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Adsorption characteristics of p-nitrophenol in aqueous
solution by corncob biochar

MA Fengfeng ZHAO Baowei ™

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou, 730070, China)

Abstract: Removal of p-nitrophenol (PNP) from aqueous solution using corncob-derived biochar
(CCBC) as an adsorbent was investigated. CCBC was characterized by SEM, FTIR, BET surface
area and elemental analysis. The effects of solution pH, and adsorbent dosage on the adsorption
performance of CCBC to PNP, and the adsorption kinetics, adsorption isotherms and adsorption
thermodynamics were investigated. The adsorption capacity of PNP decreased with an increase of
solution pH from 2.0 to 11.0, and the optimal pH value range was from 2.0 to 7.0. The adsorption of
PNP onto CCBC reached equilibrium within 4 h. The kinetic data were well fitted by the Elovich
model, and the intra-particle diffusion was not the sole rate-limiting step. The maximum adsorption
capacity of CCBC for PNP was 64.11 mg-g™". The Sips isotherm ( R*>0.98) was the best one to
describe the adsorption behavior. The thermodynamic analysis indicated that the adsorption processes
of PNP onto CCBC was spontaneous and endothermic. The sorption mechanism of CCBC was a
combination of surface adsorption and partition, and dominated by surface adsorption.
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XIAHEER W (PNP) J& TS5 1E Al 8 7L A ML 50, 2 — P EE A HLE BURTRL IEAT , B
IR A MR R 25 SR AL A S T LA 8 A L i 27 A R B PNP BRK PNP
HELAR A W A, A BB AR ZEPREE 45 B I A R PR S 4 il 5 e . BT, K b 25 B PNP
(175 1 A AR R PR DAL TR A AL BT R B A 0 B TR R
190 S G TR R KA B R A T2 9 P B 70 614 5 R P8 2 R TR R BE AR R B 75 e R ) R 2
R HI LR PNP WA TSR A7 RS 5 P AU SRR AR 1 R A5 R AR L I B0 B
BUF I B AR AEUR A AR AE XA S, R T HORHUASE A O TR Ik, FF % 420 A 50 L R A 14 e v 11 i
RS R b LY.

RS HE W T AE IR AR R, 08 A 1 80 100 o B A T A e LA R L 3R T AL
T HFLBR G A R T B AR VA, X e 2 NS R R P A5 A 5 AT B e W BT R 2R v A L
TSP 305 4 BRI i HOR) AT LSRRI B 45 BAT AR ) I B AR, O RE S 8 R AR AT DL TS e )
AR RO R TR A 7 R ORAE 4k 2,18 42 ¢, @I 74 B KIS AE = i AE 3000 T3t 72
A7 BRI, A ARSI 17.449% 1 EAEAFR) TG AR T, 22— HE Tl A o T 508 7 B R
A A 25 DR ) T K e AR P T B 17 A T A B 5, AT e ied gl B8 e 1) 07 5 Ak B 5 6 K
B8 38 BB AR 9% LR T A PRIE 15 e A R TR AR i, AN AT DL A B B P s e A PR 85
15 % , [R] AT LORE K828 Sy mT LAAR BB K AT LTS G W 00 W R A R 334 B T L S5 B 6 K8 A R
A, SCAT LA B K HrA LTS Be i) 26 BRAR BERT A0 07 1)

AWFFER I TS 5 AW Ik, 5 58 TR Y WM K o PNP BOPERE , 4R35 152 P &R X &
KA 5 BT RE ST RSN, WFFE T W Bk A P A 3 g 2 IR R S TR AR T SRR, S R AR e
FEAT LTS Y 2 7K A BT 1 1o FH B2 R 0 LAl

1 SEEGE A ( Experimental section)

L1 AWyl &

JERA AR B KGESR AR FH R 8 BB T AR IX A, KO0 25 3 ok v s 6, PR S R i 403
HURER ; 5 JFORERE AR, i35 26 ], ZE BRS04 T 300 CHE S b Ak 6 h; 2 #H15 H 1 mol - L' ()
IR R B T OKRE RV E P BT 5 MRS It 80 H i, B Tk i b 8 L W 45 1) A 4 e b
it i CCBC.

