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Bt HDPE SR} ] 5 J2 X MBBR Jii & BRBERL
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W E NI B G U K E 25 | HE R 8 5 A, ) SR £ 0% (HDPE) SFUR} AT 55 K Bl b I ek 4
118 4 P B 2 A A% 3 DR AR 4 5 R R 2% (MBBR) H P FHARAR , R IR 7 20K 900k Si0,. B I EE (PVA). B
£ [0 i (PDA) %5 M Bl Uk 78 7F HDPE M R} 36 7, % ok R J5 S0k 47 32 fik /3 . SEM., FT-IR FI XPS % fif DL K&
MBBR H: I 5 5 5286, WF5E4b2#7 i (COD) |, A A (NH,-N). A (TN). BB (TP) il 22 B0 L Kl OB H: B
FFfE] . AR . ARSI SRR SR, SURMEMA R 9482908 & 60.1°, HUR KM
A S s JEURL G I RS A, REDRE B 5 b R AR T B AR SR R T IT T I T 2R K Sk A BLR AR SRR I
ALERY s HUBHEERE AT () B 25 P2 AT R 16 d, FEMCATE$EHT T 9d, COD. NH,-N. TN. TP % [ % 5 j 35 £
94.9%., 954%. 83.5%. 71.6%, SECMERILL A AIRE T 9.3%. 6.7%. 13.7%. 11.5%; YER}AY A ¥ P8 i 2 e v i
M 157 %, M 2735mg g #8155 42.87mg-g ', A B BRI 2009 B i 43 0 N BCHERT Y 6.48 mg-g ! F13.38 mg-g!
P& = 5 8.83 mg-g ™ Al 5.82 mgg ', AR MUCHEHT Y 136 £5 M L7245 . UL AT LUE Y, SRR E T LS
HDPE SR 55 KM, 25 19 HDPE SRR} AT L 45 J6 78 MBBR H (19 # i 8] & 5% f£ %t COD. NH,-N. TN, TP
FBRAR . ARHF T 45 5 0] Sk HDPE HURL 3% /K vk (9 V& A58 B fF MBBR A (9 SE PR i FH (162 % .

KHE1a HDPE HUEL; SE/KEHE; B8 8l KA W I 1 4% (MBBR); i 05k %

F E RGP B SR AR 6 i, (H NS AT R, AUE IR 121 4, 2R R REK Y
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KA BBl T DX s e EEARBAE A LG Y, FEASE AT A& (COD). & A (NH-N), &
i TR S BOR R K Wy 55 5 AT e F BRI AR & B 5 ik, FEAR LA (TN), SBE (TP) fl
BhIRPIAR B RIS e F AR RE . TR . ESES . XERRPE T KESHE
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PGS Sl S S HALE KA T A4 A, T T KA BARNGE . 5965 % 8 i f g
AYO(R A -Ht A -4F 50)-MBBR 15 K A BT T 25, 3 AL X COD Ml NH-N 1 LBRZCE, B T LX) COD
FZ A 2 BR 2843 5 AT 3k 84.3% 1 82.93%, K PRFIR ML 10%; Z= BT $2 1 AYO+MBBR+EE
SAEWIEME A T4, XMEIGKAB T 178 bR, 7EdE AKOK BT sh B KGO B, B 2%
COD Y PR R Al FRETE 85% L I, TP KBR&Z K 92.5%, A LBRFIRT ] 95%, TN F:pRRnA]
ik 83.5%, HiKOKEH] WM 22 A MBBR 5 MBR T 20684 JE 0 35 Ak ab 3 T 3647 32 45
PR . BSOS S T T LA AR GRS A B RIS, AR E T R 2K s VIR 2 H AKOK R R R
IEBLY /8

HUBHE MBBR A% 0, ORI A T S 3% T 0T 2 02 52 M JEORE A8 RSP B S % 1 7K 1 4 B AL
o R WERMERE RN AW MM . KL SERMEG O RmARR ., AR K
MRS 8% . IR K (PE). RN (PP). MR (PU) S5 M BHIN T il & i e i 4% 5e EOR) R 2% K Pk
25 WWRAA/NE RS, S5 MBBR JG s flia 179 1 SR s 8 | R D | V5K AR Bk
REENE, 20T HURME TS K AL B b RS S T SEORE R T O, ST SR . R AR
XF R 20 OB o3 B AT WA AL L WA SRR KA - IR o TR R - TR 3 Rkt R
BURL MR KM, 25 0 RIS 5 BORHEE R [ 40 40, 35 Qe K BR3G n. MAO 5 EEFCIRER 2
A SEURL 2R T U 7 AN ) B B8 R L AR 104 Vg 403 F el 3 SEDRMY S 7K ik SeHE R i, ok S SEDRH %) 23 7K 1
FERSPERE B 2 03t o K H T AU X B 2 BURFIE AT IRORE 0T RN B S A O, Ot SR R SR T A
R RES N, SEKMESR R . 2R R FROH EAL ORI R IR TR X IR O R A T R, AR AR
HFT AP i SR A 5 R e ) i 4

