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RSM) SR S0 B 5 S R i A 4 5 9 — Py
¥ M 2290 0K [l JE 75 R A DL 6 DR 28 Ry o
ZI6] (Y BRI AR, 3 e o (] U215 8 114 o A e 4 31
BRI TSR, 2 T fiff e 22738 5 [R]t 1) — Fof
Gtk o WA RO I SRR b
SERR AL, BB R4 I R A BAS o LS, W T
530 AT L o % Oy R R A UL 5 07 22 1
IIMTRIEA B4 IR 1 B A HAR OGS B A 25 B
FRFEIR , M AT DR AT 0 T 22 (A1 R e
B A SR AL BT U T AN REIS B

ARSCUAA N K 574 T K8 D W82 A A, 1A
pH LR A E G W i i e R O B AR, DA
4R Cu® " (¥ 22 B i LA, 32 FH 0 7 16 A5
Bty ik, ARG TR B BRI A MK P
o R 8 B A T A B A D FROE I B IRAL R
PR A F7 58 R 7K A B rp 4 T 2 14 B K 4
Mm%

1 MeSI5k

1.1 e EEZERAT R

SEI TR KOS SRR R B L i R AR R
KW BURIAE A 0.5 em (Y T KU ORE , T 7K itk 5
B8

FEEG A BT R AR, IR, A AL
B, 39 BT

FEAL A FA2104N L F 43 #7 K °F- . DHG-
9145 A HI PG X446 . DKY - 1T 45 3 18 38 ] 5% =X
FEIR L ASC-990 J5t ¥ W e 43 56 0% B . PB-10pH
it . Basic-Q15-IT #fi/K#1,
1.2 HEHERRMEE

HIFH Design-Expert 8 {4, £ LA SCHK[ 18,
21 kA b, 0 IO ORGSR PR RE AT
Ma % 3 ANPRIER (pH I EE ) 15500 46 o vk )
PEAT R 20, AR R BE S DK HIE
DR FREC L g HET 5 19 FOKE A F] 100 mL
EAR K b, ZEUE 25T B 160 o/ min 43 4
r— BN ]S A, 20 591 D 6 K SE I ACHTT S 7K
FE Cu® " B VR B o SR A 20 00 R AR iV T
et AN )V B 1) 5 4 2 7K, I ASC-990 Ji7 -
W o B I R AR Cu® TR
FIF 0. 1 mol/ L 5y 3 Afr Al A R A S AL A 1 5
R pH, 3 PB-10 pH 3R I & # M AY pHLo
PR Cu® i R BRI 4R, BF 58K )
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FEAETR TGRS B K rp A 2 1 A W B SOCR, , it
TR 1o PR IESE 50 AR B 5 5 A
Ay SRR BB 3 44T 4

®1 BEEXREIT

Tab.1 Single factor experimental design

e ESES K
No. Factors Levels
A pH 5,6,7,8,9
R EE
B Temperature/ °C 4,12,20,28,36
IR BT
C Initial mass 0.01,0.1,0.4,1.2,2

concentration/ ( mg/L)

1.3 Mo R A SEaE

Fe TP SR AR, M AR TR BT
B 3 AR THE— UM, B Tr L
20 FLRSEH T4 R R R I R S

%<2 Box-Behnken .\ HELWIZITT AR
Tab.2 Box-Behnken center combination
test design plan

K2 Factors
C WG R

FFE No. A B i i’
Initial mass
pH Temperature/*C concentration/ ( mg/L)
1 6.75 28 0.30
2 7.50 36 0.21
3 8.25 28 0.30
4 6.75 12 0.21
5 7.50 20 0.21
6 9.00 20 0.21
7 7.50 20 0.21
8 7.50 20 0.21
9 7.50 20 0.21
10 7.50 20 0.21
11 7.50 20 0.01
12 6.75 28 0.11
13 7.50 20 0.21
14 6.75 12 0.11
15 8.25 28 0.11
16 8.25 12 0.30
17 6.00 20 0.21
18 7.50 4 0.21
19 7.50 20 0.40
20 8.25 12 0.11