1.2 AW i 3RAE

CCBC % C . H FI N JCE H & i HICE /YU (varioELcube , 5[ ) l5E , 0 JGE & A F o e -
BATHEASR) RERSEATIE 2 W, FPEEIETTHE CCBC W H/C FI(N+O)/CHYJE T H.H/C FI(N+0) /C43 )
3% CCBC M5 B AR K/, b AR AP A SR FH b 3R 1T S AL A% 53 #71{X ( Micromeritics ASAP 2010,
&) I RE 2 T RE AR AR AL R Rk A B 20 /MG A (FTIR ) ( Nexus 870, JEE) Il %E. FHA fiE
TR 44 F 4% (SEM-EDS) (JSM-5600LV, H 7<) WL 1 A= ¥y i) 22 OB 5.

1.3 Rt

Bl 1270 HERA AR 0.1000 ¢ CCBC F 50 mL Ay HLZEHETE T, A 20 mL ¥R JE 4 50 mg- L™l
100 mg- L' PNP ¥ , 15 508 pH=5.0,0.01 mol - L™" ) CaCl, Fl NaN, JRA ¥ , LAFE il 85 155 2 Al
T A W 0 R AV . B TR IR AR 3% 88 TP e 25 °C 444 F LA 150 remin™' PR 7% — & if a] (0.08,0.17
0.33,0.5.1.2.4.8,12.16,20.24 h), & 0.45 pm JEMEE, J& K& PNP 099 BE R S8 A8 o0 6O Bt
(UV-1800, [ SE3E k{0 an A BRA ) il , 4 I 4 317 nm.

AETEL T FRFE 3 . o B PR IR 0.1000 g CCBC T 50 mL (9 HZEHEE P, A 20 mL ¥ &y 10—
600 mg- L' PNP %9, B THIEIR % 8 P 150 remin™' 25 C &M N IR 24 h J5 i ug, M 5E pg
[ PNP V¢ B W a0 R v PNP R GAR 448 % RO D f VR FH 24T mT 26 AT

S R R 56 . OB pH [ HNO, B, NaOH #4524 2.0 & 11.0; @CCBC #mE Ry 2.5 g- L' &
25 g+ L7 sDIREE /IR 25 .35 CHI 45 C.HRA L BT b 42 LT A=A CCBC M PNP (1) 1 Jff 2
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(q.) M BHECR(R) .
(CO_CP)V
go= (1)
(Co_ce)
R(%) = x 100% (2)

T, e M1 e, 23 B H AT A T VR R B AN BRI T8 ¢ () I D PNP YR (mg - L71) | V 2 PNP IR
(mL) ;m A CCBC M= (g).

2 R 5118 (Results and discussion)

2.1 AW ERAE B

CCBC =5 KAy & R A R os R R T He WL 1.3 45 A2 0 5 10 JORE T KB iR 7k 43
TN 8.71% 4554 H 81.53%.CCBC W LRI ALUA 0.77 m™ g | LR AR/, FLIAF A 0.02 em™ g7,
H/C R HFH TR A 5 0 5 AR B, H/C (RSN U8 I e A A B vy 1 pR T KOS 1l 4 B CCBC )i,
H/C 5 Fb i 1.79 BEAIRZE 0.75 , R UIFEA Wil gt B b, FOKE B AR 4 43 IR B 28 21 2 28 p
LFYER SRS/ .0/C F(O+N) /C B JFEF HE AT VR A B4 Az 40 0 Mk A S K M 48 . B B KOS Ak A
CCBC,0/C FI(O+N) /C HeAE /N R IR ARG, B K P 3G 58

F 1 EREH CCBC Wik

Table 1 Physico-chemical characteristics of corncob and CCBC

F KN Corncob CCBC F KN Corncob CCBC
7R Yield/ % — 36.21 N/% 0.48 0.95
WK5r Ash /% 2.63 1.97 0/% 45.99 22.57
L F AL Surface area/(m*g™") 0.67 0.77 H/C 1.79 0.75
FLIEFR Total pore volume/ (cm®g™!) — 0.02 0/C 0.74 0.24
C/% 46.58 71.97 (0+N)/C 0.75 0.25
H/% 6.95 4.51

