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Q ok A=7F Ay WFEA, 754, Wd44 59 A-E 7HA3 ¢l= PVDF (polyvinylidene fluoride) W=/l fr 2
71%ol 7247t 0.3, 0.4 pm oS A2 &, I FhoE YAy BES 27 AZSAT. 1F 03 pm EES AZE A 13
X5 XA BRI, 710l 04 pm BES AZ A RAEE X 7HEU G FYLOE ZAT BALYR &5E
HFoE 7 REY FHESG AAES vwsHl, & JAHE AN F IJEEH AFA TS AT BT, 7130
04 pm¢l YE¥ BES AHEst F33 H04EAr A ARAF A e %S 1A

Abstract: PVDF (polyvinylidene fluoride) nanofiber has the advantages such as excellent strength, chemical resistance,
nontoxic, non-combustibility. Flat membranes with 0.3 and 0.4 pum pore size respectively, were manufactured by PVDF
nanofiber, and then each spiral wound module was prepared with them. A woven paper was not included in preparing the
module with 0.3 pum pore size; however, it was included the module with 0.4 um pore size. The permeate fluxes and re-
jection rates of the two modules were compared using pure water and simulation solution including kaolin and humic acid.
The recovery rate and filtration resistance were calculated after water back-washing. In addition, the effect of flow rate and
trans-membrane pressure on treatment efficiency and filtration resistance were investigated for the spiral wound module with
0.4 pm pore size.
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Fig. 1. (a) spiral wound microfiltration module (pore size
0.3 um), (b) spiral wound microfiltration module (pore size
0.4 pum), (c) module case.
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Fig. 2. Apparatus of advanced water treatment system spiral
wound microfiltration module manufactured with PVDF
nanofibers.
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Fig. 3. Permeate flux change of spiral wound module man-
ufactured PVDF nanofiber membranes (pore size : 0.3 and
0.4 um) (a) effect of filtration time, (b) effect of flow rate,
(c) effect of TMP.

Ao AP ANYT, 080T Ao A2FE A
A3 Uvass S 9EE A4S =9, 94
VAo ERUES ZYHY,

g2 3 &ER7IEY AAES oty fd g=
£ B A (turbidity meter, 2100N, Hash, U.S.A)E A&
o] ZAs AT FYLHH 22 EERVIEY AR
AEHE UVess 35T UV FZFEA(UV spec-
trophotometer, GENESYS 10 UV, Thermo, U.S.A)E
ol-g3sto ZFASATH7]. HAHL BEY Ags T

Membrane Journal Vol. 25, No. 2, 2015



184 7Tt

FUTE AHF7 des Ao
, 20837t %% 32 L/how 0.4 um EELS TMP
3 um EE2 TMP 0.235 bar 74 <

4.1. =%E r_HAI»OE 5t o{ojalE
Fig. 3 (a)& 4 L/h, TMP 0.615 bar 2710 A
04 um 7] &< 7W PVDF YAl Aot 1}
A¥ 2EF, F%F 60 L/h, TMP 0.05 bar 2114 0.3
pum 7135 7H PVDF YAl Ao ete] Udy
e SE HASE AZE
2 &F BFRA&ES A 2945 Y. 1
A3, 04 pm 7]Fe EELS x7] EFAE 308
L/m’hroll A 30% 3 22,9 L/m’hrE Hl2 & 3 I
Aok ¥, 03 um 7139 REL E3}
86.1 L/m’hrol A 30% % 838 L/m’hr2 1 7t
okttt ol¥ ¢ AFeE 71 04 um EE Qo
H FAxo EAZ BE Yo Aol AAA
&o] Zad AoE ot
Fig. 3 (b)x TMP 0.615 bar 24 F3< 24 L/h
BH 84 LhHA 12 LhE =4S o 04 um 715<
7FZl PVDF UkxAidf Adozete] Uddy 2Ed,
TMP 0.09 bar 2N A F&FE 24 L/hHE 84 L/h7HA
12 L0 £9< 9 0.3 pm 7152 71 PVDF U4l
 Addyee YAy RES R 77 f7Fo
&g BRG] A s 9§ Yepd Zlojt. E4A4
5% SE & 718 0.4
m 2EL F3AL0] 12,1 Limhrol 1 139 L/m’hr&
71kt §hdel, 71F 03 ym BES T34
8.9 L/m’hroll A 30% % 652 L/m’hrZ T
7batsdch ol@d AdE 71F 04 pm ZE 2|
z BE Ui Aol 7|1
A FfAgol A St

>

RN
ol

w

B
N
e

B
LT bR

rxooo

7

—m

c

I
o
=
-
H1

=

oy 2 I
b
9
(9]

L e R P

/h 274 TMPZ 0.16 bar
FEH 0.50 bar7kA] MAZ 2704 04 um 71FE
74 PVDF Ui f Addaete U4y REY, #
% 72 L/h 274 TMPZ 0.025 bar%-E 0.050 bar7}
2 W3AIZl 27404 03 pm 71 &< 74 PVDF Uz
A Adoigute] U4y RES UFdOZ TMPYL &

AEgel, A 25 A A 2 5, 2015

1200
[ 0.3 gm spiral wound

97.1 931950934 958 97.7 984 [ 0.4 ym spiral wound
1000 |gz2

R 8B4 879
| 76.8 802
) 673 68.4
584
440
0.0

Turbidity UV, absorbance

Fig. 4. Treatment efficiency of turbidity and UV,s4 absorb-
ance for the spiral wound microfiltration module manufac-
tured with PVDF nanofibers.