1.4 HiEAbE
A Cu® B g KR Q A
W
n=(C, -C,)/C, (1)
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Q=(C-C)H)V/m (2)
AP Co AR K 900 46 i i W, mg/Ls €
R RS i BRI B S R, me/ Ly VO RRAULR K
AR B, Ly ome g W B 590 B B4R, g5 R BR
% 5 Q AWM, mg/go

2 RS0

2.1 BRARXBERSHH

HE T AT i, pH fE 5 ~ 9 Jull N, B
pH [T+, TR Cu®* iy B % 2 3 S b i
JE MRS X pH <7 I, BE% pH 3, Tk
X Cu® 1 ZBR AR AL 2 3, 3% 3 2R T
FRIEPREET , K pAcrp H Wk BE By, 5 sl Pk otk , R
HEH 23 R RS, S Co® R T s A
WERE. 4 pH <7 I, BEAE pH S, K H i
3% 5 BEAIR, FOROISRE Cu® 1Y 2 B SR B 2 3
22 pH =7 I, ORGSR AR 1 KRRk
PR KA ; 25 pH > 7 I, F s K BRR W R g,
AIRER o T2 pH 4RSEHE R VR, R0 &
AR OH ™ LB R, 2 5 & w3 T L
VE AR b R
100
90
80

70

604

EE# Removal rate/%

50
5
pH

BEl1 pHXEXEER Co’ MM

Fig.1 Effect of pH on Cu’* removal from corncob

2.1.2 RN TR RE Y

HIE 2 nl ), R AEA R E AT, B
KRS Co® " I BB A W B2 5, SR T
28 CH, TR X Cu®™ 1 25 B 3 b 25 K T 1 9
TN . 25 39, 253l B2 R T 28 °C I Bl i 1)
Th, EKEXE Cu® 1 23 B3 S T AT, 3%
B TR IR AR 4 T 148 B A R 18,
111 35 38 A e 31 2l P AR B, vl R R 114
BT OB o i I R, S BCE R 1 B R
TR,

100
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70

ZE#E Removal rate/%

600 10 20 30 40

¥ Temperature/C

2 BEXEXK®ER Cu’ HEIE
Fig.2 Effect of temperature on Cu’*
removal from corncob

2.1.3  Cu’" ¥R R T KO E IR R BE 1) B

HE 3 0l IE ) ER R Cu® R e vk
BETR, B K X 4 e i 2 R R HLA B 2
o MPEAKF Co® " WIEE FRE K /N T 0.4 mg/L
B, R B 4 e 1) 22 B 8 Bt ) 0 O o VA
R TIOR3 24 K Cu® " 00 o e vk ek
0.4 mg/L J5 , 4kZetfhn Cu®* BB IR R e, &
Kokt Cu® [ BRI A K B2 X n] fEJ2
PR] Ay A T 50 1 VR RF 71, IR A7 A A I
BPWZ R Cu®* EOMT 2, 244 4 o vk 3 A K
i, LB AR N8 B B A N R %
TS FRBE IR K Hh e 25 - T BE 1 SE PR AB O, S5 2w
IO AL S 86 e f e Cu®* AW 0 o e 5
0.4 mg/L,
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]
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FEE#E Removal rate/%
(o]
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JRE WS Mass concentration/ (mg/L)

3 VIBREREX EXKEEXR Cu’' BRI
Fig.3 Effect of initial mass concentration on

Cu’* removal from corncob
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£3 TRIGHTRER D EAHT,P(Prob > F) <0. 01, 3B 80 i 3 1k
Tab. 3 Ex‘perimental d‘esign al{d results B E TS BRI, 3 AR Tk
FE i T b et SR E G RECRI I AN G’
" « concentration/ (mg/L)  rate/ % FE > IR > pH , YR I rp il FE RN 4 o o Tk B2 1Y
, o o S TR RS K, pH I i R e Y 38 T
30825 28 0.3 81.533 SRR RN, AT B, CF R KT R A
‘5‘ 3';5 ;(2) g‘i ;z'gzg FHAR R T AR R 5 52 g 405 B2, BRI & iy 22
6 9.0 20 0.21 66.995 SHRREE, SRADIIUY P g 0.583 8 >0. 05, P WA
715 20 0.21 78.974 MR L ZE LA 5.
Dom o mm SRR -
0 7.5 20 0.21 77.157 0.941 3,7W] 94. 13% 1y LB %A A0 AT LA el e A
i; 2235 ;Z g:?i 31:322 TR o1 U0 I H A TR 6 52 B A 00 1 4L R AT
3 oas 2% 021 s 100 Model P> F <0.0001 (P> F <0.05 ¥ K1 G
14 6.75 12 0.11 63.063 F) RN ALEA & B B2, T LAAIR 7
oo o PR MR, EYE R R, =0.888 5, 0]
17 6.0 20 0.21 74.112 88. 85% 11 5 B At A8 Sk W LA FH 3 A ] ) 482 Y
12 Zs 23 g:il Zg::gj BEATIRRE R R BRI €, A, S0 A A 1 5 A
20 8.25 12 0.11 53.333 AE RSB, C, R 4. 55% , it /T 10% ,

