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3) HLBOR RE+AE W A BT 1 . MUK T8 5 & % 48 h(k BE T B2 MRS SR AT 8 . FLIRAT R 45, Horp
i B ZE AT B =5%107 CFU-g (IS HURL) PEAT AL B, BUAOR B8 J5 R A2 0.5~1.0 mm, AbHEZ J5 kv +
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Fig. 1 Physical map of three fillers
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D) HUBHR S B R . BEASLE . WA 3 FRIURL IR BE 1 A 25 5%, % 3 Fh ORI (6.5+0.2) g 43
BB 250 mL B I, A 200 mL Z2 KR, HIRFHE . HFESRIF GG 3 d BUR B BFE
fn, DK FER) COD, [RIETAE 15, 30 d W = H M 2 606, R IR IBURE J5 190 IS 46 25 1% 7K 200 mL;
FRESE 3 A EDRL R AU O, B 3 FREDRNS I (6.5£0.2) g 43 BITHCA 250 mL AR (B, i A 200 mL 7€
KR, WIREE . JEELRITRIE S S d BUR R, WEKFER TN F5 45, SR IRE R )
JFE 4 €48 7K 200 mL.,

2) A AL SE S . N HRSY 3 R IR RS AR, B4 S 500 mL RECRAE N RV A, 7E 3 A
BRI A A 3 FEORE (9£0.2) g, J3 A0 AN T INAT AT DR R URAE Sy 25 U ME . 23 in et 4R
55 % BCAH AT B9 15 4 75 ¢ 50 mL(f FH A Z& 18 /KI5 Bk 3 1) MISE SR /K 400 mL, 35 B 6 J5 i A E
RIR B R 9: 20°C, 60 r'min"), %:BE 24 h BUKE 400 mL, EHPLHE 1 hJ5HE TN, NO, -N,
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201 SMASL, VEIR), SV (TN) SR HI8 P A B 92 B0 9 A -5 606 BE 6 (I8 3 Uvmini 1240, HAS),
B (NO,-N) K FH B 5 55 3 -4 6 B 36 (5 3t Uvmini 1240, HAS), WA A (NO, -N) R A N-(1-
ZRHL)- M-S R (D6 721G, BIF), @A (NH,'-N) 2k H198 TR -0 6t (1801 721G,
)

2) DOM 5 o = 4 % F 61 2 R A %6 6 4 Y6 6 B 1 (Hitachi F-7100, H A4%) M@, KK #E
HFLAE 0.45 pm JERE 8, HBAiKE N2 [, BA W (Ex) HH#57E Bl 200400 nm, & 5%
K (Em) FH#5E F 250~550 nm, P42 FE4H 5 nm, FHHHEE 12000 nm min',

3) F T 0O I . 2R 45 R SR A F T U (Zeiss GeminiSEM 500, 7 ) I € .
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1.5 BEHHERE

D J1% 0. T i 3 MRS B ALE], SR 2 Fhsh Jy 2 R ST E] ¢ 5 COD B ik
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1718 . Ritger-peppas 75 2 = (3) s o

—=— i+ (1




3294 ® o T B o W 16 %
K= &n @)
hp
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fift, >4 N>0.89 I 73 fif ik 72 o AL 9.

2) DOM 4+ #7 . 3% il Origin 2021 %k {4 &b ¥4 w1 VORRERE R R R AR

BR8] = 458 e L AR WANG 209 Al Table 1 Fluorescence spectral region and the corresponding
SR BRI, T = 4SO 24 e o
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5 S N, U5 5 0 4E 2.86 mg (19 COD™, i 1 I\ 300~400  400~550 RRMLIH AR
S ey %
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Fig.2 SEM images of corncob surface after pretreatment by three methods
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1) 3 FhFURL S R p o B AT . 3 Fh R 16 e 120
BB SRR 3B, SR £ 4"
(BrBe D). PesBei (WrBC ) MZEREMTBE (B & [ oo 1%
M), W3 Fis, 5 1HE(~3d) hammmn 2 N = ot g
BrEr. 3 EECRIORGE R Bk R R Y s RRE o 2
KA, 5514 13.266., 13.462, 14.976 mg-(g-d) '; |4 e WR, —o- I =
95 0BT EE 412 &) BRI B, 3RO 5 [ TR 4 8
(19 B 3 /N, o35 02,3330 3.595, 2.128 oj -----
mg-(g-d)"; S MET B (13~60 d) ML RERT B, Uit o 10 20 30 4 0 e °
B B 3 FhFORLRE O R T R B TR E , 0 &AL/
4 0.675. 0.904. 0.292 mg-(g-d)'o i K K5 B3 3FEK COD BMER
{6 FH 20% W 25 1% NaOH 2 M M A2 A% J5 BF 9% Fig.3 COD release of three fillers

