTA ¥ JE 0. 020 0 mol/L,
YHE B % B o VA TR, (38 A A o TS v A
TN 100 gf/Ls 7EAH R SEE A5 1, 4390 25 50 A g
SRR L 1:0.0:1.2:1 11, 1: 2 A I SE IS
O, BEFPEC G AR, SPATIE 6 Uk, TP 21
FrifE w25 MAH X bR 22, S5 R L3R 1. R 1458
7~ 1 EE B A TT0E SR 5 (1R (0. 8%=0. 2% ) , 2 15 7%
0 B[] e ot (1543 s) , AR X R 7 O 25 e /N (1. 2% )
DT IHABEC L7 %8 o 5 SCRIRIE Y 2 1 LA
b, B TTTE M 3. 2%+0. 4% P& ZE 0. 8%+0. 2% ([
75%) , & 3. A8 A ] D 25+4 s 45 55 2 1543 s (45 5
40%) , UEH T A PR S R IR M 12 1 E L i B15E P
AR
2.2 $BEEXTERNE RIFN

B i S R R A A E AR PR B S R . R
I SCHRHRE | 455 B >5% I, % 48 77 16 o HaW 0Lt
TESELE Ph, SEMICR B TR, AP A
D5 PR [ 8 B B i )3 O SR AR 512 56
TSR o FERR ST I W 4 I AN ] B2 ) 45
FRUETE IR, 25 45 & 1 A GE B 52 o S0 45 14
by < A RS ICHT AR 1 T T, (R R TP S 5 i 2

R1 WGBS AL SIS R0 H

Table 1 Comparative results of masking agent ratio

optimization
fit Lt K Bt KA RSDI HER
(B a8 EFR% HF[E] /s TP
1:0 i 12.5+1.2 4548 3.8 — i
0:1 ZKERES  10.2+0.9 386 32 —
2:1 BB 3.2+04 2544 2.1 Raf
1:1 B 0.8+0.2 1543 1.2 etk
1:2 BIE 25203 2244 1.8 BT

100 g/L(AH4 T 10% # & &) , pH{H 4 5. 80. 2,
A1 TR -F G TR NS R I EE R 10 1 CRVIR B 50 ¢/L)
FEHLET 8] 90 s 5 i AR 24351124 0.50.100,150
200,250,300 g- L' A bR IEVE W, BN MR EE KA T
ME 6 U, LI R F 2, F245 R KW, { WO,
FrE<100 /L B, A7 3L DR AR R E 99. 5% LA L,
AR E (R 22 (RSD)<1. 8%, Tl /2 1R A B /3 A B3R
M WO, 7 5 >300 o/L S}, [BLSCRA FF R FEAE AT {3
FETE 97% VA |, W 3540 T 4% 48 5 — M0 Oy 2 1
<95%. VA 25 R FEITESL I AR T AT TR
X AN RS 5 et A RE i 2 R0 R A 35 FH L T
SRR K

R2 AEE SRR HETINE BRI

Table 2 Effect of different tungsten contents on lead

determination
WOsF it/ AN fE/ Wi RSDI% %ﬁvﬁ&zﬁzﬁ‘é
(g-L7") (gL PR

0 100.2 100.2 0.8 St 42

50 99.8 99.8 1.0 S4Btk
100 99.5 99.5 1.2 SEA It
150 99.2 99.2 1.3 SE 42 i
200 98.8 98.8 1.5 P
250 98.5 98.5 1.8 TEA Btk
300 97.8 97.8 2.1 LA e

2.3 FHiREEMIIE

MR B A7 (0 ) 7 R A 35K Ak~ R B, 5
WA h FEILAFICEK Fe' AP FIRRA THEITE Sh* .
Bi* 2 XA 2 7 A 5 e A A VA A s e
THRE S MR AR REHLE T IR T
P Z IR PR T8 HERR e B2 )  pH S2 A DA S
Rk TP e R AL PREET7 10, S iiE 7 OB RR) D[R] 8
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2.3.1 HITE TR

