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FE: 59 TIHEIRTS e (AGS) MAZET (Y'T) BRI R . M TP LRy, IRA T AGS
HATELFH) YRR, 80% LA AR BFHZERT 10 min 5EA%. M4HILR Y2 HRIRE <50 mg/L B}, AGS fig5E 4
BEEEK R Y, HY. Na™fI Pb™ &5 Y '3i4 AGS ERYMEER A, SEORBRE/N . 0.6~1.0 mm ) AGS Wit
WK, 23t NTREREIS , 2.4~3.0 mm 1 AGS WEHHEHE K 15%. AGS Xt Y WRHH B 112445 & Dh — s J1 245
(R*=0.99), FHLFIRIHHE T FUEM, TR BOZ R A EBH R, AGS M Y IR 245 4
Langmuir £ ( R*=0.9849 ), WM FHd R R —A B0 T2 W h R, A1 SR M B4 24.39 mg/g MLSS
(MLSS Ai5J8 ). XPS RIELH, SHWMEREMARRE ., BRI, &%, F Y5 K75 730, HNO,
HIBAVR AR 2 (99.8% ) WA 7T NH,CL (63.2% ), {H 5 YR GRS, HNO; i@ = 10%, NH,CI
R FRATAERELE 50%
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Abstract: The adsorption-desorption performances of aerobic granular sludge (AGS) for yttrium ion (Y*")
under different reaction conditions were investigated, of which adsorption effect under aeration, with more
than 80% of Y*" adsorbed in the first 10 min, was higher than that under agitation and oscillation conditions.
It was also found that AGS could adsorb all Y** from wastewater when the initial mass concentration of Y>*
was less than or equal 50 mg/L. However, adsorption efficiency would decrease due to competition for the
adsorption sites on AGS by H', Na" and Pb*". Moreover, AGS with particle size of 0.6~1.0 mm exhibited
maximum adsorption capacity while that in 2.4~3.0 mm, when crushed manually, showed an increase of
about 15% in adsorption capacity. The adsorption kinetics of AGS to Y*' was fitted to the pseudo-
second-order model (R*=0.99), indicating that chemisorption played a dominant role with intra-particle
diffusion the main factor affecting the adsorption rate. The thermodynamics of adsorption of AGS to Y*"
was consistent with Langmuir model (R*=0.9849), showing that the adsorption process was a monolayer
adsorption process with the fitted maximum adsorption capacity 24.39 mg/g MLSS(MLSS represents
sludge). Meanwhile, XPS characterization displayed that the functional groups contributing to the
adsorption were mainly ester group, carboxyl group and amino group as well as ion exchange between Y>"
and K. For desorption, the single desorption efficiency of HNO; (99.8%) was significantly higher than that
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of NH4CI (63.2%). However, after five cycles of adsorption-desorption, the desorption efficiency of HNO;
decreased to 10%, while that of NH4Cl remained at 50%.
Key words: aerobic granular sludge; yttrium ion; adsorption; desorption; adsorption mechanism; water

treatment technology
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BRI 8 (AGS ) JE—Fhil H & B AT S
PEAK A AR B AR, HAT S5 B0 | DR DR
it bk A Pl 1525 Tk el b, AGS E#
FLMEEEEFHWE, Wcd . cu*'. Zn*'4E,
IFFI A — 2 B (172.7. 59.6. 164.5 mg/g
MLSS) ¥ L1 25 AGS MRfE Ni*™ (e kMgt
ok 65.77 mg/g MLSS ), MiSMREY (EPS) BTk
T 25%I % B 2= e AR 2 1% B, AGS 7EHT 20 min
FEE RO PO WL BF, 2 I 32 W Bk — A bt i
. AGS WK E 4 @ ¥ X 2 FHLE], FEIEEEE
IR, AGS T B—OH ., —COO—H: 141 6E 5 %
KPP ESEE TERERRENEEY . 75,
WIS 4R ARE S KT Mg*' . Ca® S BIgEAT 32
e T Bk o mI UL, AGS 78 WK B 5 4 8 Jr T HA B
WAL PR TR W E S BB IR R,
SAHE S B SCR . — ok, AR R b it
AR T R B TR VT FR O R B, AR AGS
HIW M EHER A Pb* ' >Cu?>Cd*, BT ET5
Hh 4R 1 T A W BHIF IS 38 450, AGS XHZ BT
F4) W R 5 1 A 1T R

ik TR 5 5B 3 Ay e A 86 ) 18 R s g 1)
TiEbr, AR 261 AGS WM H 4 )8 B 1k
fE, YT UREHEAT AGS M- FHAF T4 0
CaCl,, HNO; fll HCI %5 fif W 7 AT 5 R . 28
PREIVL IR, CaCl,. HNO, Fil HCI 3 R W50 24 7]
[l 95%LL Y Pb*" . Cu®' K& Cd*', HUANG %!
PR A s & T — BB B 3L D B AL I AGS,
HXT P> iR R ER 127 mg/g MLSS, £4))i S
AN BE- W MR FR S, Po> R BR SAT B ik 88%., 1%
B0 A e e T BRI R . A 4R AR
BHA B4 S s b ok T AT A S, i it
FEA T G it 25 5%t AGS FsE M s op iy, H— 2B
W25l ABTS Y . L, SRR R AGS 2RI
B - e e T 2 LA R 1) TR N R (L

