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E: A F MC-ICP-MS 347 Li Rz ZE# M E a2 Li 5 AT (HFH A Na) 2405, AEL

FlUR A& F Ao RARZ R, A RS B4R 100%, S5 5sTmkokiafr k. WAEF £, MISEE

AER TR SRR FITILAL, BETRIELEF T4 L A E5 B4k, =K EZX 100%,

fant | R 2 RAHF, AREH., EBTEENARLESBALEAY, BA—RSBEIE, 45

B4, EXRENS BUAS NS ERLEFRYE, CRARNMLES BAELNIHITLYL; BRHESR T EEMR

BEYyBUARREFREPHZNZEE T EEMNRETRGREHE, FHESBFTEL AR,

ASONFMLE o Bt B, X T $A5MH 5%, 24KET SRS T 6 E T & e iR a2

BTN AR IR D, 4t Li e d, RARERESH, AMEZITHARZESEFEENAHL S

WAL Li ik, FIELE R KR, CSI16 08 T &bk ikt 8 2 2R 5 (<50mmol/L), {28474k A

X (A EA#F A 500ng/g 9 % U F A AR E SR +2.50g/g %9 K-Na-Ca-Mg 87%& , 1.5mL), HEARZ D R

2 (50pg/g #9 K. Na, Ca, Mg, 500ng/g % Fe ¥A % 500ng/g #9 Al I A L& AL B XA Hom), AIiE

SRACHE S AR B, AR SR BR E 5 F) 30mmol/L, R BHEALHKR SR (kiR R 30mmol/L, &k

#ik 1mL/min, & & 60°C), 25min A T & Li#g 45 B 4L, 3 4 AN B £ 3 R A7 E % R (GBW07333,

GBWO07103, GBWO07159 #= GBW07180) #t 47 Li 2 & #h4t, Li 9=l Fik 993% A L, Tk THLEF T

SHEFE, 5B AN Li T L MC-ICP-MS #47 Li FIE & 54l K& K,
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AT LU Sk s KU o0 L) B s e ok £ 3% A
YIiE she T30, MELLMERGIE B kIR s Mk 2. 5
X 26 [E] 7 M b, A1 (Li) JLP AN 52 2R I 3 i 5
i 7 AR KU 4 P B AT B S ik R Ik
RAAE TR | SR AR 1500 L 4k, 1]
RN AR RERR A KA A5 Hh ok ) FLn] SRR 45
PRz — DA, R R R B T -
B BEER L2 SR S A |
e L) R L) DL AT R R R S A
@Jﬁf@‘jz [17] N

Lif 2 N RREEE RN : LiCE B 7.52%) F
"Li(F B 92.48%), ik 16.7% WIARM T2, {f
4 Li e o B p 5 o e i B R R i . A
oA AR D Rk, Li R 4TI
BEARARWHL T, T H = 2 B A 5 B TR
L (MC-ICP-MS), #ERAIN 2 Li [R5 2% A9 70 A ks B
AT 0.3% 200 HATHRE Li 5 HAMITE ¢
S Na) B95ER 2085 P22 05 DU 0 6 i T RE 52
) A [ B i 5 R0 19 8% L) . Macpherson
ap L8R gE g R, YRR S W R Na/Li> 500,
Ca/Li> 250, Mg/Li>250 i} i] fE 2> S E0H i 4 %ol
MR 22 . 340, B FOL F7LD fAR B 22K, 18
S et 4R 5 5 R K 4018 o Yoshimura
2z D24 TR B 1 3 B B T R
L-SVEC Li 45 i W B, BT 0.5% 1% Li 18 43 & 2
TLi(0"Li=+69.4%o), 1E [ WL A 99.1% Ab B, §'Li
B %5-12.5%0. A1t FFH MC-ICP-MS SZ# Li [A] {7
AR HERRIN A, ASAEEA S5 4) B Al AR
() Li TC 2, WEARE Li BN 99.3% UL E 124

