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Abstract: This study suggests a guideline for designing unit process of wastewater reuse in terms of a maintenance of
the process based on critical parameters to draw a high quality performance of RO unit. Defining the parameters was done
by applying membrane integrity test (MIT) in pretreatment process utilizing lab-scale MF. SDI is utilized for judging wheth-
er permeate is suitable to RO unit. However, result said TOC concentration matching with particle count analysis is better
for judging the permeate condition. When membrane test pressure (P.s) was measured to derive log removal value in PDT,
virgin state of membrane fiber was used to measure dynamic contact angle utilizing surface tension of the membrane fiber.
Actually, foulant affects to the state of membrane surface, and it decreases the Py value along with time elapsed.
Consequently, LRVpyr is also affected by Py value. Thus, sensitivity of direct integrity test descends with result of Py val-
ue change, so Py value should be considered not the virgin state of the membrane but its current state. Overall, this study
focuses on defining design parameters suitable to MF pretreatment for RO process in wastewater reuse by assessing its
impact. Therefore, utilities can acknowledge that the membrane surface condition must be considered when users conduct
the direct integrity test so that Py and other relative parameter used to calculate LRVpr are adequately measured.
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Table 1. A List of Items for Water Quality Analysis

Sample Measurement Item Unit
pH (ORION 290A) -
CODwin mg/L
Rawwater .

Blank Turbidity (HACH 2100) NTU
B 1 Color (TC-3000) PCU
IB 2 T-N mg/L

IB 3
EC (HACH Senslon5) ps/cm
TOC (SHIMAZU TOC-VCPH) mg/L
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Table 2. Specification of Hollow Fiber Membrane

Table 3. Specification of Submerged Type Mf Membrane Unit

Item Index Item Index
Membrane material PVDF (Polyvinylidene fluoride) Submerged tank volume 130 L
Pore size 0.1 pm Flux 1.0 m*m?-day

Inner / Outer Diameter 0.8 mm / 2.0 mm
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(a) Schematic diagram of SDI

Fig. 2 SDI measurement unit.
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(b) Composition of SDI
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Table 4. Typical Range of Values for Various Hydraulic
Configurations

Table 5. Results of Minimum and Maximum Test Pressure
as a Result of Surface Tension and Dynamic Contact Angle

Hydraulic configuration VCF
Deposition mode Dead-end 1

PFR 3-20

Suspension mode Crossflow 4-20
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Calculated Values Calculated Values
Ad ing Advancin g
Cycle F/IL[mN/m]  Cos () [ FIL [mN/m]  Cos () [ Cycle F/L [MN/m] Cus()g ] FIL [mN/m]  Cos () ]
1 6.844 0.097 84.46 75.109 1.060 0.00 1 7.892 0.111 83.60 74.843 1.057 0.00
FPL versus Immersion depth FPL versus Immersion depth
0- 70
- :3 Bias S pan=i (;: — e
fwn E 40 RS
£ . Ey e
) AN ) AN
i Y R \
g’ o \* ; o \““"‘*
E—iO i— 'E—W
20 I =t 0y \ -20 — \
20 s ) 30 L“‘“*-N“‘_\_&w
1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Immersion depth [mm] Immersion depth [mm]
(a) virgin status (b) after 2 hours elapsed
Calculated Values Calculated Values
Cycle FIL [mN/m] Cos () [} F/L [mN/m] Cos () -] Cycle FIL [mN/m] Cos ( )= [} FIL [mN/m] Cos () [}
1 9.288 0.131 82.47 75.893 1.071 0.00 1 17.365 0.245 75.81 76.805 1.084 0.00
FPL versus Immersion depth FPL versus Immersion depth
70 70 S
6 T ] 0 P —_
g% Ehaes SN gy R
E 0 e ‘..\\ E 22 N
i AN p—— .
';: 10 \“*\_* g “; NM‘*‘*\‘
S0 B = 10 P, —
0 S \\ 20 m— S| \\
20 e e \ 30 k__.‘_»%
1 2 3 4 5 6 T 8 9 10 1 2 3 4 5 6 7 8 9 10
immersion depth (mm] Immersion depth [mm]
(c) after 6 hours elapsed (d) after 12 hours elapsed
Fig. 3. Membrane contact angle and surface tension.
Table 6. Result of Samples Quality Analysis
Sample oH TDS CODwy TOC Color Turb. TN EC
(mg/L) (mg/L) (mg/L) (PCU) (NTU) (mg/L) (uS/cm)
DW 6.9 N.D. - 1.025 - - - 0.56
Rawwater 6.7 522 19.17 522 22 0.508 12.87 1066
MF_Blank 6.6 521 17.43 4.34 0.395 12.83 1063
MF IB 1 6.7 519 27.01 8.16 0.374 11.69 1057
MF _IB 2 6.7 517 42.7 29.75 0.381 12.08 1055
MF 1B 3 6.8 517 108.1 54.89 23 0.292 12.18 1054
32 9f &abof| o5t & Fekgo}t 1~30] thsfiA 2442t S4FES A3 7 sdd HAo
7} A U% 7125 ARE Fus sl B 2 FEHE 540 239 ¥ of55e) SpI, £ARY
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Axe Adoda wgA o] Eeot g 7)) MF_IB
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Table 7. Number of Particles Existed in the Solutions (Unit: N/100 mL)

