2015-02-11 15:26

http://www.cnki.net/kems/detail/33.1127.P.20150211.1526.017.html

a5 2
2015 4 2 H

KB
TECHNOLOGY OF WATER TREATMENT

Vol.41 No.2
Feb.,2015 27

Cr(VI)I<EA BB X 47 & AL 5 e i2

2 EERY

ATk

AR, i
TR 27 R

W, Bk I, BR o F, EWIRH, RS
I AR5 A Y L 15 T B ST A S

JYLH R 210098)

# E: £S5/ SBRAEE T, @ IEAHF R TRIT FEMERI BT S LM EHZE wwk‘k/\#ﬁzéﬂm/y
SRIFHAT, AR Cr(VIVR ZRE 0.1.3.5 F= 10 mg/L KHA1E A (B 65 d) s F B4 T RAG T M Hom. SRE
%rﬁ&%hﬁ&ﬁﬁgﬁﬁ3myﬂrmﬁ&wn&%%mﬁﬁ&%%%ﬁmﬁlﬁﬁgﬁmeyﬂkt&wn

W) 2 & BRI BIRAL T RS

F2 TN 2 FE TFTIEMAAFRHE, (124£ TR, &R M2

e, AE L LE M A T R TSR IR, R Cr(VI) R IRE A5 A B % 69 COD
#2F COD A= TN I RF £ 4 5 X B &,

SR H 97.43%.

96.89%.95.43%.93.69%- 90.46%7F= 95.11%.94.31%.91.97%. 87.68%.82.59%. EPS ¥ Lol % 45 EARI A # . kI

Cr(VD)&F 7 @A L 2AE R, @6 Cr(VDA, Josh % 4E ey 22 )
I G HAB 893G A A B SE AV B o 4 T A6 R T ARAT AR 7T R4S AR
RN : 47 B TR Cr(VI); KIAMMA; 75 R4 M); 77 RALRE
XEHS: 1000-3770(2015)02-0027-005

FE 23S X703 CERFRIRED: A

TS BIURL T Y8 A 40 I 1 % 2R T D 45 ) 22 S
DUREPERACH I B R AF S R SE, ML T sk
15U, BATR S A A e, S A A5 e kL v
e bk 57 BE O HG5R, SEIE T AR PR Rk
JE PR K B AT B AT ST W I R KU, AR5 K Ak
B BT Y s

FS R S R e R T AR R G, A7 T B (1 4
3R, AMRRER Ay RO, $230 BR T BRI, SORIAT K /N sg
Wi JECAAI RN AR AL T 20 A1, WIS AORSE P B A=
IR, AT R L R T e I e P AR,
M HEAN A (EPS) J& 41 AT — & IR 4440 N 4
WS — 2B T B B ARSFIAH B2 B 1) & 20 1
AW NI EVIZRE D) T SRR T A kBT o
T T EAEE | YRR RIS T Tk A A T,

AR AT K M AT EE s gy, o
Cr(VDFETERR, | IZ AL TR Ve e L ol
TR 2 A M 5 T A 7K o, S i T I
I HE NSRS K AR R Cr(VD) RERSHI IR A= 4
(03 1 I B Eef A R e 45 ﬁ%%*@,Mﬁm
Mo L S8 Ok V5 e 1 2 ) IR a4 T I s K AR BT

ek H 49: 2014-10-10
FEETHH : R AREBIEILS (51208174) 5 /KAATS Yedzsth

B3, MmN EAOSERARART, I SELSR
MeyE 2R L.
M s R

AEFCR I T IIEIIFST Cr(VD K E AR 48
FIORLY 5 e R E MEFRISEMR 0 I SEURTRLT 5 g AR SE B
IR AT R R 5

1 LRIy

1.1 XBRE

SBR Jx N E WA 1 fhzm. MU NS, H
12 80 mm, AR 4 L, BRI K& 2.5 Lo SR
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Fig.1 The SBR experimental device

B OFTEIREE) : CoNO,),*6H,030mg/L, MnCl,*4H,0 04
mg/L,ZnS0,*7H,005mg/L, CuSO,*5H,0005mg/L.

