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ZET ERER, TR IR, 55535 7 f#AE 6mol/L
HIRFN 6mol/L Eh iR vh 84 B 4 FH o $h 1R - S0 S R FI il
MR- S R (TR A5 1R 22 0 B AR HE I VR e B AE Al FH I o)
LR AR A T BC i — 2 L] 24mol/L SRR
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A SE B 3k OB R BESh BioRad A W Y
AG"S0W-X8 BHES F A2 b g (200 ~ 400 H, Pk
2 38 ~ 75um), FREAFII R 6 H 6mol/L — ¥k 4l
fEERTRVEVE (> 6 MW IRIATE, 2 6 IKIEUE), TH LS
e J FH AR 2 /K B 0E R, S5 Je e 3 XU Y 30°C 244
TR
1.1.4 2RI HoAhAL R

SCIG T AR 0L, 145 PFA BEAf . PP 250048
PFA X5 . B AE Sk S5 387E 6mol/L sr#raliEhig b
TG 24h, P58 47K I HGR I 24h, 55 A
Al PR AR 3 3k o 5T 5 AR ILZE Teflon®PFTE
URIZIn#R
1.2 Bk

AR SRS TCER &t A A I Tl R 2= 8 P
X 52628 1 Agilent 7900 %Y i JRGHE A5 45 B 1A B
X (ICP-MS) 58 B, B Be A% 4= F sl s i itk
FERGE . el M4 A shEFERS . 200uL/min
AP B2 2 5 AL I i F ok
FH— %51 1 ~ 100pg/L £ 70 2 b5 7 W 8 7 T AR i
Yo AU IR 2% WSR-S RIS DORE fh— [R5
BT, LAY DU 5 0 5R FR A IS AR AR AR IS o A 1 A K
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1.3 IR
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Table 1 Working parameters of ICP-MS instrument.

R AL Li(7)=55%10%ps/(ng/g)
RE PR Y(89)=320%10cps/(ug/g)
R U(238)=350%10%cps/(ng/g)
Be(9)<0.2ng/g
KRR [30, ng/g] In(115)<<0.05ng/g
Bi(209)<<0.08ng/g
ArER (Ce™/Ceh) <1.5%
TE TR (CeT/Ceh) <3.0%
s E M (RSD) <2% (20min)
KIHEE M (RSD) <3% (2h/s)
ey A g/ ®Ag<0.1%

0.5mol/L A2 1 #E4T, B 5E7E 30mL PFA BHabrrh iR
FREL 400mg AG®SOW-X8 FH B F 28 #e 4 B, Jin A
10mL 0.5mol/L ffi& F 200uL 10mg/L fil§ R4 i i £
TCESRI, B2 o AT A7E 0.5min. 1min. Smin., 10min,
30min, 1h, 2h, 4h, 8h, 24h R WAEE 200uL 4
Yy, 5t BIAE PP foRE N7 A8 IR R T 0 2, AR
EHIOAWE . R IR T 5 H 2% SRR, &5
FH ICP-MS #4770 & o0, THE AN R (3]
IR B BE R AL, 2l I K-t (8] 4 LAV AR iR
IRV RGA B SF- 7 Fr ik 18] o
1.3.2 A[FEN A FERRE AT K, e

HERAFREL 28 17y 400mg AL+ /5 A9 AG50W-X8
BH 25 - 3 4 4 B8 31 43 B 15mL PP &5 .0 % v,
rBIANA 10mL 0.1, 0.2, 0.5, 1, 2. 4, 6mol/L fil§id;
10mL 0.1, 0.2, 0.5, 1, 2, 4, 6mol/L £5f#%; 10 mL 0.1,
0.2, 0.5, 1,2, 4, 6mol/L fif§fi-0.2mol/L S MRIE &
fi%; 10mL 0.1, 0.2, 0.5. 1, 2, 4, 6mol/L £ % -
0.2mol/L S MR IR & 1R, 4R 5 In] 5.0 48 vh 43 Sl A
200pL KA VC AL AY 10mg/L £ 70 2 IR S AR HEVE K
TEZER (23°C) 514~ , & 2h #£%) 10min, V-4 24h,
KI5 ok 3 0 ARAY 10mL Bio-Rad 3R N &
(Polypropylene) #5E, HI1-14 R DU £ IR bepR i S 1ok
VG VST, TE 60°C 11 Teflon®PFTE 14 )2 itk I
ZERBIMEVIR . FEIIA 0.5mL YRS RR VA AR5 1 I
FRRZE TG 10mL 2% GSIR E 2