H A 55 0 Li R4z 2 2li4k 7 v & 2 AT 2K B
25, B Al B 7 2C e R AR (IR 75 AGSOW-
X821 | AG50W-X12 %) 5 AGMP-50 %' ) 3 47
Li (943 BSR40, W7 VO 3 R 1 2 — py h g (2220
s AR L BRI . YR S P R 2 R IR
A0l T e 2 2k (SRR
DO Oy R SE AL Li Ay B Ak . B T LR
A, 5 2T R AR BRI, A 1K Li 25 AR
By 120 MIRSARIY Li-Na 2085 RO EhEamg /N Y
BT 2 2 R P Ve B R WR AR Li 2k 1Y bk Bk
IR RN {c8 U ¥ 3 i = Wl SO/ U 9~ P -4
PATIAS Bz N o EHT A B O R A B AR
PR R ., IRPRIARFL K (230 ~ 118mL), %55 & 4= il
VEHE R, MELLFE RIS 1, FBIN 1 RE 2 K P
Je A 1 B O T AR R OK AR N T ik Uk AR R

(15 ~ 26mL), {HAXE FHF FE A a7 B A% i (UK R
apn 1), siai ik Li i PR (0.320ng) 207, HEHT
1Ko I T/NRSEARAL st RS, G
FHF 45 FOR R SRR R &, 225 AT bRk FH 2 0
FERr R B aldk Lie fildn, Li %8 2 8030 (4%
WIS 6.4mL Fl 2.3mL 1Y AGS0W-X12 # i), LA
0.5mol/L #EFRVE Rtk e, hUEIAFUN (~ 40mL), &
MK, rERREL . iRERER . 3. VIR 2 M
JETHE i, FERS Oh, SRS A A U A IR R RN
J5 (LEERIR . TRhIR- 1R . ZHRNIR . WHIR-VF ), B Gl
%5 (AG50W-X8. AG50W-X12), B fiig %7 J& (100 ~
200 H . 200 ~ 400 H), B4 RF FIB NG AFRAE, #42
HET — R B Li 4389 B 22200397 E R
Tt VA AR AE 2 U AT IS . e SRR AR
TREM S BB R, FERTFE S (B2 1 R), His iR
Bk, MR FE TR

K FH e He 85 i S A 7 [ 6 28 4 B el Ak iy
2, NSRBI Li 5 B T —FloBT R4S . 2001 4,
Latkoczy %5 3% 9 Yot i B 7 6 % 1 5 5 TR 1 T
TEIAIL, 221208 1 7E 2R 43 25 Rb Fil Sr 5 HE & Sr
IR e . BT KB, B 20s HELLHERE 14 IR, BRIK
PEFE 0.5mL, FF 5 Ik P8 W U 3 A 3mL/min B AIX 2]
0.5mL/min J&, /A FE MIBES St (57, FrEehfa)
i 16min, M5 A9 Sr/*Sr M 51858 1% Le i W ERE
a8 KRR 0.07% ., X205 T
AL B R ST R e A — k)
o= VAN =1 ST T € 5 a4 E o O s I E
JiE A, 2 AT SR R T et L ca i
Li [24] . K[41] . Mg [42] , [«J& S [43] F [44] Cl [44] R
Br!“) | Rb ) A [E £ K B> i fe b fildn,
Karasinski 2 13 V0 55 15 B8 7 (0 3% 44 55 MC-ICP-
MS BHL, ELRAMES | IAE K . BRER A RRE A b Sr
Fl Mg R 2 LA, 48 2% RIS 22 95 W T Ak 2ot A
Morgan 2§ "'/ 5@ 55 IC-MC-ICP-MS BE#L, 7E2% 4
BRI M SRR SR AR W RE O R KR E
Yoshimura % 121 Fi) FH 5 R 25 1 6 3542 B K
() Li, Mg. S R 2, I 08 4 W 4 R 4 42 L L,
Mg, S [AI R, FIH MC-ICP-MS BE—0H7 Li.
Mg. S [l 2 A, M2 SR S E—3. B
T B 5 R S T A o) 1 Al Ak i — e i &
MC-ICP-MS ZrHr i 28 S 0 s M, ket e 20 B8 )5
[] 437 2R 1) v i e 5 0 v e A%, i 2 %o v TR S £
TGRS R B RGN TR, R BOR S B T IE N IS
PEFIR R A PR . AER R S R B o B 7
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B, 55T Tad B2 0L, 5 24X o ki B A L
FERE (FR AT RE 7)) R RS BT (e AR e 45 1), I
NI AR R AR R 8 P GRAARRUN ). ARTA]
() 2, o 5 - €0 35S ) T A X AR Y VR 1 TR
R URR, SRR R A2 M, Il P AR ik
o8 b SRR o P YRR P v 1 A S B Ry S
A SORG Ak b ST St I A 1, B APRIR B LA
FH T e e B - B A RE, IF R R 43 25 2lifk A
JEH &, REARREIE S BT IR 32 M | 24T RE
FEARBLON R B AR A5 46, BN Li 18 43 (R 4l i
Je Li JTZE B RDSCR, Jf i 53 25 24k Y Li B A5
J& MC-ICP-MS #47 Li [RI; R4 #1075 K, b Tk