XF 20 A~ 52 55 A 5 e L SR ] Design-expert
8.0.6 BAFHEAT [B1H 434, I 1 37 06 T 2 BR 1Y
iy G121 VAT i

Y=79.1-2.06A4 +4.31B +7.71C +1.334B +
0.31AC -2.52BC - 1. 894> -3.38B> - 1. 64C”

(3)
Y R ERRTE ;A B .C 73500 pH IR JE
FHE BTV FE A g e . X 3 % [l A Y

Vi B2 S 30 ELA 355t ) A M RS A R N e 5 B
BUF K E (adeq precision) 7R A 815 5 5
FZLE,RT 4.0 BIRE R & B0, A S 00K % B /&
514,130, FIZE B Ml C X F KB ERELSIEM
RPN 3 M A R 2 AB il BC X E 4R
ZBRFMIAE R B I AC AR B X
G B L SRR A i RN B, T AT GO R
Fo TURIERBI A, U R A R
i,

x4 HARBEFEDN

Tab.4 Regression model variance analysis

IR T s 5 . . 5T
Source of variation Seq SS Degree of freedom Mean square Significance
17 model 1 819.47 9 202.16 17.82 <0.000 1 R

A 68.17 1 68.17 6.01 0.034 2 *
B 294.17 1 297.17 26.20 0.000 5 %k
C 952.14 1 952.14 83.94 <0.000 1 ® ok
AB 14.26 1 14.26 1.26 0.288 5
AC 0.75 1 0.75 0. 066 0.802 2
BC 50.74 1 50.74 4.47 0.060 5
A2 129.77 1 129.77 11.44 0.007 0 %k
B? 354.77 1 354.77 31.28 0.000 2 R
c? 102.37 1 102.37 9.03 0.013 2 *
B 7% residual 113.43 10 11.34

eI lack of fit 51.09 5 10.22 0.82 0.583 8

2% 7% pure error 62.35 12.47

R 2 total error 1932.90 19

R =0.941 3 R},;; =0.888 5
C, =4.55% Adeq Precision =14. 130

T * o« FORZEFMTE(P<0.01), « F/RERTE(P<0.05)

Notes: #* # indicates that the difference is extremely significant (P < 0.01), and * indicates a significant difference (P < 0.05)
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2.2.2 W TS

Wi 57 A TR, B 22 S AR A Bl 3% o AR A 42
A B BRI R R A S e L
TP . 25w 2k TR AR RE A2 S i Hh 52 B4R T Y
RN B 278 IS IR B S8 AR AN B35,
158 0 e 75 R B2 A P A 2 RIDAVR 580 S o -
R TR R 2 o g e P O T e

36. 00

{5.E Temperature/'C

6. 60 7.20 7.80

pH

8.40  9.00

Z:Ba# Removal rate/%

Temperature/C

AR A A LS AR At m AT HA d5e i
PRI 2SR B e AR Ko d g, vl DL XHE
fif 2 AN PRLER 22 8] 9 5 B A P TR 5 Wi 6 K8 x
SR EBRRIAT PR A LT K
ASKF Cu® " (1 25 BRI A, X R IR pH IR
I Cu™ " WG TR E 3 />R 3 HEA 00 R 1 43
o P45 R I 4 ~ 6,

B:i%

B4 pH TR 3 B MBS L F0 0 L

Fig.4 Contour line and response surface plots of pH and temperature interactions
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0. 30

0.20

9.00

JREWE Mass concentration/ (mg/L)
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FBE# Removal rate/%

