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A comparative study of dyeing wastewater treatment capability
for Aerobic Packed/Fluidized-Bed and Moving Media Complete
Mixing Activated Sludge system

Hong-Tae Kim and Gyu-Chang Kim
Dept. of Civil Eng., Kyungpook National University
(Manuscript received 1 June, 1999)

This study was conducted to evaluate capability of dyeing wastewater treatment for 3 type reactors. These
reactors were Packed Bed Reactor(PBR), Fluidized Bed reactor(FBR) and Moving Media Complete Mixing
Activated Sludge reactor(MMCMAS). Experiments of PBR and FBR were performed by various packing ratios
and organic loading rates, experiments of MMCMAS were performed by various organic loading rates

In order to obtain SBODs removal efficiencies of more than 90%, the F/Mv ratios of PBR, FBR, MMCMAS
were 0.11 kgBOD/kgMLVSS+d, 0.12 kgBOD/kgMLVSS-d, and 0.37 kgBOD/kgMLVSS-d, respectively. So
MMCMAS system which has more active microorganisms showed better capability of organic removal and also
stronger dynamic and shock loadings than those of PBR and FBR.

In PBR and FBR, the media packing ratio of 209 showed better performance of organic matters removal
effciencies than 10% and 30%, but sludge production rate at media packing ratio of 309 was relatively lower
than that of 10% and 20%.

When more than 90% organic matters removal efficiency was obtained, the ratios of attached biomass to total
biomass at PBR, FBR, MMCMAS were 83~99%, 87~98%, and 54~80%, respectvely. The ratio of attached
biomass to total biomass was low in MMCMAS. This was formation of thin biofilm due to shear force between
rotating disc and water. The average sludge production rates(kgVSS/kgBODrem.) of PBR, FBR and MMCMAS
were 0.20, 0.29 and 054, respectively.

Key words : aerobic packed bed reactor(PBR), aerobic fluidized bed reactor(FBR), moving media complete mixing
activated sludge(MMCMAS) system
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Table 1. Characteristic of influent dyeing wastewater
Coagulated Wastewater

Ttem Raw Range (Average)
Wastewater 50 TBR MMCMAS
oH 118~126  69~76 (713  68~74 (11)
COD — Totdl  1IB~361 1185~2523 (183) 32~760 (500)
(mg/ ) [:

Soluble 1032~2425 (16%8)  370~736 (490)
BOD — Tol  S~I568  687~1%85 (87 200~3%5 (X))
(mg/ ) ]:

Soluble 669~1235 (812)  273~350 (307)
$$  —TSS BI~65  H0~480 (12 180~3T5 (%)
(mg/ 0) [:

Vss 120~30 (265)  115~310 (1%)

22. A8FAY A

2.2.1. PBR(Packed Bed Reactor)
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2.2.2. FBR(Fluidized Bed Reactor)
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Fig. 1. Schematic diagram of PBR.
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Fig. 2. Schematic diagram of FBR.

2.23. MMCMAS(Moving Media Complete Mixing
Activated Sludge) system
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Fig. 3. Schematic diagram of MMCMAS system.
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Fig. 4. SBOD removal efficiency vs. organic loading
rate.
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Table 2. Operating results of PBR and FBR (20% packing ratio)

Inf. BOD My Effluent Removal Efficiency
Reator  BOD  loading rate L (kgBOD/ (mg/ ¢) %)

mg/)  Gg¥d % 4gVSSd) “Tcop scop TBOD SBOD TSS VSS  TCOD SCOD TBOD SBOD
620 017 38 08 & &£ 17 9 40 14 %l %3 93 %84
709 0® 21 W6 6 5 % 19 3B 121 %2 %5 %7 95
o % 054 17 09 1% 5 50 4 3 1% 28 Bl %4 %3
&5 067 13 a1 1B 1 5B % M3 27 B 90 BT %B5
1072 103 10 024 566 3 W6 48 4B 23 708 1 780 841
1001 13 08 044 TI6 681 51 2O 46 2 628 643 T4 46
81 021 38 03 4 0 18 5 55 22 %7 917 98 93
&6 040 21 W6 108 & ™ 17 3% 109 B B8 %5 979
I 060 15 08 18 108 5 4 52 M8 WO %49 914 %2
49 091 10 02 51 B8 % & M4 3IM T8 %0 T8 Wl
1089 145 08 0 4B 3 M 180 M3 45 767 9 O 8
83 M0 25 81 45 605 64 630 744