W R B R TR R R R S e R A
KK, XK R (pH=5~6), £

TGP A (BB 100~150 mg/L) M i
4 B A B T, B RO X K R 5
TGUE AR BRI, B LRk R
B B H B TR AR 11.91~126.39 mg/L, Y,
La®" Nd* 5 Ho i 75 3k 20%~60% . i + Tolb 35 4t
WHEbRE GB26451—2011) MLE, #tIcR E%
HIREAN ET 1.0 mg/L, Fi+8 ILEAKH# o0
I R B S . AR RN 5
JiE A R B R A R YT, B A ) e K W B Tk
0.39 mmol/g . B H) F B+ P B La®" Nd**
JCER, KIMCFHEREHEY A o I 4> M AR A >
1A+, KRR 40 pmol/g., H R AH 5T 3%
SR I W B 5 B 4R K AR -, R AR
W 55 2 B0 AR B 9T iR 40 . AGS Rl E 14k
SEEREHAT A L B 1A R A T — R, 1
T B RE KBRS AL 1Y AR5 T
AGS X 1 TC R R W R - s8R DA A
F A A BRI AR %

1 LIGEHy

11 KFEMN=E

AfbEE (NHLCL), s, Rt Rsik 2zl
A5 AR (HNOs ). fisfR4T [ Pb(NOs), ). &AL
1 (NaOH ), FAfk4 (NaCl), VGpRl#Rn A R
oul s NIKEERREL [ Y(NO;)*6H,0 ), il 27 ik
A RHE A IR A F

ACO-010 U<, )N T e KR
AW ; MLA65OF 4+ W il% (SEM), %
] FEM /A ; Thermo Scientific K-Alpha X H14k5t
HLFRETE I (XPS), FE[E Thermo Scientific 23l ;
Avio200 HLBGHEA & B TR E FHEIHL, H4RK
R AR AE
1.2 WR B 5 5 IR B R R ol %

W R 7). AGS JesK TR A ER 3250 % p At =
Ni#% (SBR), B2, HAKEMWLEN, 15k
UUFE L (SV30/SVs, SV AFHEDIIE 30 min BFi5 1
DUREARTR, SV A#HE UITE 5 min A5 TR DT IAFR
9 0.96, HIRABIEE (SVI) 4 40.3 mL/g, ¥
Kife 1.33 mm, BORALREK 91%, 1581 L AR S
% (SOUR ) & 44.9 mg O,/(g MLSS-h), MiIFMREEY)
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(EPS) % 25.3 mg/g MLSS, HMAG (PN) /
ZH (PS) i h 0.83, HU AGS JR/KIRAIR, B
B 10 min J5 AP LI WOITFIEE AGS, KB FKIEE
3 R A 1T B A5 R B R

W . A3 BIFREL 4.308 g Y(NO,);*6H,0 Fil

1.599 g Pb(NOs),, HZEWKEMERE 1 L, KT
JERHE 1000 mg/L (4 Y R P> BRI, 40 52
¥ FORFR B G FH o pH H1 1 mol/L NaOH #il 1 mol/L
HNO; W, AS[FER B % /K i NaCl Be i i Ak, i
WA H 1 mol/L HNOs, NH,CI B il i 1

1.3 WRPH-fR R &

SEEGAE 500 mL BEFR AT . B SBR H AGS T2
KIRAW, BE 10 min 5 LB L BROTIEE AGS,
FEBE PRGN 3 L EBRRIE T, IABCH 4F
M Y R TR SR RO AR R
1.5 L/min, #JHi+E#EE 100 o/min, ¥R 3 B
100 r/min, J&JE 25 °C, MLSS Jfif# e FF 4300 mg/L,
HApFMRIT R 1. WM RE, bRk bl
W, B AGS fInABC G i i R, AR SRAE T i
TS ss . SEgREs Ry 3 W4T SE R34 (E .