SRS FSEIBR T AERI UG SN R N
A 200pL FEARTC LAY 10mg/L 50 Z IR bR
Gb, Ha B RS bk i oo e Af 1], F T WA g o
FICEMSLIANE . SRS W il 28 4F Vs W R 1CP-
MS AT E TR T
1.4 BURERS B Ed

ARSI BT A 389 R B 2l i), PR A T ) 3t
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FEARRIAR, R ZHOTR NS AT 0.1ng/g,
DI ICE (W Mg, K., Ca, Ti, Fe, Cu, Mo) e
23 A, AT 0.1 ~ 0.5ng/g 2Z[a], i Na F1 Al ()4
MRS HiE, N1 ~2ng/g. JLI I FE Hoin A1
TR R hEEAIT R B 2000ng, R, FAEZS TS|
AMIRZESBINT 1%0. SLH0 I A rp )i 22 2™k
1E ICP-MS Zp#Hrid i rh, | TAFICEM K, 27 E
K, ATES#E 6 MEUE S, FEDRA R P RICE &=
AR BB R . fE 200 F A i &P X RN
(1~ 100ng/g), ICP-MS 1 7T % 43 B i 22 — I8 T
10%, (A7 PR X R o 2R, D H R BT U
G B A 00 Sl S B ) AR R IR 22 . IR, A
Al SE B BT Ky B9 E B, AR SCXF 0.5mol/L Al
6mol/L iR A 5T HH I 1945 T R 40 B R AT T
AT (- 1), ATLAE H, B 6mol/L figfg A it
Hif HE, Th il Te S50 R AN, 48 K430 2 B E LM
HRECHS, PEAE BT 1 1 AL . 7E 6mol/L fify
TR i, 4 R ER 7y e 3 BA AR K, A, Wb
JLER FrE e (ZHOTRIET 200ng/g), WHAR HEY T
R, SEHEE K E SRR A5 AR K
AN E BE o 11 1 A2 AR BN R A T W Tl O 225
1 1AL, (BRI ITTRAIIRTE 20% ~ 50% U
I o

104 =

& 0.5mol/L iz .
o 6.0mol/L fijfik
&
103}
102 F Th &
Q O b
101 L
10() L
1071 1 1 1 n .
10 10° 10! 102 10° 10¢

Ky

Bl AG"S0W-X8 FHE FBIIETE 0.5mol/L Al 6mol/L fiEE S
R oeER K EBLTE, BR Th, HEAI Te LR 5P,
P PAT SRR 2 e R LR B SR 111
Mak
Fig. 1 Distribution coefficients (K;) for duplicate samples in
0.5 and 6mol/L nitric acid using AG® 50W-X8 resin, the
distribution coefficients of the element in two parallel
experiments are close to the 1 : 1 fitting line, except for
Th, Hf and Te.
— 66 —

2 HiRGie
2.1 ARIGCEIIZE TN B PG

JGEEFER R RN S0 A Hh i) 8 B - 8 B IS 7 7
B M ] A g 38 2P, S R e i £ s 4
FT VA 4B R BN, T Ll T ARSI A TR AE
B N R Sl (8] 38 4 - 14 B ) o A S B IN E T
60 Fl T AE 0.5mol/L fili iR 7 16 A [ - st ] 1)
SYBCREL. B 2 BRI R AR TT R 1 L R
BB R B AR Ak ) I 2R, W ALK B, B ALATV JGESR,
FKAHRATICZEAE 10min 2247 B3k B F- i, 7 Al 78 2h
ZIEReEiR R, V T 2L 8h A REIA IR E . Al
VORI A /D ECE F a0 Ze, HE Y- B TE] BH S
AR R X AT R AW 58 Z 24 B & ) 5500
B0 0 L BRI, S AR A SR S T 2
HRBEIR P, J5 2k Y 43 T 2R B0 R S5 56 R T Al
FF (]IS B 1 24h, BISR V OGER B = A5 A ]
2.2 THEEFERER e R R R BON ke