Jrak ) R Li M A BT R, RS, Ak
B Ve PR F AR AR T A TR A . R R
W @SSR IR S FERR, LA 1k i T
FL 3t RS AR A, BRI S0mg & 1 FE i, B T RE
PR, B e 8 XU PRI A ITmL AR L 3mL &
SR, AT 1R AL AN CaF, UTTERY AR R, 37 S 5,
PIMRUESR N BT, A B FRE SR QUG HEAR B
T 140°C INFAMT A 24h, SR )5 TF 35, BrkE SHA TR
£ 120°C TZET, A8k KBE SiF; @MIA 3mL FK
(HeEh R - hig e, IRF L 3 0 1), 3 B3 F, 16 120C
InFAAR A 24h, LAIKZ ALY D0 TE; @27 A IR
BABNGOEY BT, WA FEGZE T, IF A 6mL

BT 5 AUAE R AL 2R o B 2l AL U W SE 8 2% BYRHIRIE R, A i0A DUTEY), 7S Smin J5 4k 1E
(R P B L R, BRI VCHE Y o8 4 i i HLR PR T 0 1B
W, W RE SR ZET, 3R 6mL 29 R RV 207

1 SERER

TSI A SR IR A S AE R 5 460
T SR (] S5 R A ) P A B R A 0 [
LR L BR AL SC I ) SE . R AT R T
9, TESIEEE AR, SRS
L4750 TR s 8 2R D 3 20 4, SR FH P 1 37
TR, DARERAR LAY A IS
1.1 RIRHGHE

A S B FH 0 R AR b 5T RE % B o ) 5 A
GBWO07103(#£ix4). GBW07104(Z1lI'E) . GBW07105

(ZRA). GBWOT101(#EFENEA) . GBWOT107(TUF).

GBWO07333(# ifg g 7 VTR ) . GBWOT7159(Hi -1~
1), GBWO7180(55 +-47). X Suhrifdy i Hh AH G ot
RO EIEEE W 1,
1.2 FEShRiAERE

H A, A Li (A4 28 M 34 o 3222 R R LA
o R 2 AT L Sl T i R R SRR SR AR 45 —
1 RIRHTRRIEDIR R e & AR
Table 1

HI T B - A AT Li i3 2 2tk
N, HK % T B 1 30mmol/L, B SR AR it I VA 1) 1R
Z/PKTF S0mmol/L, HR AL S, 1 2% iR
A R IR 5 24 320mmol/L, AN R B T
WEAGHEREEIR . S TR 5K L, A hn#hag kBT,
TSR 23 K — 25 th, AR SC5 e 6mL 2% iR/
JoT B R i 1 W 25 2 /KRR (135°C, 200uL), A A
0.5mL #E 4l 7K, 78 2R ERAR (135°C, 100puL), FFAMA
0.5mL #4li7K, 78 =B EIR (135°C, 100uL), e &%
A 2mL 4K, I 4K ER 2 SmL, &
pH FHAGI, IZFE At iAWY pH B 1.5 2oy, #5380
THARIE /R oA 30mmol/L ZeA7, i B T (i SR
1.3 FEEG

VAR 2k R v (0 R ) R A R R e S TR
SR EAERR . H TR AR K.

o 2 1A e Al T A AR A A R K

The recommended values of relevant element contents in natural geological reference materials.

JUE S A
brUEY) TR

Li(ug/g) N2a,0(%) K,0(%) MgO(%) CaO(%)
GBWO07103 (£ %) 1317 3.13+0.09 5.01+0.10 0.42+0.05 1.55+0.07
GBWO07104 (ZZ1L1%) 18.3+0.9 3.86+0.11 1.89+0.07 1.72+0.08 5.20+0.11
GBWO07105 (ZitH) 9.5£1.3 3.38+0.07 2.32+0.08 7.77+0.26 8.81+0.14
GBWO07101 (HE%EEMEED 1.3£0.5 0.008+0.003 0.010+0.001 41.03+0.13 0.10+0.01
GBWO07107 (314 4442 (0.35) 4.160.15 2.01£0.07 0.60+0.06
GBWO07333 (BRI EEDURRD) (88.5) 2.93+0.11 3.53+0.09 3.08+0.12 1.47+0.06
GBWO07159 (Fi +-0"11) (69.68) 0.158+0.014 4.98+0.12 0.077£0.010 (0.026)
GBWO07180 (58 +4™) 567+40 (0.04) 0.1940.02 0.310.03 (0.12)