F 1 LKL
Table 1 Reaction conditions
5 A RAEFX VA Y HREWE (mg/L) pH  #hF (NaCl RESME) /% P R E/(mg/L) Kifd/mm
1 RAET X = 100 4.5 0 0 AEE]
2 RE T Einkid 100 4.5 0 0 A
3 REHX &% 100 4.5 0 0 g
4 Y [ 25 4.5 0 0 A il
5 Y3 2 50 4.5 0 0 AR
6 Y3 [ 100 4.5 0 0 AEE]
7 Y B 300 45 0 0 AEE]
8 Y e, 500 4.5 0 0 A
9 Y [ 700 4.5 0 0 A il
10 Y [ 900 4.5 0 0 A il
11 pH 172 100 3.0 0 0 AR
12 pH RS 100 3.5 0 0 AEE]
13 pH RS 100 4.0 0 0 AEE
14 pH B 100 4.5 0 0 A
15 pH e, 100 5.0 0 0 A il
16 pH e, 100 5.5 0 0 A il
17 HhEE B 100 45 0 0 A il
18 EINES = 100 4.5 0.5 0 AEE]
19 EiNES = 100 4.5 1.0 0 AEE
20 EINES e, 100 4.5 1.5 0 A
21 i B 100 4.5 2.0 0 g
22 o B 100 4.5 2.5 0 R
23 Pb** S, 100 4.5 0 0 A
24 Pb** [ 100 4.5 0 100 AEE
25 Pb** B 100 45 0 200 AFE
26 Pb** (7 100 4.5 0 300 A
27 Pb** BE= 100 4.5 0 400 ANpE
28 Pb** BE= 100 4.5 0 500 g
29 Rtz B 100 4.5 0 0 <0.3
30 PRz [ 100 45 0 0 0.3~0.6
31 PRz [ 100 45 0 0 0.6~1.0
32 RifE B 100 4.5 0 0 1.0~1.4
33 Hifz B 100 4.5 0 0 1.4~2.0
34 Rtz B 100 4.5 0 0 2.0~2.4
35 K [ 100 4.5 0 0 2.4~3.0
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14 KA =E 1000 P 1100
T I BR UG SC L AGS RiAR 5D 45 R 5 %
10 min WCEHIBIA L0, JFT 045 pm ik E 3 1%
RURRGEIE . RS ICP W Po> R YUURIE. R & 600 160 &
VU TR SEM FES : 16 AGS WHVE3 W, T & 0| e 140 =
IR 2.5% 9 I KRS AE 24 h, ARUAE R 2 ool —— R I
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AR ES Je b YT, 2% POKHREL %526y o
2, KRS TS IR AE 600 CHERE 2 h, BUKME
» Se Yok v 4 n 251
0.5 mol/L HNO; th¥ii 4k 24 h 5 # 8, WU IS W7 Z
YRR il
ah L
MR AR B AR IR (1) & (2) C
B B 10
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W o 2R /0% = L HARIE 00 (1) o
P [ . . . . .
ﬁgw$/(y _ pLU/K‘JZUE 100 ( 5 ) 0 200 t?O ‘ 600 800 1000
6= S BIRA Y R R (m/L)
1
N \ 8 N i d -1 88
SOy e 9 ISR IR S B4R 2 S 1Y Y 5 |
FHIKEE, mglLs po b Y WBRRE, W% E | 56
WSS 0 100 mgL WU 8 ke |, %
4 50 mg/L. H o R =
Webber-Morris J5 2 FH T 73 Hr W it it B2 64 3 4By E 144 le
Bi: AbHRRD . BN RO ORI B, F |
W B B R AFRE AL (3) , , , , , L
C 3.0 35 4.0 4.5 5.0 55
R/% =—x100 (3) pH
Qt 60F ¢
K. CH Webber-Morris 77 PR8I ; O, WAE ¢ a 150
IO Bt (mg/g MLSS ). & 0
% 170 ¢
"l =40+ —e— HKIREE v
2 HR5W®R = x| &
“Fi 60 =
. S 30t
2.1 BEZEIRMBRRZm % 150
B A o X =
2.1.1 nue 77—3K4 20+t
S . N ” | | | | | | 140
YEéﬁﬁle:%Wﬂ*%Eg%Quﬁﬁ@ lao 0 0.5 1.0 15 2.0 2.5
£h B (NaCLF R AN 50/%
20L? sof ¢ S ——
o R - ST
é 15} 2 40r I
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g 10} § 307
1 = 20l
=z S5r N oy e ?
= o BEFERIR ERt
or o PSR ]
0 20 40 60 8 100 120 O 100 200 300 400 500
i ] /min HEKPb? BV /(mg/L)
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= AGSHif£=0.3~0.6 mm
o AGSHif%=0.6~1.0 mm
» AGSHi#£=1.0~1.4 mm
+ AGSHif%=1.4~2.0 mm
+ AGSHI4#£=2.0~2.4 mm
« AGSHifE=2.4~3.0 mm

