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Applicability of Temperature Correction Trans-membrane Pressure
as a Fouling Index of Membrane Water Treatment Process
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ABSTRACT

Temperature correction trans-membrane pressure (TC-TMP) is frequently used as a fouling index in membrane water treatment
plants. TC-TMP equation is derived based on an assumption that the total membrane resistance (i.e. the sum of the
intrinsic membrane resistance and fouling resistance) is not affected by temperature. This work verified the validity of
this assumption using microfiltration (MF) and ultrafiltration (UF) membranes with and without fouling. The foulants used
in the work were kaolin (inorganic) and humic acid (organic). The intrinsic resistances of MF and UF membranes remains
at constant values regardless of temperature change. When the same amount of foulants were accumulated on the membrane,
inorganic fouling resistance with kaolin was constant regardless of temperature change while organic fouling resistance
with humic acid decreased at higher temperatures, which means that TC-TMP cannot be used as a fouling index when
organic fouling occurs in a real field application. Since TC-TMP underestimates the amount of fouling at higher temperatures,
more attention should be necessary in the operation of membrane water treatment plant in a hotter season like summer.

Key words: temperature correction trans-membrane pressure; membrane water treatment process; fouling index; membrane
resistance
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Table 1. Specification of membranes

Classification MF UF BWRO | SWRO
Manufacture L company D company T company
Type Hollow fiber Flat sheet
Material PVDF PA
Pore size, pm 0.1 0.03 -
Salt Rejection, % - 99.7 99.75
Area, m” 1.0 0.3 0.0066 0.0066

Jole=ael2| X303 A 1= 20164 28



GAE 9 HPY AL 2esE A

Soheh AT B SER ) HRGL PES
£ A o] 24e dorithn deA glof A4
SRR A8 A9 SER U ARALE A5 %
Agre] Welrh WA 4 9]t A4t 6l
u, AEQto] Aol EASHA b 2e4E AHGI

g | 94:0] S0l uf Agte] of
Wt G nA LA Loprs] 5 AST 292
D Ape] 7}&3U(Kaolingth L] W AF F

H(Humic acid) 5 %55 AMg3te] Ao]2 Zo of
B g3 9 aigle] ofgt oo 7

2 B 9 @S &
A7) 7] 98l AFEsleithdin et al., 2009). 2+ @ A&

o] EXJL Table 29} Zrh.

Table 2. Characteristics of foulants

Classification Kaolin Humic acid
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Fig. 1. Schematics of lab-scale membrane apparatus.
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Table 3. Experimental conditions for membrane permeability tests

Classification MF | UF BWRO SWRO
Raw water Tab water Ultra pure water
Temperature, ‘C 5-40
Permeate flux, m/d 0.5-2.5 1.0-5.0 -
Feed Pressure, MPa - 1.0-3.0
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Fig. 2. The water flux and resistance in MF and UF membranes.
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Fig. 3. The water flux and resistance in BWRO and SWRO membranes.

1.28-1.32x10"” m! Ato]&2 UATF W] Yof Exslar
Ao (Fig. 2d), MF 2Rt Agghe] 30% & ¥

B HeEbiTh
Fig. 2b&} dof A} & 4= Q10| MF, UF 29 114 A
PSS, o] =] o2 Aejo] A uho] Agh
F2of whet WskR] gtk %, Fig. 2a%} cof YERt
2o W FRg0 b e B9 WA
429 stete] W AuEtal & 42 Qlrh oA =9
Axol, LERAAGY =242 2)2 2= wE ot
A gkol M3kt glok= 714 sholl A f-=5 et Fig. 2
oF o] QA=A gr2 Ao MF, UF 919] 79 2
T §Stol| Awgle] wh Aol dAsEE 2rHA
ApQF Ao @5 glo] A8 7hEsitt.

Fig. 329} c= 2445 942 AHEYS of ol
w2 BWRO, SWRO uo] ZAZ yehdch A4S
27F FAAEEE Ave A4S vehd=d, 2%
AZ=R?) ZHe hEE 099 o]AFe UERQIth MF,

flo

~

UF o}o] 7$-9} npirix 2 2o 7t ety
FE FAAY 71E717F FEAE Bae s A4
= FEsHA Holga Qlrk

T Eoﬂ e |
MF, UF 4}o] 7-9-9} =+l

2

FAT= AL A1}
7ol LpERdT. Fig. 3b
=7} 71842 BWRO,
sttt =, ewst 4
ato] T2 27)7} BejEs

ol

r}o rol H

<

o

=

1o

k1

do

2 ;sz

o~
S

©

1?%4 fika)

e

i)
[elf}
fife
>
0
o
o
2
=
@)
i)
L
2
™)
o,
mtﬂ
T

(0]
o
A,

!

