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n=11) , EHEH -6.1% ~10% , mAF e EH 97.0% ~100.0% , A Jr kA4 Fo 4 2 55 k42 B 4] B b ik |
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BRI AME: - Sl sl AR - 2K SR S

B+ AT s B Y o Hod Ca Mg (9
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Table 1 ~ Operating conditions of ICP-AES
y; I I
THSEK  EASHK [HFek VR e
ST 2R 1150 W Ca 315.887 &, H,H3
FAR 0.7 L/min Mg 279.079 AL, 4,B3
WS R 0.5 L/min K 766.490 /i A7, B
LI J5 o) Fl g B TE L, 12 mm|  Na 589.592  7£,47, A3
AN EE TR 50 r/min

. < - e v 1 N
AR B 2L AT WIHW c(5Ca™") =
0. 0100 mol/L,c(%Mgh ) =0.0100 mol/L,c(Na™)

=0. 00200 mol/L,c(K*) =0. 00200 mol/L,

25 o/L &b - 80% L BEAC TR - FREL 25 ¢ 5
B 7R T 1000 mL (1) 80% Z.JEEr, i 50% %, /K 7
E pH =8.0,

FALEE IR AR L O FE YN b4l

FH K KB TR (HEFHAE 18.2 MQ - em)
1.3 SE8sJiik
1.3.1 iRk

FREL 1.0000 g A% & F 100 mL 5505, K
ARSI A 20 mL 80% Z, 1, 7E R F1 5 £ 4t
F£ 20 min, A E M BN B0 IF R RKTH R
JIA 20 mL 95% T 14 B i AR50 8 E — I, i
FEIF R0 PR T Lo SRJEIMA 25 mL 343k, 7E 1
JiiEpEg BB HE 30 ming BT B0, W WRIE T
100 mL ZZEHH . - 95% L BEPE 558 A1 5O
ENEEIIR, IR 20 mL, 531 T C IR Sl 1
100 mL ZE 5t rp, 28K E A B2, 85 4L
R 5.00 mL F 50 mL 2 HE T, A 50 mL
50% $hiR , /KBRS RAE 55,

1.3.2 #trifEhZk

F£H2 0. 00 1. 00.5. 00.,10. 00 ,15. 00 mL J& 445

HEVSW, 53 0 & T 50 mL 285, A 5 mL 50%

HR. K B 2 AR I R G

%Mgh B e 43 931 S 0..0000, 0. 0400, 0.2000

0.4000,0. 6000 mmol/L, Na* | K" [y ¥ J& 4% %Il Jy
0. 0000 ,0. 0200 0. 1000 0. 2000 0. 3000 mmol/L, 1E
e TAREZRAE T, M ICP — AES JU5E , 22 il b of
HiE2 8

LR BN AT A5 S B B A
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A E— ] ZE 4 PH S 548 (mmol/100 g)

S 1 + 1 + + +
nl—ﬁlﬁE@?Caz \?Mgz Na® K* /R

]

(' mmol) ;
PN > 1 + 1 + + +
n()—ilélﬁucénﬂ"]?(laz \7Mg2 Na* K" /R
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V—r BURE S AR (mL)
m—IERE & (g) .

2 FRHe
2.1 RIRZRME

SCAGAE FHES 102 S AR SEMA T2 [ I HES 7
RN - 1) BHLAR 285 B s S0 P, 0 58 8 S i
IREATREIE A R, AN [R) 52 #0900 A 7 58 e 75 1)
BH S 7 st i O BUELAT BT 22 59 . A SCRIEARS it
V5, 1R SR AR IR ] SR I A TTE Bt
FRUBOE 4 AP AR IRECs 4 4K R
P PIAK, SRR 1 TS0 . e TR A
IEARBETTER L8(23 x4) , MR 4 51,3 5l 2 /K
L1310 4 0K B IR LK 2,

MRIESHTT S, AT T 8 S, AR
PEATPIR S50, S R L3R 30 Se e B DU VE ¢
Ve G e SiNEN R S A TR NP AR e i
ERN R SSARM AT ; QSR IO S 45 5
HISEIAA I DA 6 HYE BLIER , A50F 4 FIZ&l)S
Ko ARSI RE S B AR 6, BISSH 1 3¢, i
A 25 mL SEHGR L BEFE 30 min, PIREDENS 2 Ko

22 M SRR TS S

Table 2 Orthogonal experiment of exchangeable cation in
bentonite

Kot ety DT SSHINAKE g o
1 2 30 10 1
2 2 50 10 2
3 2 30 25 3
4 2 50 25 4
5 1 50 25 1
6 1 30 25 2
7 1 50 10 3
8 1 30 10 4

2.2 PPERREMER
BUR AR E I 2. 00 mL F 50 mL Z8 i),
A AIMAA R 1 50% Eh R 5% 50% fisFR , FHZEIE K
TRk 2 20 P . VERR AR S Ak A R A b A7 22
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AR R X I RE A5 R B . 3R 4 MESER,
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Table 3  Optimization experiment of exchangeable cations

