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Characteristics of Membrane Permeability on the Separation

of Solid in a Liquid Livestock Manure

Hwang Myoung-Goo, Cha Gi-Cheol, Lee Myung-Gyu*
Dept. of Environ. Engineering, Yonsei Univ. 234 Maeji HeungUb Wonju, KOREA 220-710

Summary

A lab-scale MF membrane reactor was installed to investigate the membrane permeability,
characteristics of membrane fouling at each conditions, and quality of permeate (liquid livestock
manure) in the separation of solid-matters using membrane. Experiment was divided three
filiration type such as follows; continuous filtration, gravity ﬁhratior_l, and intermittent filtration.
As a result of experiment, flux 1 LMH was maintained for 7days, and trans-membrane
pressure(TMP) was increased gradually under 10cmHg, but it was increased immediately after
10cmtg, respectively. However, the flux was increased, the Tmax was decreased exponential
more and more. During the pure-flux test, most of the fouling of membrane was reversible. At
the gravity filtration, permeate could be obtained as 1.75 LMH for 3.5days without any other
electronic pressure. As an investigation of membrane surface, this study could be decided that the
reason of fouling at the lower flux (Run | and 2) was attached matters in membrane surface, but
at the higher flux (Run 4-6) was concentration polarization.

(Key words : Concentration polarization, Flux, Fouling, Membrane, Permeate, TMP)
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Table 1. Description of membrane

Type Hollow fiber
Material Polyethylene
Avg. pore size( pem) 0.4
Effective area(m’) 0.21
Strands 1248
Diameter (mm) (0.29in. / 0.41ex.
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Table 2. General condition for experiment

Runl | Run2 | Run3 | Run4 | Run3 | Runé |Run7*| Run8 ! Run9 | Runl®
Flux (I/m*hr, LMH) 1 2 3 7 10 1.75 4 4 4
Circulation rate (I/min} 8
Reactor volume (L} 15
Temperature () 30
. . . intermittent {on/off)
Filtration type {min} continuous
82 | an | 21
* Gravity Filtration test.
Zte] Aol WE oi54e @@dux Fig. 2¢] Z+zte] Flux 1~10LMH i 3}o]
it e ofakgtEel Wage] disf Jepdch
ghg- 9]

22¥ W0TE FAstd oo,
of 274 Smme] 4 P4EAT

8 LPM (L/min)2 & w5
G aldielA stdEde s A FAbsgich
I8

A4 Fhso YFWHE selar] 98
o] pH, Electronic conductivity, TS, VS, COD,
TKN, NHs =N, NO2-N, NO:-N, Acetic acid,
Propionic acid, lso-butyle acid, n-butyle acid
5L 243yl 248 lon chromatography,
Gas chromatography, Conductimeter, pH- meter
2o 71712 Argaglon, 3 9
&4 A ¥ ¥(Standard method)"el] u}z} 218 g

ottt

& <
$Ee

N
]
b=
ol
S

Runl (ILMH)2] 9 A7 6477 vl
H Aggeler & 4 2= 10cmHg o] 8ol A
A A=A L= HE = 0.1cmHgol
Al 10cmHg7 R gdled ¢F 6do] A9
dhd 0 10emHge| 4] 20emHg7l =] A5 3l=H)|
¥ 0742 ool
10cmHg o} 4FEe 43
ol 4 91200 Run 29} Run 3¢
Zrzk oF 0793 0592 FA7HE o
ot FaREo] 5 ol idbe A= oF 1547
o] ghagte] g T e o] Yol

Fig. 3ol Run 1-~672]¢9] A&odnl 2o
H# Toae®] BEE et Toos 71749

AZEE ek

LN
jg"s‘o oy

ot
oal oo w4
o o e

Fabggol thstedl Ewjgteie] Arysiel o
A% FAHES sUey] oleig WA e
2471708 vt Aow Aug a9 Fel

SNaly

2 AGoA BhfEo] F7H85% A
A Q
4

FUNE Tow?} 7+

4y 8 or
o
4
3

%,
22
I

Fig. 4= £4{4%2 Adstza & 49
o mEAE Yo o gl stohd
T 2ed Ao §ye] AHEFE 2o d T
WAL Hags dHE Frhstes A4S ¢
= glon, Aa 2 Ston/dayS Ho|d AL
ILMHel A& 208m’7} 2 &% v I0LMH=
2 Fe 20m'7t Aagc of A &7
eel o9k A 28.5& v &o] 108 F