PR IR R R, H O B A B AR B 2 A B, MR, AT SCRIE B & A B IR A T
Feo BRI 3 ANB B, 13X ATl A 6 il 5 1 S e K 35 R

WRUE R B 3 AP B R 2 S T . TR B, i T 3E0Rh e 1w AR TR A P 3 25 19 B ok
OB S KK R 5 o3 g ok Ak G Y, 230 CoD BRI S BTEL, T EK
O T SRR R A AL v i, FR X S A HL TR D R A W AR TR G218 TR
IRBNFE AR DL S5 RUE SR 0 A S FURL B 28 T B i R A B O AR A B R KA, T
XF 3 FPIEURE 60 d B ARG REURAH LA, 15 00 HURE (116.139 mg-g )>IX HUEL (93.200 mg-g )>JS HUk}
(78.079 mg-g ™). ZE LTIk, JJ AR 4~60 d P RERICH R A AL F i K, AF AR R AR B v RS 0
FHEC A o e e AR SR RRERZE .

2) 3 FIEDRLR B B 1 MU A AT o A TR 3 RRIEDRHERS B ALE . 2% LV 450 R RITGER %2
i FH B 8 D1 230G J7 iR R AR IR G rh 3 R DR R AR G B EA TR o 3 AU RS e B il i =X (1) A1l
Q) #HATHA, BT RESE W R 2, L, 3 FhEURL R RIS R 0 2 s iR, HEA
R R AH 1 5[] B Ritger-Peppas J7 & 1 32 30 H 8047 M LA 8500 o M sl 2= iU & 45 R vl
AL, Y C, K, HURHY) COD S AR B it R, KR, HUBHWR TR /N, ¢, BN, R
AF SRR 7 S A ) P R MR R R B R Y 3 Rl DR R 3T DR C, (R R, B B Y TR B R
ISR K s K, HAZ BT ) e/, S SO AE Bl 72 A 0 s BE s, IXL JT DR K (E /DN,
TERE T R B 2218 5 IS UG ¢, (8 A/, FLAE 0 B () NORBE R S B R, 3 55 I R A i
IS BURMIT A AL B fe /N L B 2 RO IR B 5 A — 3 D0 BERL ¢, (IR, AR BT B AR
SE, BUE AR BGE 220/, X5 3 R RS BRGE R Mr 45 R — 2. 1h Ritger-Peppas J7 B il &

®2 IMENBENNFUSLER

Table 2  Fitting results of carbon release kinetics of three fillers

—_— WG 12478 Ritger-peppas /7 2
PEHH R C, K tin A R N
IR} 1#/C=0.001 91¢+0.0160 4 0.995 52356 6234  8.40 C=151.798*7 0.996  0.279
TR #/C=0.001 50¢+0.0141 8 0.998  666.67  70.52  9.45 C=165.6191°7° 0975 0316

ISkl #/C=0.002 44+0.0076 8 0.999  409.84 13021 3.15 C=213.452('% 0.940  0.155
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CURTES SeT e s MRS EY S T I R 11 - it

A WL T S et URHAL IR 3 41 ? ol foos
3) 3R BUR TN AL B2 M0 B4 g

3N HEOR kIS Q) TN BRSO . Gn &l 4 B 5 002r {oos 2

AL TN B S BRICE LI R G R, 38 Z z

U TN B HOE A 15 dM s B Rk, 2 OO {002

JVIOEL 1~5 d BG4 0.018 mg-(g-d) ™, ol

IX BR, IS BURFRHIGHE AN T 0.032 mg-(g-d) 0 10 20 30 40 50 0

H.3 FEDRHE 20 d S5 BRGEHRHET T 0 mg-(2-d) . BT/

AN, 3R HUR TN R BB U G IXE R 4 3 FURR TN R A

(0.064 mg-g’1)>JS I OoR (0.046 mg-g )>JJ R Fig. 4 TN release of three fillers

(0.036 mg-g ). LA LSEREN] . 3 FEEH TN i/ | B RO, BCER SRR T 0 mg-(g-d) ™!

