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Removal of Nitrate from Aqueous Solution Using Cetylpyridinium Chloride

( CPC) -Modified Activated Carbon as the Adsorbent

ZHENG Wen-jing, LIN Jian-wei, ZHAN Yan-hui, FANG Qiao, YANG Meng-juan, WANG Hong

(College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract;: Surfactant-modified activated carbon ( SMAC) was prepared by loading cetylpyridinium chloride ( CPC) onto activated
carbon and used as adsorbents to remove nitrate from aqueous solution. The SMAC was effective for removing nitrate from aqueous
solution. The SMAC exhibited much higher nitrate adsorption capacity than that of the unmodified activated carbon. The nitrate
adsorption capacity for SMAC increased with increasing the CPC loading. The adsorption kinetics of nitrate on SMAC followed a pseudo-
second-order kinetic model. The equilibrium adsorption data of nitrate on SMAC could be described by the Langmuir isotherm model.
Based on the Langmuir isotherm model, the maximum nitrate adsorption capacity for SMAC with CPC loading amount of 444 mmol per

1 kg activated carbon was determined to be 16. 1 mg-g~".

The nitrate adsorption capacity for SMAC decreased with the increasing
solution pH. The presence of competing anions such as chloride, sulfate and bicarbonate reduced the nitrate adsorption capacity. The
nitrate adsorption capacity for SMAC slightly decreased with the increasing reaction temperature. Almost 95% of nitrate molecules
adsorbed on SMAC could be desorbed in 1 mol+L~" NaCl solution. The main mechanisms for the adsorption of nitrate on SMAC are
anionic exchange and electrostatic attraction. The results of this work indicate that SMAC is a promising adsorbent for removing nitrate
from aqueous solution.

Key words : cetylpyridinium chloride-modified activated carbon; nitrate; adsorption; regeneration

FIAT, 2K At R 7K B A AR #h 75 d B 2
ERPERI IR R, YK P AR R IR £h 22 % N
PRAde R = e s s 2 R AR AR £
AR AR AL, T 5 S s R M £L 28 AT | i
FUFFRESR 5 5502 5% B RBE LR Jm B s 1
IR RS R AR T e i 1 PR AE R 45 mg- L1 R
Bl CAE T R K TLAE B HE) (GB 5749-2006 ) HLAE TR
FHOK H il R R R PR R W E i B R 8 10
mg- L~ KPR Y EE BRI A YR
REALTE | A s | B E RS BT
VRO RN BRI v O BR s DR Ak 3 i A £ B

PRI 32 BB 67 iR sE K
A BRATTIN FH f5e k)2 BRI AT A RO BIESE R
TEE XK T R R 1 2SR RE I A 22 R,
X 1 0 ) 3 T A T P AR e B XK PR R ER Y
FERAE IR T Y. SR BH B 1 3R R X

Kim BEA: 2013-02-03; fEITHHA: 2013-06-01

EE&WH: ERARFAIESIH (50908142 ) ; LR EHARE
SIERHITITH (10230502900 ) 5 [ 76 R K A2 15 77 B¢
By RIBUE (ZZhy12012) ; b3 1 3022 5 0 2B Al e it
(J50702) 5 KL FREE 20 #0052 90 % HF i Bk 4 T
(YRWEF201107)

YEE B A FBIELE (1990 ~ ) , L M LWF 58 AR, FEEMF5ET7 19 Ry K5
Yy il RS H AR | E-mail ; jinyunzkey@ 163. com

# B FR A, E-mail ; yhzhan@ shou. edu. cn



4326 AN 5%

B 34 %

T ¢ A 2 T R AT R R R UL R 9 R R BT O
PO BB R MR A — A K
4 B i Rl — > 2K Pty TE R A Sk o, >4 BH 2 3R 1
PR TR VA R T e il P, 3 v % 4 7R 2 i
IK B R S AR P % 3 AT 2 TR I AR SR K P
TE LA Sk S 2 R 8 TR Hp AT 1k R R L
ARAKERIEHL A  E AR IS N A B 4 R B
BH B 3 1 15 P ) IO T M e K B IR R 1
BRARER N B R AR
FRUOTURIE MR 51 AR B S Y H A B 1Y
MRS 25 BRBE ST K rP A AR 18 LA BT T IE A
T, DRI FH B 3R T 935 1 ) ke e 0 A e Tt IR AT LA
MR 22 BRK T A R SR, AT, RN AP SG T E 1
ST T 1 0 AP T P i I R 25 B K PR S R R R F 5
i FLED L. g g, A9 EE SR E 4K T
PTG R A 7S R E A P T 1 e g K
FAHBRER A PR RE , IR 1 AR S B BRAAILAR] |, L
WK SRR ER R BRI BE S S

1 HH5HE®

L1 SZEbk

S T R T e 1 2 4R P Ak 2 R A R
Al AR R R A S AR R AR N 0. 15 ~
0. 18 mm [ AR fa . el T A BH 25 7 & 1
TEMEFR AL TS BEFENEE (CPC) 1 A [ 25 4 A 4k 27
IRFIA PR, & 20 99% TG Y . 5236 5
f) KNO, . NaOH, HCl, NaCl, NaHCO, . Na,SO,
AgNO, Sk 2z ¥ B 1 2 48 A Ak 270 A PR
ONE] Bl SRR T KR R BT
1.2 CPC BUMETE M il 4%