B S pH MR ERE L EE MRS S %00 5w E

Fig.5 Contour line and response surface plots of pH and initial mass concentration interactions
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1 —
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Fig.6 Contour line and response surface plots of temperature and initial mass concentration interactions
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El 4 SR TR Co®' R 0.1 mg/L
BF, pH A oK 25 Bk Cu® 138 H R I
ME 4 & LLAE W, S m i im v 2z, &£
W] pH FIREAC HEAERA 3, X 53K 4 4502
— 2, TEIREEN 28 °C,pH 292 8 I, FKET
Cu® " [ LBRFR A5 81.5 % , i 7E 20 CHY, pH 7£
T ZEAT AT DAk B[R] S5 ) 22 R 3 1 A AT B
AT DAREAR IR K6 pH Y 254

K5 R THE25 CA&MF R, pH #l Cu®* #1R
JREE R B FOKGE Z5 Bk Cu® T R, MBS T
DA, % i B, W1 pH Il Cu®* W) 46 I
BRERNELEEAARE . 2 C’ MRk
HEWREE 0 ~0.3 mg/L B, pH X Cu®* 2[5 5
BR; M Co® WA R AE 0.3 ~ 0.4 mg/L
B pH A R, TR G’ BRIk
W JE R 7E pH AT 2 ~ 9 B, ZBR AL
B, 76 Cu® " BIHA T E 0.3 mg/L pH Ry 7 Y
MR, AR TR G’ KBk R iR,
B KABTE 86 % It o

6 Won T AE pH R 7 (54T, R FE A
Cu®* WU o T 3 6 oK R B Cu®* i 5
JIE 6 AT LA ), B LR A Cu® W06 o vk
(R R, 46 i 4 ke T MR 1, 0 1) 7 o ) 28 B AR T
T, R HIAE 15 ~30 °C, Cu® WI 4R R
VR BEARTHIAE 0. 25 ~ 0.4 mg/L, A {45 FKEX
Cu®* I LBRFEARIET 80 % .

BRI, 3 AN R R Cu® " ) 4 I R vk X
4 8 2 BRI AR A o W, Cu® 40 B o B vk
2RI EE %) 28 ELAE FH 0 4 T 25 B 238 1) 52 1) AR
AR
2.3 REIZSHMAKRRIE

i 1 Design-expert FRFALHL H 114 25 o £k &1 A
M) 1 1 T P RT DA AE A e KRR, AR R RSM i
R ARAE A 88. 1% Ak By e fE 254 A pH =
TREEHN 18.8 C, HAE BV MR B W EE Sl 0. 4
mg/L,

T SRS Y AT RE 1, 7 L % P RR A5 A
SRS BEVE BT, X A5E AU AR S 1 ] U1 0 B 245 SR i
TR, A5 R LR 5,

S AT LA, 5 W0 (E (88. 11% )
A, S50 i P34 25 B 32 (86. 65% ) AW 45,
FHISLIR AR AL S SR AL i [ml ) 5 AR A B e
% FL R 3 S e pHL R BE R Cu® ™ 0 4 I vk

