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RSy AR A A3 AR A B O T Ak DA
TR R | T A ) S R ) s AR AR B A2
ST Bk, (A RF A TR RRERAE, HLROE W i i FL O A
B, ANE AL EERE . ML T, SR LA R A
6 SR 3 P2 AR AR D S s R 1
UL AR A AR SRR AR A v R P S PRI L R
FER RN o AT B i At 26 g fm) R 7

AR 3 R i B R -0 B AR 4R (33 ¢ 67, mim)
A WS RN BN T b PRV D o A G A R —
A, IR IR B - DU B R B A A AR N ZE A T A B
FUIDT AL, KRR &, BTz, HAE 1000°C
SRR AT 1 Smin, X b SRR Sl LA B (R Al
SRS OL ], SEae T A I A B R AR
RGN AR, BRAC T BUAS; SCRRTRIfk T st 72,
WD T AR A2 MV AR (R 225 Ak, 256 ik e
KT s il ) 7 =X, A 00 R e T R IR I A
Tl T B & AR A VRO HE ) AR . 25 LB
A B TR R BHGIED: (ICP-OES) Y 55 78 85 il 9 2%
P T P A A #0025 7 P T T sk B i b S ke
PG E

1 SR
1.1 SR TAEZAE

LR & 45 B Kk 99 OG5 (ICP-OES):
ICAP-6300 %! (3 [E ThermoFisher 2% ), 1X %% T/
SHCR: PRI 1150W; 2546 0.70L/min ; &
A =99.99%; i Bl 0.50L/min; %<
0.55L/min; 7% 7% 50r/min; WLZEHEFE 15mm; fz KA
A 30s., HL T FOF-: BSA224S U (558 2 R Rl#1X
a A ARRA A D SX2-12-12Z A (1 i
TS A R AR AT BR A ) ) 5 1E R IR B 74
BS-2E B (_L g AL Bl S IR M A BR A R ) 5 A SR AR
OGS 4l A1 A5 4% 420, N AR 14mm, BEJE 3mm, &
30mm, R M (PE) 8 . 60mL(H Z1 i),
Lo B, 2 AR R OE, AR A R
1.2 AnifETA oA 32 A5

B BRIROTERARER T VR 1000mg/L, 1
FI 32 38 TR - AR v I o0 IR R - DU R P 52
JEH (33 = 67, m/m), L, Wa F ¥ BHZS 90 7 = AL
WA R E]; BRI L ASER: TR s, W A ERH
[ s o W | I S S /NS PO = R U W U0 = a4
>99.999%); 5% 3 FH 7K Ry i 4l K (B BH R AN T
18MQ-cm),

1.3 SERAES

T SR B S PR AR (FE S 45 y1~y25): SR A
Vg T A AR R B, R A AT SRR L A B i TR
Qg TE W RS 55 3 343 RS RAE L WAF 5B %)
(GB 17378.3—2007) il { Vi 7 X 38 Hiy i I 25 #i 75
(1 : 50000))(DZ/T 0255—2014) FYAHCHRE AT

UL R W K bR it GBWO07333,
GBWO07314, GBW07335, GBW07336: 1 [E %R
5 PRI T . B HS SE R O R
1.4 bRUETAIRBCH]
141 TARAER

A3 I E 2.5mL 4% F1 5.0mL £k B0 R AR A A
W BT 50mL SRS R, 4% WSR2 R 21,
BCl e ek . Hod, 85 A9 EE A S0mg/L, Bk
>4 100mg/L.,
1.4.2  FRUfEITZE R

53 % BGE B ) RS EK R T S0mL ¥k &
R, 4% STR 2 R 220, Fhl bR th IR A &
SN . Herb, 85 B9 EE 435128 0.05. 0.25. 0.50., 1.0,
2.5, 5.0, 12.5mg/L, KA B 4351 4 0.1, 0.5, 1.0,
2.0, 5.0, 10.0, 25mg/L.
1.5 FEShRiALPE

HERAFREL 0.1g 0FE CRE A 2 0.1mg), T A i B
PRER-DUBIIR AR (33 = 67, m/m) 25155, 7ot £E LA
PRI A5 o K E T aiR e b, 78 1000°C
SRR 15min J5 B T8 20, BB B B I ok i T
SR, RIRE A E 50mL. {E 200r/min AR
IR 45°C B TER A& F T 4% 2h DAR I, T
D TR) RSt i) 28 2 L RE A AT BR T RE Y5 S T4

