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1. Preparation of Hollow Fiber

For laboratory or pilot scale application, the basic
manual control system includes a pump, a feed
tank, a permeate collection tank, pressure gauges
and valves, and the system is connected with
connectors  of

hoses  and appropriate

specifications.

The pressure gauges shall be filled with glycerin
or mechanically wetted out.

Usually, a hose clamp is installed at one permeate
port to control the outflow of the permeate, and
the other permeate port is set closed. A pressure
gauge may be connected to the permeate end if
necessary.

Hollow fiber module initially contains glycerin to
protect the membrane structure, which needs to
be rinsed before use.

1.First, add sufficient deionized(DI) water to the feed tank

Pressure Gauge

Valve

PiN

Permeate

\J
Pressure
L™

Feed
Tank

Pump

2.Close the permeate valve, open the retentate valve,
discharge waste via the retentate line, and maintain an

inlet pressure of 2-5 psi.

3.The volume of flushing liquid should be greater than

20L/m?.

4.Then, move the retentate line back to the feed tank,
discharge the waste through the permeate end, open the

permeate valve.

5.Adjust TMP to 2-5 psi, and the permeate volume should

also be greater than 20L/m?.
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2. Sterilization 2.0

If necessary, sanitize after the system has been ANARMAO| R E =, HRO| M2 Ax
SHUAIR. HE ASHE 0.1M NaOH EH LTt

L

thoroughly cleaned. The recommended disinfectant
is 0.7M NaOH solution.

Pressure Gauge

1.Add 10-20L/m? disinfectant to the feed tank. 1.0]= &430] 10~20 L/m?2e| ASHE ELIC
Open the retentate valve and the permeate Of 1pot i - Q| }iXOH HHHEZE A7 gt 2ele 2
valve, and place the retentate end and the = I|= Ef 3 ooj| HYX|SHAIA|
permeate end into the feed tank. o njc g3
Tank Waste 2B Kot mx0 WEs TP TMP 2~5  (FeedTank) =
2.Adjust the pump speed and retentate valve to v Tank PSIE QX311 302 S0t 23HA|F|AAIQ. \j =
maintain a TMP of 2-5psi and circulate for u “
Somin. 340 UREY NAY RO ASHE 2
HiZEAIZ| M A2,
3.Drain the disinfectant in the system after —
ereuiatin 4TS Ya0| F23 Yo Yo|24E FUSHYA
Pressure == =
4.Add sufficient DI water to the cleaned feed Gauge Q. ojntol WHES Bt XM WEE ofHA|R. 4 Bk
tank, close the permeate valve, open the Pump ? o= ?
etentate valve. > 5559 2loloR HiZstn, HI 255 TE30]
inlet 4212 2~5 psi 2 {X|ELIC} HiEAHo| =
5.Direct the retentate line to drain, adjust the 80| & 7K MHE ZASHHAI2
pump speed to maintain the inlet pressure at
2-5psi, and flush until the outflow liquid is 6.5 2iQlS I|E A0 F71 = ofuf WEES
neutral. A S ofTtH 2191 ZOF HYEA|ZIL|CH BI &
ot s=MH WHE TG TMP 2~5 psi2 FX|
6.Move the retentate line into the feed tank, St BfEoHo| pHIt 19| 7|Fof| =EE wf 7t
open the permeate valve and direct the X MASHMAL.

permeate line to drain, adjust the pump
speed and the retentate valve to maintain
TMP at 2-5psi, and process until conductivity
or pH of the flushing liquid meets customer's
requirements.
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H =
3. Measuring Water Flux 3. Water Flux &4
1.Add enough DI water to the feed tank, open 1.25 30| o|24E 29| A1, ofnrnt
the permeate valve and retentate valve, place Pressure Gauge sZxof HHHE Ao ofafe 2pQlat 2o 21910| ora
both the permeate end and retentate end into Valve Q= 23 EiT0| QX|StT AJAH LYEO| JjAZ o
the feed tank, and drain the gas in the system. D HISSHAAIR
. Valve
2.Adjust the pump speed and retentate valve to 2 I A5 0} k&M WHE XHS0| TMPE 3 psi
maintain the TMP at 3 psi, then measure and - 2 QX|3tT O{TH Q2T IC EHT0| 422 X T
record the permeate flow rate and water o o -
perme feed Hotol 7|Z o Al2. (Feed Tank)
temperature in the inlet tank. v v
4 3HI 49} 550 WEE XHSI0] TMPS 7 psi “
3.Adjust the pump speed and retentate valve to o
- . S| 2 |XSH T, oot RNt OjC 439 2RSS X
maintain the TMP at 7psi, again measure and Graduated
racuate Hoto] 7| Bt Al 2. L1
record the permeate flow rate and water Cylinder L giaey
—=2C
temperature in the inlet tank.
4.CH2 3418 AHE5H0] Water FluxE AlASHYAIL.
4.Use the following equation to calculate water
in)*
flux. Flux in LMH = Permeate flow (mL/min)*0.06
, Permeate flow (mL/min)*0.06 (I/m2/hr Cassette surface(m?)
Flux in LMH =
(I/m2/hr Cassette surface(m?)
5. 414kt Water Fluxoll [E1]0]l siiE 2=E 2F7
5.Multiply the calculated flux by temperature 22 Iot 5, ol ZioZ LHs0] ohel obadch
correction ~ factor  for  corresponding (1psi)E water flux 24S FEHIAIL.
temperature from Table 1 to obtain standard
water flux, and then divide by corresponding 6.5 AS Zho| 2 WA} Qs 2 = Zto| WA
pressure value to obtain the unit pressure S DS BZ Water Flux 2102 H23IAA|Q