http: //www. shhydxxb. com

JE 3 R A TR L BRI JR RO SE M B o

RS KWERWIE

Tab.5 Verification of experimental results %

No. Removal rate Average removal rate
1 86.33
2 88.05 86. 65
3 85.27
3 g

5 EASBEAR L, W SO T 12 S 86 35 37 A0
JUR PRI 2 22 i) ) 3 AR RN, i B A 4 T 2 e
B R Z KRR, i H BB I /D S35 I B, AR SE
6 137 PR 7 T 497 32 37 T 6 Kt X Cu® ™ iy 26
B AL 1) T 2 RO T SR e S b
AT T LR SE 8, 5 57 28 () BB I
WA TRY () T B, C {EERAIG, 22 BB B B 24 1
B, 2 €y < 10% B, AT LLIA g # A  A 5f
(192 ARSI Cy fEH N 4. 55% , U6 A] {5 B A
1, AR T ) T T R A M S e B S A S G
. BTy FR A DL 3 AT 3 2o 5 2R BB R Y
{EAIIE , AL R R =0. 941 3, {5 1]
94.13% ) Cu®" K BRFRAELI BTN 3 MR &K
v BTy R B 84 B EG AT T B A 106 B
5 LA/, MTIT T LA 65 780 7 45 o] ) 7 A2
P A=A i s T VAT TR e = <
544 I PR AR 200 1, 30 A A R i 2 1) e
DR T e A PE e b s s E
4420 % i Box-Behnken 1 137 1 {15 £ 5 5 14 31 %6
BRI Cu® " AT T RIS, S R 4 1F T 4R
1 B3R 0] 3k 80. 78% ; THUAN 25" Fil i wiy 17
T A KO {5 1 5 %ot 7 4 Rz v Cu® ™ A W% A AJF
FY45 H B R W B oA 14. 3 mg/g; KALANTARI
24 ) 3 3 ) P O 7 T DG B A A A RS G
AT, By R BRFEIR 72, 15% o A SCRIFE A
TR 7 T 3 B 15 ) i 46 1 T 6 K Ak AT
JE e B SR A K AR X BR R & iR
86.65% I T ol Mk 7 5 e S A3 4 K b R 4
DA K A o W B 300 LA S 4 ) B 1
i,

ATAESAE , I FH 5K 0% B P K o 1 B 4 R
AR . A 4 22 ROk e 2 Tl e &
SRR 5 S5 e v B T B K TP 4 R B S R T
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Fo UNZEARAE BT Ble P 6 Kt o v o e
Cu®* FWLFRHiE A 96. 4 mg/g; TR I B 5k
T AR TR R R Cu® R K B B
51.43 mg/g, ARG )G v BB
by A O T R [ 1 P T2 S s, @ 4
Bt 1 e e r IR B, B AR A o 2 38 o R D
TR TR BRI T, AT R KR AR LA AR A i
LU RUAS , [T RBAY A B R I A 88 45 . A SO
FH T KU A W B 791, 2 Bk 3 8 15 7K v 1 o 46
J& Cu®" IR F LU IR IR B H I AR AR

W BRI S 19 5 KGE T L2 18 3k 1R i I
TR, LUK B0 E A i H S o /e agt
R T R L R KU TR A R B R A S e B
Zead 6 WA, EREX Cu®* W EBRRI Rk
50% LA b, 26 WY B OKOE A B AR, g S BT AE
PEERFIFH , 76 S B L H BE f A A0 R B A A S
Y e ) LT
4 Z5ip

ARV S LA RIS S W o SR}, B R R S
() Aty AR R e Rz TR A T KOS JSBR R K
RS BHIN T L& 4558 %W . R pH &
] 5 ) T R AR X R RS e B IR K R 1
P LA B K, JH Hp iR R R S - 0 4 o vk
JEE X 22 BRANL RN S22, pH 532 ) S5CR AR R 055 5
AERAE T, BRI XK i B 7 2 bR Rk
86.65% o K I, DA 3 K0S by W o ) e £k 57 7 1 /K
BA B HET B FI A
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Optimization of Cu’*adsorption on corncob by response surface methodology

WANG Yueyue', LI Juanying', LU Yuwei', TANG Chunyu', SHAO Liu'’
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering
Research Center of Water Environment Ecology, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Agricultural waste corncob was used as adsorbent to study its adsorption effect on Cu’* in
aquaculture wastewater. The effects of pH, water temperature and initial Cu’* concentration on the removal
rate of copper ions were studied by single factor experiments. Box-Behnken response surface methodology was
used to optimize the design and experiment of the above three factors in order to obtain the best removal
conditions. The results of single factor test showed that the three factors all had great influence on removal of
Cu’* by corncob, and the order of influence was initial Cu’* mass concentration > temperature > pH.
Response surface design analysis showed that the optimal conditions for adsorption of copper ions from
wastewater were pH =7, temperature 18.8 °C , initial mass concentration 0.4 mg/L. Under these conditions,
the removal rate of copper ions was 86. 65% , which was close to the theoretical value (88.11% ). The
regression model has P <0.000 1 and the P value of lack of fit is 0. 583 8, which indicates that the regression
equation is extremely significant and can be used to analyze the adsorption of copper ions in the cultivation
wastewater by corncob.
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Key words: corncob; Cu™ " ; adsorption; aquaculture wastewater; influence factor; response surface analysis
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