15 % R s (HDPE) & — A 25 0 | B R R A vERE i, B R AIPLMPERE . i T
PE R e DL R 2 G e A, AT 92 U4, HDPE A4} % B FSE AL T PE MRL, (HIRIREAE
TERM R ARYEZ | AW R PR 22 55 ™ MOk Jy UF W B e vE ik 2= ek, B etk A IR . 3R
(IR B R PR A S g 2 E Y SN Il L

A 5% T HDPE il B 1Y K3 SERLIE AT 8 i vk ol vk, @i = i i 7 0k 5 K PE K Sio,. R
WEE (PVA), R Z L (PDA) &0 B U4l AE OB 1w, il &5 S5 /K B e M 20RE ;. 38 3 A48 MBBR T
LARGT B EUR A HE EOME RE S % €OD . NH,-N., TN, TP % AyAbHsi L &UR , B 78 & HDPE BR3¢
IK PR B IR A ST B 4 MBBR 1 (1) S2 BRI 32 i 2%
1 #Rl5RE*%
1.1 RFIE7R

ASZEPL @25 mmx 10 mm [ (B A 1R 5 % 5 5 £ 0 (HDPE) K3 3EURE (B %78 W IR0 1 b 92 50 16
BE, HORFE R FL> 500 m*>m”, %R (0.96+£0.02) grem >, fLERHE N 90%.

SRKHEGPK Si0, (150 nm, FIFZITALT T ), ROMEE R AR 1750450, R4tk 30153160,
B EL S R-99% (01 )), R TR £ T (CH, NO,-HCl), = (¥ W 3k) 2 5L /P 5 (C,H, NO,), A & fboh
(NaOH), #ifiz (H,S0,), #hlz (HCl). Fr HHHI B oA sk, W T [ 25 5 A b 2R A R | o
1.2 ERMAY B

JHZE /K Wi BC & 2 10 mol- L', pH=8.5 () Tris-HCI(=. (% F 3&) & W L Bk Tris) 22 0hik, ic N
B AN BRIGE B PVA, R PR RS, R A 500 rmin, WREER 90 C T, ¥ i C AR
i 5 B0R 2% ST By FRIBUE 40K SiO, W A EIR W A b, 8 15 min 5, Be il B i 53 4K
9 0.2% IV C; B B SIEW C AR L1IRA, A &M £ B (CH,,NO,-HCI) & 5¢
V%, T PVA. CH,\NO, HCI Jii & [l 4:1, MAF TS BMR M 1Y (0.2 mol' L™ H,SO, MRk 2 h
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J&i, UL T)HDPE K3 Ok, A EIRIR G 45, 7E5 3 160 rmin™ . JREH 50 C AT, &
N 6he RNZEHJE, FAEFRIMBOR sy T, BT 58 Mo SobEni s SUR 3 0id ok 0708}
1R