water flux (per psi).

6.If there is no large deviation between the two
values, the average of the two may be taken as
the standard water flux of the module.

7.1f there is a large deviation between the two
values, repeat steps 2-6.
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Table 1. Viscosity correction factor Table 1.¥ /2 &F A%

- o . N apolf gk ~ ol 2
kA AR it R D o SO sanes SRR GUST s
flow was measured was measured T (oc) = T(°C) F
T(°C) F T(°C) F

4 1.567 25 0.89
4 1567 25 0.89 5 1.519 26 0.871
5 1.519 26 0.871 6 1.472 27 0.851
6 1479 27 0.851 7 1.428 28 0.833
7 1.428 28 0.833 8 1.386 29 0.815
8 1.386 29 0.815 9 1.346 30 0.798
9 1.346 30 0.798 10 1.307 31 0.781
10 1.307 31 0.781 n 1.271 32 0.765
11 1.271 32 0.765 12 1.235 33 0.749
12 1.235 33 0.749 13 1.202 34 0.734
13 1.202 34 0.734 14 1.169 35 0.719
14 1.169 35 0.719 15 1.139 36 0.705
15 1.139 36 0.705 16 1.109 37 0.692
16 1.109 37 0.692 17 1.081 38 0.678
17 1.081 38 0.678 18 1.053 39 0.665
18 1.053 39 0.665 19 1.027 40 0.653
19 1.027 40 0.653 20 1 41 0.641
20 1 41 0.641 21 0.978 42 0.629
21 0.978 42 0.629 22 0.955 43 0.618
22 0.955 43 0.618 23 0.933 44 0.607
23 0.933 44 0.607 24 0.911 45 0.596

24 0.911 45 0.596
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4. Integrity Test

Ensure that the system is thoroughly cleaned and the membrane is thoroughly wetted
out. Drain the system as thoroughly as possible for integrity test. This document
provides two test methods, one of which may be applied according to actual operating
conditions.

1. Diffusion Flow Method

1. Close the permeate valve and retentate valve,
and immerse both lines under water.

Pressure Gauge

2.Pressurize the retentate end with compressed air
to increase the inlet pressure of the system to 15

psi, then close the vent valve to maintain a

positive pressure in the hollow fiber membrane. Cylinder

Feed
Tank
3. Monitor the change of pressure with time. If the
pressure drop is greater than 1 psi/min, the u
system pipeline may have leakage. Check and
tighten the pipeline, re-pressurize to 15 psi, and

monitor the pressure drop again. Beaker

Pressure

4. After confirming that the integrity of the system Gauge
is good, open the permeate valve, discharge the ?
excess water, re-pressurize to 15psi, and @
measure the gas flow rate at the permeate end

with a graduated cylinder full of water. Alr Valve

5.1f the diffusion flow rate is less than
20ml/min/m?, it is considered that the integrity
of the module is good. Release the pressure. 7.1f the diffusion flow rate is still greater than
20ml/min/m? it is considered that the
6.1f the diffusion flow rate is greater than 20ml/ membrane may have integrity defects. Do
min/m?, release the pressure, thoroughly wet the not use it.

module again, and repeat step 1-5.

Graduated
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2. Pressure Retaining Method 2. 243 ||

1.Close the permeate valve and retentate valve.