2 giR5ie
2.1 S BriseRvNER:

FERHH ICP-OES 43 M7 & 2% SEARAE B, 75 8 1
FEROGIE TR R, JC IR 280 b A 33 A i,
51 BEL 23 7] REFE ICP-OES 23 M i 5 i T4 .
Vb, PR TE B 43 BT 35 R 0T T PRI AG: I Fr o 1 P
F B, RIS T RMEM. REE .
SPHERLE BT NG S L VE Bk . S0
L, XPHRBE R 5.0mg/L AYES BRBR VA R AE R B Ak
PEAT T IS 4, AT 6 ORATINE, DA R4S
TG HERR A, X N L 1, AR T RS A
Bk ICP-OES 73 M7 i 46 73 3l i Zr 343.823nm F
Ti 334.941nm.
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Table 1 Analytical spectral lines for determination of elements.

L% ik W 5.0mg/L 1)
(on) T
339.198 31890
Zr 343.823 127200
349.621 2603
Ti 334.941 327000
336.124 172100

2.2 KRR IR

FE T R SRR S S AR B e 2 .
AN JE T BE 5 BORE 5 TG TR 58 440 il 1 st 2 ) el
il 5 S50 Vs R R A3k v, DT | R AN
IR EFER . AL HET K& WE GG
(0.4, 0.6, 0.8, 1.0 I 1.2g) XF E Z M HEIURYIFR HEY)
it GBWO7314(FH Zr 9% {E ly 229ug/g, TiO, Y
FRUEME N 0.825%+0.030%) ' Zr F11 TiO, & 5l & Y
R MEAREAINAEN 0.4g B, 15 AR 58 20k
A RIRE, ATHE. MIERIMAEN 0.6g B,
KRIE W SE BB LG R . R 0.6 ~ 1.2g 19°F
PIm e g5 RaE 1 TR . MEAKEAIMA RN
0.8g B, Zr F1 TiO, Ml & (1) 45 518 5 An v (E fe 422 30T,
FHXT R ZEf /N

15 300
(WENTIO, Wz

12 F 194 219 201 189
S 200 2
& 09 [ngos | 0801 0.724 £ 0.661 =
306 T 4
= 100 =

03 |

0 0

0.6 0.8 1.0 1.2
A (2)

B AR R GBW07314 MI5E 455N

Fig. 1 Effect of different flux dosages on the determination

results of GBW07314.

2.3 BB R

R T R B ) 58 AR R, ARTFSE VRS T £
TS TS A BT T Al 80% . 7SSl # v, FREX 0.8g
BEBRE T AT, IF A 0.1g FZ08FDT
bR ED R GBWOT314 B4 45), T 1000°C T
YER 15min J5, 20548 25mL A1 50mL A ] B Y
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AR, HHSIAMFEAME H N, O ¥ K
SHRA Y, ANEsIEE R R Z T, kst
THRRAE N R EAN T . BT 4%, 8% Fl 12% RIGSERYY
REBUAS ME A 25 SR, Z IR R A MR R N &, % H
S0mL 11 4% TERRYE R fia m i 2 A I
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Table 2  Selection of resolution medium.

TiO, F & Zr & i
HENI el R | Wel | 5%
(%) (%) (ng/g) (ng/g)
4% Ti5HR 0.780 222
8% THHR 0.781 223
12% AR 0.784 220
6% ThiR 0.784 222
10% %12 0767 0.825+0.030 216 229
15% £hik 0.765 ' ' 219
8% FIK 0.763 218
12% FK 0.767 221
8% Wi FIK 0.769 221
12% 3% FK 0.761 221

2.4 IRRIERIPI TR R

T G Aok s B ) A T 3k, 0455 A48 R 235 TR S BIHE
W TP % RGP T A TR P BRI R T, e
FL A b AR T A0 R, X LA T
PRI, &R A BRI L R . R
SEER AR BV TR R B AR R o, AR 1E AR
AP AT IR W W, 1207 AR A AR A,
s> T LHGIRZE
2.5 Tk hRRAIE FRR

