%39 5% 4 FTRKFFR Vol.39 No.4
2016 % 8 A Journal of Chongqing University Aug.2016

doi:10.11835/j.issn.1000-582X.2016.04.015

HA {5 £20F 36 PE 5 JE W Fi Cu®™ 1) 53 Wiy

A -

]7/%3 +d,l),L ’Z‘r@ \/ﬁ"—,‘a,j]— ﬁa,b,c,ﬁié\a, 6_‘, %')La
(ZRRF aRTERERBEIERPR ;DR ARAIKER TR ETELRT;
cARBLE & SLE RIS AT S P S, F R 40045)

i EAWTHALBCE ARAFRFTREZFEAHOMEIEAXEZ . AR TEHABET,
RREVR WA pH A Cu®" R Z R A BR EATE T RER Cu™ ey #ok, F AR AW AT
EETT AR A BALIN R EF A E M T ERTRAEM Cu' T, SREW, B ERFTRA 2 g/L,
HA B2 K EH 50 mg/L.pH=6,Cu®" Ji 2K E % 50 mg/L 8,21 90 min ik 3] R WP #7, Cu®”
R & A 45.98 mg/L R M FiL2) 91.96% ., AR LI HA TAH 55 Cu*' sbE Wiz R FH0, &
WG RB M Cu' EBRELEA BRI S M SHE MEEC-OZRKC—HFFRAALERN
SR FREELIREA,

KR ERFTR AR ;Cu” s HA

FESES X703 Xk RERD A X EHS:1000-582X(2016)04-118-09

Study on the influence of Cu*" adsorption onto activated sludge
in the presence of HA
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Abstract; To investigate the interaction among HA, Cu*" and activated sludge, we researched the influence
of adsorption time, pH, Cu’" concentration and temperature on the adsorption of Cu’t onto activated
sludge in the presence of HA, respectively, and analyzed the adsorption mechanism from the aspects of
thermodynamics, sludge characteristics and Fourier transform infrared spectroscopy (FTIR) before and
after adsorption. The results show that the equilibrium time of the adsorption of Cu*" onto activated sludge
in the presence of HA is 90 min under the conditions of pH, the concentrations of activated sludge, Cu®"
and HA are 6, 2 g/L, 50 mg/L and 50 mg/L, respectively. When the adsorption equilibrium is reached,
the adsorption capacity of Cu®" is 45.98 mg/L and the adsorption rate is 91.96%. It’s also found that HA
can weaken the toxicity of Cu®" to activated sludge. The performance of activated sludge absorbing Cu®"
mainly depends on the hydrogen bond force and the dipole force, and the functional groups of
polysaccharide lipid C—O and benzene ring C—H also play a major role in the process of adsorption.
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Table 1 The characteristics of activated sludge

b MLSS/(g+ L1 SVI pH

3k 45 1 2.52+0.3 15~18 6.0~8.0

1.1.2 HA=®®ZMERE

W 1.00g HA VAR T8 & 285 7K i s & 19 0.1 mol/L NaOH fifi Ho5g 2 i, € 45 %] 1 000 mL
A 13 2] 1.00 g/L 1y HA i 8&
1.1.3 Cu* # Bk ey i

FRIC3.781 3 g 1) Cu(NO;), « 3H, O i T3k & 1 2 8 K E A S 1 000 mL %5, 15 3] Cu®”
Jtd e B 1.00 g/ L B it 4
114 HEAe#R

JiE 5 % (commercial humic acids, C-HA, {224l , K7 ARG 40 A TWF 52 ) 5 RS R 4 (o B &l 5 &A1k
B Hr ) s IRALE OB 4l s TTCOR T 41D 5 KR (I3 T 2D 5 IR AR 8N oy M 4> 5 F B (o3 7 40D 5 P R (3
Braf)
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MLSS >R I H 3 s 4 & A H 57 Z-5000 J5 43 F MU 43 9606 B 11 s CODe, Al NH4A™-N 23 Jjl 5% F 44
AR 43 06 06 B2 12 A COD e 38 5 40 I & 5 35 i %0 & ] YST Professional ODO™ i figk 40 A M 7€ 5 1 H
Nicolet 5-SXC f# HLi-2T SN AL I 5E 21 48 Y63 s TTC-ETS il & 7 i HAR I & W2 2% Sciik[20]. SOUR i
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Table 2 Composition and dosage of each test group

15 M5 e HA(1.00 g/L) Cu?t (1.00 g/L) EE Tk
F5 2 56 28 il #E
v B 0 /mlL 0 /mL B /mL mL
1 iﬁ:gﬁgﬂ 120 7.5 iﬁ%l iﬁ%z
HAT= 5 L,
2 XTHREH 1 120 - 0% 21 A1 ER L ]4 0 mg/
A 2 - . s W5 IR 2.0 g/L,
3 X IRAL 2 7.5 53 56 241 A 7] BR v 150 i
4 THA 120 - - 30
VE 17 AE IR Cutt B RSN JCA R IIA 0.3 mL1.00 g/L SRR 27« AR4R VR 00 R 0 /K I % A i 1 2

