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Table 1 Physical and chemical properties of four particle fillers

WOREA R /mm MERUEE/(grem™)  FTEEE/(g-om ) B (g-em). LRIV m>g ") FLERF/%  BEER REREREZ /%

R 3~5 0.70~1.10 1.20~1.80 1.30~1.60 >7.00 >40.00 <6.0
HEWRA 25 0.84 1.38 1.51 16.25 40.1 2.66
HEWHRB 25 0.63 1.47 1.61 14.68 57.26 2.02

ABEb 1~2 1.10~1.30 1.30~1.50 1.50~1.90 2.00~6.00 40.00~60.00 <4.0
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WARABI R b, I 2 do SRS HE I E Y RS2 HEH i AN TR ] A9 75 7K GRS 18 K
91 mL-L A9 A B4 B ) A5 B R BT % 3K 77 i EDTA 0.100 g L', FeSO,-7H,0 0.100 g-L™",
MnCl,-4H,0 0.100 g-L™', CaCl,-2H,00.067 g'L™". ZnCl,0.100g-L"", CuCl,-2H,00.015g-L™", NiCl,-6H,0
0.030g-L™", H;BO,0.010g-L", Na,M0O,2H,00.010g-L™" . #ij%j#¥ 0.300g-L™", NH,C10.015¢-L"", KH,PO,
0.003 g'L',
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(extracellular polymeric substances, EPS) & &, [A] B 3158 22 S K wfoill 75 FH 31 9% 3B 7K i i 8% 8 &
SRR R TS e B

FERFASIK 45 B B Tl HE R SE 30, I 2% PN K i R B0 B, DL e R T %1 9% 1) B TR S T 4
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55, MK COD faxE (D LBR i E ) M-h &2 KN EEFE) XTSI HE R BV S Y

E Hﬁ ﬁi yJ o R EFE COD % [3,’% g% /I'JE }Eﬁ';f; 3 HE Table 2  Effect of the hydraulic retention time on the

VST R I 4 R BURE R MR . 2 2 experimental batches

A LLE L R AR AL BB et CODHER RN FFN

BEARY , S mb R AR R 22 . X AT LI MR S ANHA SRS

WL I 5 P I e SRR 2 TR O A R TR 6 6 9 Y 6
T 4 B BB HURE B 25 A K A 0 B R 8 > Q 5 6

R I 454 COD £ RIEAF 40T, B 3] 10 4 ) § 5

12 4 4 4 5

DIEH, EAW0RL B A A A ) 538 58 o 5 d

w, HWOE R SRR, A R 2, e A R B R 95.83 . 63.75. 54.85. 54.18 mg:(L-h) !,

BEEBRED NN 93.20%., 94.90%. 89.08% . 94.36%. &N Mk Al FLhb ORI A By I 5

RICWE 25, R 38 o be H R A5 UKL EDRL (2 P k) AR TSR S B R ACR AN iR

Bk AL BRI HA4ERFEAT &AL, RGN ANLIREE L5 A, BA R RALBUR ML R E R, REMEL

A LT B 25 A (R), B B[] PN Ak R AL AN B TR IR A kL AL B RGN AE K HUR TP,
F 3 REK 15 B0 A5 £E B3 A COD %[ % 950

Table 3 Effect of the different hydraulic retention time on the film hanging rate and COD removal rate

i EE e S ORIA 54 WRIB Fidis
KI5
wEn PR R g TR R g
(mg-(L-h)™) (mg-(L-h)™) (mg-(L-h)™) (mg-(L-h)™)
6 54.85 73.23 46.53 83.64 95.83 80.67 46.45 86.37
8 41.58 79.00 63.75 91.03 78.45 89.22 54.18 87.30
10 50.83 87.77 59.95 94.00 71.75 91.00 50.45 89.23
12 39.95 89.08 48.18 94.90 57.7 93.20 38.68 94.36
2) G A i ST 0 AR SRR R AR F4 KNEERTBRAINEMN
oS A 2 5 R A E TS AR S B Table 4 Effect of the hydraulic retention time on the
N / i tal batch
AL S U 4 i ORL HOR} ) BB B (3 4), P e
. . O 21 AR S R I T S et
LR S PRSI S5 T, I — SR LR I s SRR
T 4 PO RURLSEURBR A 242 1< A 1 B 7 AR HABHA HOBRB £
WA A BRAERBRIEFT N . mE s 6 * N N 6
LI, AU B R A B VERE B AL, ; ! * ! :
YR ATIERD PR, e v R 4 51 10 ’ ’ > *
12 3 3 3 4

S 135.3,73.08. 79.35. 64.55 mg-(L-h)",
£S5 TRKAEEHEMTERERMEAEBRENZI

Table S Effects of the different hydraulic retention times on the film hanging rate and removal rate of ammonia nitrogen

L\ T HANHA W ANHB T
"
min BRI g, R e R
(mg-(Lhy") (mg: (L)) (mg:(Lhy") (mg:(Lhy")
6 64.55 91.53 65.83 97.29 135.33 93.25 79.35 86.37
8 38.25 98.58 73.08 97.70 103.83 94.66 68.65 87.30
10 55.30 99.60 62.88 98.75 103.43 95.27 61.83 89.23