13 RES5FH*%

STg M B A TR . KB R E L5
MBBR. Fi#ibe . BESR . SRR a3 It RN

A H N . % B AR A MBBR H A AL 3 5

M, RSFR 12 emx40 cm, ALK N 4 L,

34, A TAT SRR B, R et R T 7l

BB AL AT 5250 st | (8 2 g
St B s SR DO R 0 E AT N0 0@

RIS 0, 500 K G A A . S AL R el [

Bl R — S S Bl i oG 2% T R T R ) A A A T || S 9 g@”h Hik

5K K BAE bR : COD A (350+10) mg-L™, tj e 98" =

TN 4 (17.542.5)mg'L™", TP} (3.5£0.5) mg-L ™', MUK MBBR

COD:N:P N 100:5:1, PIEIy5K#E/K, HRT 1 MBBR 3% &

Jy6h, JEEEN (25£5) °C, DO oo, (30.5) mg~L_1 , Fig. 1 Experimental setup of MBBR

pH 4 7~7.5 FUEHI 58 % K 30% .
14 SHIMES®MN TG %

COD. NH,-N, TN, TP: % fig W fi#{¥7%; DO: IPB-607 ff ## R iF it AL ; Wi . E &
WU PP B P SR W B AR B S W (BPS), TUAE EPS R RIS &R, SRR R -
il 5 2 I Z2 8 B i, SR Bradford 377 0 2 A T A i . A MBBR S50 4% i 2R HEK 5 2 R
Fbh, MR EE, BORER R AAE R [ 09:300 KFELS 0.45 pm JEACUE, SRS I 2 BN O A8 aE
H7K s COD, NH,-N., TN, TPk,

2 FER57
2.1 RIS

1) 3R} 2 T 42 A A 40 AT o SR e PERT S R A Qi B 2 BroR o AT LA H . OFIEUREEE i A oA
94.82°, KA FERACHKRA s 1HURHE Ml /1 0 60.1°, 5 OMEDRMAH HL IR T 34.720, 6K PE B B o8
M AT, Aot KR A, OB R T RN Y RGE KRR o BEURE R T 10 S5 K M R s A R O A
ORE R T AR AR B, DA bR SRR 2 T A 4 A A G AR P A T 4 4 MBBR S sl AR
R B B RSS [r] 2027)

$Efih £ . 94.82° Hefli £ - 60.1°

I o ——
(a) BCPERT (0) (b) Biett)E (1%)
B2 EREMA
Fig. 2 Contact angle of carriers
2) BURL K i SEM-EDS 73 #r o BCPE i BEORL SR 11 SEM IR AN AT 3 iz o 181 3(a) . 18] 3(b) Jy 0"BEURL
) SEM [E, 8] 3(c). &1 3(d) A 1"HURH) SEM &, A LAA Y, "R R I V-4 HEDLH , 10R R
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{
5 um

(a) B2 000£%)

(b) HHERT(10 000£)
S e |

5 um

() /= (2 000£7%) (d) St (10 0001H)

El 3 1HE SEM E
Fig.3 SEM images of carriers

TAORLRS B3, B A A, X REURIER I R Z E R 2 R8N, A R, S s
HURH L R T RRIE K, Ry il AR W 7 SEURE 3 1T A N A RS T 2 AN, A R T R AR W A SRR R T Y
B A o T s RS ) 2 T 0 8 £ 038 iR B 40 IO 0 O G w2 A K ) ) A A B I, R
HEFURE R A, s SO R R S

O S OB R D EDS BN B 4 Fios o 0] DU Y, 0P S OREZR HDRDRS B2 3G n, 0"iR0RL 3 1
FETER IS0 CIou R Mt Ot &, O/CHYIHIARML . 1MERERm A B 7 SiMNITR, I OJC
FW &R EF, O/C R LFIRIRSE N, viB % ¢
IR Si0,. R OB (PVA). K2
Jfie (PDA) %5 4K} il 2h sk e JHBL R T, JF B
fiE 2 7¢ HDPE JHORHR i1 7T 38 o3 1 He A

N
3) FT-IR 434 eOME Rl 5 08 FT-IR 4047 | 40 S!i, et
GERANE 5T s . 2915, 2848, 1462 il 718 .
em" Ab B WS 43 i) AR A F B C—H Y AE Joﬁ .
XoF Bk AR 4 P 2l RERR AR AR R 30 L P 5 2R . . . . . .
B K 1 R R 3, O HDPE 1 4% fiF 1 0k 0 2 4 6 $ 10

454 EkeV

E 4 1HF EDS &
Fig. 4 EDS maps of carriers

WAL 3 3% BH W B U 7 R 2 E HDPE 3O 3% 1f
FIFEARZERY . 1375 em AL F C—H Ay 25 i 4R
@j [30] o

MO JE R T 1 100 em ! B I Y W YR g 5 40 0K SiO, H Si—O —Si 1Y i 4 4k B DL &
C—O—Si M4k shA &, C—O0—Si BB H R PVA HEER I 590K Sio, ik BRI & 4E
BN, ZEKAER T C—O—Si {8, Botk 5 HORMS T 3 300~3 500 cm™' 4b Ay 5 PVA Fil PDA 7
O—H DL PDA 1 N—H i 4ifik sl A X0, O—H 2 M E e, & TR R M 8K, i
Si—O—Si MAA7E 1] IR = Uk J2 1R P, BA BRI KB, PDA HA I 5500 10 2R E54
THIIR C=CHLEN, 1641, 1291 cm™ &b 5 5 H B T PDA H 2K B B 42 i 45 I 2 06 L J%
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C—N i 4 fic h W, X 48 J& PDA B9 451k i EMEE( —
W o BEAh, 1732 cm™ Ab R BRAE C=0 fY 3500 3300 ”mmwgﬁﬂ’
1462 718

