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The objective of this research is to evaluate a feasibility of wastewater reuse by membrane treatment with
vibrating membrane separation equipment. Molecular weight of compounds in wastewater, permeability of
membrane and retentate characterization after membrane filtration were investigated in order to determine
appropriate membrane pore size and materials for wastewater treatment. Selected membrane was evaluated with
vibration membrane separation equipment to optimize operating conditions.

The following conclusion are drawn.

I. We got as following test results after the distribution of particles in the semiconductor wastewater, are
made up of 1~20um. Si, gold and Al in turn are contained in semiconductor wastewater.

2. Recovery rate is changeless under increasing recovery rate in operation. Though a value can be if pressure
can be changed, the highest value of permeate rate is presented in 150 psi.

3. The AS-100(polysulpone) was selected as the most appropriate membranes for the treatment of semi-
conductor wastewater to VSEP system. The fouling almost did not occur during this experiments. The
analyses of treated water with VSEP system showed conductivity : 0.059ys/cm, TDS : 40mg/ #, COD : 20mg/ ¢,
SS:5mg/ £, n-Hexane : 8.3mg/ ¢ . Comparing previous systems, operating expenses is decreased by more
50%.

Key Words : VSEP(vibratory shear enhanced process), Semiconductor, Membrane, Recycling
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Fig. 1. Schematic diagram of VSEP system.

336



ot

7&%‘—1

Wt S|z g, d433H= VSEP
(Vibratory Shear Enhanced Process) 3 % #3F
R g so] gtk VSEPRAL: BAH, 2
EBuk wEy Axga ;1151;11"13 og zdgoe] 9
1= 19830 FUH F AEH ol Y(stain-
less steel, 400 mesh size)d S3sto] Y5244

IE(2HP, 1725 rpm, Wanner Eng., Inc, USA)T% ¥

71 1- o
JL\A

s} VSEPAHY-2 ol&gth Hal4ri= VSEPEA 2
Lx FEYI 5FFE 459 aR RN
Fig. 1914l VSEP unitell A F#3% %] &3 842
FHFE UA sz, oW FEulvtel xF W
B dAsted &4 dd Al sla, #2us wing
FEFY fFEFE 24 Agstaat & vy
F5rol wep H8eke g gejojupube W8 Hapiol
50,0000]1 42 120 psi, _IE]_:_ w8 &bee] 50,0000]

3h: 200 psi olutE shgch g vinodahuke NaCl

Aul A &) 509%0] 4 uH' e S 250~330 psii
E}J- NaCl Gl #&o] 50%°])8Fe wiz =18 330
~400 psiz dt, HAFT2 S 450~600 psi
7b HEE 2Hste] 4¥9E sk

x5 Ve W 2V
psiZb FA = A by-pass WHE 1,
emi FAsA KUE7E 3000~8000 m¢/min
2 A st of g}, o)uf figo] LN How v
Q.ddoly} urglo] ol 4 glom, wiigtE ol
Az *LEIM]’J 1_}"‘ FA RRE g9
538t VSEP umtoﬂ LH
e
SEPE-A & 1,}0:,
831‘34 “Loﬂ 2t

el o 30

AFE 195

LRSS 7
EARER e

ST

6* s Aloll = pH meter, ﬂ

H 244 @ 254% & ]

Agol ALg-g gty “’4
1 71(MA30, Sar-

ZAEIA

gt

WA sols Al
A w97t ‘43"
23 At g
of &3, °””/]°} gl H]Zﬂ }
o, TOCZo] 4% ppmS ekl

ol Az HolA A
F ATHGFH 9@ VSEP FR A~
Fig. 2o YEuliich

= onx

T 499w
ﬂ ] 7“ EI:_E:

u

=
=3

37

el g Aol g vheA A et Qo] gl #g A

4 COD 24%
S ojste] 4elo]
A sz dold 3
A71(OH - )l &)
FAUUV/HO00E A

“"’U

A~

T A E oL
e w g %71‘:118— A A, A
gowg <. TR E z}-71L
stk 29 Bojolaet 4A:

A 9w ol 58 zﬂﬂom 40}04 g %

B R

L.0] 203

& oleth. Fig. 2—4 2“{3 xi]z} Hx]
dlagramO Er_, A4 system= VSEP

P OA 2EgoeFoR Azl
5401“
PESTIIE
o AEA E
cellulose?} Polysulfone«]
R

£ 3

25 °C

oA hHAHY A4
%3 99l Regenerated
EH dozurg A

A

T
ho-t
3%

o]
2

E X Z1 A

=" s B4 FA(10~100 cP at
i, SS7b ¥ ppm FHH-E Q7] gE
Aelonerg A8sre oy, daFTo|y
Hope] Hge uYstr FArh I ojf
i} 714 nEAEHe] FH AAEH]
o] &4 Z‘”W 11]742% oy §l7] "o

= -

A

Ll
ol %

o_,_,v

I

o @

i o

Hl

gul

= Bi4 %;d A}T‘% 259

Jet7] A Gzt AEE
ﬂMi%ﬂWBW}”ﬂ4ov4
= *"\lo}‘i‘;‘:}.

2 0.046me R, e EHo o
~0.7w/m* - hre] #& B}
1‘rz1‘74r_ -r]fi HA uwHA HAE WA ¥
3 = }1\:]‘7(4'5‘}._]—_7_;(], ;],‘—4 1:1_'].94 —I-,E—i}-%
283 9 H“‘Od“ﬂoﬂ e g3

k\

Mox Sl 2

e
6T e

2Abstel AP o



A8
Test
Point
High S8 Backwashable Multi media Micro
Solids Streamg —— Micro Fiter § Filter | Fiter
v
o Reverse | Mico e Pretreated -— DR :
Osnmosis Filter Water Tank VSEP
T —
Concentrated Advanced oxidation process Tos
Water Tank — (AOP) - ° ewer>
L . Permeate MBD o Resin Trap |, Polishing
Water Tank lon Exchange Resin Filter RO
UV Sterilizer ) Non-Regenerable TOC
lon Exchange Resin Reduction

Ultrafiltration Module

Wet process }

Fig. 2. The water recycling system with VSEP unit for semiconductor wafer manufacturing process.

Table 1. Characteristics of membranes used for semiconductor wastewater

} MWCO* . Permissible Water flux | Cl; permissible
Membrane Rating Material temp.(C) (m/m' - hr) | conc. (ppm/hr) Maker
AS-100 40,000 Polysulfone 90 0.71 200 AMT
C-100F 100,000 Regenerated 60 046 20 Celgard
Cellulose
PS-100H 100,000 Polysulfone 90 0.66 200 Celgard
AES-500 250,000 Polysulfone 90 0.4 400 AMT
"MWCO : molecular weight cut off
#y, FTAE, g9y 9 A5ed F ArES A (ALLTECH 550, USA), #A7|AnxE TOAMI-
Aata, AZAE HAES T FAHo L= Az 8033, Japan)E AHEsETh
A 2 HAES AR HorEE e SR PEEAE Laser diffraction light scattering®)

COD, SS, pH, DO, i &2

A G wet dA)siglen, o] 2§42 HPLC

Kom, o F4
A
JlEeMe FAL g TOC B4
o eHEdS

AYE ol &% %
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Fig. 3. The distribution of particles in the semiconductor wastewater.
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Table 2. The test results of membrane performance for semiconductor wastewater using VSEP system with four
different membrane

Morbrane | B | e o | Awieado presrs || oty |10
~ AS-100 261.7 1836 50 105 1,586 0.16
C-100F 2846 186.1 50 10.4 1,655 0.09
PS-100H 2413 76.6 50 99 1,613 0.16
AES-500 2354 197.3 50 99 1,662 0.10
A7F 781 M/mine 2 7V &5, A@ge A7ldE b A Az wel £7F fluxE AY FAAMAHoz
%7F 1586 uS/enE 7HE W W w550 TDS FaEA
= 016%E ¥4 52 Holu} walA 4FFe Fig. 6& gt&A #H4& 25CE fA8HA &
T AS-100%to] Ff-Fo] 713 et Hojn Tﬂr o 2 ZA o] AS-100 =2 AA3te] LR A
Fo o] /M FFste] 2 AgAA AL o BE 3egd B fluxe] BAZ YERd Aotk &
EA) JﬂTA 2 alof 7} A Aoz AlR®  AZvld B fluxy} 43GFDE Al #E]e] kb b
oh TS AS-100%) diste] & AP HAI  Adte A% Holurt d4go] 46%Y u Hi
ZA%E Table 3o] e flux”t 37GFDZ 7Hg W& &g YEtd § oA &

2 5309014 958 U A + 9 AR, olsh e WAL Belolseel fuot
fom, 73 ojgel Hrdds fEws G4 el AW s3] od A9Hoe AgHem
%0 el egiol wAHI 582 AA HE, FARFS 2 9P WA

