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Experiment on adsorption kinetics and thermodynamics of
Pb’* and Cu’* by modified corncob

ZHENG Xiaoyan' , CHEN Liangxia', TAO Hong’, SONG Xiaofeng’
(1. Shanghai Aquatic Environment Engineering Co. , Lid, Shanghai 200090 ;
2. School of Environment & Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Cu’" and Pb’" in water is adsorbed by corncob modified with tartaric acid from aqueous solu-
tion. The result showed that the adsorption process of Cu** and Pb** can well accord with the pseudo —
second — order reaction equation. The higher the temperature , the easier the adsorption of Cu** and Pb*".
The low values of apparent activation energy of modified corncob adsorbing Cu’* and Pb’* indicated that
the process has the property of physical adsorption. The adsorption law of Cu®* and Pb>* can be well fit-
ted with Freundlich model ,and AG <0,AH >0, AS >0. The adsorption process is spontaneous, endother-
mic and entropy increase. The increase of temperature is advantageous to adsorption reaction. The corn-
cob has good performance of regeneration. The result has certain reference value for the removal of
wastewater heavy metal ions.
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HR/IvE S5 PR P Cu® " W 8 3 I 2 0 SRS 5T 121

K T H A, V5T 7, B AR MR 754
FoKAEER AR T AR F90 1) B ) R
I HLI > T ARIRIE 540 15 L PR 5 4

WFoE 220, A PR S %) B 4 0 5 e A AR B 1Y)
ACERRCRE . A 2 Ak TG w5 X K A Cu® T
Cd** 1 Zn®* 1 BFRCR 53 31 98% 85% \79% "7,
A B FAEAE 5T X K G ) S 4 W B =540 531 o4
81% 77% ), /NEFEAT Xt K i) Ph** i Cd™* 154
TR AN B3 53 8 64. 17 mg/g Fl 24. 64 mg/g )

SRR T34 v KO A W B RSCR B LA, 2R
TraEt s U R R GE LR E K TR
Cr®* (Cd*" il Zn®" |, HAE KW 43 IR 5] T 83% |
98% #193% L) I, Tan Guangquan 270 ] B P
ERFRTICHE TR IR BRI K R B Ph* | e A A
Bk 43.4 mg/g, Leyva — Ramos R e 81| F A 2 iR
XF B AT, EAT K R Cd® AT BREA T O £
WF5E . S5 R], YA R 1.0 mol/L i, 1
P RIS 1 F R B o 42.9 mg/g,

AR TG A B E RS HEA T e, R ekt
A XFAK G Cu®* A1 P I B Bl 27 Rk B
P EBETE, R AR I 559 25 B oK b i 4 )R
PR —E NS HME,

TN el 1)
¥ S0°CHi 2 2k
e KIE et P 2% 2h
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2 BRI IS
2.1 FERA B R

FEG W AR ER IR L SR AN =K R
i TCoKBE IR , $4 R A gl

F UL PL203 HLF 437 K . DHG - 9145A
F PR X TR A O DKY — T1 8 9 8 5 0] % =3 IR
DF - 1018 42 #h 18 i #4088 7 1 2% L TAS - 990
Wi o BT (PB - 10 pH 3

JEATRE: RIS . KU FH = AR R R
A B R AR S 30 =60 H (1 BURCIR F oK
2.2 BUMEE KRB A A

30 ~60 H Y F KL B F/KIGVE 3 i, 7E
60°C 1Y T AR T4 24 h 2 . PRI — & BT Uk
A EK A 1.0 mg/L By A [m] A s P 551 93 1k LA
1: 10AY[ER LEAE SOC A TRk 2 h R 21402, ik
A 60°CHEF T H -4 24 h J5 , #IRBEFH& 120°C, 7E
120°CHn#4 3 h 5, i 60 ~80°C /K ¥k, H % pH
Hpk, A 60°CHEFE T8 24 h A4S 1T Kl o5
A SR T oK W B 551 T W2 B 50 mg/L, 100 mL f1y
Pb** il Cu® " BRI 7K I T, 25°C F L 160 1/min
Pz 2 o J, R IV R A 1) 4 T VR B
il AR A 1,

