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Studies on the Wastewater Treatment by Means
of Fluidizing Bed of Bio-membrane

Akie TSURUIZUMI, Hiroshi OHTA, Kimihiko OHYA,
Toshinori YANO and Isamu SANO

A concentrated population of microorganisms in the activated sludge mix-cultured
with the soil microorganisms growing in water is fixed into the hydrophylic and porous
Cristobalite, and let it be in contact with the wastewater to oxidize organic matters there
in according to the fluidized bed process. As the result, when the more organic matters
are present in the wastewater, the more volumes of them are oxidized, that makes the
volume of water treatable per unit time larger. It also increases the above-stated effect
because of the chemical engineering merit due to the fluidized bed device.
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Table 1 Adsorption of microoganism

a-Cristobalite  530.6 mg-g™* 366.1 mg-ml~!
Sand 8.7 13.0
Active carbon  208.4 56.3
Allophene 113.4 32.9
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Mt : Montmorillonite
Qt : Quartz
Ct : Cristobalite
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Fig. 1 X-ray diffraction of «-Cristobalite

Chemical and physical properties of «-Cristobalite

Chemical components

Physical properties

SiO, 85.7 % Surface area 60~70 m?.g~?
TiO, 0.30 Pore volume 0.3~0.5ml-g™*
Al,O, 6.40 Pore rad. dispersion 25~100 A

Fe,0; 1.90 Pore rad. peak ~30A,50~100 A
Ca0O 0.20 Lattice dist. (101) 4.11~4.09A
MgO 0.60 Density 2340 kgem™
MnO 0.04 Bulk density 650 kgem™3
K,0O 0.90 Pore size 3.5%10™*m
Na,O 0.30 Shape coefficient 0.4

Ig. Loss 3.66
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Table 3 Components of synthetic wastewater
for growth and immobilize

Table 5 Condition of growth and immobiliza-
tion

Dextrine 37.31g Na,HPO,-12H,0 240 g
Peptone 26.65

KCl1 2.13 controlled pH 6.8~7.2
MgSo, 1.60  Aq.dist. ad 20.0L

Cherical oxygen demand ca. 2000 mg-1-*
Microorganism number from

active sludge 6.4x10° TC-ml™*
Microorganism number from

soil 6.0x 107 TCeml™

Table 4 Microorganism from soil

General compost bacteria (aerobic)

Streptomyces thermoviolaceus
subsp. pingens

Streptomyces thermovulgaris
Streptomyces thermodiastaticus

Decomposition of peptone (aerobic)
Bacillus subtilis
Bacillus mesentericus vulgatus
Pseudomonas fluoresens
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Chemical condition :
Tank Temp 30°C DO 2~3 mg-17!
Column 25°C 0.1 mg-17!
Aeration O, 8.3X107°m?es!
Fluidizing condition :
F =77X10"°m?®-s™* LV =0.0041 m-s™!

SV=255X10"2s"" L. =016 m

W =0.164 kg L; =055m
Nrem=1.60 D, =35X10"*m

AP=65kg-m™*

Immobilized amount
Br=0.180 kg-kg 'dry weight Cristobalite

T Fluidization Column

i
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Fig. 2 Experiment apparatus of growth, im-

mobilization and oxidation

2.3 EREES LIRS

AT ERBE KOG E I HE, B
EERATEE (Fig.2) ¥AV ., ThebbiEE
BB S TS TH T AR L UE vV 7 ADEK
AEMWMHE LT, KEEE, #5754, 2vrikdk
+oUEdE L CEEL T in WY, BRL TS
BE I E BB, BLEEMLAEEED T 45
BT, KCHMAEHDEAL TWiIsWHLWATLS
A5 K (BR{LIUG A ——Table 6 1o % DR & 7RT)
00 % &Y I7ICHEHEA, H7AEDOMERERIE, »
5 A NOEEMEDBELIRE S ¥ 5,

BE, MEzEE2—TILRD, $7db Table 7
WRTERELAETIT 2L, CODyn, £%%, £V v,
BERESE, B (TC) OB i EEMcllET %,

AT ARG KROBBITEEND & Z DM ER L



70 #

THBVRE LR A OB 4 CODy,#201.3mg:

I

17, EBRBOB A& %1145mg-171¢ Lz,

2.4 HIRFEE

LR BEFHEE (CODy), £%% (T-N), £
Vv (T-P), BEBE DO), #eEH%K (TC)
JIS K0102 THBEKHERTEE Vs X OV Tk Bk

ek H O OFek R A EHOMOB BB IR
3. BRBIUZE
3.1 EEAbMEYRE

IHE U Tz, EYEFIZ DO TOFIEITE V€ ) 74 MABOR
ELIBbDEEZBLRS,
Z DOMICHEAR DR E S Lo T b M E
EOHEMEE L TOYUEELTHBLDTH B,
EE~OHEYOEITE IR0 KBk
Table 6 Compc?nen.t of synthetic wastewater PB BN, AERTIIC OBED REM S 51
for oxidation EATE, EEMCEREBANSD RS
Experimen’é A Experiment B ML D WRIBEE RN 2 ZOHEDORA
ELTRIZLBED BB L B\ B Fhiis 50
Dextrine 3.73g 28.0g HENSHETH A L L, BMEYOBEEEE
Peptone 2.67 20.0 HDTRECDOT, BEEMIREZNDZ ETHN
Na,HPO,-12H,O0  0.24 1.80 ELBELLEXLNS,
Kl 0.21 160 BUEMASEGICEE L 5o b 5 ERETE 2
MgSQ4 0.16 12%‘ Fig. 3, Fig. 4 7+
é;ﬁjprzd6?f$ 6?gm Fig. 3 BERFTHEDFEEL T2 FHTD
COD 2013 mg-1' 1145 mg-1-! D, Fig 4 3 haRAFUE CRELLFATDH
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Table 7 Operation of oxidation

Experiment A Experiment B

Tank

Column

Aeration

COD

Temp 30°C 30°C

DO 3mg-17! 2mg-1
Temp 25°C 25°C

DO 21~29mg-1""! 0.1 mg-1
Air 8.3x107° m®.s7* ‘
0, 8.3x107°m?3.s7!

201.3 mg-1"! 1145 mg-17*

Fluidizing condition (Exp. A & B)

A=0.0019 m?
Dr=35x10"*m
pr =996 kg-m~2(25°C)
F=77%x10"*m?.s
Ngem=1.60 [—]
e =0.722 [—]
AP=65kg-m™2

ps=2340 kgem™* 2 =650 kgem~*
¢s=0.4 [—] W=0.164 kg
ur=0.8937 %1073 kg-m™'-s7}(25°C)
LV=0.0041 m-s™! SV=255x10"%s"*
Li=0.62m L.=0.18m
&c,=0.769 [—] Nv=3.44 [—]
Br=0.18kg-kg'dry weight Cristobalite

EEMT DediEEa-27 V) 2 b5 4+t
Table 21/ R LIS REABTIERE L ik ¥
<, MABTELIRE, TBKETHB LY
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Fig. 3 Observation under a microscope

Table 8 Identification of cultured micro-
organism in synthetic wastewater

Streptomyces thermoviolaceus subsp. pingens3+

Streptomyces thermovulgaris 4+
Streptomyces thermodiastaticus 44
Bacillus subtilis 5+
Bacillus mesentericus vulgatus 5+
Pseudomonas fluoresens 3+

Mastigophora class
Zoogloea spp 54 Boda sp 3+
Sphaerotillus spp 3+ Pleuromonas sp 2+
34+ Anisonema sp 3+
Sarcodina class
Actinophrys sp 2+
34+ Amoeba app 4+
Aschelminthes division

Fungi order

other bacteria
Eumgycetes class
Chlorophta order
Chlmydomonas
Protozoa division
Ciliata class Nematodes class
Colpoda sp 24+ Nematoda spp 3+
Podophrya sp 24

= - S i 4

Fig. 4 Observation under a polarisation

microscope
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Fig. 5 Resuet of oxidation by fluidization
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Fig. 6 Result of oxidation by fluidization
(Sample B)
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Fig. 7 Equilibrium concentration vs. oxidation
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Fig. 8 Oxdation rate (25°C)
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Table 9 Calculation of the value

Rate const. K, =6.71X10"5s7! Kz=2.93X10"°s™!
Time equivalent to COD 20 mg-1-!
ta=8h tg=24~30h
ta=9.53h tg=385h
Incipient fluidization bulk
eme=1—{W/A- (Lo+0.001) - ps}=0.771 [—]
Fluidization bulk
e=1—(W/A:L;+ps)=0.933 [—]
Incipient fluidization velocity
Ve = (s 'DP)2/180' {(os=pr)/pr} =g eme®/1
— &
=0.0032mes™*
Terminal velocity (0.4 < Ngem <500, Allen)
Vt ={4/225+(ps—pr)?>g?/ pe* e }*+ Dp
=0.053me-s!
Rynolds number of the terminal velocity
Nrem :DP °Pr 'Vt/#F
=20.67 [—]

Experiment value
Theoretical value
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=
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| Adjuster Plate :1.81x1073m?
Total pore area : 1.77X10™*m?
Opening ratio  : 9.78%