Diameters (um) DwW WWwW (Ilildf—blizgﬁ) MF IB 1 MF IB 2 MF 1B 3
1 ~3 866 1,181,194 14,698 81,580 258,912 497,422
3~5 78 16,716 586 2,170 2,886 4,552
5~7 16 1,010 44 342 416 226
7~10 8 182 22 240 92 162
10 ~ 15 10 62 6 100 30 66
15 ~ 20 2 26 4 50 6 20
20 ~ 25 0 12 0 24 0 8
25 ~ 30 0 10 0 6 0 2
30 ~ 35 0 0 0 4 2 2
35 ~ 40 0 2 0 2 0 2

40 ~ 50 0 2 0 2 2 0
50 ~ 60 0 0 0 0 0 2
60 ~ 75 0 0 0 0 0 0
75 ~ 90 0 4 0 0 0 2
90 ~ 100 0 0 0 0 0 0
> 100 0 0 0 0 0 0
Total 980 1,199,220 15,360 84,520 262,346 502,466
(ngr";alll ) 114 18,026 662 2,940 3,434 5,044

Number of Particles(N/100mL)

100000

10000

1000

Wasterwater Eff. - MF permeate

W eff
--#--MF_Blank
MF_IB 1
-=%--MF_IB 2
--®--MF_IB3

10-15 15-20

Diameters(pum)

Fig. 4. Number of Particles Size Distribution before and after the pretreatment process in logarithmic scale.
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Table 8. Result of SDI Easurement According to the Standard Method

Item Trial To Tis SDI SDIavg
1 44.71 58.6 1.58
Blank 1.45
2 45 56.2 1.33
1 46 62.77 1.78
MF IB 1 2 44.8 64.22 2.02 1.92
3 473 66.93 1.96
1 48.25 84 2.84
MF IB 2 2 46.3 84.6 3.02 3.02
3 45.9 88.4 3.21
1 47.5 565 6.11
MF 1B 3 2 49.2 542 6.06 6.11
3 443 592 6.17
7 7
@5l
6 R2=0832 < g | X5 X
R2=0.874
5 5
= 3 < @ 3 x
2 o 2 %
< X
1 1
0 T T T T T T 1 0
0 2000 4000 6000 BODO 10000 12000 14000 . " - 0 " w10 140 180
72 (ea/l00mL) QI XF2(0.45mm O] 4}, ea/100mL)
(a) (b)

Fig. 5. Effect of particles on SDI: (a) Counted particle ranges 0 to 100 um, (b) Counted particle ranges 45 to 100 pm.
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Fig. 6. Effect of counted particle size range on SDI: (a) Whole
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Fig. 7. Effect of Counted Particle size range on TOC and COD:
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Table 9. Given Information and Derived Value for Calculating
LRVDIT and UCL

Table 10. LRVpir and UCL changes according to MF foul-
ing

Elapsed Time Prest Prest

Item Value Item Value
Qp, L/min 0.25 TMP, psi 182.6
Vsys, L 1.9 Patm , psi 14.7
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&2 T 9 O ¥ AAUES 92 5 dn
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(hr) (kPa) (psi) ERVorr
0 0.0187 0.0027 3.111
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