PRI, DL BEE SRR, 4K Sio,. B »
MR 2915 2 848

W (PVA) . R Z 1R (PDA)SE BB Dy 17 2%
SRR, o T ORI A SR K M W 51:375 j

4)XPS S W7 . S T E— 2 U6 0 M b U yors ) lea sag | K
HRL R MU R ME BRI 22 5, YR AT 4000 3500 3000 2500 2000 1500 1000 500
T XPS 4 # o BiCHE AT S SR XPS 43 B G [E /gt
6 5. [ 6(a). [ 6(by. & 6(c) 435 Sk B b B'5_SA% FT-IR &

HiE R 4 3% . Ols. Nisi%[@E ., [& 6(d)7'~j Fig. 5 FT-IR spectra of carriers

et JE ORI Sizp i1 . K 6(a) T RT, BCMESRHORFHELT SionE,, H N O RS EMM, 5
EDS 73 M 25 2R — 2. i [ 6(b) TR, Btk JE BUR R i O 3% C—OH., C—0., C=031
S SRR L, BN T C=01%, HO—H, C—O IggEmMA K, & OB,

& 6(c) AT, glotE e SORHSR T N 3% 43 N—Ho NH, 2 /i, NH, 9t 35 PDA A X%, i
N—H e 0 17 B AR R IR 22 B i (DA) ek i 8 DA LR NH,, 76 Ak B 3R G R v B A 15 %)
N—HE fy & 6(d) AT AT, Stk 30RE F 40K Sio, 5T A L Si & Al 438 Si—C ., Si—O0. Sio,
3AUERY DL AT A R S FT-IR G R AE S Hr s R—30, if L RWIYIK Sio,. R LM EE (PVA).
R Z e (PDA) 55 A RE L) T AR DR R T, JE R KR = .

c—0
Cls
C—OH C=0
g
c—o
NI O—H
[€E:0)
700 600 500 400 300 200 100 O 536 535 534 533 532 531 530 529 528
4t tEleV RV
(a) 4% (b) O1s&]

Si—O

NH;
UG
N—H
lgean)
403 402 401 400 399 398 397 396 106 105 104 103 102 101 100 99
ZEAfEleV Zh4feleV
(¢) NI (d) Si2pl

6 1EF XPS
Fig. 6 XPS spectra of carriers
2.2 MBBR #ZE/EEISLH
SOPETT S OB X COD B BRACR AN 7(a) Fros o TERED S, HURIX COD i 2 BR A UG 4
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T OMELRE, SEEFFARET, 07, 1HDELXT COD MY 2Bk 343 5 R 42.1% F1 57.1%, 1"H0E COD Bk %
PEET 15%. OFERIESS 25 KAF, COD HiK{E R 49.8 mg-L™', ik%F| COD —%% A HEjil bx i (COD<
50 mg-LY); i 1HURLESS 7 KA, COD HK{E E %% 45.56 mg- L', #2771 18 d 5% COD—%% A HE
FOBRUE o TSEDRHESS 16 K 2247 X COD 1) & B ik B R IR A&, BURHEERE 8 T, COD L BR#E N
94.9%, ILEF ORI COD BR 3N 73.8%. OHURMAESS 25 REEM ML, COD ZBR3H 85.6%. i
P OB B ) 2T T 9 d, COD LFBRFAEE T 9.3%. Btk )G OBl 5 K P A 3 5, X SEURBkH: B s
1] &2 COD 1 2 BrR A B w42 & .