FHRZE120C 60~80°C /K
- _—
60°C T4#24h

PR KO

Bl HEEXSHERREER

2.3 IRRsRIE

Cu® " 1 Pb " W A4 1 45 < 40 B FRERL 120°C -k
2 h BRS TR A A R H5 3. 781 ¢ AT 1. 600 g, ] 258
FKEARIG i dB 2 1 000 mL, $247, B P iy
Cu®" 1 Pb** ¥ Bk 1 000 me/L, K e A g b o ¥
VR, AR S 00 T ) A AR JE VAT

PR R B /Y Cu®* A Ph* " %3 100 mL & T
250 mL HEIEIH A, A 0.5 g BIRkcE: 5K, 26 AN ]
JEEETF LA 160 v/min 455 33 9% 37 A 8] s 8], £ 22 0%
BAFF- 7, 3 0, S e T Cu® B Ph R A B

EpFRE=(C-C,)/C (1)
Wi = (C - C))V/m (2)

b COBI K BRI IR EE , mg/ Ly Cy Sy W T
Ja KB me/ Ly VNBHUEK AR, Ly m
W RRSRI A A g5 BRI, % 5 RN, me/g .
2.4 WMHAEESLR

VIR L8 B SN UG NI R S <O Bl i 5 SN

0 B A S0 o AR Cu® ™ B Ph” ™ 3K £ S 47 f)
PO K S B el 2P B oK AL 100
mL [ 0.1 mol/L [ HCI, 7£ 298K F4E v7 45 % & 160
r/min M IRV 3 h, i U8, FH 258 K e & np
Ve, ELE pH Ry, A 60°CHLFE 15 24 h, 4%
TR BB E TR HEAT Cu®* B Ph?* (I RS2 56
Wi BRSP4 i 00 5 0 A R R A Cu® ™ B Ph? (5 B
56 POt
3 gRkbite
3.1 HMEE KR Cu®* F0 P> BIIR BHEh H1 5
3.1.1 RM3h A AR

(1) HE—G8h Sy A

In (g, —¢q,) =Inq, - Kt (3)
Lof: K B R R B, min ™' 5 g, .q, S HIE R
B3k EIF- A BT 200 ¢ B 20 I B 6, mg/ g

(2) W= 5h )2l
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t 1 1
q, - quz * Et
Kb K, WA 4, ¢/ (mg - min) .
(3) FUIEARE(E,)
E
InK =lnA-—R; (5)
K K WA 40 R SRR IR H 4L,
$78.314 J/(mol « K) 5 T HAXHEEE K; E, JW
AL RE  kJ/mol ,
3.1.2 Cu’ " #= P’ 04 B M3 AF 4R 5 04 il
IEE AR E] Cu®*  Pb? T W B 3h T 2 £ 2
Kl 3,
F P 2 AL 3 ], Bl ORISR Cu®”  Pb*T
(W ik 2h g2 a] RIX 3 AR BLiff AT RE, 1 ~ 15 min
Shy PR I8 B i B, Cu®* 0 Ph™* il i B iR sk | T

(4)

q,/(mg = g")

1 1 1 1 1 1

15 ~60 min Jy 2P0 BERT B, Cu®* i1 Ph” " (14 g B 45t
ETHRESE RN 5218, 60 ~ 120 min Sy W BRSP4 B
B, Cu” " Il Ph™ " (¥ % B 4 DR 7E — 2 1) B S 1R
o 3 AT BB i T 7 IR B B0 O B B B, e oK
AT BT ML AL T AR 2, HLIR IR Y
Hem A TR L BRI RSl I, B AR

TS B B, Boi 35 KO 2 T A I B s 7 i
A R RS R 225 T 1 A S8 A IR B A, W AT 1 1
Tt TEMR BT BB, A A I B S ) b T AN R
TRUTE, FARERIEE A E e W E SR E T b
3, W R FEAS IR B LA

