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Enhancing effects and the space distribution of aluminum coagulants
in the process of sludge granulation

LI Yangmei, LIU Yongjun, LI Yuhuan, LIU Zhe

(School of Environmental and Municipal Engineering, Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract; To investigate the effect of aluminum additive on the formation of granular aerobic sludge, PAC and
aluminum sulfate were added into different SBR reactors to strengthen the granular sludge during the period of 10"
to 16" day, and the chemical characteristics of granules cultivated with different coagulants were analyzed.
Meanwhile the content and distribution changes of aluminum in the sludge were evaluated. Experimental results
showed that aluminum coagulants additive could significantly accelerate the formation of granules and influence the
chemical structure of sludge EPS. Once dosing terminated, the quality of Al in the granules cultivated with PAC
decreased from 30.46% to 0.43% during the 16" to 29" day operation. Meanwhile, for the aluminum sulfate
enhanced granules, the Al content decreased from 45.69% to 13.29%. Hydrolysis products of PAC mainly
distributed in the periphery of flocs and the aluminum content of sludge was eventually below the limit of detection
after granulation. However, aluminum sulfate fully contacted with flocs after polymerization and hydrolysis, and
then concentrated in the center of granular after maturation. Above results demonstrated that aluminum coagulants
played different roles in the granulation process. For PAC, the promotion of EPS secretion enhanced the aerobic
granulation and then the microorganism aggregated; while a nucleation is formed after aluminum sulfate additive,
leading to an increasing of EPS content.
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10 mL/L B9 ZLERAR TR , n] LURHRIURE 75 e )R Jl s
] phy 42 d %028 35 A SEad N TR ABURL G P 5
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FRAUAT 5. Shi 5O FELF U URL 5 8 1 B 3% 5t
REr B AL, 7508 58 A URLAG I [E] 47 0L 133 ol
YEH# R ERER TR BER) , R A A4 (poly aluminum
chloride , PAC) RN FR 55 C. 8% )32 Mo FH 7K Ab B 450
S BT A T DU K TN B R
BB Bt Bide IR AR RIS, BT LB PAC R
PR FH T i 3 ) 90 e 4607 e 1Y UKL Ak 2 AT AT iR
Pt S AR ASTRI VR B8 70 76 5 Ak 1 Rz gt A v BT R B 1
VER R AR 22 A1 A Tk — 2D 0P 58 5 B e A F
FU I ELFEUBURL VG Je 1 FR 0 A PAC F i 2
BR N RSEER SR AL ERCRE , 143 B Bk $5 0T
FRAEORLIN AR 4 5T 23 B K o3 A, 43 B UURE
EPS BYZH 73 A3 A, LR FEAN )40 £h 1R B8 590 1 0RE
15 e TE it VR .

1 £ I

1.1 SCIRE/KFNEFITIR

SR AR5 PR A VLT i K B
(A*/0 T.28) G &b i 9 [E1 375 U6, MLVSS ( mixed
liquor volatile suspended solids) 4 5.9 ¢/L, {5 e &R
FEECH 110 ml/g.

S K R N TSR K, SR TR A AR TR
HFH R4 . CH,CH,OH 298 mg/L, CH,COONa
390 mg/L, NH,Cl 167 mg/L,MgS0O,-7H,025 mg/L,
FeSO,7H,0 20 me/L, CaCl, - 2H, 0 30 me/L, KH,PO,-3H,0
37.5 mg/L,H,B0,0.15 pg/L,Na,Mo,0,,-2H,0 0.06 pg/L,
CuS0,5H,0 0.03 pg/L,MnCl,-2H,0 0.12 pg/L,ZnS0, -
7H,0 0.12 pg/L,CoCl,-6H,0 0.15 pg/L,KI 003 pg/L.

TERN 2B AT B 10~ 16 d, 45 K B Hi P4 B 1
(BB AT JE I 288 min ) 43 3] ) B A SR g — Uk P
Bhn PAC FIBEERE , PAC BOmE N 75 mL( ik
J& 10.00 g/L) gy 5 S iias H PAC 1Y BT it e oy
0.312 5 o/L. B RS B IN & 0 75 mL (5T &2 Uk
19.65 g/L) , 24 J5 s I 4 o e 0 1) o s vk B8
0.614 0 g/L. A KN i N AR A805R 19 2Y & AH [F]. T2
WSS 5 AR R TR A 3850, H NaHCO, % 0K
N a1 pH P2 7.0~7.5.