F 1 FIEIEFRTKEKKREERS (mg-LD
Tab.l Composition of synthetic wastewater(/mg*L")

A B 350 KH,PO, 60

Yol 300 CaCl, 50

NH.CI 100 MgSO,*4H,0 20

AR 15 FeSO,*7H,0 20
1.3 XBHZ*

ARSEH K KoCr0, BLE Cr(VI), 1#.2#.3#.4#.
5# N 2SS IRV I Cr(VD) BRI JE h 041,35,
10 mg/Lo 75 SER b Rt v HURE , AL D45 THFR A% o

COD K FH PRI ARt 73 606 LV 5E s TN SR
TRIRPNAEA, - AN CEEENE s L S8 MORL 5 e %
AR R R ISM-5610LV RS 414 f 1 4k
BEUEAT LGS R IR F 4 F SO CRLEE 0 A3
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2.1 Cr(VD3 iFRBLiT RIS R KRR M

Cr(VD*F SBR J % #% 1 COD F1 TN £ FR 1
e 2 FE 3 Frs. 5 AN RNV ARZEZK COD #4%
HI7E 700~800 mg/L, 7EFEANSLIGI B, 1# [ Y 3%
COD B R H 4 FFE(96.75%+1.01%), Ui Ik SBR
BERISATRE » 10 2# N85 COD VI L FR%E N
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KIH e SBR %2 B A M) 2 57 Z LA %0
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65 d) , FL T3 COD %73 3l o4 (95.85%+1.42%)
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Fig.2 Removal rate of COD in the SBR reactor under
the stress of Cr(VI)
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Fig.3 Removal rate of TN in the SBR reactor under
the stress of Cr(VI)

P 3 FTAN, 1# SOV A5 16 TN LBRFRFE 4 Ri A
(96.15£1.10%). 2# [NV a2 TN LBRFEN (95.74+
1.27%), Pt A IR T 1 mg/L ) Cr(VIX I8 ki
T BB AR N o ESERHII (0~25 d) , 57
FFEAH B, B 3 mg/L Cr(VD)X [ Y 28 TN 1)
EBRFEILT-EAE W 2 Cr (V) JRREIRETFE S
mg/L Al 10 mg/L I8, TN B 1) I 56 NS
TR, AP IE R (93.94%+2.08%) Fil
(90.79%z-5.46%). F|LH ] (26~53 d) , ik
J¥ 3 mg/L.5 mg/L il 10 mg/L Cr(VDAEH F TN 2
BRFETFAR 5 B dh, fESL R 5 (54~65 d) #a T
FE, Al A (92.49+0.79% ). (88.41 +0.78% ) Al
(82.59+0.33%) 0 IEATEE 65 K, 128 3% 4. 5# NV
P TN I RBRE 3100 95.11%+94.31%-91.97%-
87.68%H1 82.59%.
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X LG Cr(VI) X i S8 ks 745 92 25 Bk COD Fl TN
(195 1 m] LA H S Cr(VI)XS A7 HLIE T 25 Bk 1 40 i) %
LR AiF A I A2 R 22 /)N, 1X 55 Stasinakis F1 Cheng
S5 NS — 309, X AT R A Cr(VD KA/
FAREIR T Up S8 B0RE 5 Y8 (R 54, T A 7S8R P 358
(AR EE R 5, 5 e A B ACR R R
22 Cr(VI)3 iF S5 Rie EMER RN
22.1 sHFERBAT RIMAT S TR

NREE T 11, AT BN 4 R L SR RO 5 1) 2574
SERE, RIMTIE o BRI E 1 mg/L A1 3 mg/L Cr(VI)
EIH (65 ) EHF, U BURLTS Ve 0 R PR FF o6 2
(LR, AREURL R T VRS AN T . SERTFUR R
26 K, FiRHKIE 5 mg/L & 10 mg/L [¥] Cr(VDXFLF4
TR 06 1R 405 K AT 1 P S MO RRR , B A 2 R
TR AR SE G, B ER 65 %, 2 AN N g R -4 Ry
TE IR 4l k35 O S W) (IR B R A et ~FAR . HEAAR R
K, W A UURLYS e i) TR E 3 mg/L BA R Cr(VI)
K B R 3R LED, R BN Cr(VT)
R T v, SR AR A 1) R R
222 MEFRBET RMEDRZGY R

