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Abstract

A lab-scale Reverse Osmosis(RO) membrane reactor was installed to investigate the
membrane permeability, characteristics of membrane fouling at each conditions, and
performance of elimination at different trans—membrane pressure(TMP) in the liquid fertilizer
accumulated system. Experimental setup was divided to three different TMP conditions. As a
result of experiment, permeability of RO membrane was proportional to the increase of TMP and
temperature. After experiment was completed, two types chemical cleaning(remove the organic
foutant and inorganic foulant) was done, and recover rate of permeability was each 99.8, 99.7
and 99.7%, respectively. From this experimental data, membrane fouling could be determined
that the most of it was recoverable in this system, and major reason of fouling was
concentration polarization. Elimination rate of solute substance in the liquid fertilizer indicated
very stable{above 99%), except ammonia nitrogen, and the most stabie elimination rate was
investigated at the highest TMP condition (Run 3).
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Fig. 1. Schematic diagram of iab-scale RO membrane system for accurmulating the

liquid fertilizer
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Table 1. Specifications of RO membrane used in experiment

He g 13de @z xade R}
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Table 1o] HYef A18-¢ 45 ute] Aloke 1}
Ebdich d¥o] ALSE we JAFe o Hitsgt
o8 AL Felolnjol=g Ao 9oy, &
WA 1276m’e] ROTHE A3t

Parameters Specifications

Types Spiral wound
Material Polyamide
Effective area (m?) 12.76

General Salt elimination rate (Cl) 0.9

Maximum operating Temperature () 45

Maximum operating pressure (bar) 50

Maximum salt concentration {(mg/L) 20,000
Table 2. Compositions of raw and TAQ treated sample

Raw garbage-wasted TAO treated MF treated

COD (mg/L) 78,305 26,353 11,088
TS (mg/L) 250,000 46,900 20,900
VS (mg/L) 163,400 17,300 10,960
pH 55 84 96
NH,™-N (mg/L) 1,742 2260 1241
T-N (mg/L) 8,240 3336 1,590
PO-P (mg/L) 886 395 200.5
T-P (mg/L) 916 571

VFA (mg/L) 5,103 0-150 150

All values are average.
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Table 20} A8l AMS-E Zzte] @A Wi
A49d9 2A4& el A HA @4 TAO
A& B3t Hz: FHE 287 CODe <
66%H =7t AAHUYL, MF system®& F§ 1L
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el B Ay 38 Muiddl MPA e 9 9
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2. MEYY

Table 30 & g9 $H2HE Vebdoh +3
& 2+¥ 73} (trans-membrane pressure, TMP)£&
2k} 20, 30, 40barg upito] olo] wg Fiajf-&
(flux)e] Wl zhzte] o] iy WAl E
(elimination ability)g #&3l%ic}

Table 3. General operating conditions
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£) 58 A ¥ 9r1AA9 M2 Hisly
e dEAE AASAG. HAHA pHE o 39
A 5Akelgal, /718 A A Aldle of 85~12 Alo]

Factors Run 1 Run 2 Run 3
Vessel volume (L) 20
TMP (bar) 20 30 40
Temperature () 25-35
Circulating rate (L/min) 14
Flux (L/m"/hr) 0.2-24 0.24.9 1.5-8.8
16
14 -
12
=~ 10}
'§ |
g 8 J = 0.4807 [TMP)
- [ u
= 6L R" = 0.996
2 |
=Ll
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0 > 1 i A ) A X > 1 - A "
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Fig. 2. Vanations of fiux with change of TMP
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Fig. 3. (a)variations of temperature and fiux during time course, and (blcomparison of calculated value with

experimental data
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Fig. 4. Vanations of fiux at each Run.
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Fig. 7. Vanations of conductivity during time course.
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Table 4. Overall performance of MF treated, accumulated and permeated kiguid at each Run,

MF treated Accumulated Permeate Elimination rate
(average) (%)
Runl | Run? | Runl [Runl | Run2 i Run3| Runl | Run2 | Rund |Runl|{Run2| Run3
45-314 | 25-195 | 20-60
COD,, (mg/L) 11500 | 10945 | 10820 | 22200 | 26900 | 30700 (126.0) | (67.71) @) 91 | 97 | 999
Protein (mg/L) 1666.7|1602.7{1488.6(5312.5/4397.5[5409.6| O 0 0 100 | 100 | 100
Polysaccharide (mg/L)11314.4|1402.7{1212.3/3617.9/4021.613577.7] 0 0 0 100 | 100 | 100
TS (mg/L) 20900( - - |45590] - - ¢ - - 100 - -
V5 (mg/L) 10960 - - 1210907 - - 0 - - 100
pH 96 | 95 | 96 | 89 | 88 | 87 | 8583 | 89-87 | 8280 -
05521 0.2-38 | 03-13
, . X . .3 ¥ X X .
EC (mS) 197 | 172 | 204 | 441 | 30 534 20) (L5) 0 944 | 96.6 | 982
8.3-84.21 0305 0-5.8 S
. . . . 2 5 , . . ,
POS-P (mg/L) 2005 | 336.6 | 404.2 | 1256 |2667.5!1840.6 G11) | (183) (14) 91.0 { 991 | 99
. ‘ 31482 204-200.4 8.4-70.3
Cl (mg/L) 2287.6(1998.4|2203.8|6161.8)7756.4|7421.9 a612) | (713) (207 9%.8 | 988 | 9.5
. , . 60.7-50150.4-361.4 204-89.8!
TKN (mg/L) 1590.71448.611771.413107.613667.7|3820.9 B196) | (2186) | (41.4) 840 | 911 | 989
R 43.3-424118.2-269.1] 7.5-64.1
- 5
NHy'-N (mg/L) 1241.6(1194.7{1368.1{2829.9{3105.413337.0 269 | 132 302) 851 | 90.1 | 985
NO;-N (mg/L) ig
NOy-N (mg/L) ig
- 60.7-50130.4-361.420.4-89.8
T-N (mg/L) 1590.7{1448.6(1771.4|3107.6 | 3667.7 (3196) | (2186) | @149) 84.0 | 91.1 | 989
aceticacid {1044 | 899 | 0 0 13194 | 2144 0 0 0 100 | 100 | 100
VEA propionic acid N.D
(mg/L) - :
n-butylic acid N.D