AGSHIF2=2.4~3.0 mmA 5

0 20 40 60 80 100
B 8] /min

a—REHT; by WA YREWKE; d—pH; e—#hE; f—
WAFE T PO™; g—HifE
T RADR RO I B R i)
Fig. 1 Effects of single factor on adsorption effect

% fff-f2t/(mg/g MLSS)
o

(=] S
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A 1a AP, 3 AR A 5 2N 7E 40 min J5#4 T
W BFEP- o Horb, BRAC . BEFERY I ER (AT 10 min
W B 2k ) b, PRI AR i IR A S R A
R A 2 1 W B K (119.0 mg/g MILSS ), $it A%
KK Z, H& G #C  W Bf 2 B /1N (17.5 mg/g MLSS ).
AT, WSR-S P EL A T R A g e o A
PR R R, S R, SR AGS A Y?T
SOEPA N S eI ks S M e Pl Wl N
212 @MY HRERE

Hh Y R v B X W B A R R e L 15
X W B AR SR DL e, PR 1b AT, 24400 0h YT
R B <50 mg/L BF, oK YRR BT 0,
WL BT 100%. ST Y R E>100 mg/L
Jo, BEBERILG YRR R, K YRR
JEZEITE i, B RSN . RIS, AGS
R R A PR, RIG YRR AGS 1Y
WL RFF 2RI, BRI AR R . W R R B R R YO
W (0~100 mg/L ) ([l 1c) AY¥E R FF-,
PR KA AR G, RIS S R YR T
LR Eh 1, ER T EROARZ B AR T, Soeith Y
J R EE>100 me/L i, {hREHE SR W b, X
5 AKPOMIE ZPURG B 58 45 5 —5,
213 &k pH ¥ %h

VW pH G WG ik R 4 52 e L] 1d. B R 1d AT
W, B pH MR, WK YRR BN, TR
Bt SRR T B o HE AR TR AY R R, IR pH W
SHEZEHE Y 42T, R H SR
T P 5 AGS JRFARAFIERL, SR Y
ZRIAEAEF LR 7, DT B 3R 441K, iX 55 AHMED
GRS 5 R —3, B— T, M pH AV K,
Yo R AK R, ERUTTE IR E AGS i, M
2.1.4 HEWHw

R X B FE A R MR LI e, FHIE 1e AIAT,

BAFRBH S/ AR NaCl A BIVAWS , Na'2s
HORIS YR R TH A T LA, MY T Na'5 Y e s 4
MR, X Sk RSP RIS —8, BIREE
EREERE R, B se P E R, TS O
TR
2.1.5 ®(AFF Po e ¥h

A7 PO XoF W Bt A 5 i) DL ] 1 £ PR T LRI
Bl PEK P> R BE R, AGS X Pb™ W it
B R, {H AGS X Y RYMEHE R S/, w0,
P> B L7 2 I 28 Y R W R e 1 A B
B TATAE T AW E, YR Po® A AR S [ W R
541, AGS Xf Po™ HA AW BRI R
AR PO L L, BRI PO EAT R
AR - BT 8, T 07 1R K R A2 E 4
BB TR R, SRR RN % 425 Cu™ |
Cd™ 4 HAh 4 8 B 1 10 5 4
2.1.6 ¥ Z23TE 4% A

AGS AN B R L 1g. M 1g
AL, ANRERIARHY AGS XF Y R W i B s o ik
RATEM B2, /MR AGS (0.3~0.6 mm. 0.6~
1.0 mm ) EAT R (21.94, 23.38 mg/g MLSS )
FIVE P W B 5, B RIS A R, W B A RN
BRI TR, Tt SR TR A =0
FRiFE AGS (2.4~3.0 mm ) TERES/NRIAR AGS ([
2), WREIEJGBRIAR A L 2.

a— W IEHT s b—RES
K2 AGSEH
Fig. 2 Morphology of AGS

# 2 WEREIE AGS WURLR ST
Table 2  Particle size distribution of AGS after crushing

HiA%/mm i /%
<0.3 3.01
0.3~0.6 16.86
0.6~1.0 31.63
1.0~1.4 27.19
1.4~2.0 14.25
2.0~2.4 3.53
2.4~3.0 3.53

% 2 AT, BRERERE S 1Y AGS hifs R 24
fE 0.6~1.4 mm Z[A], B0 AGS W& iR &
HTAY 20.16 mg/g MLSS #2714 23.11 mg/g MLSS( 2
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FHEZN 15% ), I HR MRS 0.6~1.0 mm  THERHRE AGS X Y WEFHI R, KU F e