—178—



BT F o Hdue meie glolA Helote] £i54y
Flux 1 Flux 2 Flux 3 Flux 5~10
Iayd
/ 50
10 |
|
4 40
8 L
_ 130 2
I 6 | B
5 —a— Tmp 1 ’c'a.“
E W flux 1 20 t:D':
w 4 r -
2 ¢ j 110
2 Paamamm -:(- :
0 . T N - O L AP 0
0 2 4 6
Time (day)
Fig. 2. Variation of flux and TMP.
10 & 4500
9 | L .
8 r 2 ;ggg | = Ston/day
7L m E 3000 | o t0ton/day
% 6t E 2500 | a SCton/day
S st D 2000 | a4 e  100ton/day
g 4t 5 1500 | .
= o .
L 1000 & .
; g 500 | A a Tt e,
2 F 2 ] A 4 L 2 0
11 = oL " 8 8 o s o s & 44
0 0 e = = 0 5 10
0 5 10 15 Flux (LMH)
Flux {LMH)
Fig. 4. Needed membrane area for treat-
Fig. 3. Influence of flux on the Tmax. ment of the critical flow rate,
VoA " e Yuisiy, whEe] s ol A 49,000mg/L7LR], 46,3004 65,540mg/L
& ERE A ol Mg £RRE AA wex Ul FERAAD, A TS ¥
of Aol Qloja #HAHe] 2AL FHed F 0 =o] ©b2 Tmax WHEE %}31—4 A3} Fig. 6
= £

M 33lel A wE 2AsACKFe. 3). A
A TS7F flux 28 3oA zZ+z} 46,900mg/L

I} Ze HIAE LS F Udnh oA T
Mgzl REHE HHo FEI4E ulg B
G4 FE w2 717t

=179



0.9

08 F

07t

Tmax

05 |

04 r

0.3

086

EapAEBEERA] e @3 R

4 B0
Flux 2 Flux 3
450
3 -
= 40 E
= D
= 2 30 =
(L 20 =
1 4
¢ 10
<
8
4} @ 0

0.0 05 1.0 1.5

2.0 25 30 35

Time (day)

Fig. 5. Variation of flux and TMP at Run 2, 3.

R’=0.9972

R’=0.9583

45000 50000 55000 60000 65000 70000
TS (mgil)

Fig. 6. Relationship between TS and Tnax

Resistance {m-1)

Fig

1000000

— 00—,

800000

600000

400000

200000 |

0 1 1 1 1 1
1H14 11/21 11/28 12/5 1212 12119

. 7. Variation of filtration resistance at
pure-flux test.

2. 9t9| 24532 S4 (Pure-flux test)

Fig. 701 & A14% &+
we]l  FeonAge el
(Filtration resistance)”®2- T}-2 2]
ZEEHY, 2 AN
AA) weds 3
AT G
794 99 A=t 7t
T AdEEe] JeE

*
4m
X

>,
n%
o

2
B

Lo %

N
-

>
=
e H

A jo I oy 3 o

)
2,

on rir o
ok

A
okl
[Sid
AU

i
)
ko

=,

s
d,
<
o
.z

,uR;
o £ oog
k)

k)
o 30 o @ 8 o fu

o
i3
Jm
o
i
S
1
)
o
e
ol
ol
o
ER
r% do o
I
M o
fo o2
oR &
1o,

£
4 3
A
rir i
e ;>1.1
; o
BeR
ro o
)
ot

1]
i
jelh
Joogo

re, A
i)
>

- 25 ®

o7l R : wte] F#HAFE (m™), P TMP
(Pa), g : FH79 FE (cP), !

L3424 (m'/m/day)

3. 2t S EEM (Continuous filtration)