HI¢ 2 I, TE3EANSEUO BN B, 1# O 2% T 4f
SRV Y IRRE AR A8 A0 AN B 58, 58 B AE 3 A7 Bn &
SIRMITE LR, WA RS Ve R AR A R e . 24P
B Cr(VD) FUEIK FE A 1 mg/L I, R 4228 4L R AR B
B, UL IR FE I Cr(VIA 25 IR 7K X U S Bk 5 e
(& Fts e R AR /N o 76 Cr(VD IR 3 mg/L
FS mg/L B IHVE R T, LS OR s e 1)~ 24k 4

BIREIR . Y Cr(VD) IR LI 2 10 mg/L I, kife sy
Aii RIS, R 800~1 200 wm 2 [1]
(1) 50kE EE 1 b 40 46 1R 52.60% P& 4 52 56 K 0 1)
14.20%, %5 65 K, Fift/N T 800 pwm KT 1200 um
(R 25 e 35 LA UE B B N T 80% Ae A, 5# J %
LIRSV K SNI] Ve € T E RN BN p ey
KZH, VAW R B FE 10 mg/L 1) Cr(VI) Xt 442, 5
L5 e 1R 45 KRB AR Ry 7

ORI Y5 308 1) K /I T 385 S5 URE v B 2B 4 1)
B IR KB, Y i 8 oRLyG Ye kLA /T
0.6 mm I, 4 1 DA TG BRI M IR VB33 SRR (1)
R, AN TETE A S A A B B8 10 B 1) SR A B B
07, BRI A S B2 HOREAE /N T 0.6 mm (1 /N J0RE
JIr oy BR) LAG X6) AR A ) sz I 4 o I 680 56 1) 1 22 S
RAE S R 3 5, fESEi i FE b, 1424 [ W
i /N URL R AR R E s T 3# 44 S# N A /N
FL BT i B A B Cr(VT) 3 M s 1) P 38 1 K
B0, 23 5 FAITEA ) 20.28%.22.24%F1 25.85% 1% A
S| SIS R I 31.07%130.43%H1 46.95%, HIHK %
o, i 57 25 i o 1 1 S A T IS T 1 o T LA H S 5 I
NS NEURL L I KA S & AV R LR R T
Bee e A ) S 0 R A PR AF DG, U6 HH Cr(VI I 38
AT DU G SRR V5 e LA AR /0N, DI 52 1) 281 45 Js .
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Tab.3 Percentage of granule sludge with particle diameter
less than 600 pwm

p(Cr(VI))/(mgeL") 10 K H37T KR 65K
Bk, 1200 pm CLR R0k T o 1 LA 23 501 e 0 20.14 22.47 21.85
WG ) 71.52%73.65% Tt 42 S 56 K T 1) 86.88% Al ! 25.95 24.79 25.02
S \ e A S 3 20.28 23.39 31.07
81.729% A7 T A2 D6 0 Cr(VI) L I Ve : ww o
TR AR LT s, SR A 10 25.85 33.75 46.95
£2 REBRE Cr(VDX I E B = kR B 20
Tab.2 Effect of Cr(VI) on the particle size of aerobic granular sludge
ANTRPRLAR IR BT &5 LL A /%
iz o 5 p
/um 510 K 537K £ 65 K
1# 24 3# 4# S# 1# 24 3# 4# St 1# 24 3# 4# S#

200 404 575 4.85 6.16 524 6.04 4.57 469 435 1049 3.88 443 8.91 7.64 1542

400 4.52 6.49 6.38 5.07 6.53 5.62 5.88 5.87 5.87 8.04 6.20 5.25 8.50 8.16 16.52

600 11.59 1371  9.05 11.01 14.07 10.81 1435 12.83 15.03 15.23 11.77 1534 1367 1462 15.01

800 2024 2293 14.14 1474 15.86 2278 21.76 2132 1743 983 19.66 2278 1733 11.20  5.05

1000 2697 20.05 2081 19.89 2235 28.14  21.00 2211 2450 1341 2523 2245 2323 2191 505

1200 1585 1638 1628 16.77 14.39 13.04 1335 1227 1495 1154 1568 11.67 1525 18.17 4.09