AGS #. "L, PR RRAE AGS
W B RE T A R B, H0 D DR T R A /N AR T
FIEAA KRB L REAR, P EA = b 6T,

X5 R PR BT A R — 2
22 WMizh =

ERSIRA . pH=4. AR EAE SRS
TR THITEh 128 . 2508, 45 UK 3,

0L 2
@ 15f
g
o0 10
Y
)
=
5 L
: 4 p=100 mg/L
o ,Do=50 mg/L
oI * Po=25 mg/L
0 20 40 60 80 100 120
t/min
200 °
= p=25 mg/L
el * p=50 mg/L
g 3¢ 4 py=100 mg/L
[75]
A
S 101
g
R=i
E st
S
0 20 40 60 80 100 120
t/min
20F ¢
»»»»» Al — A A
16+ e
@n s
wn /
% 2r R
W gl p
I
3 - @~ P .
< 41 o~ “ Ap0=100 mg/L
® p=50 mg/L
OF * p=25 mg/L
2 4 6 8 0 12
£5/min®>

a— W2 s b—Dh Z B 1% G ; c—Webber-Morris 3 /1%
ME
B3 meksh e ila
Fig. 3 Adsorption kinetics fittings

IR Y R EE (po) A 25, 50 mg/L I FEA
TE 0~10 min BE5E T I ItE YRR D 100
mg/L BF7F 40 min sA 2| WP (& 3a), AT 0L, Bl
BEWHG YRR AR, T A A e ) ik E)
W BRSP4, (H 80% LA - B W Bt i 2 4 ZE T 10 min 52
Ao BRI, AR AGS WERFF Y™ S — b i fff i 72
X W BB AT B 12 G, AR LER 3. Ml 3b
LA, D= 208h S8 R?=1.00, HH HLAh— 2R Rl fig

W B ot A ke S SR A, i 3c gk 3wl
Webber-Morris 77 & W [ & %% R b Y 0146 ik
FEE v/ (33 ), d W BURE Py T IR 45 i W
BRI FEREK,

R3O Rl R R R S

Table 3 Parameters of adsorption kinetics models

WA T

P, /(mg/L) 25 50 100
0. 59 117 19
th—4% K,  0.066 0.067 0.049 In(Q,-Q,)=InQ, -K
R* 058 074 06
0. 584 1172 1927

h—=% K, 3.512 11.806 45.849 5=Kz*+*f
1 € €

R* 099 099 0.9

K;  0.137 0.339 0.689

. C 459 8417 12.526
Webber: 0 —K3t”2+C

Morris g2 061 054  0.67

R 0778 0719 0.65

e py N Y WA REAEE (mg/L ) ; Q. FFATAT MR mg/g

MLSS ); O, A t I ZA M i ( mg/g MLLSS ); Ky (min™" ), K»( mg-min/g

MLSS) . K; [mg/(g MLSS'min”®) ] . C (mg/g MLSS) . R3
> W A

2.3 WA=
i 34 Langmuir F1 Freundlich J57 %2 X W [t 2% 3 i3F
T2 UG, 4R WA 4,

2F,

0 100 200 300 400 500 600 700 800
Inp,

a
0 0.5 1.0 1.5 2.0 2.5 3.0
Inp,
a—Langmuir ( py=100 mg/L ); b—Freundlich ( po=100 mg/L )
K4 WA
Fig. 4 Thermodynamic fittings of adsorption
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X E 7 o g A TR f18) ZR AR C R BT AT, AGS X
Y I B ) T Langmuir #5554 ( R?=0.9849, % 4 ),
T AGS W Y SR —A R AR, H
HA KW ( Oax ) 4 24.39 mg/g MLSS,

4 WA BRI 2R
Table 4 Thermodynamic model parameters of adsorption

fi MG R 28
_ P 1 5=0.0507
L Pe _ + . 0.9849
angmuir 0. b0,.. Ou P Omax=24.39
) K=3.384
; InQ, =InK +=1 .
Freundlich nQ. =InkK + » n p, 0.7913 1/n=0.1615

W pe HPH YR BREEE (mg/L) 5 Ona AR
At (mg/g MLSS) 5 b (L/mg) . K (L/mg) & 1/n ¥k
W2 o
24 XPSRIE