-180-



.;;ig

WO W B RN |1.\.H MLJ__omerz.ao
LRI cIEY i o.TW = RN e g o _1,1#_“
GE o~ [1) ,_L_./.: - pil
B ﬂv@ﬂﬂﬂ,& = MoEe ool 35 oo T F IR
.Ll._lﬁ..yl ..m_l —— il|
TB L 0T o ool S = TRy, U
LT I I ” Zrw a0 M
= I Mo P00 oy = - 1.301,0
gmsi_mwﬁﬂwmt = CEL BT s B
G 1 ) F= oF o 9 o o 4 0=
T < = i oF M e = A < 5 qr el om oy 33 o W
= & o = o % T ofF = o — it} oW =
JI;.TMM lum.LvalO 0\_15.‘@ w = ._HMLMMWH@ e aawubu.ld.,. gt
~ o o o7 0o, — "
TEE Tpgzet PE o Faotizesw
ST AT S wT g U -
- — —_— — = . = . —_—
FeaTIFTaRE . # grpazirees
S 2 F W ow LA 3 ST < T oy NN o Mo
‘A‘.fllua .lr..*OwU \__\_O_..‘A e
R — e N e Bl T o G oo 0 e = 1)
F_ERS__o®E® g @Bt 2 e M
Y LR DT ® WA 4 o i Qm»ﬂ“/‘aa./,&_
W F T DT W R W s W WR TR A
WA F em ek F R AW A WA T %
i T I e E_ETmmEﬂbtmﬁ %ﬂ
- i~ 3 oc NI yi] T
%%o]m_mﬁmwmﬂw#ﬂ%g,rm_.,mﬂibtm,.,mmmﬂ . X o
W " Mo om oo W =0 e S 2
ERRI S %ﬂa&ﬂ%ﬂﬁmﬁ&ﬂdﬂ 2 T o
) ; —y T o © — o
- oy I ® . _ o b M S0 gn T 21 O . 5 W oA
Bl eee AT 2wl Ewd 2 o
e J e F = T au LN @ KO m o X
= & B T B o o =
I L ol B S AR e W = o &
W _ T o de BTty L _ PR % yx
Wr _Togimwm’ gratTlas 5 oo
1Jl < .‘% .Wv\_ ﬁ.._. ia vl il . .|r1_ ke D_.E ‘Iﬁﬂ .muh ° i t G oF
== iz o= 0¥ g PR om 2 M‘# i AR ~ = oA
W ™ B = o B o W MoEn e = ) P BT
— 3 o o MR e _ < o B3 = °
T = IR 8 - T T - HE A.m_u = J\_ —_ E_ﬂ !
D A S N R i SO S e
o = C "oy |, o " g i o5 T Ho 1 o £} i 1
o = ,ﬂ.A_o_._Hm‘_mﬁ_m_ %E_yurMi,namJ. & o a
gnr%mdw»owmlAN_f% TALYT o W S o
' T - 0 @ ..OI ..O| o o
e} ]
xS magagdrwrTe o rtesawer O ome
WEH S BT A T WY W BT < clo

(©)
Fig. 8. Picture of membrane surface (a) after chemical cleaning, (b) end of Run 2, (c)

—181-

end of Run 4.



HAAARFGHA A 6 W3 &

2.0 10
E ll.l......ll.......l.....—.-\
18
15} el
— \ =
I w ¢
=2 10 —ee TMP ‘- T
- —m— flux \ [2)
x 14 =3
=] T
i - &
o5t ~
12
OOCMMW‘O

CO0 05 10 15 20 25 30 35 40 45

Time (day)

Fig. 9. Characteristics of flux and TMP at
the gravity filtration.

Fold wit7) WRoleh ARETHEST 5,
2000).

Table 3o 2% At 2 FHFE

34,000mg/Lo) o, Ba)A,
A Zdd] 2]% SCODE o 28,500mg/lLZ 2

aug FuHd Aoel dypel F34 - B

2oy nAdYatR HAdE Aoz AR
ool % A wel el AHAHH

o
mgl7b7 ¥Fde AL HF T & Aok
3

1S9 A z27] A%
o

L}
3l
%
<
[#5]
fhil
r.l
i
2
lo
I
X ode

)
wnh
<
&
oXl
H1
]
X
o
)
o
frtl
-4

¢+ agm

By

o
LJE-
ta ox ¥
|o
f
2o e
OEO Q_);_‘ _‘;i

£ 2

tio T
filo
H
o
1)
ki
30
ri
pack
o 4
it
>
[t
i
e . o
i)
1o

L

rt

o,

5 - . —
8/2 min 4/1 min 211 min
4 ~l.I4—-I-I--II‘UM"'I'-——II-.\ '--I-_-.‘ s} b 60
- a b -
é 3 d o om %
= —o—TMP c(/ c! 1% §
! _
E 21 —=—fux b J o/ -
d / d20 ~
14 (/ )
00-02-0=% 00/ o
O+ T : : T 0
¢ 100 200 300 400
Time {min)

Fig. 10. Effect of intermittent filtration on
the permeability.

Table 3. Overall variation of concentration

Raw Permeate
TCOD,, | 34,260 9,848
SCODcer | 28,500
TS 42,160 14,700
Vs 20,480 9,750
pH 8.72 3.68
EC (mS}) 214 204
T-N 6,200 31950
NHs -N 1,281 1,254
N N0, N 19 20
b | NOsN 27 26
T-P 967 106
PO, 527 67
As 1.27 0.50
Cd 0.02 0.00
Cd 0.16 0.05
Heavy Cr 0.40 0.15
matal Cu 23 0.17
Ni 0.72 0.22
Pb 0.62 0.28
Zn 65 0.80
F 42 N-T
SO 460 N-T
Cl 1,497 N-T
Salt Mg 58 1.74
Ca 470 35
Na 600 537
K 2,755 2,636
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