K CPC XPRiE M 0. 15 ~0. 18 mm HY % PE 5
HEATHCME. 4% B 12,5 mmol- L' CPC IR,
HW A MFRIC T g TEPERE T 9 4> 100 mL T
O JEARIMA 8, 12,16, 20, 24 . 28 . 32, 36 Fl140
mL (%) CPC ¥, RVSCHEAE 1 kg 3614 < Ir H G CPC
&5 100, 150, 200, 250, 300, 350, 400,
450 1500 mmol. K¢ HEE % £ )5 & T 40°CH IR /K
VBHRSAE L 150 remin ' USRI TIR . RV 24
h Je R S 0 1 5 SO HETE R 1R A W 64 T 1
S BLODEE N4 000 remin T B0 BHE] A 10 min.
SRR 66 B B 5 13 0 CPC AR, Tl
FEWA R 259 nm. WG FTE EIEW T CPC ik
FEHEAR R R A K B CPC Y BT 2. Ik
AR 3 74 [ AR 7 F T 40°C 68 T K U B T Ve, B

ZH AgNO, il b 38 AT L 1 DT TE AR B 1k
5 PEEARE S E T 50°C S XA N MET 12 h 5
0 A EARE S ED R CPC e ETE s
1.3 WERfaces

K P 1% 49 15 11000 mg- L~ Y Al 2 3 % 4%
V. 38 AR R 1) R B ) 0 R v B R i TR
EfE W, 3R A 0.1 mol-L™" NaOH £1 0.1
mol - L.™" HCI VK Al R 55 61 W pH 877 & —
SERIEE. FEHL 25 mlL BRN R R (0 VRO B 24 T2
e, A —E R CPC BCPETR M. H575 l
FRERAH FHIRCFN CPC O 16 14 Jo 11 4 TR I 31 1
ARG 5P L 150 remin ~ TR . RO —
Beast 0] 38 i i 0 4 7 O HE T P TR A A T
[ A3 B SR T8 A0 430 B 100 D Y v i R
(BT R I U 220 nm.
1.4 RS

FREL 150 mg CPC 0P 76 14 ¢ 8 15 00 48 v Ot
A 25 mL 1A BT B Ry 50 mg- L' A SR ERh 1
W (pH 7) , KV 24 h i 38 2 85043 25 1 7 0K i o
T 4388 0 ok, FE v VP B R T TR
IR R . R U B A R R FE %) T B R 4 ) 25
mL ¥R 0.1,0.5 11 mol-L™" NaCl B FHATIR
B, N 24 b JE I TV R R R o R VAR

2 ZR5iTie

2.1 JEPEANT CPC 1) & 52 fg

B 1 it B K i CPC Y B T 3R i S ek
PEIF CPC (IR Z [\l . Wbl LIE 1, Y
Motk 1 kg TS ET IR CPC #EmHH 100 mmol 1
JNE] 500 mmol B, 3% ¥ 2k Xt K o CPC 1) 57 £ 28
2 100 mmol - kg ™' HENNE] 444 mmol -kg ™', X
TR CPC H 25 1R 5 1) [ % 68 J1. CPC BE [ &
FIEEPER A FE X EE T T PR M CPC 2

500

400

300

200

T A CPC A 8 it/mmol-kg ™!

100

0 1 1 1 1 1
0 100 200 300 400 500 600

Bk 1 ke dF A2 BT R A9 CPCEE It/ mmol

1 EERIAH CPC B EIEES
Fig. 1 Loading of CPC on the activated carbon



11 4 RS A o A7 BEHEH E e P 3 1 X 7K g I R 1 A B 4327

B . S beSE ke (CP* ) Bk v
(R B B e v 3 i KA FH 0 T 380 99 P e 3R 1
Ji , CP* SRR A 1E HL A S i 25 B 8 Tk M v, il
FETE A o R T i K P Y IE L AT, BT A 1 H e
I h &0 - (C17) P4
2.2 CPC R @t CPC ek i 4 e W B Al R 6 £
A

& 2 Sl CPC 1 gk i %) CPC BioME I 1 ¢ W B 7k
FRAEERER A RZ . DA FR AT DL | 2] I A IR R R vk
JE () M50 mg-L™" pH A 7, W58 (m)
H4 g L7 RREE(T) K 30°C R B R] ()
24 h At A AT A T T A R A R i
B, T CPC e mT LA B S 48 g 358 1 3 %ok /K b i iR
YW EBE J1. AL, CPC BSOPE I 1k 5 X K h i iR
£ (0 R R g Bl 0 e T CPC B AR i B
3N, ASHF 52 B0 1 4 9 CPC RSOk 336 1 2% 24 v
CPC 757 A8 i ( LGP ) b 444 mmol -kg ™' HY
O TG X K HR i TR R 10 W B RE ) B, AR
F5E e I, BH 3 100 905 1 390 g e 9% 1 e 25 Bk vp
o e A PR R S B o T e ) S ML S T
FACHAERR I S MER T Rk, & CPC
SO T e 2 B K A R R 1) SR ZEHL B A
B AER RS V. Y36 R 1 3R CPC ol
ZH, MR R IR A SR L S ECE N T
AN R IR 5 25 PR AN PR Eh i 2 |, I X B 5L
CPC et 0% P 5 Xk 7K vl il /R B4 Wi BT R g ki
CPC U P i R Py 2 ) %) = 2 S 1o T sl ek
AT R DA A