<l PVDF= & H3to] ‘%“éf’&k% LA =
= Stk A8y Eeotv| =9 Y AWAHA
Z*(Coefficient of linear thermal expansmn)% 110.0x10°¢
K'o]al, PVDF: 127.8x10° K'0 2, & t} H]2:3} g+

L
1L o
2

==

Journal of Korean Society of Water and Wastewater Vol. 30, No. 1, February 2016

pp. 001-008



o—

qojat P SN 2= Ao Ed AHZAMO| &

o|RE(23]2 PVDFe| Adg AygAs7E ot o
at) o] 7hsde A-EA et

A, 3ol 245 & Hg] 0E v 35 2
7] st A dod 7hs/deltt. Fig. 3bet dof ut
=% BWRO 9] - %71 oF 26C Ao d= o
ab A gfo] oF 342% 7r4st¢lal, SWRO who] 9=
T2 W9 2= A Al AFo] oF 36.5% Hrast
AT BIS 22 2o xRk BWRO o tf®] F=o] 2}
2 SWRO 2o g7} £ Hgto] o2 o A g
HghEo] A w2 AdE UEite e & =
ATk MFe} UF o] 552 RO o tf®] 1008 o]/
7] giZof, Lo wet PVDF A1 e ko] Ay
Yol st et &= A7) Wt ds A F4
AL & e Qo

o

3.2 20 WE TE XMt Hat

318NN A=A 2 Al o] AdgS 2o
WA kol HAARYA] A8l 2A17F gle

o 4o
)
Mo
o
o
)
1o
2
HT
It
N
N
!

o ook
o
ol
&
tlo w
ir
ok
).
r
o it
i
o
o)
=
2,
rlr

o
o

1o
o do

3 Age] wstol thajA chE A} gk
e A WskE B S8
] /\]

=

4
NoE g &

2,
L oo

©
ot >
Ko o ol

=

My

Mo
1=}

o =
o
Jo

(i3

o

i)

filo
©
op
:?i=

o

1=}

to
o2
>,
4
rE
=
aul
)
2
o
rr
to
of
it
=
1o

Mo
tio
>

it >
5
I

2 o i

o i
g f2 oK
o

N
=

Lo

4

>
=
oo
gt
ox
2
2
it o

e S

)
2

L g}
T 1

— U
o_,>: el
=2
to
ulss
fto
N
ol
ok
rir
pauy
o

_O‘
N
o 2
Y
)
o
i)
[\e]
=
0
ot
Rz}
2
[\e]
o0
o
=
>
>
o

2

% 9 N
2 xR
R

o H
d

Fola, AR Aol B

Fe o) = 27] 2% diH] 10 kPa
e dE TR

o] 79 =& 3,000 ppmo] LS A}

_l

ox X X e omo U oo 4 mo pm i
lo
o2 4
>,

ofr o o

o,
o,
o

.

\y
P

lo i
lo
02

gatglon, 94 A Yl 729 ke FAL 9]
S8 wHH7) 5 AHEERATE S A 15 midRE oF 455
7heF 2% Ak 271219} 16 kPaol| A 26 kPa71A] 10
kPa A5A17 & AP Fa3IA o] ) wAge
100107 ' o 4] 1.63x102 mi' ©. 2 oF 1.63u) A58lSic)

FEAl L Ae] A9 FE= 1,000 ppm o] Yo A
= APt on, Seie 7 o Ade AT
o} SAsHA 1.5 mdz2 AePshc). oF 4587 A3t
A 27] A2 As3HA ghot FrHite] w=E 3H)
T7HAA Lddde AYsHH ed9SEs dEG
S7Fsto] 1o oF 1 kPa A= J5da skt

Yot 2AG=(10 kPa A5)7HA] wol] A2 2
2 295 77l flsiA= 100 L 7o) dg A
2o Axsto] wprigo] FYsjFFoiof sht, MF
are] B9 59 frlEs A A7Ashke A2 ofY

B|)1

[e]
7ol a5 f718 FES 2ol A4 AL

U =7)e] o) F= 2 B we] @44 ieke
ol £AI7F vkl ddE o] YA dedas 3
ot AR5 THJung et al., 2002).