FIH XPS M M AT IS AGS b2 fettAr
b, AR ILE S5 WRHRTE CR i EaEULER 5,

K5 JLRAMDH

Table 5 Element composition analysis

JLE W B T S o 430 % M i IR 5550 %
C 63.3 48.6
0 24.7 29.5
N 6.7 6.0
P 1.0 5.0
S 0.1 ND

Na 0.3 0.2
K 1.2 ND
Fe 0.9 0.5
Mg 0.4 0.5
Ca 1.4 1.9
Y ND 7.7

At 100 100

W B I 75 PR RE A BRI B Y RRRE (1 Sa),
YV IUEFERNECN 7.7% (£ 5), WL AGS 5 Y&
AT IR RN, Y 3ds;, (158 eV ) FTY 3d5, (160 eV )
B FRRAEDE (1] Sa 4R ) RIAHAE AGS Fifip E
FAL2E IR Yo(COs)30 FHANIEH C. O N IETE J I
AR U IESE Y AE AGS R AETEAL AWt . %of
C. O. NiEfroi, A6 Lo aitA (Bl Sb, o,
d). C ls KidikiElr, SWENTTAEL, WeFs 5 )ere
F ) O=C—IKrI X (288.5 eV ) i FL B s/ O 1s
KU L ge S iz 4518, O=C—I&m A 4 F i
W, R SR . RIETEREAA X, Nis
AP —NH, 1% (400 eV) B Ru/L, RAEIEBLS
5T WM S35, WS T e 2R K
A, KW AGS X YIRS KA it
PRI B O M S AGS KA Y3, ISR

66 mg Y*"/g MLSS ( &y 2.2.1 5 H B I FF S 235 SR 1
80% ), HE—UFSL Y HAR B BfHE AGS L.

Rz BT RIT

SR /(%10 count)

o | Y 3p
itV
LY 3dk }‘I/ Is

& oo

0 200 400 600 800 1000 1200 1400
GtV

200 b % B i

151 — > - C—

L 58% —¢
1.0 C—0—
05+ 9% —>»0—=C—

20F W fE

1.5F

1.0 //64%\\ _c

0.5 T/ TS > —0—=(,_
0r 24% 12%
282 284 286 288 290 292 294
ZifheeV

58 EF/(x10* count)

82 B

RIS

SR EF/(x10* count)

1.5+ ,% c—o

0,
10} 200 > (=0
05F ~

528 530 532 534 536 538 540
Zifriblev
1of ¢ L

—_— ]
03 Mw__N,_VA

B fE

5RFF/(x10* count)
5

0.5+ e —>—NH,

394 396 398 400 402 404 406
Y
a—2 il b—C s I§; ¢—O Is §; d—N 1s 1§

El5 XPS HKAE
Fig. 5 XPS characterization

2.5 WEBft-fR IR BB AR

FEBESIRA . WIhh YRR N S0 mg/L. A
ISR A A 4 Jm B 1 A AT W - e o R
S 431 HNOs Fil NHLCL % AGS Wt Y3 k47
Ry, ZERULIE 6. 7. fEWHTEH 0.1 mm L&



558 1

W, S S SEUBURLTS U8 X B2 B T A WAL - e A T

* 1697 «

4 07 O 8 25 AR, AT AGS B [RDISCRI AT, 7m0
AT ATV, HARBRAEL IR 1.3 15,

. % B Bt BB a
% 50
£ 4
i
® 30+
i
B 20t
5
10}
% ol ——1.0 mol/L HNO,f# % ff}
—o—1.0 mol/L NH,CIf#% Ff}
0 60 120 180 240 300
fi ] /min
100
[ =R b
23: ) i e HNO, 7% i
J;%: 40}
s 2§' [T 1T ]
2o NH.CIRH}
£ 60l [
= 0}
20t
07 2 3 4 5
% 65 - O B IR /R

a— PO PR - AR I BRY 5 b—S5 UKIRER
Pl 6 105 6k - Az 52 35

Fig. 6 Adsorption-desorption experiment

2 mm
a. b—WRHAT; o d—5 WIKF-HNO; G ; e, f—5 K
W2 5 -NHLC1 fige 152 B 20

K7 SRR i v 5 SEM K
Fig. 7 Digital photos and SEM images of sludge

H 6 AT, HNO; SR 3 (99.8% ) Bl
T NH4Cl (63.2% ), HNO; FEARESZ I Y i 46
i WA R o 22 VR O - W BREAIE 2 v, FEZ8 05 1 IR HNO;s
fif W B BRJS , AGS W FfFRE R IE T R, il NHLCL
FEIRI S 2 R AR IR IR B 85% , 22 YR MK B - ik Wi B
RE W KT HNO; f#MR . 5 YR B -fidk 1 B B4

J& . HNO; f# W R[S 10%, NH,Cl R 4k
TE 50%. M AGS SMUESTTLIEH (K 7c. e),
W RFHE AGS [ = 4ES5H9 A W B3R, HNO; fift il
B AGS B i #8028 O BB, T NHLC A
M AGS B A A8k, I SEM (&l 7d.,
£) ATUER, WG AGS E £ [ a5
Y1, TYER 2P ChX R E 4| 58 AR % K0+
W E G

