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Abstract — In this study the nanofiltration (NF) membrane treatment of a sulfuric acid waste solutions containing cop-
per ion (Cu*?) discharging from the etching processes of the printed circuit board (PCB) manufacturing industry has
been studied for the recycling of acid etching solution. SelRO MPS-34 4040 NF membrane from Koch company was tested to
obtain the basic NF data for recycling of etching solution and separation efficiency (total rejection) of copper ion. NF
experiments were carried out with a cross-flow membrane filtration laboratory system. The permeate flux was decreased
with the increasing copper ion concentration in sulfuric acid solution and lowering pH of acid solution, and its value was
the range of 4.5~23 L/m>h. Total rejection of copper ion was decreased with the increasing copper ion concentration,
lowering pH of acid solution and decreasing cross-flow rate. The total rejection of copper ion was more than 70% at the

experimental condition. The SelRO MPS-34 4040 NF membrane was represented the stable flux and rejection for 1 year
operation.
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B 7)E 7|55 A ALAF Qa2 | u] 7|Zo] W
Ht} 7|ed AAA 0w At Ao AE g o7 QL8 e
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= FEH o7 AFESH= 0] ¥ (nanofiltration; NF) 2
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AR 71ARD Bk gl gt AAE & (sieving effect)} 4t
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]2 A7 (rejection; WAy A A4S 5 ATHS-T].
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5%, active layery> Z|oP| =R o] Fo|A Q)1 B FA 9
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o] eFdstE Wi 2 S48} o] &g oA AlFg T3 FHA
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FE AN A E ST Fol )9 FHEE S k. =, NF

Ho

\L(
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2] Al ¥ASH= PAN Al UF 29] ©ho.9d oA elofl= A9 4=
¥ mp7t glck.

B AelME AL 9 REEA] ARl o) 21 ol g ollA] HAElE
Fuss Tk A Aol e Al NF 2REe & 48310
ool slre} sy AN &8 7S AESISIT ol 4l
3l Sbx 2] A [14]eA AV FellFd le] Aol 7 Atk Zlow
Ba1¥El Koch Co.2] SelRO MPS-34 4040 W% BfRgo] ARg-H
NF 2h& oo & Q133 27]9(PCB) AlZ=37d oA Ml cu™
ZToES 3t Sk FHol A9 cross-flow HHod ) A A
Tt1e] ol Alglell Sraste] PCB Hel e Ae] ke
AEsISIT

2.4 ¥
2-1. AER|=2
OJJHE’?]iﬂ-’&(PCB) Azz el wiEEE e (Cu'?) o]o] &
¥l A Hlol A ] Azlol] ARG-¥l NF 2o 2= 942 AT 1415

E?SH A7E 217 4 in x Z0] 40 inQ! W]= Koch Co.2] SelRO MPS-
34 UAE WSS djAAA Ao NF 52 ARSI SelRO
MPS-34 2250l ARGl NF vk Ze]opn| = 2955 Zhe ukg
ul iedeld S s Qs 5o 24 1 549E Table 19
UERRSITE 28 g o3 90 21 Table 201 YERH =1l PCB
AZGARD AAF St Hol N B4 AFE 7 2= slo] Axd
120 ZAE Ao HE ARSIt 2ol AL Helld Ko Alz=
Milli-RO*/Q" =] (W]=F, Millipore Co.)ZFE] HoJR Zg=of| 3}
k@, Samchun Co.)yS &35l pH 0.5~39] 3k =8-S A%
gk 5 o7]el gt @l CuSO,, Junsei Co., Uty 3
7¥eto] Cu? ol 5-30 g/Lo] R SHAZATH

2.2, ABIE]

TrejolZo] S Al Hlel o] A ejo] ARE-E cross-flow NF
wojak AAAE Fig. 10 YERIITE NF 2of 3t A=) 7k

Al TEERl Al 89 AR EF 20L) Aol HEAAE
7Fete] 24831 o 1452 3} Al (cross-flow cell, SUS 316 A& 2
ARNAZY, 8 2 A 83.8 em?)] £ TR} Fapel 742t o
2 A2 (pressure transducer; Model CB 1020, 5% Labom Co.)&
Axete] Q9L Fa-e] ¢S PColl AAREC R 7| E3te] -

Table 2. Typical chemical composition of the PCB sulfuric acid etching
waste solution in A electric company

Component Cu SO TN Cl Fe
2839l 245% Llgl 051gl 15ppm

Concentration

Table 1. NF membrane module using for the treatment of PCB sulfuric acid etching waste solution

Module Model Flux per module (m?/day)

Rejection (%)

Max. Operating Pressure (atm) pH Range

Koch Co. SeIRO MPS-34 4040

4 inchx40 inch 8 (at 6.8 atm)

35 (for NaCl) 35 0~14
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Fig. 1. Set-up for cross-flow NF membrane filtration system.