T 5 WA B A S S

— 232 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

Waliie, 2. FF R R T G A 37 B i A ToRe i v (9 £

%44 5

TR AIAER o

SCE B A B A8 46 K ThermoScientific 2y )
Dionex IC Pure /K 4 fb R 4% il 14, H BH X N
18.2MQ-em, K = 2k R Al — Wk = 21l 2 530 R
Savillex DST-1000 F Labtech SD-2000 7% g {¥ £
PhZRIRHIS . =l R N W K Y FE TR -
1.4 bRifEIE

ARSI FH BRI A LR 2

(1)GSB04-1767-2004 [E iR A AR MER T : JTCR
f35 Al. As. B. Ba. Be. Bi. Cd. Co. Cr. Cu, Fe,
Ga. Li, Mg. Mn, Ni, Pb, Sb, Sn, Sr, Ti. Tl, V. Zn,
FA% A 100pg/mL, 5N 2.5mol/L R AR .

(2)BWT20009-1000-W-50 &1 (4% FH 4 FPHES
TR A PR TR K. Na, Ca, Mg, HitgH
1000pg/mL, /5 A 7K
1.5 @SS S TAERAF

FHF Li 2 2 44k 19 55 R 35 7 2.31% /L (Dionex
ICS-6000, ThermoScientific 2% 7)), Bl #5: H shitkkE#E
(AS-AP); TC AL FH 2§ + (2 3% A (IonPacCS16, Smmx
250mm) FIEH 4 (TonPacCG16, Smmx50mm); /5 &
PUJTHE (SP); 4B ZE (AXP); FEA: 141 &% (CERSS500,
4mm); CD HL T4 I 5 DA K 18 43 I B 4% (ASX-280):
EHTWAERE. 2B TR Mg, @ik
R IR AT E T (25°C . 40°C, 60°C), WP 1 HE4
(1) R SR TR IR R O i 2l R, EREEA S 1.7mL.

IASECAE D RE AN T . [ ShERERs, BT 5 ik
FI Bl E A 55 DU G 5%, 4 i 90k o Y vk 3 R O T
iy B, s A A %) P AR R P CS16
TEAY, HEAT BARICER B9 20 B I A%, o FAE W H,0
FLRR HOHT OH 851, IR s v b FH B 15 7
LSRR TN 28, W E FR IG5 B AR TR I AR 7,
F B P A 7 e e B [B) B U A H AR T 2V

ARG 1 ) A R R B TR U SR
A 1 e DU T 2 R YT RV AR B A 30mmol/L YR
4l Ak il B2 I W, i N ImL/min, JE 77 6.89MPa;
CS16 B FE AR 60°C, A 13y 25°C; 7
FRELVE 106mA; FEAE N 18.2MQ-em 4K, i
1.2mL/min, JE /7 11.03MPa; ¥ 2§ 4 e SAG I 5, Tt
1 35°C, FRERAH 250pL % 1.5mL A4, ke ik
FL2smL, Horp, MRS 60°C, REA b 46 kb s
FEA Y5 B[R] 2 25min.
1.6 eI

R B T AU Y CS16 (3 kE H T4 @ Al
e + 4 J&@ 1 4> M7, €245 Li. Na, K. Mg, Ca, Sr,

Ba %5, {l: A RENHATIREEITTR I . HIL S
J B, 12 A8 T AR X T RV M TR A VR 4 S D
ANEEAR, AT e =D IR A — S bl SRR ol T R
AR BE 1 TR R bR s = M R A 5 T
SRS TR BTN IX 88 R, A SCBT T 4K
K fEATHUE, (L5 CS16 (O AE BUPRI S2 VE 525G | 44
1T RE S SN HEARALN SEH6 4%, £ DRI o R 8 1 (0
TEASCHEA T TR T s JSURE V9 o P A TR R, 2 i e et
DA 25 1, KA R 58 BB SRS IR W0 Li /Y
srEsalifh.