2.Slowly pump air by a peristaltic pump at the

. . . Pressure 325 OR ¢ HuZ A3 27|12 M
inlet end to increase the inlet pressure of the Gauge 228 5 (Inlet) S HIE M8 3712 \
i . x| =0l AE| ol71 otz i 2 ot
system to 15 psi, then close the inlet valve to o] FSH AL T S 15 psi MK 2 A
maintain the positive pressure in the hollow Valve ? 2lHAIL. Ol s34 WHE Hol iR E <2 o e ?
b d . ad
fiber membrane. = B2 SXISHYAIR =
) o Valve EE]
3.Monitor the change of pressure with time. If 3. A|ZH ZTjo| M2 Qtad B2 BHANSHL|CH o2 2t
the pressure drop is greater than 1 psi/min, the — 317} 1 psi/ming X2fst= AL, A|AH B0 = -
;s.yittemtilpel.lnel.may have Iea!(agte. fgeclf anj Mol 912 7HsA0| &LICH BB MZsiD 15
ighten the pipeline, re-pressurize to si, an N N N
gren e pip pressut P psii2 H7}elBt0l 212 2H8HE ChAl SR eLICH
monitor the pressure drop again.
. . . | AMO| KA sto|st = H
4.After confirming that the integrity of the 4MAE REYO| FYRl AT QI 7, ofnt
system is good, open the retentate valve and v WOl SHM MHE HOJ A|AH! LYF O ZFS= s
permeate valve to drain the air and water in the ave 37|12t 22 HIESHIAIR =
system.
Pressure
Gauge 5.SHOH WS Cro AEOf| A OiTtol WH S Jluts} -
5.5. Close the retentate valve and k.eep the AAI2. 23 = (Inlet)0l] HE WIS ALst0] 2 mo ?
per.rneatg valve open. $Iowly pumP air by the 712 HHS| FU# 15 psi MK AAAITIUAIR
peristaltic pump at the inlet end to increase the N - = N
) . O|= Inlet WEE 1 & Z6t S5 2HEEL
inlet pressure of the system to 15 psi, then
ct

close the liquid inlet valve and monitor the inlet
pressure drop rate.

6.3 26171 2 psi/min 0|2l 2R, BRES| 2HY
6.1 the pressure drop is less than 2 psi/min, it is Ol Mel Ao = TEkst b=l S shAIL|CH
considered that the integrity of the module is
good for use. Release the pressure. 7.942 2817} 2 psi/min XT3t AL, A ¢
Mot 258 S2| MER A2 = 1~50HA S bt
7. If the pressure drop is less than 2 psi/min, s
release the pressure, fully wet out the o
components again, and repeat steps 1-5.
8.2t2d Zst7t o TS| 2 psi/ming X DfsiCtH e
8.If the pressure drop is less than 2 psi/min, it is 2Ql REY0| o] YU Ao HTHE|DZ A
considered that the membrane may have 8HX| OFYAIL.

integrity defects. Do not use it.
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5. Preprocessing Buffer Equilibrium (optional)

The purpose of flushing hollow fiber membrane
modules with buffer is to ensure that the pH and
salt ion conditions of the system are as similar
as possible to the initial state of the sample to
be treated, so as to reduce membrane pollution
and product loss.

1.0pen both the retentate valve and the
permeate valve; place both the retentate line
and permeate line back to the feed tank.

2.Add sufficient buffer to the feed tank and
circulate for 5-10min. Check pH or conductivity
of the filtrate to ensure a similar condition to
the buffer.

Pressure Gauge

Pressure Gauge

Pump Q

Valve
<1 ?

Valve

Permeate

Valve

>
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6. Cleaning After Use 6. At2 = M|A (Cleaning After Use)

S
The modules must be cleaned before storage and reuse. They should be flushed with RS2 H2 8 THARESEY| Mol BEEA| A sHof BiL|C HX BN w= Ho|242 E3{4
P2, HHo AR E AL S0 MARLICH LitE ol ZA0f| M= 20~40°COllA 0.5 N NaOH

buffer and/or DI water, and then washed with appropriate sanitizing agent. Under normal ol
conditions, 0.5N NaOH may be used to circulate for 30min at 20-40°C. 300ppm NaCl SHS B0 3027 =8t MAEE 2 JAELICH MA Tun 0|52 22 0.5 N NaOH S
may also be added to 0.5N NaOH solution if the cleaning effect is poor. 0 300 ppm NaCIOE F7tst0] AH2E 4= U&LICE.

Pressure Gauge 1.Add sufficient buffer to the feed tank.

2.Close the permeate valve, open the retentate
valve, and place the retentate and permeate
line into the waste tank.

