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RESEARCH ON WASTEWATER TREATMENT METHOD USING GAS PERMEABLE FILM

AR * - EEK Y . etk ¥
Yutaka SUZUKI¥, Shigeru MIYAHARA®, Kazuo TAKEISHI**

ABSTRACT; An oxygen supply method to wastewater using gas permeable film in the form of tube
was investigated for the purpose of reducing energy consumption for supplying oxygen. Oxygen
transfer rate was measured in the case with or without biofilm, which proved the high rate
of oxygen transfer with nitrifying biofilm supplied with ammonium substrate. Simultaneous
nitrification and denitrification occurred, when the tube with nitrifying biofilm was applied
to the treatment of wastewater, resulting in the high rate of organic matter removal. However,
periodic sloughing of denitrifying biofilm which formed on the nitrifying biofilm was needed
to keep the oxygen transfer rate high. Energy comsumptiom of the process using this tube was

calculated to be less than 40% of that of the activated sluge process

KEYWORDS; Wastewater treatment, Oxygen supply, Gas premeable film, Biofilm, Nitrification
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Tube volume fraction : 6%
Specific tube surface area : 60 m?/m3

Fig. 1 Experimental apparatus for measuring

oxygen transfer rate and wastewater

treatment

TABLE 1 Characteristics of Gas Permeable Film Tube

Material . Polytetrafluoroethylene
[nner diameter : 3 mm

Film thickness 0.5 mm

Porosity : 50 %

Pore size 2 um

Max. waterproof pressure : 9 m Water head

DOA—g—icdbiT-7, TABLE 2 Conditions of Experiment for Measuring Oxygen Transfer
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TABLE 3 Compositiom of Substrate 0,050505050, o
i °o°o°&%°o°o%%04m
Organic Substrate o,0,0 0 0_0 :
o’o’o o 0 0
oo 0 0 0_0 Gi&4m
. + 0%0%0%6%0%06°%0
Dextrin 13.5 mg/1 NHg*™-N 25 mg/l 6%0%0%6%6°%0°%0
3-_
Beef Extract 28.7 P04°™-P 1.1 D__l\__,,jw_______\ o
Yeast Extract 32.7 NaHCO; 110 X
Peptone 28.17 (Tap Water) H H ‘x
""""""""""""""""""""""" AN \
( TOC : 41~ 55 mg/l , Org-N : 10 mg/1 ) (E?}__{f:j
. Stream length HEV IR |
Inorganic Substrate Stream depth S 0.14 m
Stream width :0.08 m
NHq*-N 45 mg/1 Tube volume fraction D 19.6 %
PO43~-P 7.1 Specific tube surface area : 196 m%/m®
NalCOs; 200
(Tap Water) Fig. 2 Experimental apparatus for measuring water head loss through
tubes
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N(x=D (Cs (P(x)/Pa) ~ Cw) / (81 a+52) 5,6 (2)
. Cly) K 1
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X|O3 b0

Cs-P(x)/Pa S -l

3 N
ot %

{em/s]

Liquid film Bulk water

Oxygen transfer effective coefficient (k)

it —
‘ Air Gas permeable film
| P ) s

C(y) : DO concentration [M/L3)

O 50 'OO Cv : DO concentration of bulk water ([M/L3]
Cs : Saturated DO concentration under atmospheric pressure
P(x) : Oxygen partial pressure in tube [M/LT2] (M/L3)

Air flow rate [ml/min] Pa : Oxygen partial pressure of atmosphere [M/LT2]
D : Diffusion coefficient of molecular oxygen [L2/T]

64 : Liquid film thickness in gas permeable film [L]
62 : Liquid film thickness [L]

Fig. 3 Effect of air flow rate on oxygen , . Porosity of gas premeable film [-]

transfer effective coefficient (k)
Fig. 4 Model of oxygen transfer through gas permeable film
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Fig. § Change in oxygen concentration in tube . . :
¢ g ve Fig. 6 Relationship between air flow rate and

total oxygen transfer rate
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TABLE 4 Air Pressure Loss through the Tube

Air Flow Average EAir Pressre
22 — Rate Velocity | Loss
- [ml/min]  [cm/s] E[cm Water Head]
& '
= 10 0.3 1 16
1 — 60 15.7 H 3.1
80 19.9 t 5.2
110 25.1 H 1.8

0 I | L
O 01 02 03

Water pressure [kgf/cm?]