B2 157 06 052 700
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Table 3. Operating Results of MMCMAS system

BOD Inf. F/Mv Effluent Removal Efficiencies
Loadng ~ BOD (. (kgBOD/ (ng/¢)
(g/m/d)  (ng/ L) kgVSSd  TCOD SCOD TBOD SBOD TSS VSS  TCOD SCOD TBOD SBOD
12 290 39 0.06 50 71 32 6 142 113 803 904 888 977
21 300 23 0.10 9% 34 2 9 118 & 772 916 925 99
38 298 12 017 73 40 10 6 289 & 824 902 %8 972
81 385 08 037 150 5 89 19 350 166 780 916 769 947
152 356 04 076 19 7 91 56 413 164 695 796 743 831
180 37 03 156 179 134 120 8 640 493 533 637 67 723
100 ~ N S e ey = Aoz ZAHE AT PBRI FBRS F/MvH| 7l 718
s 5 A 1 52 AALEo FASA 22 ATE HolT Yk W
&;‘ Wr - N ‘ H, MMCMAS system& 2 F/MvH|dAE {f71&3
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% A e Mo 855 w8 U4ES $H3T UE A
g I - oz wad,
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50 — : ‘ -d, FBRo|] 0.12kgBOD/kgMLVSS-d, MMCMAS system
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Orgaric Loading Rete(gBODIT.d) ol e T gyl vls) 5B AR 2H F
Fig. 5. Removal efficiency vs. organic loading rate on Moz ey Ave a2 AHSE Had

MMCMAS system.
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Fig. 6. SBOD removal efficiency vs. F/Mv ratio.
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date 49, FUg0 we AAEEY Holzt e

ZA3 BODAAZEE 90%°14 F2317] HallA F/Mvy)
= 0.15kgBOD/kgMLVSS7E HA EH 270 & Holat
3 sgEd, 2 dF9o PBR# FBR#AE H|ssu
MMCMAS system< <F 254 ¥ F/MvHld A= 90%
°]’}42] SBODE AAY F e Aoz ZAHUY
ol ZAuoA & F/MvHldME AFH EF A
AREo] $+FsHoY, F/MvHZE Eold+2 PBRY}
FBRe H43% 889 #4aS 2 ubd, MMCMAS

system®] A% AATEY AV st

32. Biomass 4% 2 &3A Qi3

Table 491+ PBR¥ FBRY Biomass 443 &3]
ANZS delged, 2 A+ 394 F F71ER AA
&0 M FL wAFAE 20%Y HAIAE YR
1=

PBRY A%, $7127 %87 0.17kgBOD/m -do}A
0.38kgBOD/m"dZ F7tgo] we} ghg2ue] & vAEF
2 813%mg/ 1ol A 8958mg/t 2 FUtE A, FEAUAEY
H &2 9%6%0ldoz AASHA FAHJeY, 1.33kgBOD/
m-d F-3le M= & vl B Fo] 403img/L, T3 29
B &2 66%2 AN mRsA Ak wlAdEo
gald FAoez yeign ol Rau|AEo] dAHF o
ol HYE vAEY 4TIt Hojxm, UREFo R
7149 Akl njgate 7]Ae AFro] Yoy, ojz
A3 Wz Fo] FXHo HEHS gGejPdo] YA
7) WEog g
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Hawks” el olatd mAE o] ¥ goud 47184
HAAZEC] ZAdETT e HFFL 176kgVS/m’
ojztn 3k 3 BAF(Biological Aerated Filter)el
Aol mAE RELL 32~218kgVS/melzt dHEd)
B A 306~10.03kgVS/met FAME g e
Wi