1400  6.15 487 8.37 7.62 524 4.03 8.84 8.51 6.15 852 7.56 7.30 5.61 7.55  10.09

1600 859  7.56 1546 1475 12.90 7.54 6.54 690 932 1555 7.36 5.89 6.62 933 19.87

1800 186 226 4.18 398 342 2.01 3.73 491 217  6.63 250 426 0.89 1.41 8.86

2000  0.20  0.00 0.47 0.00  0.00 0.00 0.00 059 024 076 0.16 0.63 0.00 0.00  0.03




30 p 155 £ 5P

5414 B2 1Y)

23 MFEBRLTRAEY EPS %M

EPS 15— Fh BAR K RARBCARYE,  n AOR L
VMM BRI EE, YRR Y
SR, EPS [R5 fe 4 W] S s B s, Hoeb g 4h 22 bl
M 5 &N EPS B 1) 70%~80% /e Ar (220, %)
eI A A SR PR B TR OCEEAEH

HH 4 WTA, 1 N 4 B UKLV S e EPS T
PN FlI PS (1)) i 5 A1 4 S0 o W N 2 i e e
PN & T PS &idm. HIAFRKRE Cr(VD)HI#%
g, S AEUBURLYS U8 PN AR I A B I 1) B0
B AR A IR A E o 2 SN A 1) S 4
KRR, Cr(VD TR E N 1 mg/L, HEAN S5 JH
N PN HI PS {EAAL IR LA /N, R LE T 1# Vi ds,
PS 1153 Wh i A7 B s oy, (RS AHAR T PN 3# ROV.4%
oY Cr(VD) R IR N A 3 mg/L B, 4 A 0k
756 EPS 1 PS [ 40 Wb & EAE Cr(VDAEH I a] (1) 44
KBS, M Co(VD TR ERE N4 5 mg/L
10 mg/L i, PS 73 2 AE S50 FF AR Bkt il 38
SEEGJE PS B — UKL IUAE (B8 5 KD 43 il B AR
FE R K T 56%A1 100%, £E3&E N T Cr(VI)H
Miti 5, PS 20 WA T AR & Wk, (RS Cr(VIAE
FHBT IR IR SR, 44 5# [V a5 PS IR 733l A 52
B TFURES 24 KB 17 RIFUHIEK, JHbEE Cr(VDAE
FHISTR] 38 i ig 38K . BISLEG 5 65 K, 1#.2#.
3t A#SH OV A T IFAURORLYS Ue EPS HY PS 7l
43 50°4:9.13.10.89.19.43.25.33 F1 27.31 mg/g »

AdavP¥SE NN, JAMNE R SEAN FAL . T 4R
RORLIG I A%, 22 B8 W) o3 A 7R B A kLT e
o TR RS Z TS T T E I AR, L
WA SRR LSS, fE S R I I T, X2 fe i &
HEE B A BDTE LRSS P40 1l 5o 52 4

JE B, A5 B TR A AR B, Xk AR
BT N ARSI R, AU ks e Ay T LR $F
LEINNEE S 7/EN 7 S P 2 i o T ) o i LG AL
I ) 852 Y, i gt BT A FH A A ) A AR T B A X
(IR G544, BT LA AT ) B oh 22 B 15 T 4 A A
LA 43 X U SO 5 Y 1 2 iR e M e AR R AN
I, & Cr(VD) M R GF S ORL Y5 Y8 R R A% /)
PN NI PN

M 4 IR LU, ABEIN Cr(VD)IN, S5tk
757 EPS 1 PS #l PN (1) Wi 4 5 , PS/PN {H 4k +F
16 0.7 Fidio k¥ 1 mg/L ) Cr(VI)%} EPS Z3l
(VI RZ MR /Iy, PS/PN {EAS s 1-2% FIRE, 76 0.8 Zidie i
TE RS h 3 mg/L.5 mg/L 1 10 mg/L Cr(VI) I 1E
R, PS F3- Wb s ORI BE T =1, 17 PN 12 LE AR AR
€, AR MR/, RIS H PS/PN {E Bl 4 Cr(VI) i &
WP R IR T . AE RNV ARISAT 2R 65 K, 1#.
24 3# A 5# [N 2 PS/PN B 23 4 0.72.0.75.
1.41.1.94 A1 2.22, 4355k SE 5641 911 0.96.0.99,
1.73.2.13 f1 2.81 f¥.