HEM AGS B A AL B SR R« SRR HNO; 231
N AGS S AR A 2548, DA TS 35500 o AR
AEF1327c, TIAN 2628 % 3, Wi pH A0 iR 2
FEAWEN TR, AR T BRS04 5. L
Z T, NHCl W5 iR, bt s AGS 3
O RNZE ) TE W R AR Ak, LB S0 22 VR W% -t W o
AGS S UE YR BN AR R ALK, TFEERY
AR, BRI AL, AGS X NH,CI
HA R RRARRE ), a3 —2P BEAIK NH,C1 X5
ARG, B—J7m, M TERRR . CaCl, S5
A, NH,Cl i W00 A 1) 75 8 K o 5 33853 1 35 e )
AR pH, HA—E MRS o R DA &
W YU, SRS RAERRIRE . KB R
i AR 7

3 #Hig

(1) AGS Wi} V> —A- Tt bt /2, ;A
RAT AGS BA W MR, H . Na™fl Pb* &
5 Y Sa g B, /NRIAR AGS W RRRCR LT K
Rtz

(2) BN Sh S 2R A D Ry, SR N P B
JER A W B R B £ R, #2245 G Langmuir
I e 3 I S (S I U P R R
T2 Bt AR, B R A 24.39 mg/g MLSS.

(3) WFHHLEEAS B e W RN s 1558, 25
W B ET RE A AL . RS &k, [IEF YT KTRAE
BFacH, SL7F AGS FIHH FEAESZE Yo(COs)30

(4) HNO; MBI MW B R W1 0 5 T NHLCI,
{H HNO; 238 AGS £ 454, NH,CI i W fE 2 47
AGS WZI L FNE5 R, ELRESC I 22 Uk W% B - W B o 7
UEIER [, AT — %5 AGS AR PERE, JF g
3 AGS (AW ) -FRA= ¥ 07 ik LASE B 7 A
s £ 1 K B EALIGHE

S 3k

[1] ZHONG Y H (8 F1fi), PENG C L (#}:5%), WANG G S (EWA),
et al. Adsorption characteristics and mechanism of Y** by
montmorillonite[J]. Journal of the Chinese Society of Rare Earths(*
[l i 12731, 2019, (6): 713-723.

[2] LIN HH, MA R, HU Y P, ef al. Reviewing bottlenecks in aerobic



* 1698 «

A% 4m 4 T FINE CHEMICALS

%39 %

B3]

(4]

(6]

(7]

(8]

(10]

(11]

[12]

[13]

[14]

[15]

granular sludge technology: Slow granulation and low granular
stability[J]. Environmental Pollution, 2020, 263: 114638.
NANCHARAIAH Y V, REDDY G K K. Acrobic granular sludge
technology: Mechanisms of granulation and biotechnological applications[J].
Bioresource Technology, 2018, 247: 1128-1143.

LIU Y, XU H, YANG S F, et al. A general model for biosorption of
Cd*, Cu®* and Zn®" by aerobic granules[J]. Journal of Biotechnology,
2003, 102(3): 233-239.

LI N, WEI D, WANG S, et al. Comparative study of the role of
extracellular polymeric substances in biosorption of Ni (II') onto
aerobic/anaerobic granular sludge[J]. Journal of Colloid and Interface
Science, 2017, 490: 754-761.

LI X J (ZEBEtE), WANG R D (LE94%), RONG H W (GEZA), et al.
Performance and mechanism of Pb>* removal by phosphorus removal
granular sludge[J]. CIESC Journal(fb T.2£47), 2018, 69(4): 1663-
1669.

LIU W, ZHANG J S, JIN Y J, et al. Adsorption of Pb( 1), Cd( 11 ) and
Zn( 1) by extracellular polymeric substances extracted from aerobic
granular sludge: Efficiency of protein[J]. Journal of Environmental
Chemical Engineering, 2015, 3(2): 1223-1232.

XU H, LIU Y, TAY J H. Effect of pH on nickel biosorption by
aerobic granular sludge[J]. Bioresource Technology, 2006, 97(3):
359-363.

JIANG M (1), HU X W (#12%f), NGUYEN D T, ef al. Adsorption
of Pb*, Cu?*, Cd* by acrobic granular sludge and the influencing
factors[J]. Technology of Water Treatment (/KAbHRE;AR), 2013,
39(2): 53-56.

LI S(ZK), HU X W (#%:4%), IANG M (Y1.#%), et al. Adsorption
of heavy metals with dried aerobic granular sludge[J]. Industrial
Water Treatment (Tl /KAREE), 2013, 33(10): 40-43.

HUANG X, WEI D, ZHANG X, et al. Synthesis of amino-
functionalized magnetic aerobic granular sludge-biochar for Pb (1I)
removal: Adsorption performance and mechanism studies[J]. Science
of the Total Environment, 2019, 685: 681-689.

