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A B =7 34 FA4E Eeeg At FHFE #HEFE A f7EEY FAne
st Wl Bate] AFatgch AT R HAE A4S o g3t T Ao Aee Eejuhs st
scale-upg Y8 UAE EE T 43S AASAT 94, (PATFAAM A4tEE RO-TL(tap water, low pressure),
RO-BL(brackish water, low pressure), RO-normal(for water purifier)2ro.2 Exd8sigion 2 F RO-TLHO| soft
etching, Zvl & Ni A He]o] 53 2o AT webx RO-TLH 2 A3 UdF 7148 B7] ZER
Toar, 25Tl A scale-up AE-S FAIATE AugAlde] B} {48 oF 30 LMHEA 714 %o} Au A A E0] 80%
ulako] it} Pd, Ni @ soft etching =449 BEap§4-8 Zhzt oF 22, 17, 10 LMH A xo|H Pde] A A& 85% ©|/4, Ni
2 Cu AAEL 97% ol FolAth L3 Ay, Ni 3 Cu o] 0] &8 FHY F f7l5450 Aug dHFo2 3537 9
&to] NFURS ARE-SATh AueAld F Ni g Cu o] 22 8 AAHNLH Fae Fo Auolo] 81.9% EAItAT
Algste] RO-TLEO.Z Aug §3 3|53ttt wpAhe 2 42749 NF 4 RO-TL HAE BES A5 2 A}E351
AvE BfHoz I5E 4 U AFUstAT.

Abstract: Membrane process was investigated to recover process water and valuable gold from washing water of
electroless PCB plating processes. The filtration experiments were carried out using not only a RO membrane test cell to
determine suitable membrane for washing water but also spiral wound membrane modules of nanofiltration and reverse
osmosis for scale-up. At first, RO-TL(tap water, low pressure), RO-BL(brackish water, low pressure) and RO-normal(for
water purifier) sheet membranes made by Saehan Co. were tested, and the performance of RO-TL membrane showed most
suitable for recovery of soft etching, catalyst and Ni washing waters. As a result of RO test cell, the experiments for
scale-up were carried out using RO-TL modules for water purifier at 7bar and 25C. The permeate flux for Au washing
water was about 30 LMH, but Au rejection was less than 80%. The permeate fluxes for Pd, Ni and soft etching washing
water were about 22, 17 and 10 LMH, respectively. The Pd, Ni and Cu rejections showed more than 85, 97 and 98%
respectively. The nanofiltration module for water purifier was introduced to recover Au selectively from Au, Ni and Cu
ions in Au washing water. Most of Ni and Cu ions in the feed washing water were removed, and only Au ion was existed
81.9% in the permeate. Furthermore, Au ion in the permeate was concentrated and recovered by RO-TL membrane module.
Finally, Au was also able to recover effectively by using 4 inch diameter spiral wound modules of NF and RO-TL
membranes, in series.
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Fig. 1. Test cell for reverse osmosis membrane.
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(1)

(2)
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(1) Feed tank

(2) Drain valve

(4) By-pass valve

(5) Membrane test cell or
spiral wound module

(11)

n =

(6) Pressure gauge
(7) Flow meter
(8) Pressure regulating valve (12) Personal computer
(9) Constant temp. circulator

(10) Permeate reservoir
(11) Electronic balance

Fig. 2. Schematic flow diagram for reverse osmosis membrane test cell and spiral wound module.
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Fig. 3. Spiral wound module housing for home water
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Table 1. Feed Solution Concentration for Membrane Cell and Module Tests

Processes Cell test Module test
. Oxone® 3~4 gL 4 gL
Soft etching Cu 260~280 mg/L 390 mg/L
Pd 3.8~3.9 mg/L 36 m
Catalyst Cu 3.5~3.6 mg/L 34 mi
Ni plating Ni 280~290 mg/L 222.5 mg/L
Au 21~22 mg/L 29~30 mg/L
Au plating Ni 27~28 mg/L 5~7 mg/L
Cu 0.2~0.3 mg/L 0.1~0.3 mg/L
Table 2. Specification of Spiral Wound Module used in Membrane Test Cell and Module Test System
RE2010Coway | NE1812 | RE4040TL | NE4040
Type TFC (Thin Film Composite)
Material Polyamide (PA)
Charge Negative
Configuration Spiral-wound
Effective membrane area 0.6 m’ 0.5 m’ I 79 m’ 7.0 m’
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Fig. 4. Permeate fluxes of RO-TL, RO-BL and RO-normal membranes for (a) soft etching, (b) catalyst(Pd), (c) nickel and

(d) gold plating washing waters at 257C.
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Fig. 5. Metal ion rejections of RO-TL, RO-BL and RO-normal membranes for (a) soft etching, (b) catalyst(Pd), (c) nickel

and (d) gold plating washing waters at 25C.
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Fig. 11. Schematic flow diagram of NF(NE4040) and RO-TL(RE4040TL) industrial module test for gold plating washing water.

Table 3. Analysis of Gold Plating Washing Water at NF(NE1812) Membrane Permeation

Feed Permeate Concentrate
0.5 (L/min) 1.0 (I/min) 1.5 (L/min) 0.5 (L/min) 1.0 (L/min) 1.5 (L/min)
Au (mg/L) 293 27.7 26.8 26.0 27.9 28.3 28.7
NF Cu (mg/L) 0.14 0.00 0.00 0.00 0.12 0.14 0.13
Ni (mg/L) 5.71 0.00 0.00 0.00 5.11 5.79 6.57

mHgel, & 13 @ A 1 &, 2003
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Table 4. Atomic Absorption Spectrometry(AAS) Analysis of NF(NE4040) and RO-TL(RE4040TL) Industrial Module Test

for Gold Plating Washing Water

Solution Pressure (bar)  Flow rate (L/min) Au (mg/L) Ni (mg/L) Cu (mg/L)

Feed 7 6.23 1.6 0.03

NF Permeate 10 3 7.73 3.8 0.07
Concentrate 4 5.10 0.0 0.00

Feed 8 5.10 0.0 0.00

RO-TL Permeate 7 3 9.56 0.0 0.00
Concentrate 5 1.40 0.0 0.00
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