A8 1) PN/PS n] i A4 i S8 JORL 5 Y16 1Y) 45 7 vk
RE, FoE I UBORLY S YR I 454 o B0 I, PN/PS
ELFRI 3 0 BE % B UKL V5 8 HO AR B K P, FR 4 A
Bl 1 2E B, Vg e AR B KM ) 5 ks 3 3k
Gibbs AT BFAR, A5 Y 18] (159 R0 ) 3 5, 18177 B A
—ANEUE AR T PN R LA I R R
A IR 1 HL T REAS R PS HR PR 25 4 el R i [ R AR
(1) G AT, T DA V5 Y R T 11 47 LAy, BRI Y 5 e 1)
(I LT 0, A5 e TR A BB TR T AR 1)
WKL ZERE o IR, PS/PN K, BN T f 48 ks v
Fertaett.

Fz 4  Co(VKEMERMIFEERITIE EPS A5

Tab.4 Long-term effect of Cr(VI) on the composition of extracelluar polymeric substances

SO 1# 2# 3# 44 S#

RHd - ps PN PS/PN PS PN PS/PN PS PN  PS/PN PS PN  PS/PN PS PN  PS/PN
0 9.86 13.02 0.76 9.78 1284 0.76 10.07 1247  0.81 1038 1136 091 9.86 1252 0.79
5 9.71 1333  0.73 11.54 1197 096 1473 1321 1.11 16.14 1093 148 19.74  11.07 1.78
11 9.56 13.84 0.69 10.59 1250  0.85 15.10  13.93 1.08 11.89 13.17  0.90 1890 997 1.90
17 895 1234 0.73 936 1280 0.73 1457 10.52 1.38 1251 12.16  1.03 1232 841 1.46
24 9.83 14.10 0.70 1023 1325 0.77 1321 10.13 1.30 1147 820 1.40 1466 836 1.75
29 926 1437 0.64 9.73 1125 0.86 15.68 13.36 1.17 1476 1121 132 17.89 1246 144
35 888 1322  0.67 11.90 1298 092 17.09 1551 1.10 16.67 13.12  1.27 2041 1417 144
41 10.71 13.65 0.78 10.82  13.32  0.81 1552 1478 1.05 21.74 1342  1.62 2242 1387 1.62
48 938 1232  0.76 9.44 1190 0.79 18.82  15.04 1.25 2336 13.76  1.70 2544 12.84 1098
54 993 13.14 0.76 10.81 11.37 095 18.99 14.76 1.29 22.84 1325 1.72 2698 1243 217
59 886 12.03 0.74 951 1135 0.84 2093  13.96 1.50 2422 1280 1.89 2493 11.57 216
65 9.13 12.73  0.72 10.89 1447 0.75 19.43  13.78 1.41 2533 13.03 1.94 2731 1232 222

¥E:PS/(mg-g"); PN/(mg*g")
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3 4 #

0.1.3.5 F1 10 mg/L Cr(VI)KI1EH 65 K,
I 48 UKL 75 Y 1 COD 25 14 3% 20 W) oy 97.43% .
96.89%-95.43%-93.69% A1 90.46%, TN ]2 Bx FK />
4 95.11%94.31%.91.97%-87.68%F1 82.59% . Jii
IR 1 mg/L Cr(VD) K iE %) SBR % & A HLY)
JIR R R LT R

U AUTRE 5 e BT RE 3 mg/L LRI Cr(V)
K B A R BB, [R]FB i Cr(VI)Ji
ARy, R AR U ()R R B EE, PRI 4R AV
[ AR A i PR, ARImfigAA . 7E TR AL 10 mg/L
Cr(VDIFHHIERTN , LS8 ki 5 Je 45 i 1B 2R, &
MR ST 35 R R OBURE AN GH /N B 20K 75 U8 L9 728 7
W% o IR, £ R NS ORISR/ T 0.6 mm 1)/
BB o B B 43 A 21.85% 22.02% 31.07%
30.43%H1 46.95% 1M kiA2/NT 0.6 mm [R5 e L
TR A R A IR EE, 230 SBR R N A it