HORCME AT JE X NH-N (9 2 BRFCR AN 7(0) Fras, SEEewi i, 2 PR NH,-N 9 25 R 450
PETHE, DRI NH,-N 9 LB R 24 5 T 0P 0RE, SEIR TR it , 07, 1"BURHGT NH,-N (9 B %
I3 0R 27.2% 1 46.1%, 1R NH,-N L BRZFEE & T 18.9%, 1MHEL (5 d) bk 0°4E K} (10 d) #2717 5 d
ik ] NH,-N — 2 A HEAAR #E (NH3-N<S mg-L™), I B NH-N KO8 &3 B2 45 51 o4 3.08 mg-L™' Al
435mg L', 1HBFESS 16 KX NH,-N 1 L BRBIATRE , FBRFIAF] 95.4%, BT 0" A9 NH;-
N ERF N 80%., OEDRITESS 25 REEBIALY), NH,-N 55k 88.7%, Bk J5 Bk i) fa] 42 7 1
9d, NHy-N EFRBEE T 6.7%. 5 COD ZERFCRISML, Motk J5 R 6 H: BEHA] &2 NH,-N 8 2 BR#R
A

M A R O TN B R BRECR AN E 7(c) izs o SEBeIRaR I, 0F . 1HERLXT TN A9 25 BR 5
WA 35.9% 1 43.1%, THERIFESS 16 KX TN A 5 bRk Bl R e R A, BB R T, TN L%
9 83.5%, LI O*HURL A TN KB RAUN 62.5%. OHERIAESS 25 RN TN Ay LR IEA A€, TN &
BRIk 3] 69.8%. Btk E SEURHEE BRI AR T T 9 d,. TN LBRRIET T 13.7%. A H COD 1 NH,-N (1)
FBRACE, St e R TN R BR A EE TR B B 3% . R nT AR, SRR KM A SR T

100 360 100
80 | 08 80 &
S w0 TS %
3 - % £
B 60 L 60 1o 5
T 180 § 44 ls 2
2 40 8 %40 =
S | R S 1208 &= = Etk 6 i
—~ Yef ~ —— Wtk la %
20 | — jllkCOD 60 20 — jJI7KNH,-N o
A 12 Z
0 0 0 0
1 35 7 911131517 1921 23 25 27 29 31 1 35 7 9111315171921 232527 29 31
1 iiE/d 1 E)/d
(a) CODERRBCR (b) NH,-NZEERHOR
100 20 100 35
W‘W
o 80 o
0 T
N oAbt 25 7
IS = o0
= g <
i = 3 60 20 £
& 2o E
= E 15 ®
e —= kR o= - PR I
ks Z. Al 1.0 =
Yo | +L & 4 E 20 — &
— JJEKTN — JEIKTP {0.5
0 0 0 0
1 35 7 9111315171921 232527 29 31 1 35 7 9111315171921 232527 29 31
1 E/d 1 E/d
(c) TNERRRR (d) TPEBRACR

7 MBBR &% & COD. NH,-N. TN. TP LR
Fig. 7 Removal effects of COD, NH;-N, TN and TP in MBBR system
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AR A, T AE P ER A0 B AR TR BT AR e - R RS A TR A AR R, R A
AR T I RS R ST, ORI SCRIE &, B980T TN 1 L BRACR,

O S R TP B R BRACR WL 7(d) s o 7R RIS 8, TR X TP A 25 B R 1R
2O T OELRE, ST TFLART, OMEURE . 1MECRIXT TP B9 255K 20 5 29.5% 1 39.2% , 1*BURH A TP %
BRAEAE S T 9.7%. VEUBHFESS 16 KA X TP B 5 BR R IA B R0E , HOREBE ), TP LBR%E N
71.6%, BLEF O"HURH TP Z:BR RN 50.3% . O"HURHESS 25 REEBEAR D), TP EBRFREH 60.1%.
VRS BB B AR FT T 9d, TP LRI T 11.5%.

23 E£YES

#£ MBBR #: 65 sl B2 of, 2otk S SEURE R AR R B 8 TR o fESC R R R,

5,10, 16, 25d 48l . nTLAE W, VHCRAES 16 KA WM AA , FER RSy, T "R #E 26

25 KRR T, 1% 4% 5 5 7 30K T G 45 L,
AT _ a0, = PR =
HLH ok 7Y RO LU 2 A BB | . B
LSS 10 KR40 Fgk , OPBDRE 92 % 6 00 1S 391 = = =
AP AR 535 R 1.47 . 1.09 mg-(g-d) ™ g 0 % %
VAL S 3 39 00 0024 0 BB 1 2 K % 43 31 o é %*g =
H3.05. 2.68 mg-(g-d)’. HOHEIFHURHH A . = =
591 A 1 S 2 K 19 2,07 £ A i R
246 %5, PR YIRS T b . B T M8 R EELMEE
Jo SR HE B R Ty B AR W) B i o I A 2735 Fig. 8 Biofilm amount on the surface of carrier

