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The efficiency upgrading of denitrification device using rotating meshed plates
reactor focusing the effect of diffusion layer
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ABSTRACT ; As the United States and Europe is limiting the discharge of nitrate, this steps will be definitely be
followed by Japan. Nitrogen and Phosphorous in wastewater has been recognized to cause problems such as
etroprication and at present, there is no effective treatment method to treat such wastewater. A rotating meshed
plates denitrification reactor was developed focusing on reducing liquid film diffusion layer that offers
diffusional resistance from the bulk liquid to the biofilm surface.

Artificial wastewater and methanol as carbon source was used for this experiment and the following results
were obtained : In experiment using wire rod with 3mm of diameter and 10 cm long; 1) At 30rpm of rotating
speed and 40 min of retention time, above 90% of denitrification rate has been achieved. 2) Compare to other
denitrification reactor, achievement of a high denitrification rate when using the developed reactor for this study
was because the diffusional layer is very thin. 3) In low rotating speed, a microorganisms was prove to block the
holes of the meshed plates. In experiment using wire rod with 1mm of diameter and 10 cm long; 4) At 15mg/L
and 30mg/L concentration of nitrate nitrogen, denitrification ratio exceeding 90% in all rotating speed was
obtained.5) At 60mg/L. concentration of nitrate nitrogen, denitrification ratio in 120rpm of rotating speed was 90%.
Moreover, denitrification ratio in 90rpm of rotating speed was 85%. 6 JHigh ratio of denitrification was obtained
by controlling dissolved oxygen level to be under 1mg/L.

KEYWORDS ; Biofilm surface, Etroprication, Biological dnitrification, Reactor Using Rotating Meshed Plates,
Diffusional layer,
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ZHF, UL, BROTFTALE S AT A THEHBRESNRVEEARARIIERENTND, 2O ER
HORAROBEHREBILO 1 DOEREEZONTVS, £, BEMTORRNE - SERBIZL 2KE
OELITEO T A OSBRI ZZ RN 2o TR Y, MRS, EEBHERICL2HFO
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A FEVER T B B RS PIARTE Tit, [EESE OB & T MIIRRE ORI HE R 508, ERME
TOEERET 2~3rpn TH D, WE, EEMHEROEDEEL 18n/nin BEE TH D Z &b, ElEEH
PREEINTNE, Lho>T, ZO#HMDOIEIERE % Veniamin 6. Levich "0 (1) X&HWTEHE
T5 &, BRI 360~480 um & 2%, o, EERMIARE CIEMRREREA 20~30m BE T, EEHE
ENBN O, ABREERMER @EMEREEMR) ETRAYIEORETEC £ R & AR OM 3 4E
YVECTHEL, £AYERERSEHCHATERORENRS D, o, RBRIEIC L 2 FER *Vicki
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FoEEHCT, SITOnBEEHETD & dun &2
D, MO XSz, BEsMRiE & B ERERGRRERD
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ThD, ERIEEEEZFRIKPICKE ST TIT o, MPI0E £—2 AIRE

BTiE, FANBEORREBRMNSEA UL TRE ATEEIC 2 R BEE (mg/L)
FRERA L. LEREENICER S CEYEOREZIT o1z, KHE KNOq 180
MhiE, FAZERNTT D, ATERE A Y /) —LEJlaDs ﬁg@ }ﬁ
2 bRy FCREIC S U BB OEEREL 15~ 120rpn THHRE  |)1.s50,.7H,0 60
BLTERAITo, ANLEEORSIIR - 2108 T BT, ¥ NaHCOs 400

BICHAT S NO,~N DB 15~60mg/L. C/NIE 2.5 IZEE L7z,

BB, FEEYEOBRIENL, SERK THICORE S BRI E L AYRERERY, 1L OARY
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REmT, EBREMGHE, 4 BBICHERIZT0% L2, 2

BRBICIEEL TS, ZOBRTORIIL, RH 2 of < 7
DIREFRIL, ZTNEN 89%,92% o> T D, EEs¥ b ﬂ}j/ﬂ//«»«* 1
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5, HFN1 T, PERPERMSEE 2 BLUEOBE
RIL8~I0% L7425, Z0XHiC, EEEOHEIZAE
YIRS E TE LW D EEIITEMBEOEENE S
WZhed LEBZ BID, 28, [EHK 30, 60rpm THIHID
BERNEHOCEREL, AR O EBRE TR E AW
7T THWIE LTS, MBS I EYEIMED
KAE LTV Th D,