TR EAR TN 150 mL,

x3 RBEEWETFAKFE

Table 3 Experiment factors and levels

s AN K
1 0 6 B ] / min 10,20,30,45,60,90,120,180,240
2 pH A 3.0,4.0,5.0,6.0,7.0,8.0
3 Cu’" kg /(mg - L) 2,4,10,20,50,80
4 g/ C 10,20,30
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Fig.1 Effects of time on the adsorption of copper ion

on activated sludge in the presence of HA
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M i R B 0.87 mg/g. MMt ARZH 2 th HA X Co® B FTAE 120 min YA 58 18 - B 7 W Co®' Ji
HRIE N 0.33 mg/L. IR 83.44 040, Bl itk HA X Cu™" [ 5 K i >4 33.38 mg/g.
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Fig.2 Effects of pH values on the adsorption of copper ion

on activated sludge in the presence of HA
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Fig.3 The change of pH values with time during the adsorption of

copper ion on activated sludge in the presence of HA
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Fig.4 Effects of temperature on the adsorption of copper ion

on activated sludge in the presence of HA
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. FEUIE X 3 AliEe b Cu™ (W BRI VR AN B 2 30t U B 336 ] DAAE T 2R AT .

2.1.4 Cu”" REREGH M
AT Cu® o e B T HA FF7E R i P75 Wt Cu® " A9 SR LA 5.

- RBAHCFEEKE  —u- RKHRHE
—A- XTIAICo> BB —o— X R 1B R

201 -v— XWRA2CFRKE —o- X BAI2IMHER o5

18 v
_ . 90
516 " 485
L
= 480
12 °
i 475 .
$X10 S
& B d70 %
=
o 8 £
; 6 165
LS n 460

2 - 55

L 1 1 50

0 10 20 30 40 50 60 70 80 90
Cu W B /(mg-L)
5 HABFET Co*" iR EX ST R RH Co’t B30
Fig.5 Effects of copper ion concentration on the adsorption of copper ion

on activated sludge in the presence of HA

i &5 A A ZE R B L A BRAL 1 3 MRS X Co® " WSR2 Cu® 5 o R 32 32 4 184 Jonn g 4 o
M Cu®' BT Wk B N 2 50 mg/L, W B 3 3k B B KL 43 518 45.98 mg/L Hl 44.95 mg/ L, WL B 23k |
91.96 % F1 89.91 %, T AHHRZH 2 v, >4 Cu®" i il 20 mg/L B HA %} Cu*" By 4 16.96 mg/L,
W B 3Rk B e R 84.79 %,

ME R E L Co® Lk R 50 mg/L B 3 55 41 W B 5 35 31 45.98 mg/ L, W5 5] 91.96%, iX
Al REJE T Cu® T R B AR A [ 5 B8 ) 25 W 067 S T I WA W R i Cu® s BE R P Cu™ vk
JEASWTHE K RAEAET5 IR HA FKim i Cu™ oA R 3 22 . 76§ e W RRF 00 /8 F R0 W B B8 0 22 19 437 it JF
LR R Cu®t o HJEY Cu® it vk B 3k 8 — g (BB, FRAR 2238 in Co® W BTV B, S i Cu® i 3
T2 378 K F e FE AR T A VR A2 A5 1 388 i 5 SO0 RS R RAAIG
22 SiRiEM

SEPETG R GE MG T Cu’ T BE TS e HCut T FHA = AMKR R 1975 e MR #EAT WK, g 4 TR .
SRR H 5 IR A AR B A TR AL, JRi5 e SOUR 24 0.32 mgO,/(gMLSS « min) ; i il A
50 mg/L Cu*" J5 .15 # SOUR [&H 0.095 mgO,/(gMLSS « min) , ## 2 H 70.31% .33 & Cu® " 5| & 15
. A HA F Co®' J5 .75 1 SOUR BE G . 355 0.10 mgO, / (gMLSS « min) , 1] 32 468.75 %6 . iX
— 45 TTC-ETS RAEMT5 IR FiGE—20 U HA fI7FE7E S0 Co’ ' XGPS TR i 5 3 .