FHA o A Ay 27 A 15 kPaojlA 25
kPa7}A] 10 kPa 54171 ¥ A& FEsI3oH, °]
o 23S 0.97x10" m'ofA] 1.71x10” m'o = of
L77Hi 2 /F<53H 3Tt

T A GA Beg AYE 29l

EE2e FIAA J3sich Fig 4a9t ¢

5
M 12
2,

flr m
fo I
D 4>
L

N o o >
(e
0
fu
>
oo
e
o
i=)
o
)
=2
k=)
(i
Y
s

>
2

=)
2
lo
o2
=
1o
11
ofN FU)T& fr i
= o 2
25z
2 :{8)3 ﬂllo E
I N
E—jm
D )
r gogrs =
fo o r,lj
o2 o = m;
W g BT
N

i)
w
)
W
=2
=)
0
"
rg
_>|:
>
jud)
B=)
=)
Id
i)
2
9%'
o

o
P

Ftukzs Aol vssHA Setily
dch =3, 94 71EE 712 o
AgFo] 1.63x10” m' 742 F7FA gk,
gt Fg AdolA ditge] sh&do o]
Aol 1.00-1.13x10" mH o= 7kAast AL o 4=

il

A

—_

cch|

=2
2

A 2

M oo
M

o fr

—

CHFig. 4b). 7H2 W 0 A% el W AH B4
o ot AFLY WAL AAL, 2ol W vt
o Wk AFH S FASA e stk &
PO Qs Lo MF uhe] o A3 Swo] met
Mt grrha ¥ 4 Gtk Fig. 2bef eRgel
MF Bto] 1§ Ahe LEe] FHst, ewe o
o At F71Be]7] wpie] 7H&Y e.gute] o Hg
© Lol R AW ke 4 golet 22

P ook

o oo M 30 12 ob T ox % ul 32 |

N
-

ek

Jole=ael2| X303 A 1= 20164 28



o oTY! J\
30 20 ©
S
25 | e 5
— 20 I~ . ‘o_ao +
3 T=15.9°C -
£ = [ ¢
x5 wropipc | 8§10 * + *
i 3
10 | A T=239°C 2
& 05
X 1229.0°C
05
X 1=233.0°C
0.0 L L : . 0.0 L L L L
0.00 0.10 0.20 0.30 040 0.50 10 15 20 25 30 35
Trans membrane pressure (bar) Temperature (°C)
(a) The water flux in kaolin-fouled MF membrane (b) The hydraulic resistance in kaolin-fouled MF membrane
3.0 20
25 ‘ .
=1 | ¢ s ’
€ 15 *
- 20 o ‘
T * 1=71°C S
~ 15 | 010 F
% ®1-123C 2
4 ©
w -
10 A 7218.8°C 2
v 05
X 1=23.7°C ®
05 f
X 1=296°C
0.0 ‘ ‘ : : ‘ - 0.0 : : : : : .
000 010 020 030 040 050 060 070 0 5 10 15 20 25 30 35
Trans membrane pressure (bar) Temperature (°C)

(c) The water flux in humic acid-fouled MF membrane (d) The hydraulic resistance in humic acid-fouled MF membrane
Fig. 4. The water flux and resistance in fouled MF membranes.

Fig 40 FU4F 0Qubo] uf 49k Uehiich 7h B AAASE 27 9.9%, 34.3% ZABTh S A
ST = g9 s B AN Fuik odS ol WE AR FaE0.9%) HAAAT Has
o] gej7p wol WAstA] ¢ A& & 4 AUtHFY (34.3%) ] FAS 4= §le A7|olaL, o] ik o
Ab 2 AE A5 wpAge] 1.71x10° m! o], & =9 T AFY Hgo] =oAW B AH o=
S8 AY A AT W7t 1.50-1.67x10"7 m! 0] 9] oA ElthFig. 4de] 3¢ w-&9 T AF9 Hl&2 A
L), Bu|EAE 4220] 12.3°Co)|A] 29.6°CE A58t Al g Ao} 35.3-41.9% ).

AL o Aol LeTx102 mlol A L50x102 m!  up o] Lol wel Wk @ped, volz)
o A ZolEE AWE BYTh $20 TCY S ZUECIY AEHE LEBAA (4 2)
WO uh AL 157x107 mlo® AR WelAw, & A vehii I Amet 2 5 gick 7|
ol 259 g, AuiA Fo& gk A expd = HAAY A1 2 AFs(stE) Al 9 Aol §
7Fs/dol 71 wZell FalAr e dute] e v A5} g(ds)ths d4E BHYsHA o] "ol &%
Ao LETl FARRE Past 4TS BAGE A Adle 1R Hagslea, £ sk Al
s Alo] F53| 7FHsstth 71 % Jin et al., 2009)°] = Y-S dE7Rig & 4 itk

w2, dhof] HARE Fulibo] o3t A g =9 YT, SEEAYAE thAE 4= 9= ik
Z7bol wheh st A Ry, ok Fig 4 FOUR SAL o AFS horoR YzsE 4 9
o) a43} YATT B 4 olek AFHoT Bae) ook AR uAe SYsel YAASR Ui
W, 2o 23CoM 06C2 A% A o AR oA ol Hid, LERAAIIE o) 4§