AC-CP-Cl + NO; == AC-CP-NO, + Cl~ (1)
o AC JBAGTEME S s CP 248 T 75 be 5Lk v BH 5
¥ NO; 2I6fiEfREh; C1™ e dm 1

12

=)
T

o
T

B T ek 25 o i B B /™!

0 100 200 300 400 500
TEHEBRAFCPC A 4% it /mmol kg ™!
B2 CPC fEi @ B i Wk pagER EE B 50
Fig. 2 Effects of CPC loading amount on nitrate adsorption onto

CPC-modified activated carbon

2.3 WEBENFIBAN XS CPC U T 1 o W2 B i i £
ip=Al|

P 3 SR BRI X CPC By B 3% e (LA
PERTT) B 444 mmol - kg ™ 14 201 5 4 i I B K Hp
TERRER BOs2m. b al DI H 2% ¢, A 50 mg-L~",
pH R 7. T} 30°CHI ¢ 24 h B, CPC Bl i% Mok
XoF 7K i T 118 2K 85 2 I VR B ) 430 T Er) 185 g 1
. 33 2 R PR Sy it o VA B SR8 M 114 18 o i 4 5
ST T R P 4 T e R A7 A i 4
MHGE TR LA Y, CPC Bt i M e Xof 7K v i R 3 1Y
AN I R i R 6 7005 ok ) 348 Jon g AR AG.L ik FR
2 R A 4 TR 5 1 YRR FEURT o VA PR R AN AR B o
S W B0 R A5 o ) 14 e R R D B A AN TR AR
SR B A5 S it 8

100 13
12
90 1
. 80F —O— LR 110 %
S —O— wbmmt |, E
¥ g0t i
60 | 17 &
4 6 a‘
50 b )
40 4

I 2 3 4 5 6 71 8 09
L
3 IRMAEIET CPC BUME M5 K ok s R B 5 0 B0

Fig. 3  Effects of adsorbent dosage on nitrate removal

by CPC-modified activated carbon

2.4 W12

4}y CPC Hffi s ( LATE a3t ) o 444
mmol - kg ™" AP I P AR Ko 7K FR R Rk A I 3
gk, APl 2% ¢) M 30 ~50 mg-L™', pH N
7.m A4 g L7 R T K 30°C I, CPC Bt i o e %ot

12

10

>

LR B ik /mg g7

—O— 30 mg-L7!
2 L —O0— 40 mg-L™!
—— 50 mgL!

0 100 200 300 400 500
R i) /min

4 CPC B A 3 7k R R BR 2k B O B 3h 0 22 B 2%

Fig. 4  Adsorption kinetics of nitrate on

CPC-modified activated carbon



4328 AN 5%

B 34 %

KR TR 5 118 BELAT PR 6 I sz 7 T %) B8 Jm v 384
FEEbe |13 R T NG SB 7 N R | R S DA
ZMEF, CPC B PE3E E 2 k K FF s R 6 A B0 57 1 o
g A9 L VR O A ) 1 i 1
W B 2 2 i R AT AR P — SR — 48l )
SRR AR . VE—GRNE SR B ) R ) £
PRSI AT (2) F1(3) 2.
In(q, —¢,) =1In(q,) - kit (2)
t t 1
Z - z * kz‘]i .
K, q, T g, 5050 R P Z0 AT AR ¢ B 2] CPC ek
PEIE L 5RT 7K P SR SR ) PR B (mgeg ') 5 K,
FHE— B 2B R AL (min ™" ) 5 b,

— RN sl 1 2R ] 4 () SR R T4
AL UEEIR R 1. Al L, HE— ) ) 2 Al
XiF P 4 S EHRE 0 405 A O R BURAIG, I ELAR 41
— R B RIS BN g, (R G S
(1) g, (E2ZEHAR K. X BT HE— 3 ) B AR IS
A TR CPC U T 1 2 X 7K v i R 3 1) 1R
R N 1 R AT UL HE G Bl ) A R
P 4 SIS 135 AR OC R BEE & T BAR PR UE
TR IR AR R ¢, (65 SR e
(1 g, (B GRS Ul I — 3l g S A ] LA
B M TR CPC U i M e X 7K rh i 2 58 1Y
W B 2l g 2 A

R1 CPC B R Bk FRARE S N 2R SHEMUAEXLREY

Table 1  Kinetic model parameters and correlation coefficients for nitrate adsorption onto CPC-modified activated carbon
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Fig. 5 Adsorption isotherm of nitrate on

CPC-modified activated carbon
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Fig. 6 Effects of temperature on nitrate adsorption

onto CPC-modified activated carbon
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