() average of experimental data
N.D. ; not defined
ig. ; ignorable (< 1mg/L)

TAFBAHE A3 e 60mgCODL/L °lst
8 ez F5o g8l 7hed ¥ ot 4
Al Run 3¢9} Z¥€ A 33 AN ZF F5
9 AHgol 7Hsd

g ol v 2 AYIHA ¢
430 77t ¢} 1700 mgProtein/Lz} 1300
mgPolysaccharide/L7} E#Eo| Ao, o
B A% difE 2 BT & 728 33
o] RO} F& SAujA7} o] FojHt. Rt o}
Ye} TS(Total solid)eh #& mlfAt #A] huw)
A7} o] FoiFch

HA7lAese] AY 27 459 BIFS &
95 mSPER o, FhFe FUXA B 3
& 201, 146, 0.74 mS2] gh-& Jehfo] 95~98%

o WiAALE e ¥ A3 MFA:
dof HH 2100mg/LAE7}F XA ey,
ROZE %58 %A= WALEE de 4+ ¢
2 9% 4 YA

Hlg o] Ahgo] lojd FE 47 He A9
A% 95 Fol o 320 mg/LAEY QBHY
(POZ-P)o] EAste Aol BEEHY oW, ROFE
8 9% ol4d(Run 142)9] £& WAEE &
+ A%tk v Ao B9 EARY) w4
ol WiAEEE BFY 5 AUk 20barz A
€ Run 12] 3% $2AL(T-N) wjAl&o] o 85.1%
AT g8 2P vl o A= WA
€ 3¢ 9d 40bar® $HE Run 39 A4 9
WHAEE ) =L ALES 4 F AN



168 sois - wus - oldd - mols

Joumal of Korean Society on Water Quality
Vol. 18 No. 2, pp. 159-168, 2002

H, 71e} GEoMx wA gl 1014 Run 37} 7}
4 Ee MAEEE Hole A& BEY + U
o}.

2 &

S 78 Agugsiel glold ROZYE A
£33 dAgvgd ¥4 Foe Fogs Pt
€& T A%7 95t lab-scaled] RO A|2RE ¥
& 1 FREANL FeEAE HEHY dEn ¢
< 2EE 9

1 Zzte] HY FEF FHTE 014 g3
AR g3ty A48 B¢ 99 ¢5FH4F 3E
&8 7127 97 ~98%E Vel on, TAO%S
£ o] §3lo] A4t dule] ROGE FF ¥l
UM Hede Ry HAFE Fal) HEo] 7}
¢ 793 g AIUE

2. 999 27 gEFE(CT 71€)S HE oF 2100
mg/L How, 4¥dn g ROY %3§g 9
3 HAWE TMPE o 135 bar2 A, Q0] 71|
I e AEgeg ROY #4-F(housing)olrt
HE5eo FAo Hdof ojr s oo} &
[0l

3. 52 ¢¥ez AAANY 8 yAsHe Ut
slg.en, 40bare] GEog FHEH AS Q8 4
Yol vl ¥ AAHAEE BAY

4. RO%te] 2718 3 MFA 9 $52 234
7hx) Ags APHe AL /AL + Ao,
o o] o @it FHAFIAMHAME ¥
SEIERoR 3y Biasd EHF:E ¥
A Z7veh

Ab A

B A7 49 2001dE FAY f4837)E
MEARE S AR BK21 A-7u] Al 3 4
SR, ojd FALEHU.

Angs

L §73%, 839A (1998).

2. o, ol¥Y, HEAYR ST g o)8F &
Bk %M. @FFIANLEARY. Al
64, A 3&. 169~174 (2000).

3. 7, 2714, o], FEYulY DA E 2ol
AAM Felwte FAEA, FIHMA LB
&3, Al 63, A 3%, 175-184(2000).

4. APHA, AWWA, WPCF, Standard Methods for
the cxamination of water and wastewater(17th
edit.), Washington D.C, USA(1989).

5. RmEC, BEOBEMEREICEITS BREE
B o] BiRer S ERE ARRBESE F
204, # 45, 233-237(1997).

6. Xia Huang, Rui Liu, Yi Qian, Behavior of
soluble microbial products in a membrane
bioreactor, Process Biochem. 36, 401-406(2000).

7. 897, A4, HelY, G RYeHA #
AollA Z7)-F84 2 UG BE {718
i 54 o 834 HEWIE] 2 B3
fr&d vixle 9%, U FA Fed
F.3), 127-130(2000).

8. W. 5 Winston Ho and KK. Sirkar(eds.),
Membrane Handbook, VanNonstrand Reinhold.
N.Y, US.A(1992).



