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Abstract

Lab-scale Electrodialysis(ED) system with different membranes combined with before or after pyroma proc-
ess were carried out to remove nitrate from two pickling acid wastewater containing high concentrations of
NO;(~150,000 mg/L) and F(=160,000 mg/L) and some heavy metals(Fe, Ti, and Cr). The ED system before
Pyroma process(Sample A) was not successful in NOs” removal due to cation membrane fouling by the heavy
metals, whereas, in the ED system after Pyroma process(Sample B), about 98% of nitrate was removed because
of relatively low NO; concentration (about 30,000 mg/L) and no heavy metals. Mono-selective mem-
branes(CIMS/ACS) in ED system have no selectivity for nitrate compared to divalent-selective mem-
branes(CMX/AMX). The operation time for nitrate removal time decreased with increasing the applied voltage
from 10V to 15V with no difference in the nitrate removal rate between both voltages. Nitrate adsorption
of a strong-base anion exchange- resin of Ci™ type was also conducted. The Freundlich model(R® > 0.996)
was fitted better than Langmuir model(R® > 0.984) to the adsorption data. The maximum adsorption capacity
Q%) was 492 mg/g for Sample A and 111 mg/g for Sample B due to the difference in initial nitrate concen-
trations between the two wastewater samples. In the regeneration of ion exchange resins, the nitrate removal
rate in the pickling acid wastewater decreased as the adsorption step was repeated because certain amount
of adsorbed NO; remained in the resins in spite of several desorption steps for regeneration. In conclusion,
the optimum system configuration to treat pickling acid wastewater from stainless-steel industry is the mul-
ti-processes of the Pyroma-Electrodialysis-fon exchange.
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Table 1. Physicochemical characteristics of the pickling
acid wastewater before (Sample A) and after
(Sample B) Pyroma process

Sample A Sample B
pH 0~1 0~1
TDS(mg/L) 147 116
Cr 8,760 ND.
Metal Fe 33,500 N.D.
concentration Mn 68 N.D.
(mg/L) Ni 133 N.D.
Ti 24,840 636
F 168,530 10,618
Anion Cr N.D. 3,919
concentration NO; N.D. N.D.
(mg/L) NOs™ 100,170~160,000 30,000~40,000
SO~ N.D. ND.

*N.D. = Not detected.
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Fig. 1. Schematic diagram of the electrodialyzer.
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Fig. 2. Change in (a) NOs concentration and (b) con-

ductivity in synthetic wastewater during electro-
dialysis using divalent-selective membranes (CMX/
AMX) at constant 10 voltage.
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Fig. 3. Change in (a) NOjy concentration and (b) con-

ductivity in wastewater Sample B during electro-
dialysis using divalent-selective membranes (CMX/
AMX) at constant 10 voltage.
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Fig. 4. Change in (a) NO; concentration and (b) con-
ductivity in wastewater Sample B during electro-
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ACS) at constant 10 voltage.
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Table 2. The model parameters for sorption of NOs onto ion exchange resin

Langmuir model

Q° (ng/g) b (L/mg) R’ SSE
Synthetic wastewater 64.714+1.297 0.0028+0.0002 0.9984 1.1757
Sample A 492.13+35.120 0.00032+0.000006 0.9836 27.143
Sample B 11.38+4.824 0.0006+0.0001 0.9847 8.1818
Freundlich model
Kr [(mg/e)/(mg/L)"] N () R’ SSE
Synthetic wastewater 1.7023+0.2457 0.4762+0.0211 0.9936 2.3791
Sample A 2.1573+0.2469 0.4508+0.0104 0.9983 8.8188
Sample B 3.0774+0.4042 0.3650+0.0142 0.9959 42304
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