Fig. 5% W= #4548 BCE §ASIEA s 8 E4 7dgda gz
ok BegAef AS-1008HE F&ste] wEHG Z Fig. 7& wz ﬁﬂﬁ“——‘;—i BTCE FASHEM AF
#g AAzA o7t fluxe] #AZ Yepd Zel w B AS-100%4g FAste w2
Table 3. The results of concentration test by VSEP system with AS-100 membrane
Avg. flux | Initial flux | Ending flux | Pressure Iélolﬁgl Egdﬁgg Recovery Ibs. Ibs.
(GFD) (GFD) (GFD) (psi) o o (%) permeate | concent-rate
(%) (%)
36.8 39 26.1 100 0.23 0.55 94.18 81.1 5
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Table 4. The analysis results of treated water by VSEP system with AS 100 membrane in the semiconductor

wastewater
ltems Before treatment After treatment Established

T ) T T (VSEP) treatment

PH © 9105 65~75 65~75

»Conductivity(}lS/c:m)r 300 7000 0.056 2,700~3,750

TDS(me/ £) 300001 4 40 1,500~2,000
oD/ ) o 20020 0 ER

SStme/ £) o 500~600 5 6 -

n Hexane(mg/ ¢) o ] 7 83 o 0.6 0.87
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Table 5. The operation cost comparisons of conventional and VSEP system

Cost item Conventional system VSEP system
Electricity 2,125,000 6,430,000
Replacement 7,500,000 1,787,700
Labor and Overhead 6,000,000 4,500,000
Chemicals 6,666,675 2,112,500
Filters N/A 3,714,250
Waste 3,750,000 125,000
Total operating costs 26,041,675 18,719,450
W/m' 2,604.1 1,2479

Z golzlon, COD A MHA #HF7t 200~250
mg/ £ ol ot 20 mg/ £ o) stR2 HojHch e A
A SSEE7F 500~600 mg/ £ olR.eu, AEF 5 ng/ 8
Z ol B3] n-Hexaned @< AgA #4571
83 mg/ £ ol Aol MEF 06 mg/rS) FEE X
Atk ol EHA4 EF2Y MAF AEY #7182
Lo] AsurReloM R E AAH A A
BAFAY 1es=R7IEAY 75 - £e7t 58S
HojFe)

w3 wtzA HEE Ao] g3l
AR HE5E Fr1HA FA .
A€ vie} Zo| polishing RO% UVas ¥
dAdste gl e 28 A

Ased BFAAN 24
ok 58% 2 n¥Eo] <k 5000 ppm FHEHO 7]
A H4FAe FF2E B EFAHA AA

Table 5% WHE=A] AFgdolx

AojA 71 W

B = W A
A AFEAIEH 2
Z+

=

ko I
it o

—_

o) 83}l
waele) A ulgol
Aelge Nzoz 2o
A2 §FE 400 w/d NNEOE
QA7 BAY AR
W/dE EoR HRT, HE A%
s 7lEom o
Fig. 8¢ AAIZ 71&e] wEA
F% oA #AHQ

F_E£

X
il
o 1o O,

f

g Az Aol gsR A
gl 2L 1,000 m'/d
AAYsTH ez HA 3}
< T8 900 m/dY =

o & ode X

342

1000

800

600 -

400 +

Volume (m 3/d)

200 4

[

D

0

Fig. 8. Volume vs. allowance, wastewater, recycling
and discharge after the wastewater treatment
with VSEP system.

& Aatste A AAEsHm, A 10%
el 100 m'/de WFhAl =%t} Fig. 804 9%
allowanced 9v)&= WA O R 3/ e U E FHE

Z|Eo® 1000 m/de] Herh wlE e wEd

1&g HoA i sled e Aot
4. 74 &

B =5 BAL g &A%t LE@EY B
s M5t g 28 Alel2E AAsla, 1
Z7dAM o] Exdn 298 ¥EF FEE
53lo] wo] AAL MAAstn, 4AE =+& IFg
2YUAAZ 989 HHo gHxAE AH3G
o} 8k o] A M A HEY Ao
TbsdE Hukste thed 2 AEL Atk
D MEAHSEE 424 23 1~ 20 1m9) ¢