K- 71z, [ElfsEr 120rpm (CR1T AREBR LA B
OBIR AT, [HEREHS 120rpm & EEEIZAR D &, £
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DIMAEE L, R51, R 2 ORERL, Eh
BREAEAR 2 1ML | AN ZE Ui 24 BUIEDOH
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Tbb, [EERMEYE T, Y1 D0 BE S 1~10mg/L OFEHE T LS/ E 4 EBRAE R TIL, WEH
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oty ZOFRERIEER 30rpn DHFAE LV BEERTHY | ZORERIZRAKT O DO RESEEL T
WA EEZ, DOBECHIEEZIT T, FORBE, KITRT L OIC, BERTRINL T8, %2 T
85%= THIAN L 7=, DOVBEEZ#Ii L, ElEsE 120rpm C—HEEEREIT o7z, TORE. MERIRT
1, 2 T85~89%3 & 54, DOMIEAETTR S 2 & TRVBEBRENEONS Z & 053 Uiz, EisMRE
TIE DO EEOEEILILALENEREINTWAR, AERO L HIC, HREIFRENS 20 4 L8,
FENOBEEN KX 2D L KETDHEMRT S DO RENENT S, FO-bRIMENOMEYC &
. DO AHEESNTICEMENRHRIRIEBIER TERWEDIIRERERETTL, 0L,
HRT 2340 < . BRI KREVESIZIE D0 ORERFEEICHND Z L B HEBE Lz,

H—9i2, Z3N 3L AEEEEAERE LI-ORERORARLERT, ZOBEDOWHA NN B
Y 15mg/L TH Y, FERELS 16 A BITIEETORE

BB G ZE RS 60% R £ TELEN, FRU#ED e
RERITLET AEABRRONR2»o7, ThILR ]
ABEASD DO JEE 6, 5~6. 8mg/L OFEFIZH Y | A 120rpm
BB ERCBLS, BEFHCRBESA TR

Mol lizkd, £#2°C, EBBEBIT AR, B
ARIFREFE P BRI U U AERALL AKX
FODOBEL Ing/L U TICHRE LTz, TORE, |
% 30, 60,90, 120rpm TOEHPERNEA TN sop—ftb b L — L L
92,90,96.7,97.3% & 72 o7, THUEBLEE A B
SEETHLZENBATHY, WMARKD DO 23R
BILETRNEEL/BOLNDZ EBGh T, 100 1

Z OBE OVEEEITEEEEL 30rpn T 40~22 um,
120rpm T 23~14um THY , HERE LTS L[H]
EREBREVE, SREERELNATVD, ZOR 9
R E s T o RERE O 5 AN R I 0O O A
HL 20, EBEENELS RENLTHD, L

100 T T T T T

8

NO,-N : 15mg/L 4

BEE (%)

§0

———t— 120rpm

NO,~-N : 30mg/L
ST R D NO,-NC 1ng/L) BT, Bl E K © A
XL, BMBEEE TSI L CEBEEESEL N
2/[/6 - & ﬁiiﬁ”% Lf:o 0 5 10 15$§,‘@E§§0 25 30 35
B — 1 OIZHA NO;-NIRE% 30mg/L & LIZHED B-10 #BAMIBMEROMRE

REEOE BB E RS, FREME 10 B BICHMREET MY U AZBAL, DOEEE Ing/L LT ICRE
T % LAllE & FREICIRERAEEM U, RS 24 B B2 COEEI O ERD 90%LA L &3
ZE LT, FEEEE 30, 60, 90, 120rpm (CR1 DRERIIF N, 95,93,90,88% & 72 ofc, WEED
FEIIETTHAH, MO LITHORERE e oTr, ZHUE NO;-N B 30mg/L & 2 fF &7 o772l
WHERENEE L VL, BEARICLAVEBHOFEBOIZ I NKEL RoTrdThHD, LMo T
NO,~N B 30mg/L FRE 2705 &, BRI 30~60rpm 23 o Z2 i & 72 D,

B—1 1IZHEA NO,-N BB % 60mg/L & LICBAEOBMERORABLE TR, KERTIIAZ — MEF
NHERREET R Y T AREAL, DO BET Ing/L UUTICHE L, EBRMEL 5 B BICIZRERSEM
LIZU, Blts 14 B BB ToOEEE TCORBENRE Lz, KEBROREFIIEERICL DK
ERENRIHBHIL, FNFN 30rpm : 55%, 60rpm : 70%, 90rpm : 82%, 120rpm: 92%& 7207, ZAUEIXI—
SORRLEAFETHY . FEERKICBITAMEROENREL Lotz, ZOEKE LTI, 1) ElEsE
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30rpm TiX, NO, N EBEOEMIZ LY, HEEERR
PfIE LAY L 0BAEL, REESH -
BLEEDENTHICHEBR IR 272720 T
HD, £io, FICEAEROEEEDOHEER G
MolBRE LT, 2) BERES 90rpm LA ETRE,
AR OFES R OB OB 2 4%
YR THEE T, EROEERR 45T b
BLEZLND, LIz~ T, NO-N B 60mg/L
OEBEEE T, FERR A &EEE S5 5 8%)
R THLZ &AM,

4. 3 HEHEEEEEHE, (FEEVROBRE
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—&— 60rpm
——2&— 90rpm
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10, .- 15 20 25
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E-11 SBENEHEEOBRE