]
=

Rejection rate (%)
s g

=]
=
=

09.3 L/m’hroll A 13
Atk olH3 Az

o =
H RAZE Y =

z W —

5
7]% 0.4 ym & S¢to] =3
& W59 Aol o™
AT FHRAL] F7HE AT Ao Addn

4.2, ZAZNE Oidez LAY Z2Eo MAS %

Fig. 4= TMP 1.2 bar, % 72 L/he] 274 7}-&
H3 FYNoE ZA S TAERS gder 47 7
0.3, 0.4 pm PVDF Yxidf AEoifote] Ay
9 85 AALET UVesy T35 AAES YE
oltt. 71F 04 pym EE-L 53] RiEste] Ays 4
, B2 AAES AY AT AAESE YEHI L, H
o 98.4%°] AAEC] Ustth UVey 3% AAEL
e 33 B¢ B AHE BYANL 43]9F 53] 7
Bl 943 AAES BHAFH, Jd 88.4%9] AALES
UERdth 4, 71F 03 pum YAE EER 33 §HE
& A3, g5 AAEL 254 Flete e Ho
™, A 98.1%E YEIT UVesy 2= AAEL 3

AFLTE A Frtete A¥%s Edod, Y
3% Ut AE2HO0Z UVesy $3E9 AAELS
%"Ol 04 um Y3 E’_EO] O =8k, I ol
E ﬂzf Al ZE F
. F.

[e)
S[19]10] Ex3 u}g} o], A

—

ot of

Job O

e X \, mlm



A8 PVDF vhead £ g Adost

o

A=)

= 9A4 35 185

Table 1. Effect of Flow Rate on Treatment Efficiency, Filtration Resistances, and Recovery Ratio of Spiral Wound
Microfiltration Module Manufactured with PVDF Nanofibers (Pore Size 0.4 pm)

Treatment efficiency (%)

Filtration resistances Recovery ratio

Flow rate

- uv Ro * 107 R, * 10” R, X 107
L/h 254 o
@) Turbidity absorbance (1/m?) (1/m) (1/m) Ry (%)
72 98.0 83.7 1.468 2.137 1.780 82.0
60 97.0 78.7 1.890 2.189 2.295 82.2
60 97.2 82.6 2.107 1.770 1.813 98.2
48 96.9 85.5 2.190 2.095 2.225 88.0
48 97.7 81.1 2.152 1.923 1.954 99.4
48 97.3 85.8 2.378 2.261 2.393 96.7
36 97.3 83.6 2.091 2.448 2.221 93.2
50
Kaolin : 30mg/L s : Water back-washing ~ ~ ¢ 0.4 um module
45 F | Humic acid : 10mg/L : Flow rate : 36 L/h -l 0.3 pm module
Flow rate : 72L/h 1. TMP : 0.145 bar
= 40 . ?ﬂ:iﬁuh'r -‘ Time : 20 min
- 3 ime : min . *
i 30 | e hd ¢
3 25 * - P
=2xem - *. L S SR * e
[ N 8 | || * *-e e *
T Ve .‘ﬁ"f-t-i'"l—ll—l-l‘l MR ¢ " ¢
g 15 | Kaolin : 30mg/L t
o Humic acid : 10mg/L
10 || Flow rate: 72 L/
TMP : 0.9 bar
* [ Time :180 min
! ] 60 120 180 240 300 360 420 480 540 600 6;0 720 780 840 900 960 1020 1080 1140 1200 1260
Time (min)

Fig. 5. Permeate flux change of the spiral wound microfiltration module manufactured with PVDF nanofibers, and effect of

water back-washing.
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PVDF nanofibers (pore size 0.4 pm) (a) initial filtration resistance, (b) filtration resistance before water back-washing, (c) fil-
tration resistance after water back-washing, (d) recovery rate of water back-washing.
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Table 2. Effect of TMP on Treatment Efficiency, Filtration Resistances, and Recovery Ratio of Spiral Wound Microfiltration
Module Manufactured with PVDF Nanofibers (Pore Size 0.4 um)

Treatment efficiency (%) Filtration resistances Recovery ratio
TMP x 107 x 107 X 10° x 107 X 10°
Turbidity UVas4 Ro £0 Ry * 10 R, * 10 R; 120 Ri; %0 Ry (%)
absorbance (I/m%) (1/m) (1/m) (1/m”°) (1/m”%)
0.9 98.8 85.7 2.136 2.282 2.163 2.463 0.570 98.3
1.2 98.9 87.0 2.106 2.308 2.293 0.268 3.221 91.4
1.5 98.9 85.3 2.225 2310 2277 0.460 0.702 973
1.8 98.7 88.1 2.283 2.614 2471 1.738 2.295 92.0
2.1 98.7 79.0 2.028 2.347 2.305 0.443 2.885 87.6
. = — 2
e Flow late : 48L/min v 4:;31:2;003271 ® ¥=0.1453x+2.1544
HA: 10 mg/L R? =0.2536
- Kaolin : 30 mg/L — 3
"E 25 | Temperature: 20 +1°C -E A
= = &k —— & A
= T
mﬂ i A A 2 : Flow late : 48L/min
x Lol A A = HA: 10 mg/L
= £ 1 | Kaolin : 30 mg/L
Temperature: 20 +1°C
o : :
15 * * ! * * 06 09 12 15 18 21 24
06 03 12 15 18 21 24
TMP (bar) TMP (bar)
(a) (b)
N v=0.1537x+2.0712 ] Flowlate : 48L/min
RY=0438 o | maiiomgn
51 Kaolin : 30 mg/L y=-0.8566x+2.3595
R*=0174
:E‘ A_——A———k—-_‘_—j ;‘E‘ 5 Temperature: 20 1
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