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3o °ﬂ7§9141 3ot Tu5 7‘11“43- E%’—‘iii 37 g NF 43489 &4z A8 A48 71E Z}E% S Hat=
o ATt olE ) 3714 572 A& NF UL(General Electric Co. Durashck NF-4040 =}, Dow Co. Filmtec LP-4040 2} @ Koch

Co. SelRO MPS-34 4040 "< t4 o2 Pb? 348 343 2o A4 § °ﬂ7a!°“4 3] #24](dead-end) 2o 3} ’éf’é g 43
sto] Ho] Qe 3} TY29 P T4 Oli«l ZJ* HHXHE‘% =743l Fo Y Mo 9 NF 2 44319
AgA AFgde9 vt BA7| o] A5, %J_*J%%‘ﬂ pH/} &S bof ofgh gho] &ao] A H o, At 23k
who] £A4Fe SelRO MPS-34 4040 < Duraslick NF-4040 < Filmtec LP-4040 2He] =X & AlHA] dojytth w3t dakg oo
ot B7|zbe] AR, AAgd ] pH7} YE4E Py o] &9 HjA LI} Wop o, HHZﬂE %2 Duraslick NF-4040 2] 73
Qo= 95% FF 7] HH AZ gholl A 2 ﬂ%@ﬂ oY 49 B To= 20% T2, SelRO MPS-34 4040 2+e] Aol =
Z7] 85% FEAA 42 F 65% T 2=, Filmtec LP-4040 2He] A S-oll& 27] 90% FTolA 49 ¥ 10% °©lst FFo27
A Z&SAT 357 48 NF 2 5 Ui 852 J1EE SelRO MPS-34 4040 HM FEE T A Hl A A A A
of 7} Agstan.

Abstract: In this study the nanofiltration (NF) membrane treatment of a nitric acid waste solutions containing Pb" heavy
metal ion discharging from the etching processes of an electronics and semiconductors industry has been studied for the pur-
pose of recycling of nitric acid etching solutions. Three kinds of NF membranes (General Electric Co. Duraslick NF-4040
membrane, Dow Co. Filmtec LP-4040 membrane and Koch Co. SelRO MPS-34 4040 membrane) were tested for their sepa-
ration efficiency (total rejection) of Pb™ ion and membrane stability in nitric acid solution. NF experiments were carried out
with a dead-end membrane filtration laboratory system. The membrane permeate flux was increased with the increasing storage
time in nitric acid solution and lowering pH of acid solution because of the enhancing of NF membrane damage by nitric acid.
The membrane stability in nitric acid solution was more superior in the order of Filmtec LP-4040 < Duraslick NF-4040 <
SelRO MPS-34 4040 membrane. The total rejection of Pb™ ion was decreased with the increasing storage time in nitric acid
solution and lowering the pH of acid solution. The total rejection of Pb™ ion after 4 months NF treatment was decreased from
95% initial value to 20% in the case of Duraslick NF-4040 membrane, from 85% initial value to 65% in the case of SelRO
MPS-34 4040 membrane and from 90% initial value to 10% in the case of Filmtec LP-4040 membrane. These results showed
that SelRO MPS-34 4040 NF membrane was more suitable for the treatment of an acidic etching waste solutions containing
heavy metal ions.

Keywords: membrane filtration, nanofiltration, acidic etching solution, recycling of etching solution, rejection of heavy metals
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Table 1. NF Membrane Modules Used in the Treatment of Waste Acidic Etching Solutions Containing Heavy Metals

Module Model Flux Rejection (%) Max. Operating Pressure (psi) pH Range
General Electric Co.
Duraslick NF-4040 %a{tZ(i(())OGPs]') 96 (MgSO0y) 600 2~11
4" x 40" Module pst
Dow Co.
Filmtec LP-4040 21[7()135GP].) 99.2 (NaCl) - 2~11
4" x 40" Module a s
Koch Co.
2,100 GPD _
SelRO MPS-34 4040 at 100 psi 35 (NaCl) 510 0~14

4" x 40" Module

* GPD = gallon per day

OH Ho o] A 2710 EE Donnan E o] <3
o xS FHEE WA Ha, o]& Qld FF4& gt
ko] &(ex. Cu®, Pb? )< ol o3k v 7} Z71E 1
SAo o] AlFE 53 AhEA 2 g S0l e B9
B S "ok A g gkEA] Aol A o
HEH 1 e 55 TF A8 dHoAde] AdE &
Mol agdat oo HEAIZ 7|&9] B84 A
e 1H 9 71E9 W st Agd AHS
7k 9 NF HEgH S o] &8 T34 g 24 o
A Agriee Algs] AdE ook gt S A ¢
A gol Ao TR HE A83 AElE Choi
Sl11]e] A& el Az Al dAsk= PAN A€ UF
gto] o AT Yele AY Fotry| 5