4287 mgg’', JEHEZENIEMN 1.57 1% 1

O o st
EPS 111 2 115 B 4 B e 2 KA S | =aer . =
PR AR 2 R M A R i : = E
AT LR 2 ) I X Y e e 2 L FE 5 of = [ =
1) +J:_ el TR g a + ;\g{ . % %g
MBBR [ 8 55 36 o /SR 1 4 = = = | =
& 1R 208 2 Rk 4 9100 F 9. 10 R = = §% §§
i S & % = = | =
JEREIR S, 10, 16, 25d 4 ASCH % . A9 0 = §§ §§
0

AR, OMBEORE  1BURHE) IR AR A s T

16 25
1K A I 026, 0.55 me-(g-d) !, TR SEATI

9 EYIBEEERSE

Fig. 9 Biofilm protein content

H 5T & i 5000 0648, 883 mgrg™!, 5 H &I
TRy 136 1% o HE 10 BT, ofELRL L 1M R

7 -
‘ Y SernT

A 40 JE v 2 19 - 2 K R 43 3 0,13, _ ol munn L&
036 mg-(g-d) . 2 £ B A B4 5k 338, o st . B E
5.82 mgwg ', JF AL H M 1LT2 A% . e S - = B
1. OB OPE I EPS F R T R 4 o R SR = = [=
= = =
L XS R R R AR R = = = B
} Sy = | = | =
3 H . = — =
1) JH 0 BV B kR A Ok o e

Si0,. E ZJEEE (PVA), B L (PDA) % # El10 $YBESESE

L1 2 fF HDPE BURF R T/, 38 4 51 A R K 3 Fig. 10 Biofilm polysaccharide content
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W1, B 1 ORI Y SRR P o SR SEURHE Ml R 94,8290 3 60.1°, SRRk I B 3k
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27.35 mg-(g-d)" $2 5 2 42.87 mg-(g-d)”", RMPERTAY 1.57 %5 EPS AR PSR OB B9 & B 2 A
6.48 mg-g F13.38 mg-g ™ #1125 %1 8.83 mg-g ™ M 5.82 me-g ', AWK Mok R EY 1,36 5 AN 172 48, dodk
J& BURFR T AE W IR LA R EPS i B 150 RI 22 M 1 5 ) S e

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

£ 3wk

RHRE . A ROK TS G R B I R X B AT R AR (D], BRBE AR,
2001(8): 39-40.

B KSR BBUR T BT (9], B RS BMRARLEE, 2021, 2(15):
50-51.

Pt A5 Ye ) 5 oK E AR [1]. BRI T, 2001(9): 44-47.

GAPES D J, KELLER J. Impact of oxygen mass transfer on nitrification
reactions in suspended carrier reactor biofilms[J]. Process Biochemistry,
2009, 44(1): 43-53.

LEYVA-DIAZ J C, MARTIN-PASCUAL J, POTATOS J M. Moving
bed biofilm reactor to treat wastewater[J]. International journal of
Environmental Science and Technology, 2016, 14(4): 1-30.

B, WA, BIverE. — Ak 1% 15 K b AR 45 AYO-MBBRT 1.7
ALFCR AT I]. AN REA, 2022, 44(S2): 136-138.

Rk, FRT, TR, % MBBRHESE PRI T 2 AE )7 M X5 K
LB HRAR MO T AR [T Hok AR, 2023, 42(2): 162-168.
20, H T, PREE, 45 MBBRHEEA MBRA T AL SR I 2 HECh
V5K T EIZRKHEK, 2022, 38(14): 77-83.

LARIYAH M S, MOHIYADEN H A, HAYDER G, et al. Application of
moving bed biofilm reactor (MBBR) and integrated fixed activated
sludge (IFAS) for biological river water purification system: A short
review[J]. IOP Conference Series Earth and Environmental Science,
2016, 32: 012005.

A M. MBBRIEURL 2 T K PR UM B 157K T R K BR BE IR = A 5%
MARFFE[D]. 220 22 K2, 2016.

MAO Y, QUAN X, ZHAO H, et al.’Accelerated startup of moving bed
biofilm process with novel electrophilic suspended biofilm carriers[J].
Chemical Engineering Journal, 2017, 315: 364-372.

T 0, AT S, A AR, 45 RS Bl R A B I V7 6 FH B AR ORI
PERTTEN]. AR IR [ AARRE2E4, 2019, 42(2): 65-70.