B-1 2 iCHEE 2 B3 E LinR e omEss L IRER OGS~ T, HRT20 4 COREEL, R
1,2 & HEEREICEMR R < FNZEN 76, 85% TIRIE—TE L 72> T\ D, HRT40 43Tk, [EEEEL 15 rpm
TOFRI 1, 2 DRERITFNAIL.50,62% & 720 | [BIEEL 30 rpm THE BERMEENRFHEh 89, 92%
Lipotz, TO%, BEEGEEOHEMIE D RERIHED L, 120prpn THEENEN 86,87% &L 72 o7,
REN 3 TIE, A NON 2D 30me/L OF-A I EEEREL 30, 60, 90, 120rpm CZALE4L 95, 94, 90, 89%
EHUHDT B DS, NON JBEEAY 15mg/L DBAITIXEER OB L 0 FhEh 92,92, 97, 97% & 72 -
72 T X DI EHEE OB & OO ERPME T T 5 R BT I Lo THERR O AW EINK
DT BELBRICL VRO DO BESEMT S OIRBRBE TR 25 B2 60D, —FH, MK

EROWMOFR Y, IERENHEI R L L,
BROBER+HSATEoN SO TH D, Linl,
EEREEDOEE . R, 2 HIHEBEPLE LT
R ECORBREOEYRIISEBIZMAEL, FER
H—HOBRD L IR TLE-2, Z0OLDA
KRBT, IBBOMRITIFEA LES, Hto
LD DMERPMETT2LELXOND, W
BB 20 S DOBA. DO FREC &V B IE 85%LL |E
PELNT, JTHUEDOFKIREIT 722 & THEYIE
REATHRELISOEL D TH D, TO%, [
B E OB E DR ERIEAD Lz, 2oz &
X, EEREAEM L T HIEEBRE O 2 3
ThdILE, FAMODCLZ2EMEOR D LH
BIZ LA R P OBEOEITAABESENT S -
HTH 5D,

M—1 3z, #MEMEREGRREENOREMIR
BRI U A iR E & L BB O BfR
BT, AYEEREE CEYER) ITHRAS NO,-N
BECEEROBENE HicEmEESEML, |
80 90rpm THRR L 2D ZOHBO LTS, &
DI, EMERIIEEREAS 120rpm 2L BT S
L BEMAC LV BATAEMCH D, FEERK

AREDRRER (2)
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90rpm DB, A NO,-N B 15, 30, 60mg/L (2B T ARKEMERELAWVT, EHEENHT-D O NO,-N
MRREEAEEY S & FRFN, 0. 105, 0. 180, 0. 311g/d- Dry biomass & 72 577, F£77, NO,N B 15mg/L
OFF, NO,~N BRI L 120, 90, 60, 30rpm TEH 4L 0. 129, 0. 105, 0. 104, 0. 121 g/d - Dry biomass & 72
0, BRARAEWEET NN BRISEENRAME L 13725007, T, (5EEWIEOREEH ElimE
EOXNIEVERTDZ L b, EMEORBERPRLZD D EBEZBND, WEBEDOITE LM
BHEIYZ, 2EYEOD 15~3B%THY, BEHDIKEL D LB L, £72, [FEsH 30rpn TOEER
B 1 HORO L S ICBE SN, AMEEREEIIRERELIIRGR, o7z, ZTOZ LY,
AMBEOBRER/NE N EBHEINS, £7-, Jeannette Semon® b ORHEEYEZE R EHE X
1. 84kg/d-m®, AFEBER (FEA NO,~N FLEE ; 15mg/L. HRT ; 40 43) TiX 0.522kg/d-m* Ll oT=, Ll
AEBRTOHRT % 10~15 SRBEICTAZ LI L0, MEOHBHEEREFERBOLND EEZON
%o

5. BbHUlz

ARG IRBE EE U R B EEEGERIC L AENFENLERRREREOMR ATV B 3on
DOF 7 YL ER Inn O TER LB EERREEE 2 VO B ERREOERZIT,
UTO LD RfERNE ST, B 3 OF7 7 U AR L 2B SRR ¢, 1) B3 30, 60 rpm,
HRT40, 20 SDFEBREMT, FHThH 92, 85%OBRAMEENG LN, 2) HERHD 20 5 & 8<%
Bl (IEEYN DO BB T HLLEIC D0 B IR D20, WERISIC D0 2T 5 I LAV
L72.3) EE3MmOT 7 Y L AFERE T, BB L OB EROETIZLIA LALLM
oo EAE lmm D&M TER L2 BEEEEE CIX, 4) KBENO,-N (16mg/L) OHF-EIZIE. YREERE
DB RMERICEZTH Y | EIEE NN (60mg/L) DEAICIHIERE L v LN OERBRETH
LT BRI, b) FEIRMEE A 15, 30ng/L D L &, & TOREEE T I L HDHEENES
7o, 6) B RIEAE DS 60ng/L O & &, 120rpm DEELEE T 90%, 90rpm D[EHE T 85% DARZEFN
B/ohi, DMADOEEY Ing/L LT ICHHETA L TENEEEB/L LN TEL, ZOLIIZ,
HUB %28 L7- B EmERE O, APEREOEEEZH T, HEBEPRE DD
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