CCBC 1Y SEM-EDS K3 4n & 1 s, 7l LLF ) CCBC R FLIAZSHARA &35, fLiE AL ECR R
b R CCBC ELAR/INAY L R T BURE ;S AR A A 38 4t EDS 20 #fF CCBC R AT 4L, C B H 4
e 73.1% ,0 (B 43 N 26.4% ,CCBC J&H1 C .0 Fl Ca iX SEIEATTZ M BT

CCBC () FTIR B EI AN 2 frzs. e 8 2 A A1 A=W 5 BB i FTIR §5 E1244, 3407 om™ Fff
VLA TEE SN F2 3K (—OH ) 1Y {8 46 IR 31, 2929 em™" Ab 4 W Wig 1 Sy JR i M—CH,—AS X Bk 1 46 I 3,
1704 cm ' 4bE—COOH ' C =0 WP45E IR 514, 1616 em™ 40 Y WL I I F5 31 C =0 .C =C (K145 4§
01,1278 em™ ' b R I R L (A 4 IR SIS 1118 em ™ A MR AKAL S W C—O (A 45 3R 3l iz g i 12
FTIR 73472 CCBC i &4 3 & —OH ,—COH H—COOH %4 4 B fie .

_ c=C C—O
cor [ 105 O-H _cpy— 1616 1118
r 3407 > C=0; -0
2929 1704+ 1278
- 100 ! 1 o N
40 - e
> L < 954
5 L R
ol ® 9o}
' il? 3 ol
0 h = oy 30 1 1 ] ] I ] 1 1
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keV PEL /om™!
B 1 CCBC 1y SEM-EDS & 2 CCBC ¥ FTIR 3%

Fig.1 SEM-EDS spectra of CCBC Fig.2 FTIR spectra of CCBC
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2.2 Wftah i
& 3(a) >k CCBC XF PNP BB 2 F122ih <k, vl LA 91 ER R E A 50 mg- L7 1100 mg- L™ A 3h 7
SRR — B, B FE W FHRTAR B BE (4 h ) YRT#8E CCBC P i B, =2 i i B ke 1 -5

40 (a) 401 (b)
Y VORTET - St R SN o—s—o——°
Caan
30+ f 30+
- o 50mg-L! —~
T o 100 mg-L™! o o 50 mg-L!
& 9oL We—25Zh 11 2% Pseudo-first-order &0 90| 0 100 mg-L™!
5 - - - W4 5h }] % Pseudo-second-order E,
= | Elovich =
101 = FOUPRIOY  UFRTIRRL SRCREl - Mgt | 10 o—B8—8& —a—=a
# o8 M
0 1 1 1 1 1 1 0 | 1 1 1 1 |
0 5 10 15 20 25 0 1 2 3 4 5

t/h RLYRYS

3 CCBC X} PNP (R 8l 12740 (a) FUBUR N9 HOT B & #hZk (b)
Fig.3 Adsorption kinetics for PNP adsorption onto CCBC using (a) nonlinear Elovich,

pseudo-first- and pseudo-second-order models and (b) intra-particle diffusion model

R TIRASGTT CCBC X PNP W B axk 2 04 W B 3y g 2 ek R B BLEE, e B U — 80 I 5 M)
31 J12% Elovich AU N BT REXT 3 12 UG, BLE S50 3 2, 306 4 W IE 3. 30 2= 07 FR 5
2Rk AN .

d

WE— 2R 12 (th =k (q. ~q) (3)
d

W B 12 dq{ =k (g, - q,)° (4)
dg,

Elovich J5F# % aexp( = Bq,) (5)

WUk N8O R q, =k, +C, (6)

g, 4 ¢ I PNP (R (mg e g™ ) 5.q, 2 W BT B PR IR B 2 (mg -7 ) 5k, (h™") Ly [ g (mgh) 7' ],
k[mg: (g “h™"?) ] .o F1 B 439l k Elovich J5F2 14X