2 HiR5iie

ARSI AR AET W A, 456 1 R M T bR )
J, TERER CS16 Ty IR 57 1 | 2 for i 1 Fn 3k
RSSOV, el I, FR A5 5 R 2 T i AL ) S A R Pk 4%
8, IFE e M Ze BN, i — 20 B R AR E 5
JEARED T, R TR

1 AR SO v S T iSO i A A 5
h CS16, VG i H G I, b b 2 1 S R (s Bk
4@ Apg + 48 & (Li. K. Na, Ca, Mg, Sr, Ba)
DI NH, 90, IEARBE /R Al Fe 250 MM TETS
L, AN BE H B 1 T0 A IR DR SCR, T AR S ICP-MS
DR SR AN
2.1 BRETENE

Fi FEAS SR fit 17 Ak FHL 7 305 7 A 1 R b S B 40
& (GBW07103, GBW07104, GBW07105), [ ICP-
MS W 25 R R, X FAE A LA, B T & i
BRI CE (W0 Ge, Cd) Akt R (B A b
Zr Fl HE) 153 22 38R, KA 4370 2 I o {6
SEEE B (3% 2), T XA H I IT 2R H AR
25, RMAETB S LR (245 V. Rb, Nb, Mo, Ta, W,
Pb. Th %) & (E AR AR, 2R e R i, 5
S B RRALCAE: ot VA R T B3 2o O RO, v L A
SEH S A MR ZEN 1%, 756 T e
SR, F B B T TR Li [R5 25 00 Ml B RE i i v
ff A ATA T
2.2 PRI 32 E—PE B SV OB

H R R - A T2 2 T b e (R
VSR, T S BRHb MR R 20 T ICHLIR . AR
FERE R, 23R SRR BEAE T (RI: BERERT, B 5L
) TC R PR TR TR B BRI D), Toik 52 Ak Li 1Y
AR, TR R B T A B R (W R T 27 1
(RERE AR SZ WL it B e KR B2 A AR H b B o AR S
55 1L GBS04-1767-2004 [ KIS bR (O ik
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Table2 Comparison of measured values and recommended values of elements in national geological reference materials.
GBW07103 GBW07104 GBW07105
TTHR
IN7E fE HEE I fEL At (E 5 (8 HEAE
Li 134 131£7 17.3 18.3+0.9 8.5 9.50+1.30
Be 13 12.4+2.1 1.28 1.10+0.20 2.83 2.50+0.60
Sc 5.96 6.10+0.60 8.53 9.50+1.10 14.7 15.2+1.8
\% 18.6 24.0+£3.0 108 94+6 86.3 167.0£17.0
Cr 4.19 3.60+1.10 28.1 32.0+5.0 146 134+£16
Co 2.75 3.40+1.00 11.3 13.2+1.5 533 32.0+£5.2
Ni 23 2.30+1.20 16 17.0+£2.0 140 140+£11
Cu 3.55 3.20+1.30 54.6 55.0+4.0 50 49.0+4.0
Zn 314 28.0+4.0 76.3 71.0+£7.0 166 150£15
Ga 18.2 19.0+2.0 17.3 18.1£2.1 23.8 24.8+1.3
Ge 0.09 2.00+0.80 0.05 0.93+0.40 0.11 0.98+0.23
Rb 450 466+26 37.7 38.0+5.0 222 37+6
Sr 107 106+9 782 790+54 1125 1100+64
Y 68 62.0+7.0 8.6 9.30+1.80 24.9 22.0+£5.0
Zr 923 16714 103 99+16 271 277£30
Nb 43 40.0+4.0 5.64 6.80+2.20 5.45 68+12
Mo 2.51 3.50+0.30 0.55 0.54+0.14 0.43 2.60+0.30
Cd 0.02 0.029+0.014 0.05 0.061+0.021 0.07 0.067+0.024
Cs 39.1 38.4+1.5 2.14 2.30+0.70 0.28 0.7)
Ba 354 343+45 1078 1020+70 572 527+40
La 57.4 54.0+£5.0 252 22.0£3.0 59.2 56+7
Ce 104 108+11 38.6 40.0£3.0 98.9 105+12
Pr 14.1 12.7+0.8 4.54 4.90+0.40 14.2 13.2+1.6
Nd 47.5 47.0+£5.0 20 19.0£2.0 54.1 54+£5
Sm 10.3 9.741.2 3.68 3.40+0.30 11 10.2+0.7
Eu 0.91 0.85+0.10 1.16 1.02+0.07 3.51 3.20+0.30
Tb 1.64 1.65+0.13 0.39 0.41+0.07 1.27 1.20+0.20
Gd 9.41 9.30+0.80 2.97 2.70+0.40 9.48 8.50+0.70
Dy 10.1 10.2+0.4 1.9 1.85+0.20 5.73 5.60+0.30
Ho 2.08 2.05+0.22 0.35 0.34+0.03 0.92 0.88+0.05
Er 6.59 6.50+0.40 0.97 0.85+0.16 2.18 2.00+0.30
Tm 1.15 1.06+0.09 0.14 0.15+0.05 0.26 0.28+0.04
Yb 7.93 7.40+0.70 0.9 0.89+0.20 1.38 1.50+0.50
Lu 1.18 1.15+0.12 0.13 0.12+0.04 0.19 0.19+0.07
Hf 3.39 6.30+0.80 2.81 2.90+0.50 6.2 6.50+0.80
Ta 6.54 7.20+0.70 0.43 0.40+0.09 0.25 4.30+0.60
4 7.99 8.40+0.70 0.54 (0.45) 0.06 0.40+0.02
Tl 2.28 1.93+0.55 0.19 0.16+0.06 0.09 (0.12)
Pb 33.6 31.0+4.0 9.8 11.30+2.80 2.5 7.00+4.00
Th 59.5 54.0+4.0 2.53 2.60+0.40 3.64 6.00+1.20
U 20.2 18.8+2.2 0.96 0.90+0.28 1.19 1.40+0.40