IR K, X 5O HGE M E RS . ERIEM . MRS A B RS i Y
NaOH Ffi b #EXF E K BT R A — & LR, H 1% NaOH Ffiib SRR TEAE
4) 3 FhEURHZ 1R YOG BT EARERIARY, FKREEBBAEREN TR, CR .
TR /Ny T A HLRR MU 200 . ARBEERER Y T, YW EA B MR ARk, WA SO A R AT
R, 38 At = AEDE ARG 4k SE B 5T 43 AT B AT SO E A B RS . 185 S IXL JT R IS SR
Bl = e DG AT . W S Bros, M 3 FRIFDRLAE 13~15 d A1 28~30 d = W I = 4E 5 ok
TEWLELE) 2 N B AY g, 1% A(Ex/Em 220~225 nm/310~320 nm), % B(Ex/Em 275 nm /320~330 nm), 43

A W Ah RN 1%

g g
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Fig. 5 Three dimensional fluorescence spectroscopy of three kinds of filler leach solution from 13 to 15 days and 28 to 30 days
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=3 3MIER13~15d. 28~30d B HiRAR AKX 9 FREETE

Table 3 Fluorescence region integral standard volume of leachate from 13 to 15 days and 28 to 30 days for three fillers

13~15d 28~30d
BURRAEL  xash T #5rhae DX 1B it X8 1 Bt DXk TR Mot
{AFH/(au'nm?) 1A/ (au nm?) A/ (au nm?) AR/ (au-nm?)
TXIER} 2293 2x10’ 1.900 1x107 1.216 5x107 7.980 2x10°
JIETR 3.127 1x107 3.138 3x10’ 2.387 3x10’ 2.047 1x107
JSHEEL 2.842 6x10’ 2.719 7x10’ 8.243 4x10° 5.613 2x10°

BT NI AR/ AR, AR/ CARE A, AR, Rm R Y A2 6 RY) 5k
¥R TFRAEEOYR, SPUEYRERD, BOARIENA I AELEDRERSE D, Ko HE
Wy R PO, 2 AUt 6 B AR b I S B B VR K PR ML B CHL I S R B, EORIENIR
R T A b, SR AL A, NS rE L R Ts Y o T = ARSI G I R AR R 2R
JEAEER (IV X)), TR (V X)), & HER (VI X)) MEAE b 0 0] 5 28 6T WL A A8 X R X
B R WY 0, R ORISR Y AT OO A ML B R T AR e o 45 A XU 4 1k
(FRI) 15845 21 45 X 3k AU b ol (R AL (36 3), Bl B 1R A9 4 IX, TS SEDRLR: H 3 X 3B 40 s o A
MR BE W/, T JT HURHS AR, BB 33 ORI I A R TR Y R R CE Y S S Rae, X5
RSB SCI0 h COD Y B R EE R4 .
2.3 FRHER & AH LM 82 B0 52 0

1) ARV R A AL FE TN R BRECR A B 6 A FER A T AN FE S Z T £ it ik
JE K R BRRARL . TN Y 25 R 36 B 0 o Wk A AL AN 18] 6(a) FIT 7, 3 el SEDAR 359 522 0 A 1 I8 R0
TR AESS 12 K. IX. IS HUBHALFESS 30 R KL BRFE 90% Lk 1o 1 SCH T HE AR 1 em’® (19 £
KO K 1.5% NaOH 323 18 h 5 /E e Ji, H: NO, -N i & ¢ & 4 40 mg L' i}, i 47 & 41 d i}
NO, -N EFRFEA N 91.37%, #5845 H PCL &5 PCL/T K Y& #3415 Ak B U8 R X b, 356
K NO,-N JR W B34 15 mg L™ ZE47 B}, PCL ) NO, -N % bk Ff F {0 50.60%, PCL/E K B by
1 NO; -N & B #8551 Ul 64.20%