WAFEAEE F vAEFE 0% BS, 5389~
8207mg/t, 20%°} A= 4031 ~8958mg/t, 30%+ 9251~
13332mg/1 2 YERY 780 F/HEFE vBEF
Z7bete AL Yeldon, F uAES FAvdE]
a2 8t B &L 28 10%, 20%, 30%1A HH 90%,
85%, 95%= et

FBRIIME #7122 %¥3d7F 021kgBOD/m’-dol A
091kgBOD/m-d2 F7tgol wef whgxe] & nAEF
& 9000mg/ L2 YA fAEHAD, FEAAEY
W% g1%olAe s dAsHA FAER ey, 1.60kgBOD/
m-d Feteld e F v AEFo] 4832mg/t, FAVIALE
o H]&e 61%E FHaHo §F71E Firt FHETSE
2 uAEZS Z7H T oy aRsME EA0A
BFo] Zrasta BHuAEFo] /S 4 Ut
ol AETe] galel diEEAY £ SHELY EAR
Qa wigEEe] Az 3% Anz gadd A4g A
g e Ade EA @sioh

fAEANEE F ojAEFS 10%Y B, 5099~
7581mg/ 1, 20% RN & M 4832~9087mg/t, 30%%
288 8275~12594mg/t & Vel F2 &0 F7MEs
& o) Ego] Frlsiden, & AESE 2EAMAAE
o] AAgeE HEL & F2E 10%, 20%, 30%A
B 92%, 85%, 93%E JEh T 3ith

Table 59+ MMCMAS system® u|A&<9 443 €
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#z ParEe Jehlgied, #7183 237 1.2gBOD/
m-dol A 8.1gBOD/m-d2 Z718el wel we2uy F
u A E FEE 1664mg/ L A 1707mg/ £ B T4 F7HH
ey 152¢BOD/m+dA e 1536meg/ L & 4 ZFAHINA
1, 18.0gBOD/mdol M+ 906mg/ L & A3 TAHIA
t} oolE R3te Fubd wE gAY GRS =
Ant 5A4EA0] WA AF HAFEE 7oA,
o|2g tFe g=|dgol dold ReR oA
EE 2 AFolA F vl 4B Fo] 906~1707Tmg/1 2 2Y
9] 839~6061mg/t 2T @A 3] A FAHU=H, ole
He Hado e Y FA9 Frisdrel dxws)
59 Aolo 71d Heog wodr.

A VAEZFE T PE] AR HE L 69~
80%2 HAKoH, HIAYEL 778~826%2 HHHAH
7182 27t 12~81gBOD/m-d2 ZF7Hstel we}h )
u) 4 gz FauQEFe] S8 oY, 152¢BOD/m'd
olAY W FW|AEHI FAuAZY o] RF Fa
gt g FAE f7182 F87h 3.9¢gBOD/m-d7}
e Z7sldrl 2 o)y RalMe ZAstgen 03
~075mme) ¥z 4= Ac} ol Atkinson Fouler”
o] A7 A A MED FAE 007~40mme] ¥ o]
™ Characklis™¢] YH5E Ao AEG] FAE
ImmE @A geve 7444 F dxsn Yok

olae] A M AFTYH BF FIEH K7t FTt
P42 F uAEFLE dANAY A FUhEHAL,
PBRL (067kgBOD/md, FBRS 1.45kgBOD/m"d, MMCMAS
systeme 152gBOD/m*d °l49 #7183 FtelAs
Z ugEFH B2 nAdEFe] BT 7AA2FS ¢ F 3
At} ol HEEAAN 2 SHEHY EA2 AT F 1|
AEE ZHas) BatulAEo) A F o]4fo] Hof A

Table 4. Characteristics of Biomass on PBR and FBR (20% packing ratio)