M ZER) 60 Fh oG E AE 0.1, 02, 0.5, 1, 2, 4,
6mol/L iR FI7E 0.1, 0.2, 0.5, 1, 2. 4, 6mol/L L@
H Y 3 IC R BN 3 s .
22,1 ST R ELIR AR Tk B

XFF AGSOW-X8 FHES T35 i i, Strelow %5
(1965) “* ' F5EISE T 49 FOTEALE 0.1~4mol/L AiSHR

10000
1000 -
100 F
N
10
1_
—=Al ==V Ba —— Co
ol “~Yb ==Th ==Te | .
0.1 1 10 100 1000

HsJ (8] (min)

B2 RFEMEICELE AGTS0W-X8 FHE T-HEAI 0.5mol/L fi
BRI K, a2 40 F- ik ) AL i 2k, Ko e AE
10min FTRLEEIER, m ALAV SCRIPEREN K,
S 2h 1 8h

Fig.2 Time of element exchange equilibrium between

AG®50W-X8 cation exchange resin and 0.5mol/L nitric
acid. Most elements reached equilibrium before 10min,
while Al and V needed longer time to reach equilibrium,

which were 2h and 8h, respectively.


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

543 4%

i} (=6mol/L),

o

(=)

=)

it A T A

=1

=]

%

FRFNER R, B Th F1 Ca LIAPMIFAE T £ Bon AR

KERIFICERY Ky {23 6mol/L $hF: RS (& 3).
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MR 2 KR U R B . 4K L, 6mol/L R H

Jon i TR e L o A AL EE R B TR R A 1,
HhBH S 5w S RE b RO SOS e if . 7E 6mol/L fig

AR, 2 IR B B I L ) BET 5 12 Bl 3 T ) 34
B EE T ((H,017) U, AT 5 7

WFFERSAE_E AR, SRR L

TR, S RARRIL P ES TR IR AT R S IEA T K

, FEERRR MBS IR IR, LT Brfi oo
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(a) 0.1~6mol/L fil§iR /v I3t
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5 FgEg i nichy an % FEI CST umLH HMHMH
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EE R R ESEHIEE HetH B SR (e AR FEHH
AL =7 S Eauny 2 K MM\H Geoww Fefliml = uw\umuu
R EE R I LEATH S=E= R LA
MO0 e S 10 e e
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=R K ESEE 2 <] csom 02 XK s 8 Heyrm
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T O O T [T T A 5 il TTT i T f \L\N\\\ 1
T [T T [ ] EpRERT N 1 17 i T T LE\W\\
FediredHretiietiier| FETA| o : Fetbretfetire e - FETH e
C=E s T i i s i o ] | = CeAl < S FEhiEs IS s Hii b eH| & CwArr <
FoHHH -2 \\K{W\%}M\\c}\ F s Z ERHHEZHH AR HH ER T ES FIHH
it Tt tH i T b2ATH 2 [0 {1 H i il rﬂ_\

Rl 6 Bt ZE 7E 0.2 ~ Smol/L £k 8 v 1943 it 2R 44,
It 5, Davies (2012)1 1 il 2 T 38 Fh oC % £

0.1 ~ 9mol/L fil§ FR2 1 1 43 L R 5%, Fr kA5 M Bdis 5
Strelow % (1965) ') B —%, I H.R BUASFR ok i

/£ 6 ~ 9mol/L [X[H], i JuE M K, (HAE T He/IMb .