RIS 77 e s F i Rex e 2
3 BB TG SRR 1R 2 R,

q,/(mg * g™

1 1 1 L 1 L J
0 20 40 60 80 100 120 140

20 40 60 80 100 120 140
i 1] / min I [6] / min
B2 B ERER Cu’ MR PR 13 2 B3 BRI PO RO 2%
F1 FEIREBMEEKRGRHE Co’ " Ph " BE— R NEH RIS SH
ﬁj:ﬁ BT/ SR g / 9./ 7 K / . s
AT K (mg-g™') (mg-g™") min "'
288 3.35 1.6638 0.0324 0. 8835 In (g, —q,) =-0.0324: +0.5091
o 298 3.60 1.6371 0.0332 0.9044 In (g, —¢,) =-0.0332¢ +0.4929
u
308 4.05 1.5973 0.0387 0.9477 In (g, —¢,) =-0.0387t +0.4683
318 4.63 1.6038 0.0431 0.9630 In (g, —¢q,) =-0.0431: +0.4724
288 7.11 2.9414 0.0344 0. 8494 t/q, =—-0.0344t +1.0789
- 298 8.22 2.5509 0. 0327 0. 8607 t/q, =—10.0327t +0.9364
308 9.00 2.2133 0. 0311 0. 8788 t/q, =—=0.0311¢ +0.7945
318 9.13 2. 1565 0. 0477 0. 9699 t/q, =—-0.0477t +0.7685

NN W 1B DE B ] 51 ) € B SN
X Cu®* (Pb*" (WL Rl I3 2 4G b, e sh
FOTRELA I B M B, HOX Cu® Ph T AR G
FECHESE T 1, BB FOKERT Cu® (Ph”* 1
BRI T LA Gt FH ¥ 8l ) 2R R AT R
TEANTRIR N, HE 80 71507 7 ) R R K,
(B B ) T e L A T T, 306 PO IS 7 Ay R 4

BN, FER B Bty o 7 rh iR A 2 R 52, O L
K, R, P T KRS Cu® ™ [ Ph™ " i1 g o ik 32 ik
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R2 AEBEBEERSRM Cu®" PV BE_ R HFFHELNASH
T s e A B e A
BT (mg-g™') (mg-g™') (g-mg™ ~min"")
288 3.35 3.56 0.0358 0.9886  In( g, —q,) =0.2810¢ +2.2039
. 298 3.60 3.68 0. 0645 0.9998  In(q, —q,) =0.2717¢ +1.1452
u
308 4.05 4.11 0.0873 0.9999  In (g, —gq,) = 0.2432 +0.6778
318 4.63 4.69 0.1012 0.9999  In(q, —q,) =0.2133t +0.4497
288 7.11 7.29 0.0347 0.9994  t/g, = 0.1372¢ + 0. 5420
. 208 8.22 8.29 0. 0539 0.9999  t/g, = 0.1206¢ + 0. 2694
Pb 308 9. 00 9.03 0.0712 0.9999  t/q, = 0.1108¢ + 0. 1724
318 9.13 9.20 0. 0899 0. 9999 t/q, = 0.1087¢ +0.1315

3.1.3 Cu®*" \PH*" # R EAL AL 0) L R 5 o
o B B N K, ARARITE AL REAY A R
Hh £33 Cu®* (Pb” " AU RILIEILBE A S5 SRk 3
R3 AERERMERSRM Co®"
Ph’ T IRIE LB G S8
Ea/

B 2 y R
BT R WA HE
(kJ » mol™") "
Cu®t 26.25 0.937 InK =-3.157/T x10° +7.733
Ph>*  23.95 0.985 InK = -2.881/T x10° +6.689

— i ok, A B B A R LI FLRE A 5 ~ 40
kJ/mol, 1k =% W Bff () & WL 75 1L #E & 40 ~ 800
kI/mol ' pi 2 3 b4 S AT, i P B K B
Cu®" \Pb*" [ R LT AL HE 4351 4 26. 25 kJ/mol Al
23.95 kJ/mol , 15 B bt 15 Bt ast A 5L A 4 B G o 1) IR
PE T H S E, <100 kJ/mol s, — fii o] IA Ay I i %ot
T R S R SRR S A T L
PRRER /DN, Ba T O TR XF Cu® ™ (Pb? ™ f) I B S
N A AT o
3.2 B EKGRURB Cu®* F0 PH* T IR S 2
3.2.1 R FAHER

(1) Langmuir M [ 45 i 455 75

G b (6)
q. bq, q,
X €, VB B, mg/L; g, R V- 17 W R
mg/g; b A Langmuir F41, L/mg; g, RW 5141
g Bt i, me/ g q,, A b BT LLE S H4k C./q, -
C. BRPRAERIE A3,