Oxygen transfer effective coefficient (k)

Fig. 7 Relationship between water pressure and
oxygen transfer effective coefficient (k)

3.3 HKAE~DHEARICET IBREABIRCEEREORFHE

(1) BEBH oMY

BERLBIc KEBEREOF = —72BALABA . F 2 — TRE K IEARE IS L EVESER &
No. ARALITREZH#BLABACR . KEXRBAROAVMBESERS W, —F . BILT v E=v 20
EREOCHELABGR .. WtHEOEYESER SN2 . EVEMAEROREBH OB LH~2



R E- 5 RTEREETEREAV . EERET OB
EBEBEEE RS, K-8, RAZZRBICHT58E -~ 3
BUHOWRENRE . Theh. ERIEMERURILEEO A b A
YA LB & . EMBAHE LTV WS 1o -
WTRT o BB AVBER+RCREELTEY . XEARND =
DOIROEHL »>TWi,

>
O

[en/s]

o_-~
2_ i

TABLE 5 Conditions of Experiment for Measuring Without

Oxygen transfer effective coefficient (k

Oxygen Transfer Rate with Biofilm 1 biofilm
Substrate Substrate Concentration | Air Flow |HRT [Water ‘2
Influent Effluent Rate Temp. With heteroftrophic
[mg/1] [mg/1]} [ml/min] [ [} |[°C} biofilm
Organic T0C T0C O { [
Substrate 44 - 55 21 - 2% 20 4.8 20 O 50 IOO
NH4*-N . .
Inorganic | NHy*-N 6.4 30, 45, 60 [5.5 20 Air flow rate [ml/min]
Substrate 45 when Air Flow|f 80, 95
Rate.was 35 Fig. 8 Comparison of oxygen transfer effective
ml/nin coefficient (k) in the case with or

- without biofilm
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HE r JIMWL3TIR VR (B) DEHRETIENTES, 12

Air Biofilm Bulk water

Gas permeable Liquid film

L. Bmtligits a0, r BBEHEEOAOMEK TS film
BERELR, S(y) : Substrate concentration  [M/L3]
rv:rv,méxs/(S+Ks) (5)
rv,max: BEYEGARY -0 OR KBRS Fig. 9 Model of oxygen transfer through
EE M/LAT] gas permeable film with biofilm
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(2) gg[‘%f@%ﬁt TABLE 6 Maximum Oxygen Consumption Rate and Saturation Constant of

NHBEEEEEEVCEHBRATLTK Heterotrophic and Nitrifying Bacteria
DM EIT- 1B E . TEREBIT S Heterotrophic Bacteria Nitrifying Bacteria
TOCOBRERER . F Th oD attached on the tube Nitrosomonas Nitrobacter
2N L ~ a3

BFOBEBEEN/PNI WD FK— 7 |Maxinum Oxygen

. R Consumption 73 335 ® 95 %
KRTEIRKRECEBR o0 £72 1 pate per unit

AP, HBEBE & b1, Sphae- |Masslng-0/g-h]

rotilus& @ SN ARIKMENE S L | Biofin Density 12.3 32.5 ©
D MR F 2 — T EaAALKE | e/on®] (16.3) (16. 3)