A7} ¢k 80% S AA3tn Yed, od B

A7 7S gskern w3 4FuETlE

e
2) S|l A who) AH S vhekstA st 4F

3t A3 Polysulfone®t?l AS-100914 F& 49

TDS gkol 744 #A4 vehgon, g+ A%
EE P A JEen RasEe wgs



4) VENHFE AS 100“‘4 AEHEHGAE ©

45t Ast A e AL ATL 0056
us/cm, TDS 40 mg/l, COD 20mg/l, SS 5 mg/i,
n-Hexane 06 mg/l24 7|&4 Hg2A 44
AEE 2700~3750 us/em, TDS 1,500~2,000
mg/l, COD, 296 mg/l, SS 16 mg/l, n-Hexane
0.87mg/1 & vud w -3 Aoz et}
Egk 71Eo] Ajawlyt wjwd o Sogujol 9o
M Arkolto] Tha xSt

FaEd

1) Sanks, R. L., 1979, Water Treatment Plant De-
sign, Ann arbor science, 623-649pp.

2} Cheremisinciff, P. N., 1987, wastewater Treat-
ment, 338-339pp.

3) Degremont, 1979, Water Treatment Hand-
book, Degrement Company, 349-361pp.

4) Jay, H. L., E. G. Tyler and A. P. J. Wayne,
1988, Domestic Water Treatment, Natl Water
Well Assn, 182-185pp.

5) James, M. M., 1985, Water Treatment Prin-
ciples and Design, Consulting Engineers, Inc.,
4-34pp.

6) Robert, E. L., 1979, Industrial Processing with
Membranes, 123-189pp.

7) UOP INC, 1983, Zero Discharge Industrial
wastewater Treatment at R.D. Nixon Power
Plant.

8) McGregor, W. C., 1986, Membrane Separa-
tions in Biotechnology, Marcel Dekker, Inc.,
201-203pp.

9) Robert, E. L. and L. Sidney, 1972, Industrial
Processing with Membranes, Robert E. Krieger
Publishing Company, 123-190pp.

10) Nitto, D., 1997, Handbook of Membrane
Products, Nitto Denko Corp..

11) Nobice, R. D. and S. A. Stem, 1995, Mem-
brane separation technology principles and

343

applications, Elsevier, 5-141pp.

12) Parekh, B. S., 1988, Reverse Osmosis Tech-
nology, Marcel Dekker, 1-49pp.

13) Fair, G. M., 1971, Elements of Water Supply
and wastewater Disposal, John Wiley & Sons,
Inc., 451-453pp.

14) Arcadio, P. and A. Gregoria, 1996, Environ-
mental Engineering A Design Approach, Pretice
Hall, Upper saddle River, 416-427pp.

15) Casey, T. ], 1997, Unit Treatment Processes
in Water and wastewater Engineering, John
Wiley & Sons Inc., 81-99pp.

6) Jakob, M. and G. C. Claes, 1989, Crossflow
Filtration, John Wiley & Sons Inc., 127-129pp.

17) DOE, 1990, Membrane Separation Systems,
U.S. Department of Energy, 1-9pp.

18) Cho, J. W. 1998, Natural organic matter
(NOM) rejection by, and flux-decline of nano-
filtration(NF) and ultrafiltration(UF) mem-
branes, Ph D thesis, University of Colorado at
Boulder, 18-24pp.

19) Yun, C. H., 1992, Removal of pollutants and
recovery of toxic heavy metals from waste-
water using microporous hollow fiber mod-
ules, Stevens Institute of Technology, 41-62pp.

200 KSR, 1989, MRBRIC L ARy B A
W KETE O 7 B o9, HARIRIG 14(6),
407 414pp.

M, 1991, BEABAES

/t\ﬂ}‘éf”f@, 16(4), 119-203.

22) Nakagawa, T. and Y. Sugisaki, 1992, Tran-
sport properties of synthetic membranes hav-
ing hydrophilic and hydrophobic structures, H
KRS 16(4), 204-211.

23) btz 1990, fhEfRA BRABE DY E
REE 12k KEOHTE, HABABE, 154),
203-209.

24y AR, 1988, Jir
BRI RIZ TR
57.

25) VeERss /L 1993, AKEEEE, Bk, 148-151pp.

26) HE B @K B, RHEME, 1998, SR
b7 7, LR Ert, 103-117pp.

) EIEE, 1987, BV LR, B4 HER, 1-Tp.

CEIFHE D EEE(L, H

TNT 3 BEDRAE
H AR, 13(1), 51-

T e,