A I ) S 6 A A IR S T 2R, X B AR
PREEFE RSN T TINRE . A4S IR WY BTk B
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B AR, X7 ) e 0 A AR B 2 i An 2k . B5 7E
0.05 ~ 12.5mg/L, $k7£ 0.1 ~ 25mg/L ¥ 2 8 H B i1
LRV R, FE REUITE 0.999 L) [ B IR(AHKIE
FE A BT AR B UEES B ) (GB/T 27417—
2017) K IPAb R B o il 8 25 PR 12 1, DAL
W 25 HE5 R0 3 An i 251153 7 Ak th R 5 10
fEbR M 25 T HA T R e R 453 Ze A7 R
PR 0.40ng/g, & EFR A 1.32ng/g; TiO, T A H
PR 0.0025%, 5 1E R A 0.0082%,
2.6 JiIEUETREE AR B

& 1 5 VE DU AR W Bk ME )BT GBWO07333,
GBWO07314, GBW07335. GBW07336 X J7 1% A i Hf
JE FIORG %5 B EATVEAG o A3 PRI 6 Oy FATHE &L, 4%
HEARAR Y S 56 2% (AL BRFE i, IFTTEEC TiO, A1 Zr JTER
(AR RS 22 A AR vfE R 25 (RSD), PG EE e 45 1
1)V BE S5 AR HEE V) & B4, TiO, Y AH XT iR 22 78
5.3% ~ 8.7%, RSD £ 0.7% ~ 3.3%, Zr (A X iR 21
2.6% ~ 8.2%, RSD £ 1.0% ~ 3.5% (£ 3) .
2.7 WRKGTE B A R T R AL PRI IO SE PR RE A Y

RO L

KT A BRI AT, ARG 430 R
FHAS SCRA BoA 10 0 ) S o 1 CRE R B 2 A Ak
Gy BT 7 % 5 3038 43 - 44 400 K &= 2 ) (GB/T
14506.30—2010) [ &5 P41 P 175 vk AL 3R i, SR 5 9
ICP-OES #ATIE, AP T A E 45 R WK 4, % 4

3 IBTEDUBII bR HED B HE R PRS0 AR

HIRSEPRRE D y1~y25 2R F TR 5 AR R T L X
10 T SR RD B i o S R I, AR SCIR A 35 5 B
RIS TS e P ARSI 2 45 R 5 R4
ST AR ST B A B ity 140 30 R 0 T A8,
SRADHT R A AL R DU AL B R Rl L SE T

3 &g

SXoF i B 7R - I 0 L A s o P 52 36 4 R AT
T, #hE T ARG IR 0.8g, BV A A
S0mL [ 4% fiifiz . K FH ICP-OES #E 7%, #5107
KRR A 0.40pg/g, TN E TR 1.32ug/g; — 54k
BRI 7 K BR M 0.0025%, I 5 T R A 0.00829%;
K R DU bR ) S 3 0E T 2k A A
KGR o XL G A TE B3 A A L A
oot o0 25 DRI | 1 IR e A% s ik A2 R ) 1) o s At 2R S
B4 I R R ) B, A 9 3 FH AR 23504 e 1) A AR
By, X A B AR AT T R R, RRIE R
NS FERG R 4R 7 1 f, A T e IR AR A A AR AT
R A RV TR 1 P XU, o 7 e A 3t A B 468
B, 35 TSR S RS AR BRI E

AT 3% 07 N FH IR R S 3BT 9 [T s
T 75 585 A5 s R C LT Rl s30R ) 52 el , PR A
T 1R R R HE T T R 152 M AL B, DA R R FH o X i
FERCR 52T o A, BT DL — 25 88 i aT [im] s3]
TCEMA,

Table 3  Analytical results of the accuracy and precision tests of marine sediment reference materials (n=6).

MR bR 2 GBWO07314 GBW07333 GBW07335 GBWO07336
W ) 0.777 0768 0779 | 0710  0.705  0.705 | 0.660  0.663  0.652 | 0576  0.566  0.557
0778 0771 0792 | 0709 0722 0.716 | 0.662  0.654  0.653 | 0.564  0.599  0.603
SFHIH (%) 0.778 0.711 0.657 0.578
TiO FRIENE (%) 0.825+0.030 0.775+0.020 0.7200.03 0.6100.03
AHXTRZE (%) 5.8 8.2 8.7 53
RSD(%) 1.1 0.9 0.7 33
W (ugle) 215 217 217 131 130 134 183 167 184 122 129 127
212 211 217 133 132 133 179 178 183 121 126 128
FHIE (nefe) 215 132 179 125
& FRUE(E (ne/g) 229 144413 184424 13412
AAXFR2E (%) 6.1 8.2 2.6 6.4
RSD(%) 1.3 1.0 3.5 2.5
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Table 4 Comparison of the analytical results obtained by this method and sealed acid dissolution method.