ERosfetcd, EEEHBEX B 5 | Maxinum Oxygen
. g - . . . Consumption 0.9 5.4 1.5
EBRBICR~7co THODIEDD \Rate per unit
HBRBABMEEHEVWIHFER,. B8Y Pﬁvzm“m
mg—! cmee
AL i< 3 R & YN L F o ’
[ . " Saturatio 11 as TOC 0.5 7 0.07 7
MEOREERECT 515, Wit Constant r[‘mg/l] as NHg*-N as NO,™-N
HWEOMNBELLFa—T%2, EHAL
TRKOBREICEAT S HEIC>WTHK
Flio COHABER . HLME DML

TABLE 7 Effluent TOC Concentration and TOC Removal Rate

RiGicEDERLENO %, BER TOC Concentration  TOC Removal  HRT
- SR of Effluent Rate
BIAws stk HRYMKRUE (ng/1] [e-C/n2d]  [h]

ROBREETIS®GDTHDo Fa—7 with Heterotrophic Biofilm 21 2.6 4.8
REWCE. FTOHNHEFEREEE L s
. , | with Nitrifying Biofilm
foEBET IS L O BACMBEEMEER | Sinultaneous Nitrification 18 1.0 1.75
a8, BE . BEEBMcHIET 2 and Denitrification

WEBORELH~EH., 2o0EEEICER L TLEE —

oL TR oo ERaER-s . o | NN
KEHEZRK-10IRd. TOC. T-N&ble, #2853 3

JERBAL, BENEKEIZTO CT#Hing/l. T-NT = N Let tank
Wisng/1ERoto COIB BIMBROVWT, MEBH O

HE. TOCKUK ] - NOREFEELEHRLAL bOER - &

1HiERT o #Z L. TOCRUK j - NORBREEEIR. Th
FROVEBEOTLBILEREL CHYT IBEABICRE L,

CORD S, BB ENBMEIIK j - NOW{bicERa N, g

B L7NO MTO CORERBAINTWS C &DHEE 2

ENB, X -TIK.TOCEBELTOCORKBRERE 2R z

Vo UENBMEERE VLIPS LLNT  MEOBBRES 5

REWDH, TOCORERER ., 2. 6fFHMERE(A- 2 Koo Ind tank
TWBIEBbh B, ) S
UL R-1lERT LI, HEDER T 51> TH 0 20 40
ILEEPBDPL, Fa—-THho0BEBHEELRBLT 2, Tine [d]
;nu\mmm%mtu%msnamgmgimﬁ@tb\FQIOMNHM”%mm“mHMmMM
HLHE~ONH  OREDHESNL LD THLEELS nitrification and denitrification

oo RMCRRFLTOURWA, 8 6 HOMBOKIcIt . Bk (2 tanks in series)
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HEHEO LR L i REZEYBEOBE S 2H A R IBAVIBE IV t e - BKETH 5,
TABLE 8 Conditions of Treatment with Simultaneous Nitrification and Denitrification
(2 Tanks in Series)

ir Flow Velocity 25[cm/s]

Water Temp. 20[C] 1A
Tube Volume Fraction 6[%] EAir Pressure Loss Tlem Water Head]
HRT (2 Tanks) 3.5[h] !Air to Water Volume Ratio 3.3[-]

Stirrer Rotation Rate 200[rpm]

(3) Wt - RELAB B 24PERE b -0

BtMEEYEOo LR L - REMECAEYERL 2 v to - 5 BEBRNOKETI SV
ODBILF a—TIRBKEFTFIHEL>DVTRE L, REHEEMBERIHCHBEEYE LY bHBL 0T
MotedbDD, Fa—TRAVBBOPTHHD . HILHEEYELS ~Eic - CRBETE L H¥Eh -
Too ECT Y Y FR=—N— kD Fa—-7REEH LT, BHHBEYBESRBE LI VRS LR
oL BREBCXZH{LABOER LML - BEAEL2TL, #H. ke ko REEYBEOHH LT
2720 BB H VYV FR—N—CIDHELENAHIIE. BOBLERBTH 5700 . [EBBEORANE
HREDL-TOVRWEEILON S, BABIREOBRKE AN - 121t T, FIBBRIMELEITOEILE-
T.REBHEFR . YYNOFVHEILSRETTI2600, FIX15g-0,/mAT—FER 7o BB A&
VIRRB®R 1 HSEOMEKGIC I U ERS 2ng/IRERE T 208BHonies, 2 0RR . i
ENLEHRE TrETHERBOIELUT TH oo /- REAYBORBIBIFTH D ( LM
BHEFa—TRERHEL.. BEREXTbATOAE , ARHEREE LB - 1,