_ o 3. M- o] LHEo]| A& 7K HEE ME5| &E
3.Start the pump slowly until the washing liquid =R E] AFIMAIS. 0|8 HI 452 =0 Q22 2H S
Feed fills the module, increase the pump speed and Feed Tank e
Feed : : pump sp (Feed Tank) 29| 50%2 ZHBIUAIL.
adjust the flow rate to 50% of the process flow
rate. U
u 4. HT MHA AHSZE 20 L/m? O &4 LILCY,
4.A flushing volume of greater than 20L/m? is
Valve recommended R 5.0{mtoH WHE S AN =M 21012 I|E AR &
MM R, sHH WEE ZTHSI0] AX{7E of2teY
Eraeus&éjre 5.0pen the permeate valve, move the retentate £OR SEEE 51, of2t 0| 20 L/m? 0|
otzq .
line into the feed tank, adjust the retentate o =g 0| =5 }SHYAIL
P - ==
ump ? valve to let liquid flow out of the permeate end. @ ?
@ The recommended permeate volume is greater 6. MXo| et=El @ = 430 S22t Lol HO|R+E
than 20 L/m?. Drain the liquid in the system. Et 2, 2~5EHA S CHA| BESSHYAIR
6.Add sufficient DI water to the cleaned feed 7. M &0| &2 =l I|=E EfF0]| 20 L/m22| M| HHES E
Note: Single use of hollow fiber cartridge is tank and repeat step 2-5. Note: Hollow fiber cartridge= 23|& At QISHAA|2.
highly recommended. The cleaning 29 AXFSIL|CH 2 MA gHe sigel
method does not guarantee a full recovery 2 i ; L orbo L . N
of membrane performance. There might 7'fAedecL t2a0r:_k/m sanitizing agent into the cleaned ol g5 2l=2 B st 33 8.0t WH o S WHZ JHstn, siE 2t
. E L =1 3 = P
be compatibility issues if a specific M S5 89 i AlofS ARSI L EE 2 25 7|2 &30 HiX[SH AR
solution/ reagent is applied, or a special o E4 MEHME AHESI0] MASH= 22,
cleaning agent is needed for cleaning. 8.0pen the permeate valve and the retentate S3Hd 2H|7F YIS A QIALICH AFR H
Please consult Cobetter technical valve, and place the retentate and the 7|2 SIR|LIOJOfI A S| BHAIA|Q
engineers for information before use. permeate line into the waste tank.
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9.Slowly start the pump until the sanitizing agent 9. MR ZF A| AR ZH|Of| A E W7pK] HEE HH
fills the system, increase the pump speed and S| ZFAF|IYUAR. 0|2 HE £E5 20 RS
adjust the flow rate to 100-150% of the process S 9| 100~150%= ZHEI0{, 10% O| A9
flow, so that 10% volume of sanitizing agent MIEHZE of atlinp =4 2folof| St S =&
passes through the retentate and the permeate Al HAI2.

line, respectively.

10.Move the retentate and permeate line into the , SR WEHE ZHSIO] o2l ZO= HH| T}
feed tank, adjust the retentate valve so that SELE YLICE 3027t &8 MAEBHIAIR
there is liquid flowing out of the permeate end.
Clean for 30min. 1A AR LIS HHE BF HiE ot £ TS SX|5t
AMAI2.
11.Empty the system and stop the pump.
12. M HE I = 30 St 2ol EHo|4-5 st
12. Add sufficient DI water to the cleaned feed =, ot 2iolnt sHM 2tolS MIMEL|CH HiE
tank, rinse the retentate and permeate line until OHo| pHIt ZHO| E|ALt MEETt SE26| HOoHE
the pH of the effluent is neutral or the UH77ER] A S AL,
conductivity is low enough.
7. Hollow Fiber Storage 7. SEOO|H 22t
The hollow fiber module may be stored in 0.1N Hollow fiber cartridgeE AF&3HA| 242 o= 0.1 N
NaOH solution. For long-term storage (1-12 NaOH S0l HastAlR. H7|7H B2t (1~1271E)
months), it is recommended to be stored in a Aol ZES W MEj(4°C)0lM ERStE S HE
refrigerated state (4°C). rLCk.
Note: the appropriate storage of the modules Note: SHIEH| E617| siiM = HEz|elo] G4 &
ensures a wet membrane state and a effective = MEHE RX[otn WESHM 2H0| YMSIX| s
prevention of biological pollution. Change of the SfloF BfLICH Ht o2 o 2ol of tH wH|SH= Ag
storage solution once a month is highly HErehct

recommended.
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	할로파이버 카트리지 필터
	Hollow Fiber Cartridges User Manual
	사용 전에 본 설명서를 읽어 주십시오.
	Please read the user manual carefully.


	1. Preparation of Hollow Fiber
	1. 할로파이버 준비
	For laboratory or pilot scale application, the basic manual control system includes a pump, a feed tank, a permeate collection tank, pressure gauges and valves, and the system is connected with hoses and connectors of appropriate speciﬁcations.
	The pressure gauges shall be ﬁlled with glycerin or mechanically wetted out.
	Usually, a hose clamp is installed at one permeate port to control the outflow of the permeate, and the other permeate port is set closed. A pressure gauge may be connected to the permeate end if necessary.
	Hollow ﬁber module initially contains glycerin to protect the membrane structure, which needs to be rinsed before use.
	First, add sufﬁcient deionized(DI) water to the feed tank
	Close the permeate valve, open the retentate valve, discharge waste via the retentate line, and maintain an inlet pressure of 2-5 psi.
	The volume of flushing liquid should be greater than 20L/m2.
	Then, move the retentate line back to the feed tank, discharge the waste through the permeate end, open the permeate valve.
	Adjust TMP to 2-5 psi, and the permeate volume should also be greater than 20L/m2.
	실험실 또는 파일럿 적용의 경우, 기본 수동 제어 시스템은 펌프, 피드 탱크, 여과액 수집 용기, 압력계 및 밸브로 구성되며, 규격에 적합한 호스를 사용하여 연결하십시오.
	압력계는 글리세린이나 기계적으로 습윤 상태를 유지하십시오.
	일반적으로 한쪽 여과액 포트에는 호스 클램프를 설치하여 여과액의 유량을 조절하고, 다른 한쪽 여과액 포트는 밀봉하십시오. 필요한 경우 여과액 포트에 압력계를 설치하십시오.
	멤브레인 보호를 위해 글리세린이 충전되어 있으므로, 사용 전 반드시 세척하십시오.
	피드 탱크에 충분한 양의 탈이온수를 주입하십시오.
	여과액(permeate) 밸브를 닫고 농축액(retentate) 밸브를 개방한 후, 농축액 라인을 통해 세정액을 폐기하십시오.
	Inlet 압력을 2~5 psi로 유지하면서 20L/m² 이상의 세척액으로 플러싱하십시오.
	농축액 라인을 피드 탱크로 옮긴 후 여과액 밸브를 개방하십시오.
	여과액 밸브를 개방하고 TMP 2~5 psi로 유지하면서 20L/m2 이상의 세정액으로 플러싱 하십시오.