FERR WERT I W 43 00 i A [R) i B ) T4 ot
F Fe™ (AP, 5 8 HOUTHE I 22 B 52 o S 56 2%
o HERR RS U R E T AR IR T A S R 2
100 ¢/L, pH {H 4 5. 8+0. 2, W 7 iR -F7 162 i B 4 i 7+1)
(101, BV EE 50 /L) , HERCET 0] 2 90 s 43 A A
Fed BRI W, i FLvfk 2 435y 50,100,200 gL'
[FATCH] AP TR RN o B U A AT I
FE 6 U BOP Y ETH AR 22 . 455 WK 3,

2 3L R WU R R X Fed AT AP HAT
e S A FERCRICR , A IR 22 B AR T 2% 19 SRR,
A RCRUE T A0 A 0 R A e . S g
— AR LE , SO RR P [FVE e 2 4 e T T
Pefie S, AR 22 5 R AR
2.3.2 ZIUERBRIT I

SIS SR A R M RS U A R S U, fE AR
WP S 200 100 o/L, pH {4 5. 8+0. 2, 1 7
PR -F7 R FR AN 7] (12 1, Bk B 50 o/L) , HE i i
]2 90 s 4 AR 5 (4 Fed* | AP FR 1 1 Wi
M WObREEWAE I FZ TR, =F T
TCR MW AR UGB 1 B S BR Ah 2t R
AR R, FHRZIURDE TN, 453
W#E 4,

R3 HOLR TR ER

Table 3 Results of single-element interference

experiment
- THYOCRWEE BRI, AR SRR
THRER (e 1) (g1 L% i

50 998 02 SEAHERL

Fe’ 100 995 0.5  FEAfEk
200 992 0.8  EaHEik

50 999 0.1 SEAHEK

AP 100 997 03  SEAER
200 994 0.6 AR

T AL RRI] BRI AR R RS A RN ) £
Pl IC R ILAF B A DL, MR 22 IR AR R HE
FOVFE R P o B L S v B L AR A R 0 L A X iR
ZAL R 1. 8%, AKX T 2% By FeVF L i, UERH T XU
I B R FH 1) P e

R4 ZIOUEMBETILEER
Table 4 Synergistic interference effects from

multiple elements

SEHy Fe™/ AP WOsEEL BYIEE/  AHXT  HERIECR
A (gL (goL7) (gL (g-L7)  iRZE/% W
No.l 50 20 50 99.5 0.5  SEAE
No.2 100 50 100 99.2 0.8 SEAHEIK
No.3 200 100 150 98.8 12 ek
No.4 300 150 200 98.5 1.5 Al
No.5 400 200 250 98.2 1.8 SRR

2.3.3 SR Ve B XA T e 1 5

AR ACHE R FH 1, 25 5N [R) i 77 vle 3 o)+
PEICR IR Ao o 5L 50 55y - ME A% U
T RV T, o A5 U 9 4 % 12 24 2R 100 g/L, pH {H R
5.8+0. 2, 43 FIMA Fe Fl AL bR v 725 80 e 5 43 50
1 000 ¢/L F1500 o/L 2247 o T A PR - A7 1 T B S ik 741)
(1:1), 5 BIHC ) B B2 >4 20.30.,40.50.,60.70 g- 17!
(1 RN AT % 5% . HERIBTIR] 2 90 s BNV
AT E 6 I, BOF- Y E T AR 38 2% . 45
W35,

5 LERLRW] MR B2 50 o/L B, X A
SEVRIT 1000 /L A5 45 Fe F1 500 g/l 2o 47 AL 3
20 R 24 3k B R A, M R AR 25 4 ) R = 0. 8% A
0.5%c WL T 50 o/L B, TR 2 R
Mk B T 50 o/ LIS, SR T B I s (R
TR A