1.2 EWRBRIBITEN

SEGAL E N 3 A RUZ A LB S AR A R A T
SBR (sequencing batch reactor) , 7354 R1( X H 4,
AHNREER) R2(F0 PAC) F1 R3 (#MBRIRES) ,
HEEM MR, SR (H/D) 30, Ho, & B R
1.5 m, HA2H 0.05 m, ARUAFN 2.4 L, HEK
50% WS HN 2 L/min.ia 17 8 ] 4 288 min, H
K B HEZK CUTUE | IR B )4 5 R 3,252, 3,
15 115 min. 7ESZEE1THY 1~10 d, BF U0 5 I A]

15 min ZWiJH4 2 5 min.
1.3 SHhFAE
1.3.1  BURiys e i R

T 48U HURE TS R 9 MLVSS Fi1 SVI Y38 il 7 1
st s 5 PR A OV 25 3R A BXS 1 BEUbK B 44 Bl Ak
BEIEAT ISR RiA 4 A R 18230 SR A 4.
1.3.2  EPS 43t

TOC FAFT5 IR H EPS # B, SR & H TOC-V
M AL FE AT I A2, EPS By 48 BCR B A+ ik
2ROR A F-7000 264 L TR EPS #EAT
S3HT 5 SR B 2T AR % A (FTIR 1850 ) ) 2 B
i, JEHLA EPS A0 TR R T DL HLS , B T4
i B HEA T A
1.3.3 TR

BU50 mL V5 RIR A W& 12 g s, 76
105 CHEAR UL 5 hBET S5 OFE S S oK, 76 X
P661HE (SPECTRO MIDEX) T il & £H 7T 2 1Y o 2
B SRR 5 e 0 T R A 1 4 A I SR A
145 ( QUINITA - 600F ) FlIHE & IR L X S iYL
(Inca-1E350) B¢ FH 1 7 2.

2 H#R 53t

2.1 SEEEMISREH THFEFRIT RIS RIFE
S ERBATIES 1 K, 15 8 X A 25 Y P H Y 22
I B 2R A, A K2R A BT
5510 K45 R2 \R3 #in PAC FG FR 4R 2E 175
s kL, R1 AR 6 BZH (AN IIREE R ) 78 et #2 rp
T2V e RS R T 25 A ) e A8 A 2362 328 7 Fh VR A
AR IR F O TG TR NS S AR L n & 1 BT, i
Pl R — AT R1 OS5 ELEAA L, Uk et b,
SR VP 2R PAC FBR R 50 175 T8 45
LR S 3B 2, HBORL TS e ] BBl AR AT 24
ARG, U ERER TR I S ) 220K B 0 AR G X LT 32
KBRS U, B 5 MR 7 0 75 118 2 28 B A
P, FURLAR KT X HR 4 BB R1.R2 \R3 Y MLVSS
I3k 5.2.6.2.7.8 g/L, SVI 43 %l K 60, 45,
32 mL/g. B WITRBE 7] B B i A= Wy 2R 4R AL 1T
T HA Rt RE.
2.2 ERiE KSR EPS MRESBTLURSE
Mg
BERILSE T EPS MEAIEL
Hu 4k 25 W (extracellular polymeric substances,
EPS) JEFiF 5 T 40 M 2 i 19 52 2R 5 0 T AN IR PEA HL
IR PR, X SeAT AL AT LA P 40 i 1) 1) s 58 4
FIRRRE , X 4 4801 18 U A 3] o 22 4 L AR 38
EPS fEAEIE 2, T L3 i fi# % EPS (soluble EPS,

2.2.1
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Fig.1 Morphological changes in the formation of granular sludge
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Tab.1 Changes of EPS content in granular sludge at the

different stages mg-g” MLVSS
N LB-EPS TB-EPS
B IRBTBE
R1 R2 R3 R1 R2 R3
WURLIE 1)
47.1 44.1 50.0 77.4 88.2 81.7
H(0~7d)
UKL I
4 24 124, 2 108. .
11(8~25 d) 75 9 5 86 08.7 93.8
UL
1](26~47 d) 66.8 69.3 89.7 74.5 70.3 89.0

H1F S-EPS B IR AR K, Rorirds &
R EPS.AEA I, 7ET5 Ve 1Y A i F2  LB-EPS #11
TB-EPS 11 Jit & 70 BCER S 39 hn #a 3, Horp LB-EPS
(RS IR A A 3 2 R S TB—EPS 5 40 Jifd 3 17 45 45 4
1M LB-EPS i T EPS BY/ME, HLEAAEL, EA S
[ B )t Ah  PAC TR TR 45 A 45 Jn ko g Ay
PREAE LR B RO SRS BUE Y A A &
N 2 FHES 118 35 R BRI 433 EPS™ Bt 5
V5 VR ORL AL , BEEOR T LB-EPS 1 TB-EPS Jit
OB A BT BE AR R, R2 AT R3 UL B4