	2. Sterilization
	If necessary, sanitize after the system has been thoroughly cleaned. The recommended disinfectant is 0.1M NaOH solution.
	Add 10-20L/m2 disinfectant to the feed tank. Open the retentate valve and the permeate valve, and place the retentate end and the permeate end into the feed tank.
	Adjust the pump speed and retentate valve to maintain a TMP of 2-5psi and circulate for 30min.
	Drain the disinfectant in the system after circulation.
	Add sufﬁcient DI water to the cleaned feed tank, close the permeate valve, open the retentate valve.
	Direct the retentate line to drain, adjust the pump speed to maintain the inlet pressure at 2-5psi, and flush until the outflow liquid is neutral.
	Move the retentate line into the feed tank, open the permeate valve and direct the permeate line to drain, adjust the pump speed and the retentate valve to maintain TMP at 2-5psi, and process until conductivity or pH of the flushing liquid meets customer's requirements.

	소독
	시스템 세척이 완료된 후, 필요에 따라 소독 단계를 진행하십시오. 권장 소독제는 0.1M NaOH 용액입니다.
	피드 탱크에 10~20 L/m²의 소독제를 투입합니다. 여과액 밸브와 농축액 밸브를 열고 해당 라인을 모두 피드 탱크 안에 배치하십시오.
	펌프 속도와 농축액 밸브를 조정하여 TMP 2~5 psi로 유지하고, 30분동안 순환시키십시오.
	순환이 완료되면 시스템 내부의 소독제를 완전히 배출시키십시오.
	피드 탱크에 충분한 양의 탈이온수를 주입하십시오. 여과액 밸브를 닫고 농축액 밸브를 여십시오.
	농축액 라인으로 배출하고, 펌프 속도를 조절하여 inlet 압력을 2~5 psi 로 유지합니다. 배출액이 중성이 될 때까지 세척을 진행하십시오.
	농축액 라인을 피드 탱크에 옮긴 후 여과액 밸브를 연 후 여과액 라인 측으로 배출시킵니다. 펌프 속도와 농축액 밸브를 조정하여 TMP 2~5 psi로 유지하고, 배출액의 pH가 고객의 기준에 도달할 때 까지 세척하십시오.

	3. Measuring Water Flux
	Add enough DI water to the feed tank, open the permeate valve and retentate valve, place both the permeate end and retentate end into the feed tank, and drain the gas in the system.
	Adjust the pump speed and retentate valve to maintain the TMP at 3 psi, then measure and record the permeate flow rate and water temperature in the inlet tank.
	Adjust the pump speed and retentate valve to maintain the TMP at 7psi, again measure and record the permeate flow rate and water temperature in the inlet tank.
	Use the following equation to calculate water flux.
	Flux in LMH = (l/m²/hr)
	Permeate flow (mL/min)*0.06
	Cassette surface(m²)
	Multiply the calculated flux by temperature correction factor for corresponding temperature from Table 1 to obtain standard water flux, and then divide by corresponding pressure value to obtain the unit pressure water flux (per psi).
	If there is no large deviation between the two values, the average of the two may be taken as the standard water flux of the module.
	If there is a large deviation between the two values, repeat steps 2-6.

	3. Water Flux 측정
	공급 탱크에 탈이온수를 충분히 채우고, 여과액과 농축액 밸브를 열어 여과액 라인과 농축액 라인이  모두 공급 탱크에 위치하고 시스템 내부의 가스를 모두 배출하십시오.
	펌프 속도와 농축액 밸브를 조절하여 TMP를 3 psi로 유지하고, 여과액 유량과 피드 탱크의 수온을 측정하여 기록하십시오.
	펌프 속도와 농축액 밸브를 조절하여 TMP를 7 psi로 유지한 후, 여과액 유량과 피드 탱크의 수온을 측정하여 기록하십시오.
	다음 공식을 사용하여 Water Flux를 계산하십시오.
	Flux in LMH = (l/m²/hr)
	Permeate flow (mL/min)*0.06
	Cassette surface(m²)
	계산한 Water Flux에 [표1]에 해당 온도별 보정계수를 곱한 후, 해당 압력값으로 나누어 단위 압력당(1psi)당 water flux 값을 구하십시오.
	두 산출 값에 큰 편차가 없는 경우, 두 값의 평균값을 모듈의 표준 Water Flux 값으로 적용하십시오.
	두 산출 값에 큰 편차가 있는 경우, 단계 2~6을 다시 반복하십시오.
	압력계 P
	압력계 P
	Hollow Fiber Cartridge User Manual
	Hollow Fiber Cartridge User Manual