JEURL H R B T 5 T ISR S SR U E S M, R TR R A A R R A P A [, i
R QIOE ol R R o N T e B R W ¢ W= B 1 [ o R B I 7 e oy 1 | 0 1 R A AN R =R i g )
FER, 3FPEURIA TN 2R 2E 5, IX. IS HURHH7E 39 d J5 X TN i 2R I 1A L30T 4
P, JIHURMAE 45 d N R BRRFESE T H TN L BRREE, 5 45 REBRBORIAS] 97.3%, X Ui
HILAR TS B -+ Ak FER KD b ATL AR B R ATL B Ry A+ 47 A 38 B ol A 400 AR J50 2R 235 44 0 1)l TR 1 2F 4 25
VLY X ROk, B L N RAE AN FE L TR X BRALAE 45 d N X TN A — 1 BB %,
A3 dLBREFEN 50.7%, FE5 30 KREBR R, N 86.3%, ZJ5FMRiM i &3 62.5%, X a4
RO ER o A B8 T o0, vI o S 3% B0 A A0 B 4R (S el P Ib IR, 5 DI RE 2 SR B 00 i T RE AR R
SEAEFHRAEA R, FRMRMAEZEE M, RERAFMREARE, FERMEYNET &R
ERABY I, SEAER T TN RERIEANER T

2) A [R]BURER 2 Al Ak i3 72 NO,-N. NO, -N & NH,-N 2= R 2R Y52 . 2 il 4k 18 1) A HLER
Ve v T AAE — 290 19 A MR R S8 NO, 38 I NO, -, B0 5N N, i /%, HAsmREh
I Jer it X e VR 11 B S 8 T SR A R R R SR IEURL RS OB Ak S0 50 5 B b NOy N Y e BR R K
NO, -N. NO, -N Fis ¥ AL LI 6(b. ¢), 3 FiFRE NO, N Ay Lprfa 5 TN —2, JJ HER 4 1E
45 d N NO, -N By £ R R4 T, & & N 98.1%. 1fii SHEN B0 PLC 5 iR &, FHH #17
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Preparation of composite carbon release filler and its denitrification properties
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Abstract In order to explore the ways to improve the carbon-releasing and denitrifying performance of
composite carbon-releasing fillers during the long-term denitrification process, three methods of mechanical
pulverization (JX), mechanical pulverizationtalkali treatment (JJ), and mechanical pulverization+biological
treatment (JS) were used to treat corncob. After pretreatment, it was used as the core substrate of the filler, and
sponge iron was added to improve the electron donors release ability of the composite carbon-releasing filler.
The generated Fe*" and Fe’™ acted as electron transfer intermediates between carbon source, microorganisms and
nitrate, and polyvinyl alcohol was used as binder for the adhension of the core substrate and sponge iron. Three
kinds of biofilm carrier composite decarburization fillers, JX , JJ and JS filler, were prepared. Their release
performance and static denitrification characteristics were studied. The results showed that the 60 d static carbon
release process of the three fillers was divided into three stages, and the accumulation amount of carbon release
was JJ filler (116.139 mg-L™") > JX filler (93.200 mg-L™") > JS filler (78.079 mg-L™"), and the secondary
pollutant TN release was close to 0. Pseudo-second-order kinetics were used to fit the carbon release process. JJ
filler had the largest C,, and ¢,,, values, and better carbon release ability and stable release rate. The fitting result
of Ritger-Peppas equation was following: N values of 3 kinds of fillers were lower than 0.45, and their release
mechanisms were diffusion. The soluble fluorescent organic matter released from the three fillers were
tyrosine/tryptophan amino acid and tyrosine/tryptophan protein, which were easily biodegradable, and the
structure of corncob after mechanical crushing+alkali treatment made carbon source release more abundant and
stable, which was suitable for microbial attachment and growth. In the static denitrification process of the three
fillers, TN removal rate was higher than 90% during the stabilization period, and the highest TN removal rate of
97.3% was achieved by the 1] filler group. The average COD concentrations of JX, JJ and JS fillers in the 10-
45 d denitrification experiments were 15.412, 29.690 and 19.877 mg-L™', respectively. The theoretical utilization
rate of COD in JJ filler group was stable at 90.34%. In conclusion, the results showed that corncob was suitable
for long-term denitrification composite carbon release filler after mechanical crushing+1% NaOH alkali
treatment and compounding with sponge iron and polyvinyl alcohol.

Keywords denitrification; composite carbon release filler; corncob; denitrification efficiency; kinetics
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