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Abstract — Nowadays a large amount of wastewater containing metal working fluids and cleaning agents is generated
during the cleaning process of parts working in various industries of automobile, machine and metal, and electronics etc.
In this study, aqueous or semi-aqueous cleaning wastewater contaminated with soluble or nonsoluble oils was treated
using ultrafiltration system. And the membrane permeability flux and performance of oil-water separation (or COD
removal efficiency) of the ultrafiltration system employing PAN as its membrane material were measured at various oper-
ating conditions with change of membrane pore sizes and soil concentrations of wastewater and examined their suitability
for wastewater treatment contaminated with soluble or insoluble oil. As a result, in case of wastewater contaminated with
soluble oil and aqueous or semi-aqueous cleaning agent, the membrane permeability increased rapidly even though COD
removal efficiency was almost constant as 90 or 95% as the membrane pore size increased from 10 kDa to 100 kDa. How-
ever, in case of the wastewater contaminated with nonsoluble oil and aqueous or semi-aqueous cleaning agent, as the mem-
brane pore size increased from 10 kDa to 100 kDa and the soil concentration of wastewater increased, the membrane
permeability was reduced rapidly while COD removal efficiency was almost constant. These phenomena explain that since
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the membrane material is hydrophilic PAN material, it blocks nonsoluble oil and reduces membrane permeability. Thus, it

can be concluded that the aqueous or semi-aqueous cleaning solution contaminated with soluble oil can be treated by ultra-
filtration system with the membrane of PAN material and its pore size of 100 kDa. Based on these basic experimental
results, a pilot plant facility of ultrafiltration system with PAN material and 100 kDa pore size was designed, installed and
operated in order to treat and recycle alkaline cleaning solution contaminated with deep drawing oil. As a result of its field
application, the ultrafiltration system was able to separate aqueous cleaning solution and soluble oil effectively, and recycle
them. Further more, it can increase life span of aqueous cleaning solution 12 times compared with the previous process.

Key words: Aqueous Cleaning Solution, Semi-aqueous, Soluble Oil, Insoluble Oil, Ultrafiltration, Oil Separation, Mem-

brane Permeability, COD Removal
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Table 1. Physical properties of cleaning agents used in this work
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Neopharm NEOZOL-150S

Neopharm NEOZOL-750H

Classification

Aqueous cleaning agent

Semi-aqueous cleaning agent

Major components

Viscosity (25 °C) 2.35cP
Water content 77%
Specific gravity (25 °C) 1.04
Surface tension (25 °C) 31
Flash point (°C) None
pH (20) 12

Anionic surfactant, alcohol, builders, water etc.

Oils, primary alcohol ethoxylate, BDG water etc.
7.50 cP
8%
0.84
28
None
6.7

slskast M43 M4= 2005 S



AslolsuA gl 0|83 FhbERIY] ABAA ) 9 W A o 489

Table 2. Specifications of metalworking cutting oils

H ton Hocut SSK-H
Classification oughton Hocu

Houghton Cutmax 226

Emulsion-type cutting oil

Non-aqueous cutting oil

Major components Base oil, chloroparaftin, fatty acid, etc.

Base oil, chloroparafin, fatty acid, alkanolamine, esters of fatty acid, sodium
alkylsulfonate

Viscosity (25 °C) 20 cP 25 cP
Specific gravity (15 °C) 0.94 0.93
pH (20 °C) 9.0 (10%dilution) 47
Appearance Light yellow (milky white in dilution; opaque) Dark brown
Table 3. The Specifications of UF membrane module used in this study @
Ttem Unit  PNOI  PNO3  PNIO concentrate i
Molcular weight cut off MWCO 10,000 30,000 100,000 contaminated
(Dalton) rinsing water permeate
Length of membrane mm 320 320 320 l @
Diameter of membrane ID/OD mm 0.8/15 0.8/15 0.8/15 —_—
Number of membrane EA 100 100 100 e P ©
Area of membrane m’ 0.05 0.05 0.05 m 3)@ Q?
——
Cleaner Contaminants
(100g) I (3g) Fig. 2. Schematic flow diagram of basic ultrafiltration membrane sys-

Mixing

300 rpm, 10min.

| | |

3wt% oily 5wt% oily 10wt % oily
contaminated contaminated contaminated
rinse water rinse water rinse water

Fig. 1. Schematic diagram for preparation of oily contaminated rinse
water.
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1. Feed tank 5. Flowmeter

2. Feed pump 6. Membrane module
3. Valve 7. Pump bypass

4. Pressure gage 8. Mixer
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Fig. 3. Schematic flow diagram of recycling of alkaline solution and reuse of cutting oil in H motor company.

Table 4. Specification of chemical membrane cleaner(KOCH KLEEN

KLD II)
Classification Specification
MODEL KOCHKLEENKLD II
Original pH 12
Constituents Alkali type surfactant solution
Operating temperature below 50 °C
Operating pH 10-10.5
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Fig. 4. COD removal and permeate flux of 3 wt%-contaminated rins-
ing water as a function of time at pressure of 2.0 kg,/cm? (con-
taminants: NEOZOL-750H cleaner and soluble cutting oil).
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Fig. 5. COD removal and permeate flux of contaminated rinsing
water with various concentration as a function of time at pres-
sure of 2.0 kgf/cm2 (contaminants: NEOZOL-750H cleaner
and soluble cutting oil; membrane pore size =30 kDa).