Sl AHAE STt U2 A4 2 (Model FX-3000,
max. 3,000 g, AND Co.)& ARg-30] PCol| AAITEO = ARt mhE
o} ko] Aeisls 7| 5slo] S50k A2 £k A =)
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U VIR, 1, S 8 419 frAsisien, 24
folof] HE NF 22 B3 Al9] pHe} 5YUs pHE A48k Q=
FEjo]2o] T 2o Aol 9] Az ”?ioﬂ AHE3F3ITE. NF 2
HIHE ZAkg-dle] pH* 27 Ao w SAste] 7] ghellA
o5t Ws7t Q& - pHE thA 2783513t

Gakg-del] Bakel NF 2 0, 20, 370 B a8E 5ol
7Atjo] Bykel pHE} FA7E pHE A5kl 01% 5-30 gL FEE
T (Cu?) Jolo] FHislo] Sl 2o it wleld A s tdos
A} 20 bar A FFH] 8- (cross-flow rate) H3}(50,
250, 500 mL/min)el| whe} 2} Z2] 20} FhEjo] 2 wiAl = (R A E )=
St T FYAE AR Rl oal S R ge R
FH 2 (& AREste] Axtetalon, B9 2 5o g9 e
TFelolR FEE F5 54 (Model CU-5Z, Y+ Kasahara Chemical
Instrument Co.)2 573}l ©]ZHE] NF "o o]gt Fejo] 2] &
HAEE A (2)F ARSI AlnteRitt.

LE —v}ou ak(L)
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ZE X (Flux) = M
o =l m?) = 1A )
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Fig. 2. Flux-time trends of waste etching solution with change of Cu ion
concentration for virgin SelIRO MPS-34 4040 NF membrane in
H,SO, solution at pH 1 (AP=20 bar, Q=500 mL/min).

20
—— 5g/L
<O 15 g/l
—wv— 30g/L
15_W\"\0/‘\‘-.——#
T
2
= 104
x
3 ee) O 0o PO o o Ke)
5—'V W —, w
‘V,VV//'\ ﬂy\,"—vv\\v V’L VVV/K Y v
0 T T T T T

100 150 200 250 300

Time(min)

Fig. 3. Flux-time trends of waste etching solution with change of Cu ion
concentration for SelRO MPS-34 4040 NF membrane stor-
aged for 3 months in H,SO, solution at pH 1 (AP=20 bar,
Q=500 mL/min).
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< FARL Y= TElol =2 242 5, 15 9 30 g/L]l At |
o lg thde® SFA} 20 bar sl I =3HrE=S 500
mL/min® % QG FAIEE Aeellr S8% 53 E9~ WskE
Fig. 3o YRl o] A} 3k goflid o uje] 2o s}
FoHdTS T EY2Ut RAeglen), o] kgl of Fejo]

20 57t SRR v sl ??4 & EEFEEEE) S
Ztell W Zlojtt. BEgt FU gk Fajol& FEollA] NF 2He] ke
Hoflo] Bt 7|7to] A T FE AT o ARl EE 5 gLl
739- virgin3t A9 Z A 14 LMH(L/m>hyell A 3712 3} 3o
13 LMH, 15 g/L2] 73-%- virgindt AJE]2] Z22 8 LMHeIIA 371¢
7%} 3¢ 7 LMH, 30 g/L.°8] 73-F- virgindt “JES] Z2]2 5 LMHollA
3NE A3} Fof 4 LMH)SR= 43S UrE‘rLH%iE‘r

RS 20 bar, 35 9] SEHTES 500 mL/min 2 U g8kl
FAIEE AdEelA 7 pHO 3iHg- Ulel] 371 Bst NF ehEel|
3k A Tk Z= 4@k 100 min B3 ©]F9) Z)A FH 3h)
= 3Pt Aol 4] pH 9 Folol 5 wiglell tisf Fig. 40l 1+
ERIgiT. o] A7} gl Aol f Fejole] w5t 55, &
A Aol N pH7} sher s HE ATt Folxlt), o] o]l
S5} 25 2 S Held e pHt W25 Donnan &
Fof] 25 w3 2] Cu Yol-9] 557t FA 71l vkt &
¥ FYA7F 7HAEP] wiitoltH10,15].