12 59.80 99.80 66.18 98.94 76.73 96.61 47.05 94.36
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LR N 96.61% . 98.94% . 94.36% . 99.80%. A VIFE i, AL IEREIE SR A, B &
G RKHEREN, XEHTEAPR A, BHARKABRMERER, BEAEmRitEL
Bt 25 ) o
22 EHIEAFESH
D) V5 YW RS sh J15% . 16 4 UK S RIE] (6. 8. 10, 12h) F&fF N AT 5, Wik R 5% 4
TR BRI A5 Ak B2 N 2 1 AL Bk itk ) 01 24 S8 0 3k 6.
=6 BUNMEMEIINIESH

Table 6 Kinetic parameters of organic matter degradation

Wik e AT BIEFZHR K LRy, /d! L HREHK /(mg- L)

. =0.008 66x 0.990

rh £ B 0.358 41.34
3=0.358x+205.89 0.936
_ N =0.005 45x 0.989

BATRLA 0.209 38.35
3=0.209x+276.54 0.948
. =0.005 42x 0.758

24 BURB 0.342 63.11
3=0.342x+232.93 0.894
. =0.006 42x 0.994

VaE &) 0.500 77.88
3=0.500x+110.48 0.957

4 R SR B 2 AR K AR W B L B KB IR M S SR AR IRl A E AP (0.500 d7h>H B P kL
(0.358 d™)>%2 4 kL B(0.342 d™)>% & BUKL A0.209 d™), 240 A1 BUR R 3 b (77.88 mg L™ )>%
& WORE B(63.11 mg-L™)>r B b: (41,34 mgL)>& £ B0k A(38.35 mg-L™), Ho v I8 LU e i ik 2 ]
BRTFREERAWEEFRIERE T . RET e, AW EA R, YL 764 i kH
J1, R BTSRRI AR )Z T B Y K B R A R AR IR,

TE 4 WK I BHE] (6,8, 100 12°h) 254 T UEAT508, 4 PO 2 218 A 16 28 It 40 KON 7%
1) S R ) )1 22 S50k 7,

*x7 SERKBIAESH

Table 7. Kinetic parameters of ammonia nitrogen degradation

i e PE T & RER R IR fRE R, /! AR ERUK /(mg L)

) y=0.011 6x 0.824

2 Bk 0.003 85 0.332
=0.003 85x+14.14 0.827
. y »=0.011 3x 0.900

BATRA 0.025 2212
=0.025x+9.73 0.902
/ ‘ y=0.013 7x 0.986

BARB 0.027 1.971
=0.027x+6.58 0.934
. =0.014 3x 0.873

VaE Xl 0.025 1.748
=0.025x+5.38 0.941

4 Fofr 567 SELARE A1 0 R0 A K BU AR i S R AR R R 5 IR B(0.027 d N> 4 K JB0KE A(0.025 d7h)=A7 3
0 (0.025 d™")>rh S g A (0.003 85 d™"), M Al E BRI A &R G W0RL A2.212 mg-L™)>5 A Bk B(1.971
mg-L)>47 J2fib (1.748 mg- L )>H B kr (0.332 mg-L ™). #F 3R 2 D3 12808 AR (10) 1, Hit
AR RAT LA, AR KIS Y ek B L RSN ) R A AN, R K R R G TR v 2 B
>SE AR B> S > A B0k A, R A BORL A R G0 2 R OR B
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)M EE B S . A 4 K s
WA (6, 8. 10, 12 h) & FNisfrscus, Wok:
TR 52 4 TR A1 20 9 25 Ak 52 0L 4 1Y) 5k S Ak B
K Bh 12 SOk 8,

4 T s SEURL A T U8 7 38 R B O A
5 (0.553)>% 4 WUkL B(0.486)> £ B kr (0.244)>
54 BURL A0.239), % 8 & MR Oy A e b
(0.053)>rf £l Fig ki (0.018)>% & Wi kL A(0.016)>
A BURL B(0.008), FHEZRGT5 e R B
WARBOT AL R LI B, 20 R R K
KRB A UKL B> e b > 2 By A >5 5 kL
A, RUPEHE SPR A BB RS, WAL E
PRI R A5 e b

e 4 4K I B EfEl (6. 8. 10, 12h) 5%
PER AT, BUR DR 58 218 A 16 2R i S
A S 75 R AR TR BB Bl T SO R 9.