RS TYLSRAME N ASTRIEHR] e B X I E 25 R AR XS
RZE IR

Table 5 Effect of masking agent concentration on

interference suppression %
RGBS, THTTR FeIRIE TITTR AP RE
(gL 1000 gL 2647 500 g- LA
20 2.5 1.8
30 1.8 1.2
40 1.2 0.8
50 0.8 0.5
60 0.8 0.5
70 0.8 0.5

2.3.4  pHAEXSTHLH 6 952
25 5% pH B A0 0 P RN T P 10 SR 1) 5
M) , -85 I A2 pH A L SR 2 fefE pH {2
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SKE S A RR-ATIE IR AN DRI R EDTA % e & 8 A ey - 129 -

TV o SE 451 S - AR B8 IR AR v T U, i1
TSR TP A 5 1 24 R 100 /L, T A TR -4 168 TR 40 48 ke
L1, SR EE 50 o/L)  HERCES T2 90 s 433l A
Fe* Fl AU BRAEF IR BE 537 4 1 000 g/L 1500 ¢/L,
P pH 2 BARME , B4 pHAETE 4. 5~ 7. 0 [H
PAOR I o 45 S % s e, RS pHE K TS AT T
6 U, BUFYIE B AR TR 2E . S5-I 6,

L6 L5 pH H A HIVEE R 5.5~ 6.0,
BEES, AHX 5 22 70 R 2 7E<0. 8% FI<0. 5%, i itk
T 1Bl NS LA S A O 0 P ARt . 24 pH
(ELARR T 0t 70 R, 50 o R B 38 n L A ke
TR B FAIG , B BE 70559 5 24 pH (B = T UL
FRIET, Fe™ | AIP*56 4 B B F /K A it 1) Jin gl , o] 8 25 1l
FRIELDTVE SR AW, DT 52 M e 7] () A R BC A6 o
2.3.5 FRERTHLTE M ALEE

XFF Sh3* Bt AE KRR T o0 F - MEH RS LAY
B RS W, ol 5 DU 4 % it 29 O 100 ¢/L, pHAE

F6 T NAIE pHAEXHI E 45 AR 52 22

AR5 )
Table 6 Effect of pH on interference suppression %
THICHE Fe ik THRICHR AP
pH 1000 g+ L' /e 47 500 g- L' A A7
4.5 1.8 1.2
5.0 1.2 0.8
5.5 0.8 0.5
6.0 0.8 0.5
6.5 1.0 0.6
7.0 1.5 1.0

h5. 8+0. 2, G A R - A7 A6 R AN AR 7R (10 1, Bk B
50 g/L) , HERCETA] 4 90 s 43 5N A Sh¥* ¢ Bit 4
VWL, AU BE R N 10 gL' i B A R A R
0.0.1.0.2.0.3.0.5 g A RIINA , BBk H
HACEEATINE 6 K, BOESE TR AR 5222 . 45
RUWET.

RTCRPR TS T AN [RVGR AR FH 0 D00 5 235 2R A 52 1)
Table 7 Auxiliary masking effect of thiourea

Tl /g FHILESH*(10g-L7")  FHICEBI*(10g- L) T E (B (g L) AHXT R 221% FERBCRIEAN
0 — — 99.1 0.9 HMAE 4
0.1 — — 99.5 0.5 M 5E 42
0.2 — — 99.8 0.2 SE
0.3 — — 99.8 0.2 FEAERL
0.5 — — 99.8 0.2 S8 Ak

RTHREZY iR 0.2 g, I, fE
AT SR HE i 5 6 B O A i P AR IR T LT R,
PRETIE A HERR I, D S 2R a9 e T B B T A 8k
fifR 77 58 o WRMKE i  ShP B IR R E I 4
Yy, AT AT 5 ] K 28R SR 0 0 2 R B AE Y

R
2.4 FERIESHSNE

Xt 6 A~ S bR H A A S IR AT I A, 5 R L AR
8. F8LEIRM, Ay I AEHE WA A R - A1 A R
BTG 1: 1 RO E 50 o/L) , pH{E S HITE 5.5 ~

R8N A RERIIE SR OSUREATINRE )