ZEF, F e, R, . OB B WK AN L MBBRIF R I AU EL
WIS [CI R E R RL 24 25, 2018 P E IR B Rl B AR A &
WCHEEE =), 2018: 1261-1270.

FEA1. TE NG e B BE I AR LT IR R AR R A BT [0, AL T
FAREZE, 2020, 36(4): 9-14.

SRV BB TR HURH AT B v FHWFSE[D]. F st B AUR%, 2011
XM, 5K, W55, . R O UCHERT T HE R[], BRI TR R
i, 2010, 32(3): 31-36.

TR HT 22 U e 14 2R it L A9 IR T 2 /K AL P B M RE WS [D].
RIS WA R IE Tl R 2%, 2017.

BOLER. B TAE YR A3k 15 22 i MBBRIY R 2L i 4k S i 1k 1 A
WFFE[D]. KIE: KREB TR, 2019.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

271

[28]

[29]

[30]

[31]

[32]

[33]

[34]

NGUYEN T T, NGO H H, GUO W, et al. Effects of sponge size and
type on the performance of an up-flow sponge bioreactor in primary
treated sewage effluent treatment[J]. Bioresource Technology, 2010,
101(5): 1416-1420.

R A HAAMBBRBL A RE M H S0 R R BT [D]. Kt K
HEKH, 2019,

T SR TR BT A A Kot BN YR K b B Y RIT 5 [D].
W KK, 2018.

ZRRIAGA-AGUSTIA E, BES-PIA A. Influence of extraction methods
on proteins and carbohydrates analysis from MBR activated sludge flocs
in view of improving EPS determination[J]. Separation and Purification
Technology, 2013, 112: 1-10.

BRADFORD M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding[J]. Analytical Biochemistry, 1976, 72(1): 248-254.

A, WA, TR, AT A SR R A B R A A A
L[], A2 ReAba244R, 2001, 22(2): 317-320.

GJALTEMA A, MAREL N, LOOSDRECHT M, et al. Adhesion and
biofilm development on suspended carriers in airlift reactors:
conditions surface
Biotechnology and Bioengineering, 1997, 55(6): 880-890.

K IL, BRIT, AL AN, 4. R 7K Ak B A 30RO BT T HE SR (1], P14 T
P2l 2004, 5(4): 8-12.

27w, T, AN, . KRG AL AT o RO REDT
FE[]. PELKHEK, 2006, 22(19): 82-86.

2. SR LR BT A I B R R VERERITIE (D). K KB
T K%, 2015.

GAO J, CHEN F, WANG K, et al. a promising alternative to

Hydrodynamic versus characteristics[J].

conventional polyethylene with poly(propylene carbonate) reinforced by
graphene oxide nanosheets[J]. Journal of Materials Chemistry, 2011,
21(44): 17627-17630.

W5, WRIEE. 4K SiO, PV A/ HETE AN B 5 IR BIFSE (1], 1T
DR AU ARIARR), 2020, 48(4): 5-10.

SR, AR, FAE, 4. PVA/Nano-SiO 24 Ll 14 il 4 S H 45
Fy S HEREDIFE]. BURF Tk, 2019, 47(4): 88-92.

I, 2 LU AT B H ALK A et BB D). TP TR K27,
2020.

KBl BT IR 2 RO I AR RS SR RIS A BRI ] 4
SWFFE[D]. YEFH: WAL TR, 2022,

LI 2 RS = F BRI K HC M RE AT (D). BAR: 7 R 283E
R, 2012.


http://dx.doi.org/10.1016/j.procbio.2008.09.004
http://dx.doi.org/10.1088/1755-1315/32/1/012005
http://dx.doi.org/10.1016/j.cej.2017.01.041
http://dx.doi.org/10.1016/j.biortech.2009.07.081
http://dx.doi.org/10.1016/j.seppur.2013.03.048
http://dx.doi.org/10.1016/j.seppur.2013.03.048
http://dx.doi.org/10.1002/(SICI)1097-0290(19970920)55:6&lt;880::AID-BIT6&gt;3.0.CO;2-C
http://dx.doi.org/10.1039/c1jm14300j
http://dx.doi.org/10.1016/j.procbio.2008.09.004
http://dx.doi.org/10.1088/1755-1315/32/1/012005
http://dx.doi.org/10.1016/j.cej.2017.01.041
http://dx.doi.org/10.1016/j.biortech.2009.07.081
http://dx.doi.org/10.1016/j.seppur.2013.03.048
http://dx.doi.org/10.1016/j.seppur.2013.03.048
http://dx.doi.org/10.1002/(SICI)1097-0290(19970920)55:6&lt;880::AID-BIT6&gt;3.0.CO;2-C
http://dx.doi.org/10.1039/c1jm14300j

