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Calcium Removal from Effluent of Electronics Wastewater Using
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ABSTRACT : Residual calcium concentration is high, in general, at the effluent of the fluoride removal process in the electronics industry
manufacturing semiconductor and LCD. To increase the stability of the membrane process incorporated for reuse of wastewater, the resi-
dual calcium is required to be pre-removed. Hyperkinetic Vortex Crystallization(HVC) process was installed in the electronics industry manu-
facturing semi conductor as a pilot scale for accelerating calcification of calcium ion. Compared to the conventional soda ash method, the
31% higher calcium removal efficiency was achieved when HVC was applied at the same sodium carbonate dosage. In order to maintain
the economic calcium removal target of 70% preset by manufacturer, the dosing concentration of the soda ash was 530 mg/L based on
influent flowrate. The seed concentration in the reactor was one of the critical factors and should be maintained in the range of 800~1,200
mg SS/L to maximize the calcium removal efficiency. The calcite production rate was 0.30 g SS/g Na;CO; in the average. The economic
HVC passing time of the mixture was in the range of 2~5 times. Relatively, stable calcium concentration was maintained in the range
of 30~ 72 mg/L(average 49 mg/L) although the calcium concentration in the feed was severely fluctuated with 74~359 mg/l (average 173

mg/L). The HVC process was characterized as environment-friendly technology reducing chemical dosage and chemical sludge production
and minimizing maintenance cost.
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Fig. 2. Schematic diagram and operating strategy for the HVC process.
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Table 1. Analytical methods

Item Analytical Method
pH pH meter(Orion 720A, Thermo, USA)
Conductivity Conductivity meter(Orion 125A+, Thermo, USA)
Total and Calcium EDTA Titrimetric Method(HACH Method 8329)"
hardness
Ca” Inductively Coupled Plasma(ICP-OES Liberty,

Varian, USA)

F and other ions Ton Chromatography(ICS-2000, Dionex, USA)
TN, TP

Continuous-Flow Wet-Chemical Analyzer (AA3,
BrantLuebbe, Germany)

Particle size Particle Analyzer(MastersizerS, Malvern Inc.,
distribution UK)

COD¢ Reactor Digestion Method(HACH Method 8000)'®
Alkalinity Titration Method(Standard Methods, 23208)17)

Total Suspended Solids Dried at

Suspended Soli
uspended Solids | )31 05 (Standard Methods, 25408)"
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Fig. 3. Correlation of Ca data measured by EDTA Titration
and ICP.
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SAMPLE PRETREATMENT
Fig. 4. Comparison of sample pretreatment methods for cal-
cium measurement.
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EA%TE "M, N A5 HHFY 39 ZEE AAS] 9
st B7H98HA NaxCOsE FU3tdch &, 959 SS
BEE 0.5~50 mgL(B 2.6 mgL)Z FAE & A& 3
2 o9 gtk A5 F Z2EE FAZLE A 4
M ZEA= tg S =9 Hgo] o]lEHoZ 1.0
t} B4 $X50jok &)Y 231}, Alkalinity/Ca H]: 0.04~
0.33 mg/mg(FF 0.13 mg/mg)E uf-¢ A eEbTh
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Table 2. Characteristics of feed

[tem Unit Minimum Maximum Average sp”

Water temperature T 25 26 179 48
pH - 6.2 8.5

Conductivity mS/cm 25 4.9 3.6 04

Total-hardness mg CaCOyL  220.0 960.0 4349 2504

Ca-hardness  mg CaCOyL  185.0 898.0 4313 1374
carbon:je‘fﬁardnessmg CaCOYL 2200 9163 4153 2561

Alkalinity mg CaCOs/L. 222 11.1 498 146
Ca mg/L 74.0 3592 1725 527
Mg mg/L 3.13 4.94 4,035

F mg/L 7.8 19.5 127 60
Ct mg/L 413 548 480.5

Na mg/L 165 287 226

K mg/L 4.75 6.39 5.57

Fe mg/L <0.005

Mn mg/L 0.01 0.037  0.0235

Ba mg/L <0.005 -

Sr mg/L 0.097 0248  0.1725

Al mg/L 0.071 0122 0.0965

As mg/L <0.005 -

cd mg/L <0.005 - -

Cr mg/L 0.019 0.027 0.023

Cu mg/L <0.005 -

Pb mg/L <0.005 - -

Zn mg/L 0.006 0.006 0.006
SO4 mg/L 375 545 460

§i0, mg/L 8.7 113 10

T-N mg/L 307.0 325.5 3142 99
NH/-N mg/L 192.7 205.1 1982 63
NO;-N mg/L 57.6 59.2 58.4

T-P mg/L 0.04 0.14 0.08 0.05
PO, mg/L ND 5.11

COD¢; mg/L 39.0 81.0 560 221
$S mg/L 0.5 5.0 26 1.0

" Standard Deviation
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Fig. 5. Calcium removal efficiency at different sodium carbo-
nate dosage.
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3.1.3. Calcite AHAMZE
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Fig. 7. Effect of seed concentration on calcium removal effi-
ciency in reactor.
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4 HVC 34& 149 2~33) dj5d= 243 F 823 -o— Soluble Ca in effluent —— Soluble Ca in Feed
9] batch &7 & FYeHoz FIEHE= 48~8238)(% 353) x Total Cain effluent  -o— Calcium removal
batch 24 ARE o]&39 AFE EASAT Fig. 11. Variation of calcium concentrations in feed and efflu-
HVC 34 &4 27 Fig. 10014 Ry uig} Zo] Ags ent.
¢ pHi 8.0~8.52 40hs] Fo 9t} pHIF 484
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2% olgd A7 ¥ LEEEE 2Fs ZHEEE @ =R
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