MLVSS LB - EPS Jit & 77 $( F¥ 2 66. 8, 69.3 Fl
89.7 mg/g, 7 Bl BURL I W01 5 Ué Hh LB-EPS Jit
WM 1.4 1.6 F1 1.8 5. T G5 e th TB-EPS
JoT 5t 3 BORAURL TR ) 10 75 Ui v JB 4t 43 K0ORH 25 A8
%2 AWFIE 45 i LB-EPS %} 5 U8 58 4 7 Ak R AR 5%
i) T R AR A B0 A BRI e Y LB -EPS
Jo ek 3 AR R A, RN T ORI U T .
222 ZHEBSEEIE S HT EPS B S AT R
FRI(POE RG22 Itk R S B
FERL B 98 6 X B 4r R 5 AN IX B8R, A Ey 220 ~
250 nm, E,, 4 280~330 nm;B: E, 4 220~250 nm, E,,
4 330~380 nm;C: Ey 4 220~250 nm, E, J 380 ~
500 nm;D: E, A 250 ~280 nm, E, A 280 ~ 380 nm;
E: E, N 280~400 nm,E, 4 380~500 nm.HH A B
PO RINFTFEREAYRLI, C A E BRI R, D
NIRFRERE IR B R IR RIS
AR5 U6 Y = ZE SO E AT DIE R i T B
PEATARNT 8. ] 2 o R2 Ml R3 5 9eH S-EPS i
W ETHR, BANTRBER I HO S 805 8 S-EPS g
E B2 6 0m B B S B A %t 1 R1,R2 I R3 I5 98+
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LB-EPSHI TB-EPS, &K #il B D ¥gitaim 2], H A
X P () 7776 LI B2 4R LB-EPS I TB-EPS J& /4>
S FI5IANZ RN Z I ESNR G (A4 73 Fn)
JEZEAE LA FATR , TR 8 B VRAEE 77 (R B8 A e s &5
G R EPS WEARYL s MR 20T LIE 5 R IS5
LB-EPS Fl1 TB-EPS #¢ )% W i # te, R2 5 U 1Y
LB-EPSHZE % B ¥ E, 7l &K A2 nm L1 X
FPAS AL S9N B e i R AR R 1 15

450
400

350

Ex/nm

300

250

450

400

350

Ex/nm

300

250

450 TB-EPS , TB-EPS
R1 R2
400

350

Ex/nm

300

250

Ey/nm

Ey/nm

£ R3 I5IRHPLB-EPSHIZEGIE B W E,, J7 10 %
42 2 nm WERS , TB-EPS Ha&tE B Uy Ey M E, T
%A 5 F16 nm 5 RS X Fh 5 B 15 I & R3 V5
ERAATERR R R 17K A=), W 1 88 53 05 I35 )
GRS 52 e AN e T ST A et A N3
H OGN B A T A% U PAC FIER IR 58 1Y 4%
TG U BURE 5 8 EPS A Ak 22 25 P el AR | FLGH 45
PR E AN

TB-EPS
R3

Ey/nm

2 RERRLITIR R EPS =4V E
Fig.2 3D-EEM spectra of EPS from granular sludge
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Tab.2  Fluorescence spectra parameters of EPS from granular sludge
W% B %D I E
EPS JB &
Ex/Ey  9RE  Ex/Ey SRE  Ex/Ey JE

R1  225/334 302.9 275/304 293.7 330/410 61.39
S-EPS R2  225/334 176.5 275/304 218.2 — —
R3 225/334 161.9 275/304 208.3 — —
R1  225/332 357.1 275/304 249.8 — —
LB-EPS R2  225/334 280.8 275/304 243.8 — —
R3  225/330 320.2 275/304 243.5 — —
R1  225/344 266.0 275/344 194.5 — —

Tp_pps R2 225/344 3893 275/344 2886 — @ —
R3  220/338 259.9 275/344 1751 —  —

2.2.3  [EHEMLLAMEE BT EPS (12 ML

Stk — 40T R1.R2 \R3 H 48 B0k 5 U8 EPS
S5 B REHT , SR A BLOT 2T AN G & (FTIR ) 43
Wi TE 4 EPS, LT W 8 VR 56 57 A 380 m %o B R T 9
AN