B AT 53 FE4e, AR 59 EoplA
HlEsE $5% 8 A4, 53] AA 2 A Ak
o] 7% A AFAHNA FeZ TAHY = T
# A o8& NF SRS o] &3t o H Yy 3
o} T4 AEE 8402 FY57] 9% NF ¥
Ao $AZRAE AA3] Y3 718 A5E R b
Atk ol ) 2714 FFH2 YuE NF 2 1704 F5F
o) 4t NF 22 B4 o2 Pb”? S$345S i3 29
At ol JH ] 3] 22 (dead-end) T} AFHS 43
st Ho|HHe] B} TYPxo} FFE& o] F A
TE 43t HoAd APl A3 HH NF 7
< AAEG
2. &4 9

TS G AV Hel e Al AHgd 3744 F

44 NF 92 EulTFC) defel Ho whoz Azt
] x 0] 40 in Z7]¢] YH¥(spiral-wound) =}
&Y= General Electric Co.] Duraslick NF-4040, ¥]
= Dow Co.9 Filmtec LP-4040, ©]= Koch Co.2] SelRO
MPS-34 4040]< T3t o] HEES AAA Lo
ZNF 2h& Ag3toinh Ago] AHgH 37k4] $F NF
gto] EAJ& Table 19 YEFWH ATh Duraslick NF-4040
ke Uukd g=o] NF $ro & 7juts Zlo| ™, Filmtec
LP-4040 2 A2l ROESZE SelRO MPS-34 4040
S YA 2 ez 52 g ot 29
A HolA el AlZE= Milli-RO/Q" 2](W =, Millipore
oA 2ol dAK(EH, Samchun Co.)<
T3t pH 1, pH 2 9 pH 39 A4 A4S A3 &
o} 7)ol lead nitrate (Junsei Co., @H)E =o] Pb~ %o
20] 500 ppm FEE FfH Sdes AxsAT

2.
TEE T A HolA A Al AHgE FE4

£ gz} otu
A9 4 & SUS 316 AAZ & AL A&t 37
2 NF 9oz A8 7t Al #5820 48ate
£A AFz A dFALE Jh8td 2EsPoH,
E3} A(dead-end cell)?] & T} Expio] 7+7}
&F8 A2l (pressure transducer; Model CB 1020, =2
Labom Co.)& AX|3te] EF9} T35 948 E PCo
AAZEOR 7185t FEE] EAE SAs A 7
Eatgre AAA 2 (Model FX-3000, ¥+ AND Co.)<
AHg3te] PColl AATEOZ A7 wE T} Hepo] 4
FHstE 7|55t A3
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Fig. 2. Pure water flux for three type NF membranes (A P
= 10 bar).
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Fig. 3. Flux-time trends of waste etching solution for Dura-

slick NF-4040 membrane with the change of storage time in
HNO; solution (pH = 2, AP = 10 bar).

T

&0 —a— [ Mamh
—— 1 Mo
—w— 2 Manin
—i— 4 Maonin
& -
T
=
= &0
=
=
[
30 - K‘\
20 L & L L]
] T
] 2 3 4 =] L] T a

Storage pH

Fig. 4. Flux of waste etching solution for Duraslick NF-
4040 membrane with the change of storage time and pH
in HNO; solution (AP = 10 bar).
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Fig. 5. Flux of waste etching solution for SelRO MPS-34
4040 membrane with the change of storage time and pH in
HNO; solution (AP = 10 bar).
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Fig. 6. Flux of waste etching solution for Filmtec LP-4040
membrane with the change of storage time and pH in HNO;
solution (AP = 10 bar).
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virgin 4 month later

(a} Filmiee LP-4040 membeans

virgin 4 month later

(b)) Duraslick NF-4040 membrane

Fig. 7. SEM photographs of the NF membranes storaged
in pH 1 HNOs solution.
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Fig. 8. Total rejection of Pb” in waste etching solution for
Duraslick NF-4040 membrane with the change of storage time
and pH in HNO; solution (AP = 10 bar).
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Fig. 9. Total rejection of Pb™ in waste etching solution for
SelRO MPS-34 4040 membrane with the change of storage
time and pH in HNOs solution (AP = 10 bar).
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Fig. 10. Total rejection of Pb™ in waste etching solution
for Filmtec LP-4040 membrane with the change of storage
time and pH in HNO; solution (AP = 10 bar).
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