2% 2 Al %0, PNP W) A4 M 50 mg- L7 1 100 mg- L™ fI 514 F , Elovich J7FEX} CCBC M PNP 3
TR W AH DG R B RPBIR T — 8l 12 5 BE RN — 28 71 2% J7 B2 Elovich J5 F2 3k T W Jff 551 3=
T AE T AN S AR, 36 FH T E AR B 0 )2 A 2 R B A B2 AT DA IR IS4 AR s vy PR S 1 28 i )
PHWLE " UL CCBC Xf PNP W it R — A BB it A, 2 22 s 1y 2[R 4E FH  ad .

&2 CCBC WZH PNP 3 )2 R 5 240
Table 2  Fitting parametres for adsorption kinetics of PNP onto CCBC

By HE B2 Elovich
¢/ Pseudo-first-order Pseudo-second-order
( mg-L’l ) G/ ky/ e 4w/ ky/ R o/ B/ R
Lol h! Lol [g -h —1} [ mg-( .h)*l] (g'm *1)
(mg-g™) (b)) (mg-g™) g (mg-h) g (g g-mg
50 8.63 7.08 0.25 9.16 1.02 0.60 3.79x103 1.15 0.94
100 33.63 19.48 0.26 34.56 1.11 0.66 4.99x10° 0.69 0.99
¢/ TBURLN Y HU 2 Intra-particle diffusion
(mg-L™") kg C R’ L) G R
50 1.66 5.18 0.98 0.06 9.59 0.03

100 3.16 28.09 0.93 0.47 33.94 0.77
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R T A I R O 3 R g s s I BB R AL , SR L SORE PN B IO R HELA CCBC W FfE PNP (1) 3
J15 s A UL 3(b) , FTLAE Y, CCBC MR PNP (3 FE o3 A PSP Be. 26 1 B Be oy PNP B 1K
S| CCBC 12T (R B B ) 46 2 BrBe Sl PNP 7E CCBC FLEBR N (94 8 CB0RL I 4 B BE ) | TRl Bt
2% 2 AT, T HGE R H Bk >k, IFYZ € <C, 3K 1B PNP 7€ CCBC R AP B AR, 3227
P2 W R 46 CCBC 2R THT AT K 1 W R e, S 3R T W BFF AR RN S, CCBC W BfE PP o 08 B st 8 ) 32 722
B A R O P 7 L 3 (b)) R B2 R o S, U UKL PO B O A CCBC B PNP i
— PR,

2.3 WRBNAETRLR

] 4 Sk CCBC W} PNP (1) I8 B8 B 375 T PINP P e 82 748 16 1 il 2. 24 PNP (1) 1 i v 58 /N 1
100 mg- L' i}, CCBC Xt PNP [ W% B w2 BE PNP - iy i J3 (%) 3% Jonn g 8% Jin, 24 PNP A9 F 1 ok 88 K F
100 mg-L™'B, CCBC Xt PNP F4 W B 5t #a T -, 3X 2 i TRl PNP ¥ BE i34 K, CCBC & 1 1) W Bt 37
ST HTIR N W R T

535 ] Langmuir , Freundlich | Sips F1 Temkin 2535 FHAR Y[ 28 (7—10) ] X 55 8 W BB 251 T 90
PLA ML WA 4, 3430 3.

L ir e qn Kyc. -
angmuir . =
i ' =1+ Ke,
Freundlich J7#£ . g, = K" (8)
1
1 I AL qm KSC(‘, B
Sips Ji#E: g = " (9)
1+ Ksce n
Temkin 75‘$E':é: q. = Aanlc(e ( 10)

A, e, i PNP B9 4 BE (mg - L") 5 . A W B S 7 S g I o (mig - o ") K, i Langmuir £ 751 2%
(L-mg™") ;K. (L-mg™") Fl n 4354 Freundlich % 2%, KA Sips RIS E (L-mg™" )" ; ¢, A He KW
i (mg-g™) ;A Fl K Temkin 58I Z4L.