(2) Freundlich W 45 15 AE 0

LlnCe + InK
n

Ing, = (7)

s n HURBEFEEL, 1 < no < 10 DA R B s Koy
Freundlich ##{.K il n f{E T LB HE In ¢, -
InC, RPRFERIE A5 5,

(3) B FESH

ARSI FE I AT T 2 S 80H W AR HE RS A2 AH,
kJ/mol , W B4R e A5 AS, )/ (mol + K™) Fu
HE AT A B g AG,kJ/mol

AG BRI

AG = - RT Ink, (8)
A : k, 7] Freundlich HHGH TR, SR i AG,

AN, AH AS F1AG 3 # 2 Ef 2T

AG = AH - TAS (9)
X RONSUREEIR WL, 4 8.314 J/(mol - K1) ;T
LR K

PLAG T T AR, B AR RERATE , oK
t AH FITAS,
3.2.2 Cu’'#= Pb*" 6B M5B & 2 R 4HT

WAL, 15 F) Cu®* (P R W R 45 3 2k i 2k
me 4. 15,
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TG I, 78 B AR A W0 46 vk BE T, oo Pk K Gk X
Cu®" \Pb” " fy g B ik 388 i e A S AR B I, B %5 Uk
JE RN, P E ORGSR Cu®t  Ph B IR B 1 A
A REFAET T 308 T RO E BRI R T I P
SR A RN P S 78 W B A e R TR S T e o B,
TR Y b BT DA IR A R TR A T
3.2.3 Cu*" P MR MERENTHLERE 5
A XTI 4 FIIELS 08 R4 T 2k it 2 R TR R 45 R
LB AT LI AR PG L it 2 7 L
IR, Nk 4 Fk s,

q./(mg=-g")

30

40

50 60

C,/(mge+L"

5 BMEENKEI PO MRBHE IR

R4 FEBEBMEERSRM Cu®" Ph*" # Langmuir TP &R & IE S5

FEEEET  EET/K q./(mg-g™") b R AT
288 17.986 0.0351 0.7992 C,/q, = 0.0556C, + 1.5851
o 298 21.413 0. 0522 0. 9293 C./q, = 0.0467C, +0.8938
u
308 21.834 0.0793 0. 9397 C./q, = 0.0458C, +0.5772
318 24,272 0. 0974 0. 9505 C,/q, =0.0412C, +0.4228
288 25.773 0.1213 0.9680 C,/q, =0.0388 C, +0.32
L. 298 27. 548 0. 1485 0.9724 C./q, = 0.0363C, +0.2445
* 308 28.249 0.2024 0. 9802 C,/q, = 0.0354C, +0.1749
318 28.736 0. 3292 0.9874 C,/q, = 0.0348C, +0.1057
%5 AEIRERMERGEM Cu® Ph*" # Freundlich T M&R L&A S5
EEEET IREE T /K K n R PGB
288 1.686 2.1608 0.9374 Ing, =0.4628In C, +0.5221
o 298 2.475 2.2578 0.9793 Ing, =0.4429In C, +0.9062
u
308 3.963 2.8620 0.9950 Ing, =0.3494In C, +1.377
318 4.569 2.8173 0.9970 Ing, =0.3554In C, +1.5193
288 4.416 2.4301 0.9830 Ing, =0.4115In C, +1.4853
. 298 5.707 2.7241 0.9955 Ing, =0.3671In C, +1.7417
308 6.975 3.0039 0.9984 Ing, =0.3329In C, +1.9424
318 9.183 3.6075 0.9992 Ing, =0.2772In C, +2.2174

2% 4 R 5 BYZE SR, BobE TR0 XT Cu®”
1 Pb? " I Bt it 2 Freundlich M B 45 SR A5 R 015
(25 R BT Langmuir W 25 R RY, HAHC R 4L
#BARTF 0.9, 7F Freundlich W Fff 55 #& i, 1/n 7]
FR AR C, X B 0 I BRI EZ BB T
BT 5L A SRR AR SO i e A
~ 10 Z 8], UaBAR R 2 F AT, R 4 Jd B 1 ik B
X [ 8 A A AR W s e, ELRE 5 TR 1 T, n
B 25 B8, W B S A I . Freundlich # % K 7]
KB R W 25 o, H 3 v B & SR ml e R A