Table 8 Analytical results for six tungsten ore samples (n=6) %
Fedbais  DEMET WEfEH2 WDEE3 WEM4 WEESs WEMEe A i 2% R 22
1* 5.58 5.64 5.61 5.59 5.66 5.62 5.62 +0.03 0.03
2* 4.68 4.75 4.71 4.69 4.76 4.72 4.72 +0.04 0.03
3* 9.34 9.39 9.36 9.35 9.40 9.37 9.37 +0.03 0.02
4* 16.02 16.08 16.05 16.03 16.09 16.06 16.06 +0.04 0.03
5* 11.44 11.49 11.46 11.45 11.50 11.47 11.47 +0.03 0.02
6" 3.06 3.12 3.09 3.07 3.11 3.09 3.09 +0.03 0.02
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Rapid determination of lead in high—tungsten ores by EDTA titration with tartaric

acid—sodium citrate synergistic masking system
Zhang Yinyan, Shi Hongjuan, Zhao Haili
(Kunming Metallurgy Research Institute, Kunming 650031, China)

Abstract: The accurate determination of lead in tungsten ores is of great significance for resource evaluation and
beneficiation-metallurgy process control. However, the analysis of high-content lead in high-tungsten matrices has
long been challenged by the occlusion of Pb** during tungstic acid precipitation and serious interferences from
coexisting ions such as Fe’* and AI’*. Existing standard analytical methods are mainly suitable for samples with low
tungsten or low lead contents and cannot meet the demand for rapid and accurate determination of medium-to-high
lead (>5%) in high-tungsten ores. To address this issue, based on the principle of coordination chemistry, a
synergistic tungsten-control system using a tartaric acid-sodium citrate dual masking agent was constructed, and a
rapid EDTA titration method was established for the determination of lead in high-tungsten ores. Tartaric acid
preferentially complexes W (VI) to form soluble [ WO2(C4H40s) |>~, effectively inhibiting the formation of tungstic
acid precipitate with an inhibition rate greater than 98%. Sodium citrate selectively chelates Fe*"/A1**, eliminating
the influence of their hydrolysis on the titration endpoint. The optimal synergistic effect is achieved at a 1:1 ratio of
the two masking agents. The optimized determination conditions are as follows: tartaric acid to sodium citrate ratio
of 1:1 (total concentration 50 g+L."!) , pH range 5. 5-6. 0, and masking time 90 s. Under these conditions, spiked
recovery experiments showed recoveries of 97. 8%-100. 2% (average 99. 1%) with a relative standard deviation
(RSD) not exceeding 2. 1%. Tungsten content interference experiments confirmed that when the WO3 content is <
200 gL', the recovery remains above 99. 5% with RSD <1. 8%} even when WO3 reaches 300 g+1.”!, the recovery
is still 97.8% (RSD 2.1%) , markedly superior to the <95% of traditional methods. Interference test results
demonstrate that the relative error is far below 2% under single-element interference of Fe** or AI**, and it remains
below 2% under multi-element synergistic interference (coexistence of Fe®*, AI’*, and WO3). For special
interfering elements such as Sh** and Bi**, complete masking can be achieved by adding only 0. 2 g of thiourea,
with the relative error decreasing from 0. 9% to 0.2%. Six replicate determinations of actual high-tungsten ore
samples yielded a standard deviation of 0.02%~0.04% and RSD<1.3%, and the method exhibited good
applicability to samples with varying tungsten contents. This method fills the technical gap in current standards for
the determination of high-content lead, effectively solves the problem of Ph?* occlusion by H,WO, precipitate in
traditional methods, and provides a new technical solution for the rapid and accurate determination of high-content
lead in tungsten ores.

Key words: high-tungsten ore; lead determination; EDTA titration; tartaric acid; sodium citrate ; masking effect;

interfering elements ; thiourea