ZHANG H L (3i#), LIN Y M(bERAE), WANG L (E#). Cu®
biosorption by bacterial alginate extracted from aerobic granules and
its mechanism investigation[J]. Environmental Science(¥f5iF}2%),
2010, 31(3): 731-737.

XU Q H (iF#4E), SUN Y Y (FhEfE), ZHOU X Z (AEB), et al.
Green extraction of lon- adsorption rare earth resources[J]. Journal of
the Chinese Society of Rare Earths ("1EH:+2%4k), 2016, 34(6):
650-660.

OU J C (BR%EA), HUANG W F (#5J74E). The technology practice
of recycle of rare earth and removal of ammonia nitrogen from tail
fluid of production of lon-adsorption type rare earth ore in southern
china [J]. Chinese Rare Earths (i 1), 2021, 257(6): 42-48.

XU Y Y (F#8), LIU Y C (XIAAF), ZHANG T (IK%), er al.
Spatial distribution and risk assessment of nitrogen and heavy metals
in typical watershed of the upper reaches of ganjiang river[J]. Earth
and Environment (JER5ER5E), 2020, 48(5): 574-583.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

LAI C (#i3%), ZHOU H (Ji5£), ZHANG D C (3K Kit#), et al. Effect
of heavy rare earth element yttrium on partial denitrification process[J].
China Environmental Science ("' [H ¥ 3% Fl2%), 2021, 41(7):
3221-3228.

WEI B (83ik), ZHANG Z L (3K [ 57), LU J (75). Adsorption of
low concentration of La®*, Nd*" by clay minerals[J]. Journal of the
Chinese Society of Rare Earths (1 E#i £544]%), 2011, 29(5): 637-642.
ZENG M J (% 14i(##), ZHANG B C (3k5iti##), ZENG Y (% E), et al.
Effects of alkalinity and external carbon source concentration on
denitrification efficiency of aerobic granular sludge[J]. Fine Chemicals
(f544E 1), 2021, 38(8): 1679-1685.

POKHREL S P, MILKE M W, BELLO-MENDOZA R, et al. Use of
solid phosphorus fractionation data to evaluate phosphorus release
from waste activated sludge[J]. Waste Management, 2018, 76: 90-97.
JIAN M P, TANG C C, LIU M. Dried biomass of activated sludge for
cu® adsorption: and mechanisms[J]. Journal of
Dispersion Science and Technology, 2014, 35: 1468-1475.
AKPOMIE K G, DAWODU F A, ADEBOWALE K O. Mechanism
on the sorption of heavy metals from binary-solution by a low cost

Behaviors

montmorillonite and its desorption potential[J]. Alexandria Engineering
Journal, 2015, 54(3): 757-767.

AHMED B, RACHID R, HOCINE H, et al. The removal of uranium
(VI) from aqueous solutions onto activated carbon developed from
grinded used tire[J]. Environmental Science and Pollution Research
International, 2014, 21(1): 684-694.

ZHANG Y Z (5KEH)), L1J (%), DING Y (T ). Adsorption of
crystal violet from aqueous solutions by aerobic granular sludge[J].
Advanced Engineering Sciences (T FERl2£5HAK), 2015, 47(4):
205-212.

RAN Y (H#fi), HE Q (fi5i), YUAN R Y (#718), et al. Adsorption
characters of dibutyl phthalate in different grain-size suspended
particulate matter[J]. Journal of Civil and Environmental Engineering
(RSB TRE2ER), 2021, 43(5): 178-186.

ZHAO J H, LIU J, LI N, et al. Highly efficient removal of bivalent
heavy metals from aqueous systems by magnetic porous Fe;04-MnO,:
Adsorption behavior and process study[J]. Chemical Engineering
Journal, 2016, 304: 737-746.

MAHMOUD M E, AMIRA M F, SELEIM S M, et al. Adsorption
isotherm models, kinetics study, and thermodynamic parameters of
Ni(Il) and Zn(Il') removal from water using the LbL technique[J].
Journal of Chemical & Engineering Data, 2017, 62(2): 839-850.
IYER A, MODY K, JHA B. Biosorption of heavy metals by a marine
bacterium[J]. Mar Pollut Bull, 2005, 50(3): 340-343.

TIAN C X, WANG D, WANG J X, et al. Desorption of hexavalent
chromium from active aerobic granular sludge: Effects of operation
parameters on granular bioactivity and stability[J]. Bioresource
Technology Reports, 2020, 11: 100457.

HUANG S N (FE¥), LIN S T (), YI M R (52 1H), et al.
Advance of denitrification pathway of aerobic granular sludge[J].
Industrial Water Treatment (Tl /KAbEE), 2021, 41(9): 37-42.