	Table 1. Viscosity correction factor
	Temperature in °C when permeate flow was measured


	T (°C)
	Viscosity Correction factor
	Temperature in °C when permeate flow was measured

	T (°C)
	Viscosity Correction factor
	4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
	1.567 1.519 1.472 1.428 1.386 1.346 1.307 1.271 1.235 1.202 1.169 1.139 1.109 1.081 1.053 1.027  1  0.978 0.955 0.933 0.911
	25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45
	0.89 0.871 0.851 0.833 0.815 0.798 0.781 0.765 0.749 0.734 0.719 0.705 0.692 0.678 0.665 0.653 0.641 0.629 0.618 0.607 0.596
	Table 1.점도/온도 보정 계수
	여과액 유량 측정 시 온도


	T (°C)
	점도 보정 계수
	여과액 유량 측정 시 온도

	T (°C)
	점도 보정 계수
	4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
	1.567 1.519 1.472 1.428 1.386 1.346 1.307 1.271 1.235 1.202 1.169 1.139 1.109 1.081 1.053 1.027  1  0.978 0.955 0.933 0.911
	25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
	0.89 0.871 0.851 0.833 0.815 0.798 0.781 0.765 0.749 0.734 0.719 0.705 0.692 0.678 0.665 0.653 0.641 0.629 0.618 0.607 0.596
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	4. Integrity Test
	Ensure that the system is thoroughly cleaned and the membrane is thoroughly wetted out. Drain the system as thoroughly as possible for integrity test. This document provides two test methods, one of which may be applied according to actual operating conditions.
	1. Diffusion Flow Method
	Close the permeate valve and retentate valve, and immerse both lines under water.
	Pressurize the retentate end with compressed air to increase the inlet pressure of the system to 15 psi, then close the vent valve to maintain a positive pressure in the hollow ﬁber membrane.
	Monitor the change of pressure with time. If the pressure drop is greater than 1 psi/min, the system pipeline may have leakage. Check and tighten the pipeline, re-pressurize to 15 psi, and monitor the pressure drop again.
	After conﬁrming that the integrity of the system is good, open the permeate valve, discharge the excess water, re-pressurize to 15psi, and measure the gas flow rate at the permeate end with a graduated cylinder full of water.
	If the diffusion flow rate is less than 20ml/min/m2, it is considered that the integrity of the module is good. Release the pressure.
	If the diffusion flow rate is greater than 20ml/ min/m2, release the pressure, thoroughly wet the module again, and repeat step 1-5.
	Pressure Gauge
	Feed Tank
	Valve
	Valve
	Pressure Gauge
	Pump
	Valve
	Air Valve
	Graduated Cylinder
	Beaker

	If the diffusion flow rate is still greater than 20ml/min/m2, it is considered that the membrane may have integrity defects. Do not use it.
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	4.  무결성 테스트 (Integrity Test)
	시스템을 철저히 세척하고 멤브레인을 충분히 적시십시오. 무결성 테스트를 위해 시스템 내부의 액체를 완전히 배출해 주십시오. 본 설명서에는 두 가지 테스트 방법을 제공하며, 작업 조건에 맞게 한가지를 선택하여 적용하십시오.
	1. 확산 유량법 (Diffusion flow method)
	여과액 밸브와 농축액 밸브를 닫고, 해당 라인이 모두 물속에 잠기도록 위치해주십시오.
	농축액 측에 압축 공기를 주입하여 시스템 입구 압력을 15 psi로 설정한 후, 배기 밸브를 닫아 할로우파이버 내부의 양압 상태를 유지합니다.
	시간에 따른 압력 변화를 관찰하십시오. 압력 강하가 1psi/min 이상일 경우, 시스템 배관의 누설 여부를 점검하십시오. 배관을 점검한 후 15 psi 까지 재가압하고 압력 강하를 다시 확인하십시오.
	시스템 무결성이 정상인 것으로 확인되면, 여과액 밸브를 열어 잔류액을 배출하십시오. 이후 압력을 15psi로 재가압한 뒤, 물이 채워진 메스실린더를 이용하여 여과액 측의 가스 유량을 측정하십시오.
	확산 유량이 20 mL/min/m² 미만인 경우 모듈의 무결성이 정상인 것으로 판단하고 압력을 해제합니다.
	확산 유량이 20 mL/min/m² 이상인 경우, 압력을 해제한 후 모듈을 완전히 재습윤시키고 1~5단계를 다시 수행합니다.
	확산 유량이 여전히 20 mL/min/m²를 초과한다면 멤브레인 무결성에 결함이 발생한 것으로 판단되므로 사용하지 마십시오.
	- 10 -
	압력계 P
	압력계 P