Fig. 9 Flow adjuster
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Lo T
vo = 1‘w’sz',MF_1
P2 emereL = APyezer?
P, = AP,r-2L"!
reP, ' =r,°Py."
=2L-AP,*
AP, = 32:Vo-L * s (D?+g )"
[mes][m] [kg-m~-s] [(m*) '] [s*m~"]
R
AP, = 4.03X10 % kg-m?
ThbbeENEL AP KX it F o AP, 3
BENDZ LD, FHIE, HEIKES
EZXRICHEBIL T AP, K& LB L, » 5 2DE
BE’AKEL TehiE, £0 2 BIRHAIL T AP, AV
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WA R EE L cEds (BRI 2Ry 7 4
IR L, BEE KO LRI X - CEFIRE X2
oo TREN LD B BB % 3 RHE K D CODyn,
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gD B Y — A B T T AKEBEKE LT B
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COFER, RIGEEOBEINC X - THEARFH L
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&

(1) L{=620mm, A=0.0019m>TH 5» 5 L;

E-HF M B B-E£ BF KR
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DKy BT 5 FH 620/4.1=151s (AL, LV=
0.0041mes™), v 27 D200 DFEKHM1ELT L,
AT HICET AR 151sX20/1.1=27455 T
B 5,

EBRADOE G 8 K T CODy,=20mg+ 1!
(BOD=16.8mg* 1) &75nb, ZDREAT
20 & DFEKIF10.5E (=3600sX 8 h/2745s) L %3
WY %,

LOMSEREZ0.62mX10.5m=6.5m, 7 VY =
PSS A DE164gX10.551.72kg, L7 - T,
A7 ADRIE2.3mX 3 AR (B L KEE0.0019
m?) ke, FIBEEIINL.80kg R 3EADH T A1
EHEFRBETHIEI W LD, Thobb g
CODyn =200 mg-1"'D{EK%2.3mX 3ADH 5 &
IERSE4 e RENEE 1T X - C LV=0.004lm-s™'C
BET X8RI (3KBDH 7 2 DBKET D
& &) 1TiF20 L 757K D CODy =20 mg-1-! (BOD=
16.8mg- 17" DMEBKEB/LZ LNTE S,

BEKDMIBEIE ) 7 6 DFHKRELTHIE, 0D
2FICHHIL CHENTHZ ENTE B,

(2) ABFRIIIRENE & 7o o TWBRHKIZE v 2
LD 7 2DBERRET AN THE 0 0ESK EF
L EEB LD E N, T b bl kicER$ 55K
BERE—EOY 1 27 A0RKET, KEHSERE
EEMET LIcEAR T 52 L icies (31270
BIHEED BT 5) . FVCRIGRE X HiFFT 51
ST LR TH B,

L LEKESBERLT, +1 2720 RER
T—FECORTEL, %DOBELYTLITEIEE
THIEFROEMBE IR T, »7 2FA—ETE
A—RETHH, RIA—EORICEENHFTES
Zlilen, TOEGREEDCHETICIIE RN
Fig.5, Fig. 612X hEEA TI36.5 K, KB®BT
321 B & 7e 5 TH A 5 (Fig. 5, Fig. 6 DEIFR
10 — 3 B> CODy DA TR b TEMGZ T D
FFER LA EL LD EZADRRD,

(3) BEEOBIKABIZHLTLLAIWIEY
BrfgERbTEITH S,

4) T oEBEHIRTIEMABORTRBLAT
&%, BL, HRKEENL100 mg: 1 DU TIIERF
BEOEERAD & H1.0mg: 1 M3 IERIG
BEICRL ebh, T DDITIIZER & HKEEHIR
WWRE L TREOEBDRY X {35 X5 sk
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Ry TRRELET 5,
FERLE-REE
Ps CHEKROKEHRE [kgem~]
Pa CHEEOBHE [kgem~?]
?s LR AREL (-]
F CANLERBKOME [m®s7!]
LV  BEKOH 7 AHROREE [mes]
(Vo)
SV {EHkoZedEE (25C) [s7]
W CHEEOFIEES (kg]
Niem & VA7 AXH (-]
L. CEEOFTERIEES [m]
L CEEOREER [m]
D, =D NR DT A [m]
AP EBNROAERE [kg+m?]
Br AR TIEOBEEE [kekg]
€2))
A » T AWTER [m?]
e DAL ERBEROTERE [kgem1es7']
(25C)
PF AL EBRBEROTAAEEE [kgem™2]
(25°C)
&t DD BRIZERER (-]
e HBAKDH 5 AmOBZE [—]
Ny CHEAEOEERL [—]
Ka CBLRIG DR EFER [s7!]
(EEA)
Ks L BLRGDEETER [s7]
(528 B)
ta : COD f& #20 mg+ 111z [h]
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