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Abstract: A sensitive method to detect trace anions in hydrofluoric acid (HF) by solid-phase extraction (SPE)
clean-up and ion chromatography (IC) was described. Fluoride in HF solution was eliminated with solid-phase
extraction, and residual fluoride, acetate, chloride, bromide, nitrate, phosphate and sulfate were consecutively
separated with IC. The SPE parameters (selection of adsorbent, sample volume and pH, elution solvent and
its volume) were optimized and selected. The removal effect of fluoride in HF solution was the best on Oasis
WAX column, and the optimum conditions (1.0 mL of 25 % HF solution and 50 mM ammonium acetate 5
mL as elution solvent) were established by the variation of parameters. Under the established condition, the
method detection limits of chloride, bromide, nitrate, phosphate, and sulfate were 0.04~0.30 pg/L in 25 % HF
solutions (w/w) and the relative standard deviation was less than 5 % at concentrations of 20.0 and 40.0 pg/
L. The concentrations of anions in a 25 % HF had detectable levels of 4.2 to 47.5 pg/L. The method was
sensitive, reproducible and simple enough to permit the reliable routine analysis of anions in HF solution used

in the process of producing semiconductors.
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Table 2. Recovery test for the establishment of optimum

Parameter Conditions extraction conditions using SPE cartridge (n=3)
Column Metrosep Supp 5, 5 um, 4.0 x 250 mm Compounds Strata X-AW Oasis WAX
Eluent 2.50 mM Na,CO; + 0.78 mM NaHCO; Cr, 735+ 1.5 81.6 £0.9
Flow rate 0.7 mL/min Br, 777 £ 1.0 895+ 1.4
Sample volume 250 pL NOs~, 80.8 £ 1.7 106 + 2
Column Temperature 30 °C PO, 763 £ 1.2 944 £ 1.0
Conductivity detector 0.8~1.3 ps/cm SO, 79.6 + 0.4 107 £ 1
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Fig. 1. Fluoride removal effect according to washing solvent type, concentration and volume (acetate peak is at the right site

of fluoride peak).
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Fig. 2. Process of sample pretreatment module.
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Fig. 3. Calibration curve of anion (STD spiked sample in 25 %HF).
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Table 3. Precision, accuracy and recovery from samples spiked
at two concentrations (n=7)

Spiked Precision Accuracy Recovery

Compounds  Conc. %) %) %)
0 0 0
(ng/L)

ot 20 0.33 104 104
’ 40 1.85 97.5 97.2
Br 20 3.74 111 104
o 40 1.81 102 103
_ 20 222 95.0 97.2
NOs, 40 0.44 109 109
PO 20 2.49 96.3 98.5
4o 40 1.83 96.8 98.9
SO 20 2.16 94.7 95.6
4 40 0.60 106 106

psrem] i chna
Cokimn: Mel rosen Asupp S (40 x 250may
Eluer 3+ 0.78mM NaHCO3

Phosphate
> Sultte

60 80 100 120 140 160 180 200 220 240 260 280

Fig. 4. IC chromatograms of 25 % HF from FECT company
(above) and spiked sample as 5.0 pg/L in the 25 %
HF solution (below).
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4. 42 B
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=7 6‘}% S0l (CI, Br, NO;y, PO, SOH)ES
7] 918 SPE WA =WHS )it F3e=

7} 475 pg/L, Brol 114 ug/L, NO; 7} 314 pg/L,
PO/ 4.2 pg/L, SO 7 9.6 pg/LE 34 Ho] BE
o] 2Eo] AA| HFEmjolA &4 ¢] 7Fs3tA =AUt
Al E vk o 7]5 &A 222y A2 ulE 2T
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