T S NEIE N SEE, AR nge.

2.5mol/L filMR) A JEI, 4% AN ] LUAGA B A T I
RAGA [ R MR B A6 B2 T, A B 43 ol 12,5, 25, 50
I 100mmol/L fiff B2 , [ 72 kU 4% 7 (K Uk i e 2
40mmol/L, ¥ # ImL/min, {8 3% #E 5 60°C , ¥ £ &
500pL), 38 ik Ik ih Ze R I W7 A RO vk o #R A AL
() B KPR MRS
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PR 52 1 S 50 e W, [81E A 500pL, A A
VAR TR I T3 45 T 50mmol/L, 251 (4 3% et
TR 0 (] 1a #10 £2); 2 FF o 35 U 09 IR B 3K 3
100mmol/L i, H B S5 4 s 4 P2 0 (141 1a #11 £k);
2R S VA TR Y R BE A 25mmol/L N, B kAR A Gk
1000pL, 754A Hi gy H AR (18] 1a #9 2k)., DL E UK,
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Leaching curves of standard solution 1767 in the acid tolerance experiment.
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Fig. 2 Leaching curves of standard solution 1767 and its mixture with K-Na-Ca-Mg in the sample-loading capacity experiment.
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Fig. 3 Leaching curves of standard solution and national geological sample solution in the matrix effect experiment.
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Fig. 4 Leaching curves of GBW07107 solution in the leaching
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Fig.5 Leaching curves and fraction collection intervals of
mixed standard solution containing 10pg/g K-Na-Ca-
Mg, ug/g 1767, 1ug/g Rb and 1pg/g Cs.
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Fig. 6 The proportion of elements in each fraction for mixed

standard solution containing 10pg/g K-Na-Ca-Mg,
1ug/g 1767, 1ug/g Rb and 1pg/g Cs.
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Li FER R R o 5346, AR B0 AR AR X 25 FIAE
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SRR B 1) B BRI SR o 2, (HAR S BG
X S PR S TR HAR Li o0 278 W 20 10 R BEA
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Table 3 Content and recovery rate of Li element in Li fractions in national geological samples.

— FERETE Li v HERE R WCHE S Li Tk e Wtk R
(ng/mL) (ng) (ng/mL) (ng) (%)
GBWO7159 (# -4 1) 70.0 14.0 13.0 143 101.9
GBWO07333 (BRI 88.5 17.7 17.0 18.7 105.6
GBWO07103 ({E545) 131 26.2 24.5 27.0 102.9
GBWO07180 (5418 567 113.4 102.4 112.6 99.3
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Automatic Purification of Li Isotopes from Geological Samples by High-
Pressure Ion Chromatography

YANG Yini"*, WANG Shuangshuang™, WEI Xiaoyan®, LI Yanguang™, LI Weiliang®,
JIN Mengqi*, JIAO Xin'
(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069,
China;
2. Xi’an Center, China Geological Survey, Xi’an 710119, China;
3. Centre for Orogenic Belt Geology, China Geological Survey, Xi’an 710119, China)

HIGHLIGHTS

(1) The acid tolerance, sample-loading capacity and matrix effect of a CS16 cationic chromatographic column were
systematically investigated, which laid a foundation for automatic separation and purification of alkali metals
and alkaline earth metals by high-pressure ion chromatography.