t5% 3 W1, CCBC Xf PNP (W44 4 Sips Hl Langmuir 77 72, 347 8 AOAR S PE  R*I7E 0.98 LA
I, HiRJ& Freundlich 1 Temkin 752, SCRK 26 B Sips 45 A 7E W B 57 v B AR $535 F Freundlich #5571
T2 W BB VR 458 e Bt 42630 Langmuir A28 33687 CCBC X PNP 11 W Bl BLAE 1) 431 )23 W
N (ETERE AW R R AT BRI — B BN AT G B0 1 S MR TR pr Sips 452 A1 A5 3] 1) d5c R WG Fff 4
R 64.11 mg-g™", 5 L IAF B A f K B AR — B0, 136 Sips AR HESE F T ARHSE. Wang %51 il 3 Fe
N Zn VAW ¢ WSS T PR W O 7K H X B B AR T R W BT PE R, 25 SRR BT Fe Tl Zn BSUIELE W) i XoF
PNP [ B 45 i 2k ] AR Langmuir J5 FRAREF HAUA  Fe UG 09 A= ) XF PNP 1) d5c R I B i 7] 3k )
122.2 mg-g™" , Zn SR XT PNP (RO B AT 365 134.5 mg-o ", i TAREMEAE Y 57X PNP )it
K Fff i (91.47 mg-g™").

30l o KR data
2 ——Langmuir
< 90 - ---Freundlich
s 7 SRR Sips
----- Temkin

|

i ) I 1 I 1 I 1 ]

0 50 100 150 200 250 300 350 400
cdmg-L)

B 4 CCBC X} PNP ()55 0 W f i 28 S35 28

Fig.4 Adsorption isotherm and fitted curves to four models for PNP adsorption onto CCBC
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SYESTRIF Ry AT LA TR R 702 75 A W B e i i g, AR
1
LT 4 Ko,
R, B2 W B0 G v B2 R 5200, 24 O<R, <1, Fon AT R TR I, R > 1, FR/ARAFIF W, R, =1, ik
W R, R, =0 B, 7R AN AT 30 0 BfE AE AR WD 6 W B2 45, R, = 0.05—0.75, 3 W] CCBC % PNP H
HARARHERE, B R BEE oo WG T/, 16 W) 6 v B2 A 1) T

F3  CCBC WK PNP YA T S5
Table 3 Isotherm and thermodynamic parameters for PNP adsorption onto CCBC

(11)

17 Model Z% 1 Parameter 1 BH 2 Parameter 2 ZH 3 Parameter 3 R?
Langmuir K, =0.03 4 =53.05 R, =0.05-0.75 0.98
Freundlich Ky =6.79 n=2.81 0.97
Sips Ks=0.06 q, =64.11 n=1.42 0.99
Temkin A=7.82 K,=1.37 0.96
#1280 Thermodynamic parameters
T(K) K, /(L-mol™") AG®/(kJ-mol™") AH/(kJ-mol™") AS°/J+ (mol-K) ™!

298 3.21 -2.89

308 3.94 -3.51 23.21 87.29

318 5.75 -4.63

2.4 IR

TEAN[FIRBE 25 35 .45 CH,CCBC X PNP AW B A5 an &l 5 (a) Firs AR TR BT, CCBC Xt
PNP {1418 B2k 255 15 8 ) TH s T B4, 53 1368 CCBC X PNP 19 W2 B2 — AN W B s 07 . 55 A 357 1 el RE 72
L(AG®) JZE (AS®) FIKEAS (AH®) il A= (12) A (13) 7545 2.

AG’ =- RTIn K, (12)
A AS°
anL——RI;O+ If (13)

AR [8.314 J- (mol-k) ' ] BUREE, T(K) BIFRIEE K, 4 Langmuir 25 RIS 80 (Lomol ") 4%
K InK X 1/ TAER A —ZME ALK S(b) 1, RS 20222500 T3 3.

oF @ 20r ()

60
50

40}

q/(mg-g™")
(98]
(=]
T

| 1 | | 1 1 | | | | 1 1 1 |

-50 0 50 100 150 200 250 300 350 400 0 3.15 3.20 325 3.30 335
c/(mg-L™h) 1000/7
5 REEXT CCBC WL PNP (52N (a) f1 InK, 5 1/T KR (b)
Fig.5 Effect of temperature (T) on the adsorption of PNP onto CCBC (a), and the relation between InK; and 1/T (b).