ARSI T AR AR I A L 2R 20 R AR B R
R WA B, I, AW KRR 2 AR

R K, (EABRE S FR B4 34 0 i 328 87 ARG, JCHAEAIR
e FE B (0.1 ~ 0.5mol/L), K, {H Fifi 12 e B 18 fin 1

P2

gt WP 3 T

14

hydrochloric acid medium (The ordinate is logarithmic, where the dashed lines represent elements that do not adsorb in the
67 —

resin).

by, EHORSACRIEMIEH AT TH)

Fig.3 Element partition coefficients on AG®50W-X8 cation exchange resin in (a) 0.1-6mol/L nitric acid medium and (b) 0.1-6mol/L
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Elemental Distribution Behavior of Sulfonic Acid Cation-Exchange Resins
and Applications to High-precision Isotope Analysis

WANG Qiqi], SUN He", GU Haiou', HOU Zhenhui*, GE Can', WANGFangyuel,

ZHOU Taofa'

(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230092, China;
2. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China)

HIGHLIGHTS

(1) The cleaning effect of 6mol/L nitric acid in regenerating AG"50W-X8 resin is good, but Th remains in the resin.

(2) Hydrofluoric acid can significantly change the distribution behavior of high field strength elements, some
transition metals and rare earth elements in AG*50W-X8 cations.

(3) In the mixture of HCI-HF acid, with the increase of HCI concentration, the distribution coefficient of rare earth

elements has a trend of first increasing and then decreasing.

ABSTRACT: The distribution coefficient (K;) of elements in ion exchange resin is the basis of element purification
and separation, which is the premise for high-precision isotope analysis. However, systematic comparison of the K|
in different types of acid is lacking, which has hindered the development of efficient separation procedures for
emerging isotope system. In this research, the K, of 60 elements in AG*50W-X8 cationic resin with different
concentrations and types of acid was studied. Our results show that, in acid solutions, the K, of almost all elements
is negatively related to acidity. Compared to nitric acid, a significant decrease in the K, for Al, Fe, Se, Pd, Cd, and In
is observed in hydrochloric acid. The addition of hydrofluoric acid can significantly reduce the K, of Be, Al, Sc, Fe,
Sn, Th, U, Ti, Zr, and Hf in dilute hydrochloric and nitric acid, so that they can be quantitively eluted from the resin.
In the mixed hydrofluoric acid solutions, Kjzzz shows an initial increasing and then decreasing trend as the
concentration of HCI increases. The present study provides data support for the development and optimization of
element purification processes that are suitable for high-precision metal stable isotope analysis. The BRIEF
REPORT is available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202309260154.
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KEY WORDS: BioRad AG”50W-X8 cation exchange resin; element purification; high precision isotope analysis;

distribution coefficient; ion exchange column

BRIEF REPORT

Significance: With the development of analytical instruments, significant breakthroughs on high-precision isotope
studies have been made in recent years. The dissolution of geological samples leads to solutions with complex
matrices that jeopardize the accuracy and precision of the data, i.e. the so called “matrix effect”. Chemical
purification of the elements of interest from the sample matrices can suppress and minimize matrix effects, and
therefore provides an improved analytical precision for various isotopes on instruments such as, multiple collector
inductively coupled plasma-mass spectrometry (MC-ICP-MS). Ion exchange resins have been widely used for the
separation and purification of target elements, in which cationic resins are widely used in the development of metal
stable isotopes. Distribution coefficients (K,) are essential for ion exchange chromatography because they provide
information on elements distributed between the solution and resin for particular acids; hence enabling the choice of
acid and strength that are suitable for effective separation of certain elements in solution. However, previous studies
of the K, on typical cationic exchange resins is incomplete, some alkali metals and transition metals have not been
included in previous studies. Also, direct comparison of the distribution coefficients for various elements in different
acids is lacking.

Methods: Two sets of experiments were performed, one was an equilibrium time test, and the other was to
determine K, in different molarity (0.1mol/L to 6mol/L) of HCl and HNO; and their mixtures with 0.2mol/L HF.