HEAE 20 bar, Mg W FElo]] FEE 15 gL YA
SHAl A8t ZddlellA ZF pHe| kg9 Ujof] 371 B3-St NF Bt
Soll gt A3 53 £92(¢F 100 min ¥} 0]%-2] A 3
T+ 2HE Ak Fell 9] pH Y =8 "l dial Fig. 5ol v+
ERISIT. o] A SAkg-d] =Rk ST S St S
7Fetsi e, oli= =8t cross-flow EF0] S7FsHd whiE o] v
SE] YT AA FeEjo]e] sl AR wiEo|t),

o

3-2. 72|012 HiMI=

kgl o] B 51x] 9F2- virgindt SelRO MPS-34 4040 NF
RS pH 12 fAI8HAL Sl ol s57F 242 5, 15 3 30 gL
1 EAF HePd A oo A} 20 bar StellA 3599 =3
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sl |® 5ot
—o— 15giL
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T
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= 154
X
=2
'8
10
5.
0 : : : : . . .
0 1 2 3 4 5 6 7 8

Storage pH

Fig. 4. Flux of waste etching solution with change of Cu ion concen-
tration for SelRO MPS-34 4040 NF membrane storaged for
3 months in H,SO, solution (AP=20 bar, Q=500 mL/min).
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Fig. 5. Flux of waste etching solution with change of cross-flow rate
for SeIRO MPS-34 4040 NF membrane storaged for 3 months in
H,SO, solution (AP=20 bar, Cu ion concentration=15 g/L).
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Fig. 6. Cu™? rejection-time trends of waste etching solution with
change of Cu ion concentration for virgin SelRO MPS-34
4040 NF membrane in H,SO, solution at pH 1. (AP=20 bar,
Q=500 mL/min).
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H 15 A8k Q= 2ol $57F 242) 5, 15 2 30 gL
PE el S oo SFeIA} 20 bar shollA] 53] =5k
S 500 mL/min® 2 LGS FXI8 AJelolx] € F2lo]
& WA= WISkE Fig. 790 UeRfSint. o] A -2jo] &2 wljA]
= NF 212 Skg-Hol|e] Wit 7]7tel= A7} glglen, 712
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7350l 80% o= %"—h‘ u rejel&e] st %ﬂ%‘?
g i
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ol T uiAEE ST Foll o] pH ! ol v
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Fig. 7. Cu*? rejection-time trends of waste etching solution with change
of Cu ion concentration for SelRO MPS-34 4040 NF membrane
storaged for 3 months in H,SO, solution at pH 1. (AP=20 bar,
Q=500 mL/min).

10
/’/’, —3
08 -
S 06
2
13}
2
[9)
2
§ 041
5
l—
—o— 5giL
02 —o— 159l
’ —v— 30g/L
0.0 . . : . . : ;
0 1 2 3 4 5 6 7 8

Storage pH

Fig. 8. Cu'*? rejection of waste etching solution with change of Cu
ion concentration for SelRO MPS-34 4040 NF membrane
storaged for 3 months in H,SO, solution (AP=20 bar, Q=500
mL/min).

sl o8l Fig. 8ol YERISIT. o] A} 4t Holld o ) F-g]o]
29| FETY 255, S A A pH7t S T2 Wl
A7} ot BEsk QFRE 20 bar, iR U] o]0 5
TE 15 L= I A8 AdElelA] 7 pHel 3k Uje)] 3
e Bsk NF 2ol st Frolol& & miAleE AL ol
9] pH % =3 ®istel] dial Fig. 99l YERAITE. o] A} it
gdlo] 3R] TS FeE]ol HiRl =Tt STk oM, o]
= =% cross-flow 35°] T7FHH 2EE Yol dRsEe] 27
E7F AR Felold st ae] A7) whitolth

Table 2] LR =] PCB AIZAAIR] ArRe] Aol up=
™ PCB AlZF7dolA mllEs]E it dled <l 22 Telol 55
© FHdl 30 gLelH, o] FedNE N o 2A AEgskr] sl
A FEolE] FET 10 gL ol8fe] o R Hofx]o) git), =
TElol&o] 30 gL FE= e Hell ds NF 2ho s Azjsh
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Fig. 9. Cu'? rejection of waste etching solution with change of cross-
flow rate for SelRO MPS-34 4040 NF membrane storaged
for 3 months in H,SO, solution (AP=20 bar, Cu ion concen-
tration=15 g/L).
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Fig. 10. Trends of (a) flux and (b) Cu™? rejection for SelRO MPS-34
4040 NF membrane with change of storage time in in H,SO,
solution at pH 1 (AP=20 bar, Q=500 mL/min, Cu ion concen-
tration=15 g/L).
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