: P =N PO =N

SERFRE S Ti0, 7t (%) RSD Zr T (nglg) RSD

= NN y T sy s ey YN
4 AR k) AR (%) AT SRR (%)
yl 0.360 0.366 1.2 364 359 1.0
y2 0.950 0.993 3.1 758 741 1.6
y3 0.765 0.760 0.5 362 362 0.0
y4 0.301 0.305 09 379 372 1.3
yS 0.275 0.274 0.3 329 322 1.5
y6 0.302 0.303 0.2 432 436 0.7
y7 0.576 0.604 3.4 701 726 2.5
y8 0.364 0.372 1.5 415 420 0.8
y9 0.504 0.541 5.0 374 374 0.0
y10 0.674 0.702 2.9 518 499 2.6
yll 2.19 2.41 4.9 4553 4563 0.2
y12 0.730 0.750 19 706 710 0.4
y13 1.56 1.66 4.5 2090 2203 3.7
yl4 1.30 1.39 4.9 2002 2098 3.3
yl5 0.894 0.949 4.2 1999 2102 3.6
y16 1.29 1.36 3.8 1728 1811 3.3
y17 0.625 0.644 2.1 1720 1827 4.3
y18 0.755 0.751 0.4 1555 1601 2.1
y19 0.995 0.998 0.2 1377 1402 1.3
y20 0.561 0.593 4.0 1212 1279 3.8
y21 0.830 0.886 4.6 1202 1244 2.4
y22 1.03 1.10 4.4 1054 1125 4.6
y23 0.833 0.844 09 872 884 1.0
y24 0.773 0.798 23 746 759 1.3
y25 0.533 0.558 3.3 664 689 2.6

Determination of Zirconium and Titanium in Marine Placer Deposits by
ICP-OES with Alkali Fusion of Lithium Metaborate-Lithium Tetraborate
Composite Flux

ZHANG Yijun, ZHANG Yuhang, CHEN Yan, DENG Yan, WANG Jiahan'
(Haikou Key Laboratory of Marine Contaminants Monitoring Innovation and Application; Haikou Marine

Geological Survey Center, China Geological Survey, Haikou 571127, China)

HIGHLIGHTS

(1) Compared with other single flux, the melting effect of lithium metaborate - lithium tetraborate composite flux is
better, and more widely used.

(2) The operation process of the alkali fusion method is simplified, and the technology for dissolving molten
substances is improved.

(3) The alkali fusion method is in accordance with the results obtained by the closed acid dissolution method, and

the process is more convenient.
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ABSTRACT: The marine placer deposits of Hainan Island contain abundant zirconium (Zr) and titanium (Ti)
resources, which hold significant development potential. An alkali fusion-inductively coupled plasma-optical
emission spectrometry method based on a composite flux of lithium metaborate and lithium tetraborate
(m : m=33 : 67) was developed for determining Zr and Ti in marine placers. In this method, the sample was fused
with 0.8g flux at 1000°C for 15min. After cooling, the molten substance was poured into a dilute acid and dissolved
by oscillation in a constant temperature oscillator. This approach simplifies the operation process by avoiding the
complexity associated with high-temperature procedures while enhancing melt dissolution techniques. The detection
limit for Zr in this method is 0.40pg/g while that for TiO, is 0.0025%. Based on standard materials, the relative
standard deviation (RSD) of Zr ranges between 1.0%—3.5%; RSD of TiO, ranges between 0.7%—3.3%. These
precision values align with quality management standards set forth by geological and mineral laboratory testing. The
method is suitable for rapid continuous analysis of Zr and Ti in marine placer deposits.

KEY WORDS: marine placer deposits; alkali fusion; lithium metaborate-tetraborate composite flux; inductively

coupled plasma-optical emission spectrometry; zirconium; titanium
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