For the equilibrium time test, 400 mg of Bio-Rad AG" 50W-X8 200-400 mesh cation resin was accurately
weighed into 30mL PFA beaker and 10mL 0.5mol/L. HNO; added. Then, 200uL of 10mg/L multi-element standards
was added into the beaker. The initial concentration of analytes added was ~200ng/g so that they could be precisely
analysed by ICP-MS before and after the partitioning. Small aliquots of the solutions were collected in PFA beakers
at0.5, 1, 5, 10, 30min and 1, 2, 4, 8, 24h. The solutions were then dried and reflux with 2% HNO; added, and finally
analyszed on ICP-MS. After the concentrations of each analyte were determined, precise K; were calculated using
the equation of K=Cg,;i¢/ Corution=(Cr—Ca)*V/(Cyxw), where Cy and C, are the elemental concentrations in pg/mL of
solution before and after equilibration, V is the total volume of solutions in mL, and w is the weight in gram of dry
resin.

For K, dertermination, experiments were performed at room temperature (23 °C) using the batch method. First,
400mg of Bio-Rad AG™ 50W-X8 200-400 mesh cation resin was accurately weighed into 30mL PFA beakers and
10mL solutions of HNO;, HCI, a mixture of HNO;-HF and HCI-HF of varying strengths from 0.1mol/L to 6mol/L
were added. Then, 200uL of 10mg/L multi-element standards in different type of acid were added into the
corresponding beakers. The mixtures were shaken for 5 to 10min every 2h and left to for 24h to achieve equilibrium.
The solutions were collected in pre cleaned PFA beakers by filtering the resin mixture through empty 10mL Bio-
Rad polypropylene columns. Afterwards, the solutions were evaporated to dryness on a hotplate at 60°C and
refluxed with 10mL 2% HNO, for ~5h with the cap sealed at 60°C. Finally, the solutions were transferred to 7mL
PP tubes and were analysed by ICP-MS and precise distribution coefficients were calculated for each element in
each solution. Blank samples were prepared using the same procedure, without adding any multi-element standards.
The blank solutions were used to determine the background of reagents, resin and containers.

Data and Results: The distribution coefficients of almost all elements on AG*50W-X8 cation exchange resin in
hydrochloric acid and nitric acid were negatively correlated with the molarity (0.1mol/L to 6mol/L). For most
elements, the calculated Ky in 6mol/L HNO; were slightly lower than in 6mol/L HCI, suggesting that using 6mol/L
nitric acid to regenerate AG®50W-X8 cation exchange resin was slightly better than 6mol/L hydrochloric acid.
7] —
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Significantly lower K, for high field strength elements (HFSE) such as Zr and Hf was observed in hydrofluoric acid,
and may be due to the strong ligand capacity of CI". Some transition metals, metalloids, and non-metallic elements,
such as Mo, W, Re, Ir, Sb, Ge, As, Se, Te, etc., would form oxygen-containing anions in acid solutions, and hence
not adsorb in cation exchange resins with low K.

In the mixed acid of HNO;-HF and HCI-HF, the partition coefficient of most elements in the mixed acid also
decreased rapidly with the increase of acidity. The addition of hydrofluoric acid can significantly reduce the
distribution coefficients of some elements in dilute hydrochloric acid and nitric acid, including Be, Al, Sc, Fe, Sn,
Th, U and HFSE (Ti, Zr, Hf). The distribution coefficient of rare earth elements (REEs) in HNO;-HF mixed acid
was similar to that in nitric acid, but in HCI-HF mixed acid, as the concentration of hydrochloric acid increased
(from 0.1mol/L HCI-0.2mol/L HF to 6mol/L HCI-0.2mol/L HF), Kge showed a trend of first increasing and then
decreasing. This trend of change indicates that in a mixture of hydrochloric acid and 0.2mol/L hydrofluoric acid, an
increase in hydrochloric acid concentration will reduce the coordination ability of hydrofluoric acid to rare earth
elements, and the proportion of complex compounds formed by rare earth elements will decrease. This leads to a
rapid increase in Kz as the concentration of hydrochloric acid in the mixed acid increases in the 0.1-0.5mol/L HCI-
0.2mol/L HF mixture. Subsequently, as the concentration of hydrochloric acid further increased, [H;O]" rapidly
increased to the dominant position in the mixed acid solution, leading to a rapid decrease in K, ultimately

resulting in an arched distribution coefficient curve of rare earth elements in HCI-HF mixed acid.
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