H 2 3 ATAL, AG" <0, F7R A 50 T 2 i [ P %) W B ol R 1 & AT 1Y, T B AGY A4 Bt 5 TRLEE 1)
T v 2 /1N | 156 BE TR RE () T T AR 5 CCBC X PNP [ B 25 B A & Rk | A B 02 15 e b i A 1
HEAT. LA, B B AG{E AR AE-20—0 kJ - mol ™' Z 8] , B CCBC Xt PNP (141 i 3= 2 kB it 2 )
AH’>0, BiHH CCBC X PNP A4 W B i F2 2 W G R X AT 5 (a) Y25 SR —B0 A ASCAIME KT 0 i
W M R ARl CCBC 5 PNP Z [HIZ5 A A28 1k, AN R VA 3R 9 5 ImT E) P B 1S, [W]BsE CCBC X% PNP
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PR 27 ) 30 AE W Bk AR o [RIBAEAE K 43 B A R PNP 43 B BfF, PNP 43I Fff 1) CCBC |- %
T PNP 43+ H B EE AN, PNP 701K - BOE Z /97K 53 F N CCBC W, A5 38 . i T K
A3 e S BRI AR BE KT PNP 437 W B 5 SO0/, PRI e 2 e B0 i A8 A TE A, B 1A
FIRALEE R
2.5 HEWBATIEATE N T B AR 9 ST ik o0 B
AP XK PNP (I B AIL ) 3= 22 G048 43 e AR P A2 T W REVE . 63 A= 0 W FFE PNP ) %
I, SR FF 285 Tk F 2 4ot o Bl 4 I 1 P R 8 e R B A 4 1
9.59a%q,= qatK,c, (14)
T, g (G g, 7300 A S R S | 3TV PR B 5 0 23 B A P B B (mg g™ ) e A P AT BE (mg - L71) 5
K, (Lemg™") Sy 43 Be Z 50 MR 73 BC VR P02 100 082 FFF A R0 0, A HTL 400 20 AV o s B2 o3 2 50 e ik, I
P JEL e 4 18 R T BR800 R 5 T 7 e 38 91 TS 0 - O D o = 5, SRR S 2R A b, o 45 TR I
MR P e v B R EA TR 11T, P A AR5 K SRR FRE A P A BTk o8
9.4=9.79,= 9.7 K,c. (15)
R (14) FN(15) 23l 1 2 10 A o 00 3 T A P X6 sk R RRF 2 A A X Sk ( DL BT 6) . i 181 6 R, 7
CCBC WL PNP (183t 2 v | 3 TR BT ) DT mRC 2 K 23 BC A FH 1) Sk, I 75 40 I 2R 880 (K, = 0.02) AR/,
Vi B AR AN I B R v, 2 BEVE FH A AR BTk /. CCBC B FE R T AR /N (0.77 m™ ¢ 7') HBLFLES A AN
ik DRI FLAEL 7 5080 AN e 2 i B ) 32 SR 2L CCBC 26 i R i i v B BE A (R A7 A (18] 2) A R T
W B R MRS PNP T CCBC AYZ1H ™ b oh , PNP il i m—m P32 R - fh R L S AE A A
FH5 A= o 2 HE R B

60

&
|

\l\
|

(e
S
T

|
s

|
<

=]

q/(mg-g™)

- —4={

%3
(=}

S

/D
(85
L nj-D—"D"_’D/

f=J

1 1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400
cd(mg:L™)

6 IR AT BCAE XS PNP 75 CCBC b 4 S W BFAE T ik

Fig.6 Quantitative contributions of surface adsorption and partition to total sorption of PNP to CCBC