E/(mol - 100 g~1)
1

ff; 5 Ca?* TMg2+ Na* K*
{;ZJE RSD/ % gf‘é RSD/ % ﬂf‘é RSD/ % ﬂ?ﬁﬁ" RSD/ %

1 2.48 5.3 3.07 4.3 7.24 4.2 0.93 3.4
2 2.50 4.2 2.58 6.4 6.46 4.8 1.18 3.6
3 3.34 6.5 3.70 5.5 7.89 3.8 1.57 2.6
4 3.53 2.2 3.95 1.2 8.57 1.0 1.63 2.2
5 3.35 2.3 4.29 0.9 9.30 0.8 1.71 2.4
6 3.77 1.8 4.37 0.6 9.383 0.4 1.71 0.8
7 2.27 4.5 3.46 3.2 2.16 2.4 1.11 3.0
8 2.63 7.1 2.83 4.1 6.47 3.0 1.11 3.8

A4 BRI IE SR

Table 4  Effect of acidity on determination

E/(mmol - L™")

L 2+ + ¥
2 Mg Na K

AR/ %

HCl HNO, HCl HNO, Hcl HNO; HCl HNO,

0 0.342 0.345 0.338 0.345 0.055 0.059 0.078 0.081
0.5 0.364 0.368 0.357 0.349 0.061 0.065 0.076 0.074

0.367 0.371 0.384 0.394 0.064 0.061 0.085 0.081
2 0.397 0.401 0.405 0.408 0.079 0.084 0.084 0.080
5 0.403 0.405 0.408 0.397 0.078 0.076 0.082 0.084
10 0.391 0.394 0.389 0.401 0.080 0.078 0.080 0.084
15 0.397 0.389 0.402 0.406 0.082 0.080 0.084 0.079
20 0.396 0.399 0.405 0.402 0.078 0.080 0.076 0.078

2.3 il demtkeE e LR

XS SR it TP R TG ER S T A e 1
BN M TR, 1CP — AES 5 %
1 - A4 Ac e 1 B 25 7 Ca Mg K Na, 2474
D8 1 1 1 | ) 7 7 RO, v S TEME W S5 & S i1
Wl D S B TR G T, AR T
Ty 2 BN/ A B ARG T
TR 2 E A — SRR A T 28 4
J& , A EZICER K Ca Mg K Na, HAl T H
PR AT 438 , AN A T, AR ST R it
WA, PRI B 3 B2 53 3] A : Ca 315. 887
nm (4K 107) Mg 279. 079 nm ( 47k 121) ,K 766. 490
nm( &Yk 44) ,Na 589. 592 nm( K 57) .
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2.4 JiIESeVENG RS R
TEAAR I AR T U 2 25 R 1

B 2 o Ca® 3 Mg BT FE 53 51 0.0000

0. 0400 0. 2000 0. 4000 0. 6000 mmol/L,Na* K * [y
J£ 43 3 4 0.0000 ., 0.0200 . 0. 1000, 0.2000 . 0. 3000
mmol/ L, Jf0ff i HAR B Bl . X2 1 WA 700

e o \ - P [P
11 R TR AR AEDR 22, LA 3 1%%/&%5%#%7&2 .

Mg K Na® R R % 5 SUREI], A%

FASR R B RT 0. 9998, MR I8 , M RE 45 2R T 5

5 R A R BRI TR

Table 5  Linear range, correlative coefficients and detection
limits
MG N K B/
RS Ly HIEREK o
¢/ (mmol - L™") (mmol - 100 g~')

%Cah 0.0~3.0 0.99998 0.036
%Mg2+ 0.0~3.0 0.99997 0.048

K* 0.0~0.6 0. 99991 0.012

Na™* 0.0~0.6 0.99986 0.024

2.5 DIk SRR

KA E K AR W) 5t GBW (E) 070049, GBW
(E) 070050, GBW (E) 070052 Fi & i + #£ &, %
L3 5 S A R i I 1L U, I SE Pl 1Y
TR 235 -5 R FAR IR AR S8 7 i AN [R) RO R il 6
5 R IBOLTE (AAS) BIIE SR IEATHEXS . K 6
MZERIE %07 L IR # E (RSD,n = 11) 9 0. 5%
~2.5% ,MEWAE(RE) - 6. 1% ~10% , SEBRFE S Y
IRE (S PR HE(E B AAS IR B0 E (AR

SR R VEE TR R St A T I 058, 73 B
AL 20. 00 mL E T 50 mL AR A, 20 B0 A
1.00 mL 45 bR HEVE W, LAT [R) A v il 2k i 22 1
T WERERY SRR IEA T AL B ICP — AES
M, I7 ik ey 97.0% ~100.0% .