(2) By optimizing the dissolution method, the acidity of the geological sample solution was greatly reduced to
satisfy the sampling requirements of high-pressure ion chromatography, which extended the application of HP-
IC to geological samples with a complex matrix.

(3) The Li purification time was greatly shortened to 25min by high-pressure ion chromatography, which

remarkably improved the efficiency of the Li isotope analysis.

ABSTRACT: High-quality purification of lithium (Li) is crucial in measuring "Li/’Li ratios of whole rocks
precisely by MC-ICP-MS. Many scholars have proposed traditional manual Li purification methods by cross-
combining the types of eluents, types of resin, resin particle size, column tube size, and resin volume. However, the
process is still cumbersome. In contrast, high-pressure ion chromatography (HP-IC) provides single-step separation,
shorter durations, and online quantification; it is underutilized due to insufficient systematic research on its elution
processes. Here, an automatic purification method of Li by HP-IC was established by optimizing IC parameters,
laying a foundation for the wide application of IC in the field of isotope purification. The testing results of Li
collections for four national geological standard samples indicate that the recovery rate exceeds 99.3%, and the
blank measurement is lower than that of the traditional manual column method. The amount of separated Li also
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meets the demand of MC-ICP-MS for Li isotope analysis. The BRIEF REPORT is available for this paper at
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202407310165.
KEY WORDS: Li isotope; high-pressure ion chromatography; cation ion chromatographic column; acid tolerance;

sample-loading capacity; recovery rate

BRIEF REPORT

Significance: In the global carbon cycle, chemical weathering of silicic rock is considered the main sedimentation
mode of atmospheric carbon dioxide, and plays an important role in controlling global climate change and
topography evolution!'”). In the past decade, lithium isotopes have emerged as one of the most powerful and reliable

1911 This is due to the significant relative mass difference of up to

indicators in weathering studies of silicic rocks!
16.7% between °Li and 'Li, which makes lithium susceptible to substantial isotopic fractionation in geological
processes. However, the relatively large mass increases the difficulty of analyzing Li isotope ratios by MC-ICP-MS
because Li is prone to significant fractionation during the separation and purification process. This requires the Li
recovery rate to be nearly 100% and to avoid interference from Na, Ca, Mg, and other matrix elements. Several
scholars have proposed various traditional manual Li purification methods and have optimized them by cross-
combining different types of eluent, resin types, resin particle sizes, column tube sizes, and resin volumes, but the
process remains cumbersome and requires 1 to 2 days to complete. Due to single-step separation, shorter separation
times, and the online quantification of each element, high-pressure ion chromatography (HP-IC) has become a new
trend in isotope purification, applied in the purification of St Cal*”!, Lit?4, K, Mgt st i1 14l Byl*3)
and Rb!*). Unfortunately, the reported HP-IC separation studies generally confirm the purity and recovery rate of
target isotopes based on the final accurate testing results from MC-ICP-MS. They also lacked systematic research on
the elution process of HP-IC, which limits the application of this separation method. Here, several sets of
conditional experiments were designed to explore the acid tolerance, sample-loading capacity, and matrix effect of
the cationic chromatographic column configured in HP-IC. We systematically explored HP-IC, optimized the
drenching conditions for the CS16 cation column, and successfully established an effective HP-IC separation
method.

Methods: A high-pressure ion chromatograph (Dionex ICS-6000, Thermo Scientific) features an automatic sampler
(AS-AP), an inorganic cation column (IonPac CS16, Smmx250mm), a guard column (IonPac CG16, Smmx50mm),
a quadrupole pump (SP), an auxiliary pump (AXP), a regenerative suppressor (CERS 500, 4mm), a CD conductivity
detector, and a fraction collector (ASX-280). The HP-IC is well-suited for separating and collecting alkali and
alkaline earth metals. The temperature of the inorganic cation column can be set to 25°C, 40°C, or 60°C. The eluent
was switched from the recommended methanesulfonic acid to high-purity nitric acid, and the sample loop volume
was set at 1.7mL.