2.6 VW pH {EXT PNP BB 52

SEISFEVSTR pH {E 2.0—11.0 {EFNHE T AR pH {EXT CCBC WLHF PNP 520, 45 R wnE 7
FEn. B8 7 TTLAE L, BEE VAW pH (B 3SR, CCBC X & 7K Hr (% PNP (14 W [ 2 32 W 0 /1N, 76 pH 18
2.0—7.0 W /AR R W YA pH=8.0 B, PNP (%)W B B i B AR, Bt 25 V5 K pHL i F 4k 22
R (pH>8.0) , PNP [ [ i Ak S2 KA. 300 A R 34 J R S 2 2 T pH (B 2028 530 PNP
ALY S FERRPE S PNP B I TR el 244, PNP LS FIE A7 78, i T
PNP B %5 pK, =7.16 , FEIRTESRAE T, PNP 2R LI FARSAAAE 78 CCBC E1H A MLA Y 43
Bie R B R T KA (AR SR ) | e S HE R VR, SE45 5 4 CCBC MR BT, FR1 I Iz o+ 5. S ¥ ik
pH {E AT 7.16 A, PNP 3#553 LA RIS I A7 A, (i 453 B A 08/, PNP A% I B sk /4 ] B, 243
W pH>8.0 i, T P Y PNP 84 fif 25 1 B 85 F, CCBC 1Y pH,, =3.79, CCBC K7 fiHl , PNP &5
CCBC Z[a] iy R Ji 34, BHAS T CCBC % PNP F4 I R, PRI s % 2 32— 25 ik /.
2.7 HEXT PNP W% R0

[ 8 &1 CCBC XF PNP B W i Al 25 bR i CCBC B O AE fk i 28 i 1] 8 T 1, i CCBC 4
IR, CCBC X PNP A4 W B2 s/ )y , W B M 40.57 mg-g ' FR& % 7.89 mg-g"', {HXT PNP Y2
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FRFEM 50.72% 42 55 2 98.65%. >4 CCBC B/ NT 15 g- L7 B, BEE TN AY3E K, PNP 1 25 BR 3 ik
BT 3X FEIEH T CCBC 3R & A KA R 18 B REH, W PNP F& 4L K & A W B 8, A 5 5
PNP Z54Md 5 B R 3 7. 24 CCBC M KT 15 g-L7' i, PNP (25 R R A fb#a $OR W 5| A 4 AE
97 %—99% H) 715 Il P % 3. TR A B8 in e A 388 i 2 538 CCBC & AR RIS, T/ CCBC ) A Hb 2 1
FURNIE B9 WOk A, 1 B 0 R B 25 AN e 75 4RI, i 7 B 7 TR o TR T PR IR 285 %5 1 PNP 55
. CCBC WAL B A 8 15 g- L EefEon .
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Fig.7 Effect of solution pH on the adsorption Fig.8 Effect of adsorbent dosage on the adsorption
capacity of PNP by CCBC capacity of PNP onto CCBC

3 %518 ( Conclusion)

(1) CCBC X PNP (/W 3l 3 2 i R — > Wi A PRk W B I 03 18 3P4 14 4 72 |, Elovich A BUAR 4T
Hi AR U AR BB CCBC X PNP AW B it B2 — A AR XA A8 B R A Ak 2 W B 2 hir & A ks
P TR 78 AT 2 B R o 8 3 T Pl RIS HIORN S0k Y R [R] 4 1

(2)CCBC X} PNP [ % B i i B S5 IR 26 FL A AF & Sips M Langmuir A7 | 32 W B3 7% A BB 2 DA P2
W B S 3=, PR /D i 22 )2 AN SR AR 2E ISR 25 SR 3R BT, CCBC X PNP (9 MR B2 & B WA s 7, L
TV S 1T P T PR o iz R L G436 43 B A P R =R 1 W B AR P, R T BE ] 22 R m—m HL 520K
—HEIARVE R | SRR P RN LA .

(3) %W pH {EXT CCBC RO B 152 AR S, B 451445 1 CCBC X PNP (Wit Bl %5 %5 ¥ pH
{E A8 K, PNP & A H BT (e, | 55 3R I G0 Y CCBC = AR B el )% 11, BELAS CCBC X PNP (% Bff. 24
CCBC #2415 g- L' B Al A R R fE 2 R .
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