57 40r
E = ’
\N} [N —
T [N TOC removal 5 SO_
=2 ¢ R rate T
B g O / 3
se | - L
— : : \.
35 20k s 20F
55 20 :
g2 AVAR Oxygen transfer 8
- i Q rate b
- ()é ‘bj_ & /I\
3 : 10-
SR 0 =
e3 m-Kj-N removal -
rate %
-
o0 20 % 0 ' J |
Time lal Time [d]
Fig. 11 Comparison of oxygen transfer rate and Fig. 12 Change in oxygen transfer rate with slocghing
Ki-N-TOC removal rate of simultaneous of denitrifying biofilm

nitrification and denitrification treatment
. N i itrifyi iofi
Kj-N-TOC removal rates are expressed> (¢ ouehing of denitrifying biofiln)

as oxygen consumption rate
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B3 5hTH 20 W LT . M- 20EREBOF - — TREERNI.6%TH 50, WETEK—~20
EREZEEOLHBEHEBMRL hER28, UEBICAREZATC2hE L, £, ERENEBERVUZEL
ERI. EREBEEERLT, ENEFN10ecn/KTBR 6. 6fEE L1,
KBl 2 EgiEicxtd 24BEKTEE . M-13IcRT. ChZEHAVT. R (6) ik | BEK

BICREI KU OKEERZ-HOFR Yy TEHNERSD | MEKEL D DHB X V¥ - Evw [kWh/n3l%
RDteo Fho, 707 —ICLBRR[RMLERIR2AVF - Ea [kWh/m3]1 2R (7) Picknkdt, #£81%
- 9TRY,
=ROR L)
Ew=Ls,/Quw Z 0o
=0.163H /7 ® (6) 2 5 4 o//
halili o 2 5 @/O//
Ls: ®v 70887 [k¥] - E 2 @§&®
aQw: {n/h] g2 e | |
H : 258 (n) 5 0 2 4 6 8
7 EYTOHE (0.7) [-] = Average flow velocity [cm/s]
Ea=La/Qy Fig. 13. Relat%onship between average flow
velocity and water head loss
= (Lad &) / (Qai/n)
SO ai - 8
:gl_lzpblg_al__(k__%_)_(g_(i))(l /A __]) (7)
i
La : X0 KNS [k¥]
Lad: HAMBEHES [k¥]
£ 2EBRME (0.5) [-]
Qai : BVAARETOELRER [m3/n}
n o ESER [-]
A s HEM (LY (-]
Pi :BOVAHZEIOMEFES (1.03x10%) [kegf/n?]
Po :MEHLEROHEXES (1.04x10%) [kgf/n2]

TABLE 9 Energy Consumption per unit Volume of Water

Average Water Flow Velocity {em/s] 3 4 5
Water Head Loss per unit Flow Distance | [-] 0.0095 0.0165 0.025
Flow Distance [m] 173 230 288
Total Water Head Loss [m] 1.6 3.8 7.2
Energy for Pumping up Water (Ew) [kWh/m3] 0.006 0.015 0.028
Air to Water Volume Ratio [-1 6.6

Energy for Supplying Air (Ea) [kWh/m3] 0.004

Total Energy (Ew+Ea) [kWh/m3] 0.010 0.018 0.032
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