For sample preparation, 50mg of rock powders were digested by mixing 3mL of HF and 1mL of HNO; in
Teflon vessels on a hotplate at 140°C, replenishing the dried residue with 3mL of aqua regia until the solutions
became clear. The preliminary experiment demonstrated that geological samples dissolved by the standard method
could not produce ideal peaks using HP-IC, which may be caused by three reasons: first, the acidity of the
geological sample solution is too high; second, the sampling amount is too large; third, the matrix of the geological
sample solution is too complex. To solve these problems, three sets of experiments were designed to identify the
factors affecting the purification process of IC, including the acid tolerance test, sample-loading capacity test, matrix
effect test, and so on. The eluting conditions were optimized to purify Li in the geological samples using HP-IC. The
standard solutions used include GSB04-1767—2004 national multi-trace element solution and BWT20009-1000-W-
50 K-Na-Ca-Mg solution. The natural geological standard samples used include GBW07103 (Granite), GBW07104
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(Andesite), GBW07105 (Basalt), GBW07101 (Ultrabasic rock), GBW07107 (Shale), GBW07333 (Marine sediment
of the Yellow Sea), GBW07159 (Rare earth ore), and GBW07180 (Bauxite). The recommended values of relevant
elements in these standards are shown in Table 1.

Data and results: (1) Exploring acid tolerance. By fixing the eluting conditions (the eluent concentration:
40mmol/L; eluent flow rate: 1mL/min; column temperature: 60°C; injection volume: 500uL) and increasing the
acidity of the sample solution (12.5mmol/L, 25mmol/L, 50mmol/L and 100mmol/L. HNO,), the maximum acidity of
sample solution that can be tolerated by IC was determined by the leaching curves (<50mmol/L, Fig.1).

(2) Exploring sample-loading capacity. By fixing the eluting conditions (the eluent concentration: 40mmol/L;
eluent flow rate: 1mL/min; column temperature: 60°C) and increasing injection volume of a certain sample solution
(250pL, 500uL, 1000uL), the maximum sample amount that can be tolerated by HP-IC was determined by the
leaching curves (>1.5mL 500ng/g multi-trace element standard solution+2.5pug/g K-Na-Ca-Mg standard solution,
Fig.2).

(3) Exploring matrix effect. By adding 50pg/g K-Na-Ca-Mg, 500ng/g Fe, 500ng/g Al to 250ng/g multi-trace
element standard solution in order and contrasting the peak position and peak height of alkali metal elements in
these four solutions on leaching curves, the influence of matrix elements on Li separation was investigated (it had no
effect on the peak position and height of Li, Fig.3a). In addition, the leaching curves of national geological standard
samples GBW07103 (Granite), GBW07104 (andesite), GBW07105 (basalt) and GBW07101 (ultrabasic rock) with
very different compositions were compared to further confirm that matrix effect is not obvious on the separation of
Li isotopes (Fig.3b).

(4) Exploring optimal eluting condition. By fixing the type of sample solution (GSR-5, shale) and leaching
conditions (the eluent flow rate: 1mL/min; column temperature: 60°C; injection volume: 200uL) and decreasing the
eluent concentration (40mmol/L, 35mmol/L, 30mmol/L, 25mmol/L), the degree of separation for Li isotopes was
compared to obtain the best eluent concentration (30mmol/L, Fig.4).

(5) Evaluating the purity and recovery rate of Li. Under optimal eluting conditions, the mixed standard
solution was purified. Fractions were continuously collected and tested by ICP-MS. Moreover, 4 national geological
standard samples were dissolved by the optimized method and eluted by HP-IC. The target Li fraction and the
fractions before and behind the Li fraction were all collected and measured by ICP-MS and ICP-OES. By
contrasting the amount of Li element injected to the HP-IC with the amount of Li element collected in the Li
fractions, the recovery rates of Li element were calculated to be above 99.3% (Table 3), with no detectable matrix
elements (e.g., Na, K, Mg, Ca) present, thus meeting the testing requirements of MC-ICP-MS.

In summary, the CS16 cationic chromatographic column can bear a volume of sample solution up to 1.5mL,
and its matrix effect is not obvious, but its acidity tolerance for sample solution is low (less than 50mmol/L). By
steaming normally dissolved sample solutions to a wet-salt stage and adding a small amount of ultra-pure water
repeatedly, the acidity of the sample solution can be reduced from 320mmol/L (2% HNO;) to ~30mmol/L, which
meets the sampling-requirements of HP-IC, successfully extending the application of IC to insoluble geological
samples with a complex matrix. By optimizing eluting conditions, Li fractions separated by HP-IC are pure and have

a high recovery rate, which lays a foundation for the wide application of IC in the field of isotope purification.
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