	2.
	Pressure Retaining Method
	Close the permeate valve and retentate valve.
	Slowly pump air by a peristaltic pump at the inlet end to increase the inlet pressure of the system to 15 psi, then close the inlet valve to maintain the positive pressure in the hollow ﬁber membrane.
	Monitor the change of pressure with time. If the pressure drop is greater than 1 psi/min, the system pipeline may have leakage. Check and tighten the pipeline, re-pressurize to 15 psi, and monitor the pressure drop again.
	After conﬁrming that the integrity of the system is good, open the retentate valve and permeate valve to drain the air and water in the system.
	5. Close the retentate valve and keep the permeate valve open. Slowly pump air by the peristaltic pump at the inlet end to increase the inlet pressure of the system to 15 psi, then close the liquid inlet valve and monitor the inlet pressure drop rate.
	If the pressure drop is less than 2 psi/min, it is considered that the integrity of the module is good for use. Release the pressure.
	If the pressure drop is less than 2 psi/min, release the pressure, fully wet out the components again, and repeat steps 1-5.
	If the pressure drop is less than 2 psi/min, it is considered that the membrane may have integrity defects. Do not use it.
	2. 압력 유지법
	여과액 밸브와 농축액 밸브를 모두 닫으십시오.
	공급 측 (Inlet)으로 연동 펌프를 사용해 공기를 천천히 주입하여 시스템 입구 압력을 15 psi 까지 올리십시오. 이후 공급액 밸브를 닫아 내부를 양압 상태로 유지하십시오.
	시간 경과에 따른 압력 변화를 관찰합니다. 압력 강하가 1 psi/min을 초과하는 경우, 시스템 배관에 누설이 있을 가능성이 있습니다. 배관을 점검하고 15 psi로 재가압하여 압력 강하를 다시 측정합니다.
	시스템 무결성이 정상인 것으로 확인한 후, 여과액 밸브와 농축액 밸브를 열어 시스템 내부에 잔류하는 공기와 물을 배출하십시오.
	농축액 밸브를 닫은 상태에서 여과액 밸브를 개방하십시오. 공급 측 (Inlet)에 연동 펌프를 사용하여 공기를 천천히 주입해 15 psi 까지 상승시키십시오. 이후 Inlet 밸브를 닫고 압력 강하 속도를 관찰합니다.
	압력 강하가 2 psi/min 미만인 경우, 모듈의 무결성이 정상인 것으로 판단하고 압력을 해제합니다.
	압력 강하가 2 psi/min을 초과하는 경우, 압력을 해제하고 모듈을 충분히 재습윤시킨 후 1~5단계를 반복합니다.
	압력 강하가 여전히 2 psi/min을 초과한다면 멤브레인 무결성에 결함이 발생한 것으로 판단되므로 사용하지 마십시오.
	압력계 P
	압력계  P

	5. Preprocessing Buffer Equilibrium
	(Optional)
	The purpose of flushing hollow ﬁber membrane modules with buffer is to ensure that the pH and salt ion conditions of the system are as similar as possible to the initial state of the sample to be treated, so as to reduce membrane pollution and product loss.
	Open both the retentate valve and the permeate valve; place both the retentate line and permeate line back to the feed tank.
	Add sufﬁcient buffer to the feed tank and circulate for 5-10min. Check pH or conductivity of the ﬁltrate to ensure a similar condition to the buffer.


	5. 전처리 완충액 평영화
	(선택 사항)
	완충액으로 멤브레인을 세척하는 목적은 멤브레인의 pH 및 이온 상태를 처리할 샘플의 초기 상태와 최대한 유사하게 조정하여 멤브레인 오염 및 제품 손실을 최소화하기 위함입니다.
	여과액 밸브와 농축액 밸브를 모두 열고, 해당 라인을 모두 피드 탱크 안에 배치하십시오.
	피드 탱크 안에 충분히 완충액을 주입한 후 5~10분간 순환시키십시오. 여과액의 pH값 또는 전기전도도를 측정하여 완충액 조건과 유사한지 확인하십시오.


	6. Cleaning After Use
	The modules must be cleaned before storage and reuse. They should be flushed with buffer and/or DI water, and then washed with appropriate sanitizing agent. Under normal conditions, 0.5N NaOH may be used to circulate for 30min at 20-40°C. 300ppm NaCl may also be added to 0.5N NaOH solution if the cleaning effect is poor.