974 1.5 kgglem® B} FIREE A 30%01% A4 2 A xz10)
A 2.0 kgf/cmzP_‘jn >ABIIT). Fig. 4% shelojzbate] -2}
2 Wisle)] wE B3 ZY A9 cOD AAES YERA 8ot} o
o] B EARFo] 10kDa’l 74-9- COD AAEL 90%E AL F
TEH 2 oF 30 L/m?*hrl 2 VER L #8EA10] 30 kDal 7
§- FEE s 29 ol S71eE 70 Limthr 2 UpER oM 78]
ARl 100 kDa3! 8-~ FoRE 2= 4] o1 S71et 130 Lim’hr
oo & YERGtE COD AAEL & Aol ARESE BE 7]
9] whol|A tjgk 90%E KAL), ufebr] AdAI 84 w5 71

A2 299 HE AZEI] 1T gtelofu AlAE= ER
Aol 100 kDal wo] &4 o a7H2Ql 218 o &= QIlth Fig. 5
= Q9B Fio W F3ZeAsl COD AAES Yehd
Tgolt), IReA B vlel o] Hl0] A% SEE 3wi%
A 10 wthz 77 3% COD AAEL 0%z AT F
HEE e A5 9wt TS sk o' VER
o}, o]gA| FrREE ) A o fins 5] st TS
A APA 9 83 Es Vel A
gk vt 3 e] A=) SUke] Wl Bl )y 1
2o} &3 Azto] gt wel FiEE A e do] vlEA
2 e<ddl njsle] vlwd dFst S FAEISI

o) o3t gL 99 wlgel T eUIRte} B
ol 23 3ke] o] uheglo] sl A ow F3t £¢
29 A9} $ke] ofzlul g o] whEolehs EAIES Tkl |
o} ol st g dS AAS ] Eelute] FrEEAE HdA7|
A FrAAEAleE 8 T4 TR 299 vk skl A
Al Az} FIZYA 3]8-80] 60% PES Ko F),

3-12. 57 AR} B8 T4 7R e5dw dlee A

A APASE v1g8A 545 TR 29E w5 AlEe
AFANE Fig. 67} Fig. 7014 LA o] AF o] 4 <
& 1.5kg/em® 7 2.0 kg/em’ O 4 A3} FIE AT} Ajo)7)
glol & AdxgdelM= 15kg/em’o = 3151900} Fig. 62 ¢
9lojzuto] E AR gl ulE COD A|AEES el Z19o]
o}, FERAE] 10 kDaQ! o] 79 COD AIAES- 90% % H)
T FIEYAE o 15T/mPhe 2 Ve BEREAIE0] 30 kDa
Q1 uko] A9 EREYAE 50 Lim*hrl 2 57188 vEltal 18
EAFO] 100 kDagl 78-F- FoFEE 2 75 Lim*heS =2 S718hS B
St} o17]4 COD AAEL B w840 10kDa?l 73-9-9}
o] 90%E HAAT FIZYAE HAH oz SHATe] A3
shof] whe} 7448hS WolFEa QU Fig. 72 L&A v 57 %
TEE 29 COD AAEol PlX)= G Ve Z10F H42] @

100 100

8ok .

< | 8
= L o Membrane MWCO 5
El 2 —4— 10kDa %
g eor ‘%\D —0— 30kDa 18 &
8 —o— 100kDa £
a \D\ hal
S — S
a0 140 B,

=

3

0 100 200 300 400 500
Time (min)

Fig. 6. COD removal and permeate flux of 3 wt%-contaminated rins-
ing water as a function of time at pressure of 1.5 kgf/cm2 (con-
taminants: NEOZOL-750H cleaner and insoluble cutting oil).
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Fig. 7. COD removal and permeate flux of contaminated rinsing
water with various concentrations as a function of time at
pressure of 1.5 kg/lcm2 (contaminants: NEOZOL-750H cleaner
and insoluble cutting oil; membrane pore size = 30 kDa).

(a) Before Contamination (b) After Contamination

Fig. 8. Microscopic view of membrane surface by a polarimetric
microscope (Nikon Model # ECLIPSE ME600).
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Fig. 9. COD removal and permeate flux of 3 wt%-contaminated rins-
ing water as a function of time at pressure of 2.0 kgf/cm2 (con-
taminants: NEOZOL-150S cleaner and soluble cutting oil).
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Table 5. Change of solution properties in cleaning and concentration

tanks
Time(hr
Classification o 12 2 36 48
Cleaning N-hexane 235 257 268 280
tank SS 325 292 271 253
Cleaner Conc. 996 990 982 976
Conc. tank N-hexane 3,825 5,505 6,210 7,202
SS 2,100 4210 6,320 8,170

Cleaner Conc. 965 975 987 996

Table 6. Analysis for standard cutting oil and recycled cutting oil

Classification Original oil Recycling oil
Appearance White milky Milky
pH Above 8.6 8.8
Concentration (%) 4 5
Tramp oil contents (%) below 1.0 0.05
Emulsion Stability Oil below 2.0% 1.0%
Cream below 2.0% 1.0%
Anti-corrosiveness 1 No rust within 6hrs No rust
2
3
6
24 hrs
Viable cell numbers Bacteria below 10* 102
(ea/ml) Fungi below 10? 10'
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