Kk, ootk Bk 5 Cu* (Pb " B 5 A Tk
SR . F3 Ak, A\ Langmuir WE B 4518 5 #EH Y ¢, (8
LRI, Pl TR RE 0 ok ) P o T 38 K, 150 T R o
SRR TS50 b W R W BT (R 58 B, b {EL
HA, T B RO T T Cu® F P B W B
RE LAY, H R B BT, b (BN WTE R, Ui B It
o A R T O T KU R B R A e, iR
JEAT R T W B0 24T
3.2.4 BMAAFOHEHLERE S

H 3R 6 SR Al fEANRIRIE T, AG 34 <0,
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FUIOHE T ARSI Cu® P [ R Y, HLRES
TR EERYBE I, AG ORI, BEBT B A T A7 R T
SCRLAHEAT , WM T R B T A 5. N AH B
S TEAE AT, P ORI B Cu® (Ph* i T I A
BB, YW BE T 7, AR T RO YT AR N
JRAA PR AS RBLHIR , 5 AS S A fE I, = —1>
WD AR IR, e — R A . S
WA A TR P A PP st — 30 i F e T
O35 R RORH S 4 ) [T 98 5 i i 2, ik A AR R
VLT A TS R T € e 5 ST/ NG R DI R
AR IS R PN D 5 N O U
5, X BEAE UM E K B K S R T S H A E]
R, B R A A, R — R R Y
B AR R R S P I 2 TR
TEAEICH, AS > 0, BRI RRFacd A rp [0 9 57 i Y
TRAELERS N
RO BMEFEAREUM Cu® PH’ T KRN FESE

HeR R AG/ AH/ AS/ R
BY K (Jemol™) (kJ:mol™) (J-mol™' -K™")
288 -1.25
298 -2.25
Cu®* 308 -3.52 26.17 95.8 0.9742
318 -4.02
288 -3.56
298 -4.32
Ph** 308 -4.97 18.28 75.8 0.9966
318 -5.86

3.3 RMEAESLR
15 W2 B A R ) T RN A T R B P I ) S 6
HanE e,

— opb* oc
80
X
=~ 60 |
3
€ 0
1
20
o U
0 1 2 3 4 5 6

2B R BR)

E6 BHERHEX C’t Ph T BRI

HE 6 1] Al K et KOS HE 1T 1 AR R
Cu®" \Pb” " AW B FH 7= A B S i A8/, 485 6 IR
AR, oM KRR PP (2B 3AT5h 80% LU |,
X Cu® " B 50% LA, M AR 2 TR 22
RO T 11.50% F1 19.26% , 1 B ol Pk ok

CBITE BTN RE | BERS S B A T, 75 S BRI H
AT A A5 Y, SOAT AR LI B A

4 & ik

(1) Btk RO XF K iy Cu® A P HLAT
ARYF AR R BEE PR B , 2 4 R K 1 B G R B A6

(2) F 25 Iy A R — 2 5 ) A
ARG B ORGSR Cu®* A Ph™ " (13l g 2 il £k 3
PG AT, HE 8 77 T RA 1Y B
I, FLBEIRBE B9 TH iy, W BB 5 64T, Ul D O 1
BT T IS, A7 7R A5 A 27 W B 5 T S 3, 310
H B ORI XF Cu® ™ (Pb* ™ Ay M Bt i W FL R
BN, 5k 26.25 F123.95 kI/mol , i B %53 #E B
A B O S, L BT S 0 A B A T o

(3) FH Langmuir N7 B 45 Y AR B A Freundlich
I o 25 A TR Xk e P T KR B Cu®* T PB*
B 25 R HEA T, Freundlich I 45 A5 Y £ P4 4D
B, TEAN AR LT 0 W B AR ) 25 2 B 5 )]
M, AG < 0,AH > 0,AS > 0, 7] HISCHE F K0 xt
Cu®* (Pb** (i 5 B i S 11 2% W A L 344 1 3ot
i 8 ) T o A R R B S I Y AT, LR R i AR
H TV 9 T A TR LR

(4) FIFH 0. 1 mol/ L 1y £8 B 1A WOKT W B2 11 )
HOME KRG HEA TR FRAE 6 YRR OSSR RTRT, Xf
Pb** By BR AT 80% LA E, Xt Cu® " B EBRR N
50% DX b, AHXS W B4R 8D/, 0 B KGR
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