BOD Biomass Sludge

Reactor  loading Total(mg/¢)  Attached(mg/¢) Suspended(meg/?) VSS/SS Ratio of Component D(r;)d\l}cstls(‘)/n
kg/m/d) gg VSS ss VsS SS VsS (%) Att(;;)gled Sus(p;r)lded kgB%Drem,)

0.17 8139 6281 7859 6066 281 215 7 97 3 0.19

038 8958 6509 8B 6259 334 250 73 9% 4 0.16

PBR 0.4 8598 6354 793 590 645 404 74 a3 7 0.22

067 7697 6212 6872 5624 825 588 81 89 11 028

1.03 5682 4215 4099 2966 1583 1249 74 72 28 0.30

1.33 4031 3063 2610 2075 1421 983 6 65 35 0.38

0.2L 9087 7717 8298 7121 789 596 8 91 9 0.27

0.40 8273 6584 7888 6311 385 273 80 95 5 0.13

FBR 0.60 858 7229 793 6649 705 581 83 92 8 0.25

091 8913 73713  T13H 6420 1178 952 83 87 13 0.44

145 7463 5442 5732 4A1¥4 1731 1258 3 T 23 047

157 4832 3011 3230 1792 1602 1219 62 67 33 067
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Table 5. Characteristics of Biomass on MMCMAS system

Biomass

B0 Todag) Sy ) Attachedg/n) g ol G .
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i s vs s v e P e C\gggrit s ety 1 Nl S ——
12 B4 15 W 60 %67 Ml 16 %4 00 %9 8 X & oM
20 1B 135 60 50 485 M2 12 %8 08 R B % 4 0
39 1% 1B 6 % W5 199 165 94 0B %5 R B A 0B
BT 1% MW WO A9 W7 %0 0m N4 8 K B 0%
B2 1S 18 3 s 69 1Bl o1 0B ™3 o® @ 3 0@
BO 46 W 60 W0 ¥l 43 33 w8 0% 12 B ® N 0B
9 EAET golx WiFore 714 gado] wokst W
of 7149 AlFo]l dojuhA, ol2 A7 WEFo] £ 2 d7dME g4 +E MMCMAS system& 2 X
of A2=Y gedde] 2AHAY] WELE BT & A$ Favt vima % 118~813gBOD/m'/d H

Bt SRS PBROIA wlAFRE 10%, 20%,
309%90 4 22k 0.23, 0.25, 0.14kgVSS/kgBODrem. 2 1}&}
U 30% R8N 7 $e e B, = o
AH4E FMAS (Fixed Media Activated Sludge) 3
o2 A3 0.29~0.61kgVSS/kgBODrem Bt} % #
< YeERRTEL

FBRelA €84 g 5218 10%, 20%, 30%74%,
gy 027, 037, 0.24kgVSS/kgBODrem. o] &@lA] Aalgk
< el 30% FA&oA 7 @2 e e,
durd oz f71EE it F7HEGE Seir] Aitgol
AN g ged? B AddM 7182 B}
0.21kgBOD/m'-doll A 157kgBOD/md22 Z718S o,
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kgBODrem.2 ZF7bsl9 919 d7ZARe} & dAsln
Atk
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20%°] "ld 4 11%, 5% 2A vEdth 3o
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10%9) 20% &) vls] 22 vPYES BHstn Q)
of, o} 2 23] 2 Az duHoz 71de A
o] dojv} £ 9] A4zt AFPE Aoz AT,
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o fU)Ed Fivt FHEFE SR ANFES F
Hatath. B QuusE #45HATEA FMAS
(Fixed Media Activated Sludge)3H& o|-&3to] Mgl g
Az gAEHAH F9-= 0.28~0.44kgVSS/kgBODrem.
ol FMASS 7%= 029~061kgVSS/kgBODrem. 4
A gA4Ze Uitz A 28 9w, o
AR -E SASHANOE Hug A7 LALL 27C
ol A & &l xgAatato] 0.2~05kgVSS/kgBODrem. 2 ek
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2 99 A7A#g vy A, Bt vny =
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