	6. 사용 후 세척 (Cleaning After Use)
	모듈은 보관 및 재사용하기 전에 반드시 세척해야 합니다.  먼저 완충액 또는 탈이온수로 플러싱한 후, 적절한 소독제를 사용하여 세척합니다. 일반적인 조건에서는 20~40°C에서 0.5 N NaOH 용액을 사용하여 30분간 순환 세척할 수 있습니다. 세척 효교과 미흡할 경우 0.5 N NaOH 용액에 300 ppm NaClO를 추가하여 사용할 수 있습니다.
	Add sufﬁcient buffer to the feed tank.
	Close the permeate valve, open the retentate valve, and place the retentate and permeate line into the waste tank.
	Start the pump slowly until the washing liquid ﬁlls the module, increase the pump speed and adjust the flow rate to 50% of the process flow rate.
	A flushing volume of greater than 20L/m2 is recommended.
	Open the permeate valve, move the retentate line into the feed tank, adjust the retentate valve to let liquid flow out of the permeate end. The recommended permeate volume is greater than 20 L/m2. Drain the liquid in the system.
	Add sufﬁcient DI water to the cleaned feed tank and repeat step 2-5.
	Add 20L/m2 sanitizing agent into the cleaned feed tank.
	Open the permeate valve and the retentate valve, and place the retentate and the permeate line into the waste tank.
	Note: Hollow fiber cartridge는 일회용 사용을 권장합니다. 본 세척 방법은 멤브레인의 성능 회복을 보장하지 않습니다. 공정에서 특수 용액 또는 시약을 사용하거나 별도의 특수 세정제를 사용하여 세척하는 경우, 호환성 문제가 발생할 수 있습니다. 사용 전 기술 엔지니어에게 문의하십시오.
	피드 탱크에 완충액을 투여하십시오.
	여과액 밸브를 닫고, 농축액 밸브는 열어둔 상태에서 해당 라인을 모두 폐기물 탱크에 배치하십시오.
	세척액이 내부에 채워질 때까지 펌프를 천천히 작동시키십시오. 이후 펌프 속도를 높여 유량을 공정 유량의 50%로 조정하십시오.
	권장 세척액 사용량은 20 L/m² 이상입니다.
	여과액 밸브를 열고 농축액 라인은 피드 탱크로 옮기십시오. 농축액 밸브를 조절하여 액채가 여과액 측으로 흐르도록 하고, 여과액 용량이  20 L/m² 이상이 되도록 유지하십시오.
	세척이 완료된 피드 탱크에 충분한 양의 탈이온수를 투입한 후, 2~5단계를 다시 반복하십시오.
	세척이 완료된 피드 탱크에 20 L/m²의 세정액을 투입하십시오.
	여과액 밸브와 농축액 밸브를 개방하고, 해당 라인을 모두 폐기물 탱크에 배치하십시오.
	Slowly start the pump until the sanitizing agent ﬁlls the system, increase the pump speed and adjust the flow rate to 100-150% of the process flow, so that 10% volume of sanitizing agent passes through the retentate and the permeate line, respectively.
	Move the retentate and permeate line into the feed tank, adjust the retentate valve so that there is liquid flowing out of the permeate end. Clean for 30min.
	Empty the system and stop the pump.
	Add sufﬁcient DI water to the cleaned feed tank, rinse the retentate and permeate line until the pH of the effluent is neutral or the conductivity is low enough.

	7. Hollow Fiber Storage
	The hollow ﬁber module may be stored in 0.1N NaOH solution. For long-term storage (1-12 months), it is recommended to be stored in a refrigerated state (4°C).
	Note: the appropriate storage of the modules ensures a wet membrane state and a effective prevention of biological pollution. Change of the storage solution once a month is highly recommended.
	세정제가 시스템 전체에 채워질 때까지 펌프를 천천히 작동시키십시오. 이후 펌프 속도를 높여 유량을 공정 유량의 100~150%로 조절하여, 10% 이상의 세정제가 여과액과 농축액 라인에 통과하도록 순환시키십시오.
	여과액 라인과 농축액 라인을 피드 탱크에 위치시킨 후, 농축액 밸브를 조절하여 여과액 측으로 액체가 흐르도록 합니다. 30분간 순환 세척하십시오.
	시스템 내부 액체를 모두 배출 한 후 펌프를 중지하십시오.
	세척된 피드 탱크에 충분한 양의 탈이온수를 투입한 후, 여과액 라인과 농축액 라인을 세척합니다. 배출액의 pH가 중성이 되거나 전도도가 충분히 낮아질 때까지 세척하십시오.

	7.  할로파이버 보관
	Hollow fiber cartridge를 사용하지 않을 때에는 0.1 N NaOH 용액에 보관하십시오. 장기간 보관(1~12개월) 시에는 모듈을 냉장 상태(4°C)에서 보관하는 것을 권장합니다.
	Note: 올바르게 보관하기 위해서는 멤브레인이 항상 습윤 상태를 유지하고 생물학적 오염이 발생하지 않도록 해야 합니다. 보관 용액은 한 달에 한 번 교체하는 것을 권장합니다.