3 &5k

RSO A AR B A, JFRE 1T ICP — AES
W 5 Rt R e SR PE B B Ca " Mg™t K
Na™ 9771k , 5 5 OOE A FA kA L , 1
PREE, S5 SRR AT 58, W) -t o A L1 b 5S4
FH RS 1 R0 BH 2 1 s s B A I g 4Rt 1 it 8



F2H BOUAF, 45 - AUERE S 25 B 1 MR SR Ok DN 5 ) = v 9 S e 5 B B 0 32 %
2 6 JilkRTEIEHERE T kSRS
Table 6  Precision and accuracy tests of the method Table 7 Recovery tests of the method
E/(mmol - 100 g~!) n/mmol
R WETCE gar papefisg  RSD/% RE/% PR WETR grig o g RHCRE%
BEM AAS Wi wt " e
Ca 1.76 1.80 2.3 -2.2 Ca 0.0035 0.02 0.0232 98.5
GBW(E) Mg 0.43 0.40 1.5 7.5 GBW(E) Mg 0.0009 0.02 0.0206 98.5
070049 Na 0.11 0.10 0.6 10.0 070049 Na 0.0002 0.001 0.0012 100.0
K 0.11 0.10 0.9 10.0 K 0.0002 0.001 0.0012 100.0
Ca 46.9 47.1 2.2 -0.4 Ca 0.0938 0.02 0.1133 97.5
GBW(E) Mg 7.28 7.34 1.3 -0.8 GBW(E) Mg 0.0146 0.02 0.0342 98.0
070050 Na 0.79 0.80 1.0 -1.3 070050 Na 0.0016 0.001 0.0026 100.0
K 0.42 0.40 0.8 5.0 K 0.0008 0.001 0.0018 100.0
Ca 24.0 24.4 2.5 -1.7 Ca 0.048 0.02 0.0677 98.5
GBW(E) Mg 0.83 0.79 1.2 5.1 GBW(E) Mg 0.0017  0.02  0.0211  97.0
070052 Na 48.5 48.5 2.0 0 070052 Na 0.097 0.001 0.098 100.0
K 1.15 1.12 1.8 2.7 K 0.0023 0.001 0.0033 100.0
Ca 3.70 3.94* 1.8 -6.1 Ca 0.0024 0.02 0.0222 99.0
§ Mg 4.40 4.50" 1.2 -2.2 § Mg 0.0088 0.02 0.0284 98.0
Fedm 1 . R 1
Na 9.40 9.65 1.0 -2.6 Na 0.0188 0.001 0.0198 100.0
K 1.90 1.90 " 1.6 0 K 0.038 0.001 0.039 100.0
Ca 1.76 1.80" 1.4 -2.2 Ca 0.0036 0.02 0.0235 99.5
§ Mg 0.45 0.47" 0.8 -4.2 § Mg 0.0009 0.02 0.0203 97.0
B 2 . R 2
Na 0.12 0.12 0.5 0 Na 0.0002 0.001 0.0012 100.0
K 0.11 0.11°" 0.7 0 K 0.0002 0.001 0.0012 100.0
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Determination of Exchangeable Cations of Ca, Mg, K and Na in
Bentonite by Inductively Coupled Plasma-Atomic Emission Spectrometry

DUAN Jiu-cun, HE Zhen-yun, LI Rui-xian, JU Li-pei, ZHANG Wang-qiang~ , MAO Zhen-cai
( Lanzhou Testing and Quality Supervision Center for Geological and Mineral Products,

Ministry of Land and Resources, Lanzhou 730050, China)

Abstract; Bentonite exchangeable cations and cation exchange capacity is one of the main indicators of the
evaluation of bentonite mineral. The traditional measurement method of bentonite exchangeable cations was made by
using either atomic absorption spectrometry or the volumetric method and involved complicated operating procedures
and took a long time. In this paper, a description of how the exchangeable cations of Ca, Mg, K and Na were
extracted by NH, Cl-ethanol exchange liquid is given. The obtained solution was evaporated to wet salt and dissolved
by 5% (by volume) of HCI acid solution, which was ready to be determined by Inductively Coupled Plasma-
Atomic Emission Spectrometry (ICP-AES) for exchangeable cations of Ca, Mg, K and Na. The optimal conditions
for the exchange were achieved by adding 25 mL exchange liquid, stirring for 30 min and washing the precipitate
twice, then studied by orthogonal experiment. The analysis spectral lines of 315. 887 nm, 279.079 nm, 766.490
nm and 589. 592 nm were selected for Ca, Mg, K and Na, respectively. Based on the working curves, K and Na
have a good linear relationship from 0 to 0. 6 mmol/L, Ca and Mg from O to 3.0 mmol/L. The method detection
limit was 0. 012 - 0. 048 mmol/100 g. Verified with national standard materials, the measured values and the
certified values were in good agreement. Precision (RSD, n =11) ranged from 0.5% to 2.5% , and accuracies
(RE) ranged from -6.1% to 10% . The recoveries with spike were from 97. 0% to 100. 0% . The proposed
method overcame the disadvantages of the traditional analysis, as mentioned above. This simple and fast sample
handling method before measurement with good reproducibility is applicable to the analysis of bulk samples.

Key words: bentonite; exchangeable cation; calcium; magnesium; potassium; sodium; Inductively Coupled

Plasma-Atomic Emission Spectrometry
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