®4 BREH
Table 4 The activity of sludge
it i T U WEPETS Y+ Cut' VSR 4+ Cut + HA
TTC(mgTF+ g 'TSS-h™") 168 7.44 8.51

SOUR(mgO,/gMLSS « min) 0.32 0.095 0.10




124 TRKEFFIR % 39 %

23 RANFESH
FE I 3 5 WA 00 1 BE Al B xR S e TE MRS U Cut Tt TE TS+ Cutt - HA S5 R R AT
W1 2O B . G Arrhenius 22 30R AT

AG" =—nRT, (@)
AG° =AH" — AS°, 2
EECE
AH® = AS°
=TT + R (3)

AR FA A HE %,8.314 J/(mol « KD T J2 A1 2R Z . Ksn 24 Freundlich J5 #4885 AG®
j:’??ﬁ%ﬁﬁ Ehﬁlévk.]/mOI;AHo j‘j‘}:ﬁ,@j’kj/mohASO ﬂ‘j‘kﬁ”j/—gjvj/(m(ﬂ -K). T a.R,T ﬂ‘]E%ﬂvﬂV/UfETE
A GRAF AH" L ASY FEARHE (2R AG . TEERINE 5 Pis,
F5 RRANREA1RMRA 2 Cl REHRNZESH
Table 5 The thermodynamic parameters for the adsorption of Cu’>* on activated sludge and/or HA in

experience group, control group 1 and control group 2

&R F LA T/K AH/(k] « moD) ™" AS°/J« (mol+ K) ' AG"/(k] + mol ) R?

293 —1.810

N 303 0.802 8.912 —1.902 0.996
313 —1.988
293 —1.898

Cu®" Xt B4 1 303 1.134 10.309 —1.973 0.834
313 —2.105
293 —2.326

X R 2 303 2.889 17.775 —2.481 0.980
313 —2.683

H ¢ 5 APA 3 4L IRAE 293,303,313 K3 FELEE T . i 19 AG° <0, BiBH Cu™™ FETG M i5 T & 15 e
+Cu JEMETG R A Cu’ T HHA =R R R B B AT AT EANA K S Sy . B R T
AG B4 B AR T 83 0, UL IR B A, B R PR R . FEXTHRAL 2 Y AGT 4k KL BB HA
5 Cu* e Am S AR HA+Cu® HiG 5 AG Fe/bh X BB A G PEE Y )G - Cu®™ Y W o A 15
Bizh ., X AT RE R RO R A B AE HA RGPV i, HA 555 e 24828 Cu® A7 IR BfF HA 2B}
EAIENEPETG Ve R (AR B B R PEAE /N,

3 IR IR TS AH >0, HAEUE A T 0.802~2.902 k] /mol Z [A] , P W] =44 F v 25 S 2 1 WA
X 555 90 ) R A 4t SR AR T) B SR R ke O R A L T A R B = R b R U R AR ) o
EEM .

3 AR I 1 W B S AS =0, BB IE PR I5 U6 HA BB Cu® i B2 2 05 0K 2l SOy . 3% PR V5 Ve R T —
FE R HA R Cuo™ L1 HA R Cu®" (A X 43 7 53 & Aoy TR B K F K4 7 (43 HA Fi Cu® 19 H i
AN £ ) S Ol S i B R A | 71 a1 B s O ([ NG 1 4 N a8 VM S A Sl = W 7
B R TIPS R A HA A1 Co®' (& A S ORI 4 AS° R,

2.4 OSMRED

M & 6 AT AL TGPV YR HCu T TG TS TR HCu T HA L0 4R G iE 2. S5 iEHETE Je -+ Cu’ T ik
A IMA HA J5 88 O—H JR3h (3 428 em™ D MK AW K ERH) C—O {45 (1 083 cm ™) [l Ik %
BH s, KA F C—H M dh 4k shsk N—H i sk 8h (619 em DIE K. M5 41506 W5 R 4 46 i
I IMA BB IG  BRIR T O—H 3 (3 427 em ) .C—H 5 C=0 W28 X4 (1 405 cm™ ) VAR |
C—H W MiPR3h (782 ecm™ Dok N—H A& AR 31 (782 ecm™ D ¥ R 41 .

M 6 A a1 G TS W B Cu® " AR O—H. &R H—COOH DI RZER E C—H Kl
Pl K, HA F77E IG5 R Cu™” EZEM BRI I C—0 KR C—H L. B HA WfF
FEBRAR T S e T B 4 A S A AR ke R I R B AR AT . X T RE & PO HA B 5 E T
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Fig.6 Fourier transform infrared spectrum analysis of different systems
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1) 38 3k W% B st ] p AL Cu® 5 R R LA % 3R 3 % 3 7 e W B Cu™™ B4 52 i R 5 f 2 7 35 18 o
WeREEH2g/L,pH=6,T=20 C,Cu*" i ¥ F N 50 mg/L LA &k HA R E N 50 mg/L B, £ 54 90 min
S+ VR B 38 B S 4 0 BfE R 3K 91.96 %,

DI IR R HA FFAEM AR T IG5 I X T Cu® ™ 118 W B A W A e I » W I Bl o I 2 1)
G s 3 B SR ) A AR ) ) R AEAE R .

3 X T AN [RMA 2R (1) 75 V8 176 P A R 2 B, v Wk B A 4 1 5 e rh 8 5 T HLA R Ak 20 6 ¥ 0 1 B 1

DLTHNEE Bs E HAFE T 22 526 C—0 RS C—H G M5 W Cu™ i 72 v ok 1%
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