1682 ok L B ¥ W 175

[35] XIZY,XUYY, ZHU L P, et al. A facile method of surface R TR, 2022

modification for hydrophobic polymer membranes based on the [38] i, AAZ, MOIERI, 25, SRALEE ZIAT0/SIO,MB B 7K I A4y 1 4 B ke

adhesive behavior of poly(DOPA) and poly(dopamine)[J]. Journal of BE[). M4 FAPRRL2E 5 TR, 2016, 32(10): 138-142.

Membrane Science, 2009, 327(1/2): 244-253. [39] 4. T EFRAR YIS EES RS T2 A R
[36] WAF, SRR, XIRAR, 5. 22 Pk M4 AL £ B2 0% X TDE-85 51 45, WHFR[D]. KifE: KiEH T KA, 2016.

RS EIDTE ). o241, 2018, 49(6): 721-732. [40] BULLITT E, MAKOWSKI L. Structural polymorphism of bacterial
[37]  #H. BZ E/CASIEHEAL S AR % SYERERT ST [D]. F AT HE adhesion pili[J]. Nature, 1995, 373(6510): 164.

(A2 % 4% ; R824, d 1)

Preparation of modified HDPE carrier and its strengthening effect on nitrogen
and phosphorus removal of MBBR

YANG Long"**, ZHAN Xu'***, ZHOU Enhua'?*?, HUANG Junbo®*, SUN Lianjun**

1. School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214112, China; 2. Jiangsu Key Laboratory of
Anaerobic Biotechnology, Wuxi 214112, China; 3. Jiangsu Graduate Workstation,”Wuxi Gongyuan Environmental Technology
Co. Ltd., Jiangnan University, Wuxi 214194, China; 4. Wuxi Gongyuan Environmental Technology Co. Ltd., Wuxi 214194,
China

*Corresponding author, E-mail: xuzhan@jiangnan.edu.cn

Abstract In order to solve the problems of poor hydrophilicity and slow film-forming speed of traditional
carriers, high-density polyethylene (HDPE) carriers were hydrophilic modified to improve the film-forming
performance of the carriers and the application effect in the moving bed biofilm reactor (MBBR). Nano-SiO,,
polyvinyl alcohol (PVA), polydopamine (PDA) and other materials were coated on the surface of HDPE carriers
by dip coating, and the modified carriers were characterized by contact angle, SEM, FT-IR and XPS, as well as
MBBR film-forming startup test, The removal effects of chemical oxygen demand (COD), ammonia nitrogen
(NH,-N), total nitrogen (TN) and total phosphorus (TP), as well as their effects on the time of biofilm formation,
biofilm mass, protein and polysaccharide content of carriers, were studied. The results showed that after
modification, the contact angle of the filler decreased from 94.82° to 60.1°, and the hydrophilicity of the filler
was significantly enhanced. The surface of the filler was wrinkled and its roughness increased. The above
materials were successfully loaded on the surface of the filler and hydrophilic groups were introduced without
changing the basic structure of the filler. The time of packing film hanging shifted from 25 days to 16 days, and
the time of film hanging was 9 days in advance. The removal rates of COD, NH;-N, TN and TP reached 94.9%,
95.4%, 83.5% and 71.6%, they increased by 9.3%, 6.7%, 13.7% and 11.5% compared with those before
modification, respectively. The amount of biofilm of the filler was 1.57 times as much as that before the
modification, and ‘increased from 27.35 mg-g' to 42.87 mg-g ', of which the contents of protein and
polysaccharide increased from 6.48 mg-g™' and 3.38 mg-g ' before the modification to 8.83 mg-g ' and 5.82
mg-g ', respectively, they were 6 times and 1.72 times higher than those before the modification. It can be seen
that surface coating could improve the hydrophilicity of HDPE carriers, and the modified HDPE carriers could
shorten the film hanging time in MBBR and enhance the removal effect of COD, NH,-N, TN and TP. The
results of this study can provide a reference for further study on the hydrophilic modification of HDPE carriers
and their application in MBBR.

Keywords HDPE carriers; hydrophilic modification; moving bed biofilm reactor(MBBR); nitrogen and

phosphorus removal
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