*8 MENREENNESH

Table 8 Kinetic parameters of carbon oxidizing bacteria

proliferation
WREE WA SRR Ry EARK /!
PEIFIRL y=0244x-0.018  0.984 0.244 0.018
HAMRIA 1=0.239x-0.016  0.982 0.239 0.016
A MHRB 1=0.486x-0.008  0.978 0.486 0.008
AP =0.553x-0.053  0.974 0.553 0.053

®9 WAEEDNNFESH

Table 9 Kinetic parameters of nitrobacteria proliferation

BRI AR A RER TR HRARK A
TENBERL  y=1.04x+0.097 . 0.993 1.040 -0.097
HEWRA 1=0.7x+0.2 0.870 0.700 -0.200
HEAPURB 5=0.843x+0.293  0.880 0.843 -0.293
AP 1=0.976x+0.354  0.834 0.976 -0.354

4 B RURESECRE A9 75 U8 7 38 R BUHUCh Th Zh B Rz (1.040)>41 B2 (0.976)>%2 5 WKL B(0.843)>4 &
TURL A0.700), i 175 U b BHAR 87 A R BUE Y5 4 RIIORE SEORE 28 48 10 3 AR B O TU(E (R 9)
JE PR, AOKIR A R Rl S BUE IR T i uE R B R R G oy B Ok, T B
AR R 7 A RO AR S 2 B, S B W R I R ek T

2.3 HYEEN
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AIEORE 58 4 TR A 18 PR IR S A VA ZEAS [ 7K 15 B A E]) (6. 8. 10, 12h) T, COD Fl4 & 2= %
e B A= Wy B S 0 AR AR o R LU S, 4 i R SRR R A R A R W R S T P 4 B K
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Fig. 2 Effect of the different hydraulic retention time on the dehydrogenase activity in biofilm
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WOk A LIS 0 AR YRR W) A o g IR 5 AR KO U ) A TR M A 45 SR 50 mg-(g-h) ! A L
IMRZ . REATREN , F KA S AKIR A vl V8 FH A 75 A 40 5 R 7 7 7

FEER LR EE G, BRI 6. 8 hik, w2y W A= 4 B 0B s v B B = T A ok
B FIA Sy, W T2 AWk A; (5B EEN 10 . 12h B, 24008 A, B Ay I B 0BG 4 bl
o, Bk, X 5 AR RGBS R AR LSRRG LA -, UL ST R
JERM LR ERZ —, BHTEE AR (Y 55) #E17HE .

2) T LW i B T a0 A v 2R R =0.005 6x+0.706 2, R*=0.995; Z W &
FEBRE M ZE A 1=0.010 8x+0.081 1, R>=0.989. 7 COD LBR*REaEm;, R W -0 R e 1% 3 52
WX EPS & AT HIWr . I3V LLE H, B AN A B Y R ANR G W & X T A 3 Fp
WORLIEORL, UL E AR A BAEYIBOE MR R, XA RE T A OB B HE B AP K BR R AR
JRA G A, B WA AL B AWM A Y & AR K I 5B AT )-8 h B PR TR, MiAEIK
PSRBT R 10 . 12 h B, BRI EERS /N, HAR bk 5 5 M AU T R AR AL B SRR — 3, XUk
B, B g PN A B o S T A 3, S R AR RE 3G, o T 2 AN R A
Pus, N TR SE T SBBR T4 iR BURLIECRL | EPS &, HAE N 73.19~104.07 mg-g ', &4
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351 0 Mt 70 ¢ o
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éln 20 ;9 40
10 20
N
’ Rk BAPUA EAERB A ’ Rk A RA ’E%%ﬁiB Fap 2
BopHm e
(a) HRT=6 h (b) HRT=8 h
3 eman
oo | EI i
7
_ _
B
1 / 1
& / B 40t
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3 COD EMEREFZFUHTAEKNEERBMEYEMIMREDSENZN
Fig. 3  Effects of the different hydraulic retention times on the extracellular polymer content in biofilms with
stable COD removal rate
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Comparative on biofilm properties of straw and fly ash-based granular fillers
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Abstract In order to improve the treatment efficiency of biological aerated filter, the new granular fillers with
structural and functional advantages were developed. A fully mixed circulating fluidized batch reactor was used
to study the film hanging properties, kinetic parameters and biofilm activity of self-made composite particles A
and B, ceramsite and quartz sand at four hydraulic residence times.-A new method for the experimental
determination of microbial kinetic parameters of biofilm was established, then the kinetics of ammonia
degradation and microbial proliferation were studied. The results showed that when the hydraulic retention time
was 8~12 h, the film hanging performance of the self-made composite particles A and B was better than that of
quartz sand and ceramite, the proliferation rates of biofilm on them were 95.83 mg-(L-h) 'and 63.75 mg-(L-h)™'
(as COD removal rate), 54.13 and 29.23 mg-(L-h)™" (asrammonia nitrogen degradation rate), respectively. The
fully mixed circulation fluidized reactor loaded with composite particle A had the highest ammonia nitrogen
degradation efficiency, the lowest apparent yield coefficient of the corresponding biofilm, and the least amount
of excessive sludge. When the hydraulic retention time .exceeded 8 h, the dehydrogenase activity, surface protein
and polysaccharide contents of the growing biofilm attached on composite particles were the highest. In
conclusion, the treatment efficiency of biological aerated filter can be optimized by using self-made composite
particles A and B as particle fillers. The results of this study can provide a reference for the development of the
novel biological filter technology.

Keywords fly ash-based granular filler; biofilm properties; film hanging; kinetic parameters
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