Cr(VD) I JHE I R 75 Y PS (1) 433 2 )
BE A Cr(VI)E FH I R) (1 R 83 38 20 16 n, Cr(VI) i &
P BR v L e RO A 2R 1 L
BI5Z PS Sy Wb L (138G iy I D B E R R
WFE 0.1.3.5 F1 10 mg/L Cr(VD)KIWI1E 65 d )&,
Ut 48, UKL V5 Y EPS R PS 4 A & 4 il b :9.13.
10.89.19.43.25.33 A1 27.31 mg/g, PN {8 #H % % £
5E s PS/PN {2350 0.72.0.75.1.41.1.94 F12.22,, 52
AR (5 65 KD 1) PS/PN {H A& 5256413111 0.96
0.99.1.73.2.13 1 2.81 fi5. Ut BAHXS T Mo e (1),
W &b 22 B LR s AR 0 HR T Cr(VD) ) 8535 7 TR
PG AR, (R 220 R Rt 2 3 SUBURL A i
(FOCHE R 2% . PS/PN {HREA Cr(VI) It il ¥ 14 K
S AE RIS a] (R 3G 38K, i B T Cr(VI) 4000 B
6 7 Ry e ) AR B K, AT 9RES T 75 Y8 1)
(FISEAN 7 AFI T U A Ok 5 e 1A E
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CONSTRUCTION AND MECHANISM OF HIGH-EFFICIENCY PHOTO-ELECTROCHEMICAL CELL

Han Xianying'?, Wu Liangzhuan', Yu Yuan', Zhi Jinfang'
(1.Key Laboratory of Photochemical Conversion and Optoelectronic Materials, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, 100190;  2.Graduate University of Chinese Academy of Sciences, 100049: Beijing, China)
Abstract: A high-performance photo-electrochemical cell had been constructed mainly by boron-doped diamond (BDD) electrode and TiO, loaded zeolite
(zeolite-TiO,),which could be used for treating organic wastewater fast. The factors such as electrode potential, UV irradiation, pH and content of sodium
sulfate were investigated through detecting the degradation efficiency of Orange II and the content of the strongest oxidizing agents generated in the reaction
system, which confirmed that the constructed photoelectron chemical cell followed the photoelectric conversion mechanism as SO,* -S,0¢* -SO, *-+OH.
The photoelectrocatalytic degradation efficiency of Orange II in aqueous solution was better than that in the combination of electrochemical and a photo-
catalytic oxidation efficiency. Orange II could be nearly mineralized into CO,.

Keywords: photo-electro-chemical synergy; electrochemical oxidation; photocatalysis; acid orange
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EFFECT OF Cr(VI) LONG-TERM STRESS ON THE STABILITY OF AEROBIC GRANULAR SLUDGE

Zheng Xiaoying, Ni Ming, Chen Wei, Chen Yu, Wang Mingyang, Cao Sulan
(Key Laboratory of Integrated Regulation and Resource Development on Shallow Lakes, College of Environmental Engineering,
Hohai University, Nanjing 210098, China)

Abstract:The long-term effects of Cr(VI) (0, 1, 3, 5 and 10 mg/L) on the substrate removal, granular morphology and diameter, and extracellular
polymeric substances (EPS) of aerobic granular sludge were investigated in five sequencing batch reactors (SBRs). Results showed that the effect of Cr
(VI) under 3 mg/L could be withstood by the aerobic granular sludge, while the granular became unstable and gradually collapsed with more than 5 mg/L
Cr(VI). The removal efficiency of COD and total nitrogen (TN) decreased with an increase of the Cr(VI) concentration, while the high removal efficiency
of COD and TN could been maintained at 97.43%, 96.89%, 95.43%, 93.69%, 90.46% and 95.11%, 94.31%, 91.97%, 87.68%, 82.59%, respectively in Cr
(VID)-induced 65 days. The extracellular polysaccharide played the main role in protecting microorganism and resisting the toxicity of Cr (VI). With the
stress of Cr(VI), the aerobic granular sludge significantly increased but extracellular protein remained stable. The increase of the ratio of polysaccharide
and protein and the consumption of polysaccharide were the key factors that reduced the structural stability of aerobic granular sludge.

Keywords: aerobic granular sludge; Cr(VI); long-term stress; granular structure; sludge stability; extracellular polymeric substances



