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A simple, selective, and sensitive method for the simultaneous determination of anions, such
as sulfate, nitrate, and chloride ions, and cations, such as sodium, ammonium, potassium, mag-
nesium, and calcium ions, in aging water extracted from a raw material of ceramic glaze was
investigated using ion-exclusion/cation-exchange chromatography with conductimetric detec-
tion on a weakly acidic cation-exchange resin column (Tosoh TSKgel Super IC-A/C) and a tar-
taric acid/crown ether eluent. With the weak-acid eluent(tartaric acid), both anions and
cations were separated simultaneously and selectively, based on the ion-exclusion and cations-
exchange mechanism. Owing to the presence of H” ions in the tartaric acid eluent, the con-
ductimetric detector response was positive for the anions and negative for the cations. Using a
7 mM tartaric acid/3.5 mM 18-crown-6 at 1 ml/min, a good simultaneous separation and detec-
tion was achieved in about 7 min. This method was successfully applied for the simultaneous
determination of several anions and cations in aging water samples extracted from the raw mate-
rial of a ceramic glaze.

Keywords : Ceramic glaze; lon-exclusion/cation-exchange chromatography; Simultaneous
determination ; Inorganic anions and cations.
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Table 1 Chemical composition of several feldspars

used as raw material of ceramic glaze

Ceramic glaze, %

Compound A* B” c p* E®

SiOy 66.01 68.92 76.80 67.97 67.78
TiOq 0.01 0.02 — — —

AlyOs 18.31 18.21 13.10 18.31 17.33
FeyOs 0.06 0.18 0.07 0.07 —

CaO 0.81 0.80 0.54 0.28 0.62
MgO 0.01 0.15 0.03 0.01 0.03
K,O 10.57 6.88 5.25 6.41 9.50
Na;O 3.50 5.04 3.27 5.87 3.51
Ig. loss 0.20 0.40 0.24 0.48 1.14

A: Ohira feldspar; B: Yamato feldspar; C: Kamado
feldspar; D: Hiratsu feldspar; E: Fukushima feldspar; Ig.
loss: Ignition loss

(TSKgel Super IC-A/C, W#: 6 mm, #7AKZE: 15cm
RUKFE3Sum) TH5.
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Fig. 1 Effect of cation-exchange capacity of

weakly acidic cation-exchange resin (TSKgel Super
IC-A/C) on retention volumes of anions(A) and
cations(B)

Eluent: 1 mM sulfosalicylic acid (1.0 ml/min); Column
temperature : 40T ; Injection volume: 30 ul; Detector:
conductivity detector; Injected sample concentration:
0.1 mM for CI", Na*, K, NH,", Mg*" and Ca*"; 0.2
mM for SO,*” and NOs~
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Fig. 2 Simultaneous ion-exclusion/cation-exchange
chromatographic separation of anions and cations on
the TSKgel Super IC-A/C by elution with different elu-
ents

A = 1.2 mM sulfosalicylic acid, B =7 mM tartaric acid,
C = 4 mM malonic acid; Peak identities: 1 = SO427,
2 Cl , 3= NO3 , 4 = system peak (eluent-dip), 5=
, 6=NH," and K 7=Mg"", 8 =Ca®"; Cation-
exchange capacity: 01 meq./ml; The other chro-
matographic conditions were the same as in Fig. 1.
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Fig. 3 Simultaneous ion-exclusion/cation-exchange
chromatographic separation of anions and cations by
elution with 7 mM tartaric acid-3.5 mM 18-crown-6
Peak identities: 1=S0,"",2=Cl", 3=NO; , 4 = sys-
tem peak (eluentdip), 5= Na®, 6=NH,",7=K",
8=Mg"", 9=Ca’"; The other chromatographic con-
ditions were the same as in Fig. 2.
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Fig. 4 Simultaneous ion-exclusion/cation-exchange chromatographic separation of anions and cations in
raw materials of ceramic glaze "

Chromatograms: A = Ohira feldspar, B = Yamato feldspar, C = Kamado feldspar, D = Hiratsu feldspar,
E = Fukushima feldspar, F = Woods ash; Peak identities: 1= SO42~, 2=Cl", 3=NOs , 4 = system peak

(eluent-dip), 5=Na’, 6 = K*,8=Mg"",9=Ca*"; A 4~ 10 times dilution samples were used for the prac-
g
tical appication.
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Table 2 Analytical results of several feldspars and woods ash by ion-exclusion/cation-exchange chromatography

Raw material SO,/ cl/ NO; / Na*/

K*/ Mg%/ Ca®’ / Ion balance

samples” meq. 17" meq. 17" meq. 17" meq. 1! meq. 17" meq. 1™ meq. 1™ (anions/ cations) pH
A 0.0002 0.00163 0.0015 0.0497 0.0094 — — 0.054 7.0
B 0.0018 0.00337 0.0046 0.0817 0.0382 — 0.0037 0.075 8.1
C 0.0018 0.00632 — 0.1112 0.0217 — 0.0026 0.005 8.4
D 0.0137 0.02589 0.0115 0.1277 0.1120 0.0005 0.0041 0.202 9.6
E 0.0137 0.07951 0.3995 0.2813 0.1545 0.0036 0.0132 1.088 7.6
F 0.3556 1.9736 — 0.5598 0.7599 0.1180 0.2207 1.430 10.6

a) A: Ohira feldspar; B: Kamado feldspar; C: Hiratsu feldspar;
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= g

0o EEHoREEHY B, RENLARRO S KRR (B5EA, BEEA, BEEAO, XM
BA, RERARUARIK) FlcgInsfise Aty (Bl SIEWRUMEBAL D) RUBA 4 (F
MIT A, TUVEZDA, HUTL, RTRTILARFINT I LA F ) OFRBSEERLTRICT 2HE
BRBMA A VHEBR /BB 4 U RBEA 7 u~ N ST T4 —IZOWTHRE L. TORKE, 1 X0 o
AL GRYXF7)L— 2 M) v 7 AL T D5 EHA 4+ QB &1 BEOBMR (7mM B
AR/35mM 18-7 7 »6) RHVEA X VHER/ A v RBBA X v ouv NSS4 —I12X 0, 44
VHERICEIBBEAA VOSBER A Y RBICE B HEA T L DOFEENK 7 5N TREED OB ER
T&7 =, RBECLZ2EBRRIBBISEE, B4+ VICELTE, BAF VICBELTAETH Y, BEIRW
R TH o 7. AL, Hx REER O BEROKMBEFICEIN L BRUBA 4 2D
BIRWOFARESHEEEICN L TRIFISSHTE, 20RHEIHO L o7,
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