DR 25 SR AN & 3 7 % 3l 3 % AN [R) 0 B 45T 245
EPS (431 FTIR Kl 3% 53 Bk iy Wl i B2 1000 ~
1200 em™'J& C—0 5 O—H ARz #51m
JEMESS R L) T 16 3 A1, 28 W I X B AR R TS
TRBTE B B B e — s A 2 BB 1 200 ~
1350 em™ JIr R AE A9 J& B M K 45 ) Amide
I | 3 ff R1.R2 F1 R3 H ki {58 () LB-EPS |
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TB-EPS'E fig 41 ¥ K B AH [F], AL 24 i ki 75 U
LB-EPS7E 1 005.1 090 cm™' AR 1 270 em™ Ab¥54
W WU 4 A7 7E, H. TB - EPS 78 W e i Bx 1 090 Al
1 280 em™ AbAT W Wie b B 11 S R 25 A6 5 0 12
WRT5 ey EPS HEAE , BB EPS HaX 2 i
XA R T e 1 A — 2 AR R T, FLTR 56
FIEEE AT EPS B E fE A1 JCHH B 520

0.05 ~
0.04

» 0.03
ﬂu\ +
X 0.02
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5o 5o
= =
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Fig.3 FTIR spectra of EPS from granular sludge

23 BRSRAETENRENHEZENH
2.3.1  srfbaR & MR OC R TR AU AR L

FH X GRS AT 45 5T R 1 5 2 (I 5 i ]
KL R MR F 10 S LUSHITE, LR 85 B
B AT b DR IC R AR 5 FhoTE 1 T i 404K
FAEH TR B N Ss TS 10~ 16 K, 20511
JNi#% R2 FT R3 BAR RIS S 1 19 PAC R R 40
TR AL R eI R S VR R A R VS R R AR
TR W BN E 4 s,

M2y BB, R2 F1 R3 V51 N B A8 J0 &K i = 43
B R A5 12l 5, R2 F1 R3 15 N 4R
JCE TR TP 1S JU K 0 540 8504 17 [
Th, X EH Sy EPS R AR Y I £ R A L B
EZ GRS R 4 R SR IG5 e Fe TR BIAR
Wit %2 3k n] RESE SRS R T RUK Y Fe™
—ar AL BB SR Y I AE S 29 K, R2 V5 YR

FROCE I BN 0.43% ,R3 £3 00 E /Y i 4%
BN 13.29% .15 1E 255 , R2 BYAS B/ 30 B R
R, 2 RO TEAS IR S0 25 AF T, N2 45 o1 I 3 0 22
PR 2548 LA PN, WA R v K It B9 B0 7
B TR 22 (0 B PR Y, 7EHE A ) R HE 3K
{48 BB A3 BOK R R %1 R3 {5 U8 R e E Ay
NS TR A A 35 40 00 R AR 4 5 15 e 25
B, HIE B ZARTEAR R (77K 1 55 U1 ) F e
S UUREPELT  FEAE e R B b HE R AR A Bl o R
TSV, BRI BT i o BIOZ M2 i T .
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Fig.4  Changes of aluminum content during aerobic sludge

granulation
2.3.2 AR T OTE A [ 4

A 1t L T T Ak, TR 5 Y S T
U N O A I IR UE S BT =R A L I S I
PAC [ (R2) T5e LA SMNEA A TURY) , B iR
B (R3) (75 U8 B AN WO LT A o6 1 250 B I
TR 32 d BB IR, R2 A Uk TS U B9 3 T EL
BEOF- 1, R3 H SORL I R0 AT 35 40 1 B TR . X
FI ) R RE TS AT & IR P & A R AT R
(e i) .

5 K], R2 M5 JeFERR N PAC WIE (16 d),
UKL 6 0 DI BB ER A3 A 45 /0 AN 8 43 40 X = A
S PAC AL, A 1 2L L g A 1, 78 HE K 0 1] HE
H, FEGR IR B - B KRR, H5 Je RAE 1K
FTYIRESWRE, B2y R s T
SRR A/ NBURL. B T PAC JK ™ A=
(1) = 0 3R B B B B [V LI, A /N URE
T RS A DUVE RN, TE 8 3 7 26 2, BT A
BRICER KL 43 A 78 J0RL A1 ). 100 A7 R 48 K it i
b A PR R R Y 55 IR 454, 15 IR /N AR BT
CHE /N 2 SIEAORE BRI, SR 4 B4 B T RR A R T
K. BEE BRI PURLAL, R2 A AL BURL (32 d) 4
TG B4 AR AR IREE R 1975 e (R1) 57 1 43 A7 3
AAHE , 215y AL TR T R 456 EPS Fii
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ATREIAHEL A H8 H Ca® M AW AE R
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Fig.5 The different spatial distribution of aluminum during the stages of sludge
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2) IRBER M BINAZ 2 T B LB-EPS S i
Bk 5T EPS LA 45 0 & A R Ak
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TR BB 30.46% K% 2 0.43% . i 7E Rl i3
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