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ABSTRACT

The impact of sodium hydroxide, which is one of chemicals of clean in place (CIP) for removing membrane fouling,
on the PVDF membrane is reviewed with respect to physical/chemical structural change, the permeability affected therefrom.
Based on the cleaning concentration applied in membrane water treatment facilities, 10% of accumulated defluorination
was confirmed up to 1664g.hr/L which reflects the exposure time. However, membrane resistance was confirmed to
be reduced by about 10%. Through FT-IR and EDS analysis, reduction of F and change of are confirmed as factors
that affect the permeability of membrane. Membrane resistance, which affects permeability, is affected by loss of additives
for hydrophilicity, rather than defluorination of PVDF material. Therefore, in order to check membrane degradation degree,
an accelerated test by NaOH was carried out, loss of additives was confirmed, and then PVDF inherent characteristic
was observed.
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Fig. 1. Degradation mechanism with sodium hydroxide treatment time.
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Fig. 2. Types of modified materials for hydrophilization (PVDF-g-POEM or PVDF-g-PMAA).
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Table 1. Literature review on cleaning agents and membranes exposure intensity

. Maximum exposure intensity
e Chemical | Membrane
Application . Contact Calculation Reference
agents material Conc. . .
time Basis
Waste treatment NaOH PVDF 40,000 mg/L 24 hr none (Hashim et al., 2011)
Drinking water treatment| NaOH PVC - - - (Tian et al., 2010)
Ageing test NaOH PVDF 4 M 48 hr none
- (Ross et al., 2000)
Ageing test NaOH PVDF 12 M 256 hr none
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Table 2. Membrane specification and properties

Item Specification

Membrane material PVDF(Polyvinylidene fluoride)

Type Microfiltration / Hollow fiber
Mean pore size(um) 0.05
Outer / Inner diameter(mm) 1.4/ 0.8
Additive w/ additive
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Fig. 3. Membrane analysis and evaluation appartus based on NaOH exposure.
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Table 3. Exposure procedure of sodium hydroxide

Sample no
Contents
0 1 | 2 | 3 | a4 | 5 | s | 7 | 8 | o
Concentration (mg/L) 0 3,000
Contact time (hr) 0 1 2 3 4 5 6 23 39 55
Exposure intensity (g-hr/L) 0 3 6 9 12 15 21 69 117 165
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Fig. 5. AFM micrographs of membranes with different exposure
intensity.
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Table 4. EDS results of membrane with different exposure intensity

sample Exposure intensity Element composition (at %) Calculated element composition (at %)

No. (g'hr/L) C F 0 C F 0

0 0 53.46 36.15 10.39 10 5.56 1.94

1 3 64.79 27.57 7.65 10 5.54 1.51

4 9 58.97 32.75 8.27 10 5.55 1.40

7 69 59.31 32.62 8.07 10 5.50 1.36

8 117 61.29 33.61 8.5 10 5.48 1.39

9 165 61.46 30.82 7.73 10 5.01 1.26

Journal of Korean Society of Water and Wastewater Vol. 32, No. 5, October 2018

pp. 453-460

457 e



| SMELESS| =

03|

rr
08
ook

= 4=t PVDF 22/ gs0

\84

(a) (b)
—— 0g-hrL —— 15g-hriL
—— 3g-hrL 21 g-hril
—— 6g-hriL 69 g-hriL.
9g-hil —— 117 g-hriL
—— 12g-hrL —— 165g-hrL
o o
2 2
g £
§ g
]
a a
< <
—— 0g-hdl —— 15g-hriL
—— 3g-hriL 21g-hriL
6 g-hriL 69g-hriL
9g-hfL —— 117 g-hriL
—— 12g-hrlL —— 165 g-hriL
1170 1175 1180 1185 1190 840 850 860 870
- -1
Wave number({cm 1) Wave number{cm™")
() (d)
—— 0Og-hrlk —— 15g-hriL
k/ —— gL 21g-hriL
6 g-hriL 699-hriL
9g-hriL —— 117 g-hril
—— 12 g-hoik —— 165 g-hriL
g T g
g M c
£ —= :
o <]
g | T , 2
< H_H“—‘-“,_i_‘_ | =
—— Oghil —— 15ghrL
— 3ghiL 21 g-hriL
6 g-hriL 69 g-hril
9 g-hrll —— 117 g-hril
— 12 g-hril —— 165 g-hriL
1736 1738 1740 1742 1744 1746 1748 175 3360 3380 3400 3420 3440
Wave number(cm"‘) Wave number(crn'1)
(e) ®
—— 0g-hriL —— 15g-hriL J’_J—W
—— 3g-hriL 21g-hriL .E: PR I
6 g-hriL 68 g-hriL ' ﬁ?’%’
9 g-hriL —— 117 g-hriL
—— 12g-hriL —— 165 g-hriL
8 8
c c
@ o .
£ £
o -]
"] @
Q2 E-]
< <
—— Og-hrL —— 15g-hriL
—— 3g-hriL 21 g-hriL
6 g-hriL 69 g-hriL
9 g-hriL —— 117 g-hriL
—— 12g-hriL — 165¢-hrL

T T T T T

3400 3420 3440

4

3360 3380

Wave number(cm

1000 2000 3000 4000

Wave number(cm '1)

Fig. 6. FT-IR spectra of the membranes with different exposure intensity: (a) peak of the functional group, C-C; (b) peak
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