7 ——

Journal of Korean Society of Water and Wastewater Vol. 30, No. 1, February 2016



gol2t Fr2i2| SYOIM 2EEYAY Aol e ARZM| 2EY H4E

225 501, A
ANME= B A A
9»1]\

o 2, $7]

et
upol ) Y4A ] S| A
DAL o] A I e e
oh whE, A8 EE SEet SHE] ALgH
£ BWRO9} SWRO Bhe] 11§42 o] 713
4% sty 0§37t 348 420
33 Wst 9Fo| 27] Yroz FHHh

eeo] SAH MF 2o AFgE o] 2
Fe o2 e £7123e 9

B9 e ool uet A
17.3°C 4% Al 9.9% ZH4)e 1.9
SRR 49 fEBF

2 Sy AER ALE
sl AL @yl we
©go] ghs| AL 92

=]

oo
h)
I
=
©
S

S
1o

.

R=
e
2 O off
)
fr e 50
ro
=2

ek

¢

N
o n
o o®
2
1o

o>
B

E

»

v B
£,
v

do & o
o
ot
tlo
Jo

N,

o S0 o a
)
ol
o
=2
fr
rfo

f
_?l’,
N
2

(o9
N
£ o
Sl
2

=
o
o
N
t
Hu
s
rlo
H1
HT
oX
_>'4_1‘

Z)

& AREStE A2 dUd dAoA EH EFGSHA]

AT & 4 9lh LERAANG AR HE Lx

A Ao mheale Tagslsta, L= sk Ao
37

References

Belfort R., Robert H.D., and Andrew L.Z. (1994) Review:The
behavior of suspensions and macromolecular solution in
crossflow microfiltration, Journal of Membrane Science,
Vol. 96: 1-58.

Carroll, D. (1970) Clay minerals: a guide to their X-ray
identification, The Geological Society of America, INC,
Colorado

Cha, D., Park, H., Kim, S., Lim, J.L., Kang, S., and Kim,
C.H. (2012) A statistical approach to analyze factors
affecting silt density index, Desal. Water Treat., 45, 276-283.

Daejung chemicals & metals webpage, http://www.daejungchem.
co.kr

Glater, J., Hong, S.K., and Elimelech, M. (1994) The search
for a chlorine-resistant reverse osmosis membrane,
Desalination, 95, 325-345.

HF scientific webpage, http://www.hfscientific.com

Jung, C.W., Han, S.W. and Kang, L.S. (2002) Charateristic
of organic substances adsorption onto membrane materials,
Journal of Korean Society of Environmental Engineers,
Vol.24, No.8, 1339-1348.

Jin, X, Jawor, A., Kim, S., and Hoek, Eric M.V. (2009) Effects
of feed water temperature on separation performance and
organic fouling of brackish water RO membranes,
Desalination, 239, 346-359.

Kim, S., Kim, C.H., Kang, S.H. and Lim, J.L. (2010) Long
term operation of microfiltration as a pretreatment for
seawater reverse osmosis processes, Journal of Korean
Society of Water and Wastewater, Vol. 24, No.6, 735-741.

Kim, M., Kim, M., Park, B. and Kim, S. (2014) Changes in
characteristics of polyamide reverse osmosis membrane
due to chlorine attack, Desal. Water Treat., doi:
10.1080/19443994.2014.912161

Potts, D.E., Ahlert R.C., and Wang S.S. (1981) A critical review
of fouling of reverse osmosis membranes, Desalination,
36, 235-264.

Sharma, R.R. (2005) Temperatue effects on transport of water,

Tt 2L oEAHo L 1k NAHQ V|Fo] He &xH charged, and uncharged solutes across polymeric thin film
Azt 712S & o 7otEA A 59 Lo composite nanofiltration membranes: an investigation into
1 5}, pore-transport mechanism s and electrokinetic properties,
A Dissertation Presented to the Faculty of The Department
of Civil and Environmental Engineering University of
7=I- Al-(_)_ | % Houston.
Shimadzu webpage, http://www.shimadzu.com
o] =Ho HAYsty AEF0)s4¢IH](20141) Toray chemical webpage, http://www.toray-tck.com
o ol5le] ALE YL YSI webpage, http://www.ysi.com
8

Jole=ael2| X303 A 1= 20164 28





