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Adsorption characteristics of nitrogen and phosphorus by Zr-CTAB

combined modified activated carbon of Pennisetum hydridum
LI Jianmin, XIANG Yu,REN Yan,MA Piao, QIAN Xingyan, YUAN Wanning, YANG Min
(School of Chemistry and Environment , Yunnan Minzu University , Kunming 650500, China )

Abstract: Activated carbon (PAC) was prepared from Pennisetum hydridum. Zirconium oxychloride(ZrOCl,*8H,0)
and cetyltrimethylammonium bromide (CTAB) were combined to modify PAC to prepare composite Zr—CTAB-PAC.
The effects of Zr-CTAB-PAC dosage, contact time, pH , initial concentration of phosphate and nitrate on the adsorp-
tion properties of nitrate and phosphate in water were discussed. The results showed that Zr—-CTAB-PAC was a kind
of material with large specific surface area and containing a variety of oxygen-containing functional groups, which
could adsorb nitrate and phosphate in water simultaneously. The maximum adsorption capacity of Zr—-CTAB-PAC
for nitrate and phosphate were 3.090 mg/g and 2.911 mg/g, respectively, under the condition of pH 5-9, the dosage
of Zr—=TAB-PAC 0.3 g, the initial mass concentration of phosphate and nitrate 15 mg/L. and 30 mg/L., and the con-
tact time 120 min. In addition, the adsorption of Zr—CTAB-PAC fitted the pseudo-second-order kinetic model and
Langmuir adsorption isotherm. The adsorption mechanism of phosphate and nitrate by Zr—CTAB-PAC was mainly
electrostatic adsorption and ion exchange.
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ANBERE = AL B (CTAB) RS FR 41 (KNO,) (W R
A (KH,PO,) A A T4 (SnCl,-H,0) | 41 R #%
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8H,0 F1 50 mL H,O , ¥ HE L %% £ )5 B TR 45 h LA
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IS [ S5 e 5 A0l 1 6 N PR TR B T TR, 7
TR R 25 CHYIR 28 AR5 120 min, i 38 BB HL | T
TR, T 2 T TR TR A T TR R R A TR P VR
2 ZER5iFi8
2.1 WMRRIE
2.1.1 SEM #& 4t

K SEM X} PAC . Zr—CTAB-PAC #1 B} 1 32 1 &

SUHEAT RAE S BT 25 R LR 1

B 1 PACHIZr-CTAB-PACH) SEM
Fig. 1 SEM of PAC and Zr-CTAB-PAC

El1(a) 2y PAC 9 2R 0 JE A0, 3% 1w M1 A
ZACORMBERR o A AN A) B BRI R A, X e
Y B A BRI, B 1(b) R Zr-CTAB-PAC
(R T A, 3 43 LR B s L3 T o 40 0K , 7T R
J& Zr0Cl, - 8H,0 A1 CTAB 3 A PAC fLi b S8 .
2.1.2 EDAX % 4E

Zr-CTAB-PAC ) EDAX FAFE WL 2.

C . Zr-CTAB-PAC
& TLHF r=wper —— — ——
RESEU % JETHE % HXHRE %

CK 83.73 92.18 6.71
OK 6.88 5.68 17.1
MgK 0.56 0.3 27.62
BrL 551 0.91 6.96
SiK 1.34 0.63 11.77
ZrL 1.99 0.29 11.57

Br
(0] Mg A Si Zr

0 1 2 3 4
fitiE/keV

El2 Zr-CTAB-PAC HygEiL
Fig.2 EDAX of Zr-CTAB-PAC

P A IR O A B 5T R e 1 A ) T
16 M5 T Br A Ze 19 7 6 LR, 7 AR R 3 M e R el
PE IS, Br Fl Ze 19 °F- 24 Bt & 43 043 0 A 0.09% F
0.07% ; 1 22 B P I L Br(3.92% ) F1 Zr(0.94% ) P & 1)
ot AR A W R 4 e . Bl 2 R, Zr-CTAB-PAC
Fmifb2F s> FEE O €0 Br.Zr . Si Mg, ¥ i i
Iy K05y 9 K 83.73% . 6.88% . 5.51% . 1.99% . 1.34% .

0.56% , 6. BH CTAB Fl Zr 9l 55 T 71 % 7 PAC 1 .
2.1.3 X H & & A A (XRF)

ZrOCL, 5 CTAB ¥ 5 i 7oK, 2% g2 4fi H it 72 vh
HCPE A BB K AR E PR L R — E BB Y Ze-PAC
CTAB-PAC #& A K, 78532 ot 5 Mt 1, i i XRF
M 72 7847 B )5 Zr-PAC(H,0) 1 CTAB-PAC(H,0)
& JCR I 2 A, I 5 R PAC  Z-PAC
CTAB-PAC X} It , 45 R 1 fR .

1 XRFE R B i 5 L2 B 5
Table 1 Chemical composition of different ACs

determined by XRF %
Rk me wme G0 R opEON
Br 0.02 — — 12.36 12.05
Zr 0.02 22.12 17.31 — —
K 59.41 10.16 24.54 26.48 18.57
Ca 14.90 16.34 12.73 24.02 29.28
Si 12.90 17.89 17.05 28.57 32.73
Cl 9.19 0.42 15.33 2.18 0.66
Fe 1.63 0.79 1.24 1.24 2.14
P 1.63 27.80 15.33 1.00 1.22
Mn 0.68 0.31 0.29 0.43 0.68
JLAb 0.71 2.14 1.71 0.95 0.73

XRF 20 Mr 25 5 (£ 1D UESE T PAC W Si L Fe K,
Ca.ClZ5 JC R WIFETE . PAC 1 Br Ml Zr F0 2 23 K 1L
AL 43 918 0.02% .0.02% ; 28 ZrOCL, Btk I, Zr
BN R A 22.12% ,UESE T Ze I 11 2K 2 PAC
F ;R AE b, 2 CTAB M(MEJ5 , CTAB-PAC H Br )
JE A B N 12.36% , WE B T CTAB A I 9t £ 28 31
PAC KM . HZI/KEH—EWAJGE,Zr-PAC(H,0)
W 7 8 T A BB IR 2 17.31%, CTAB-PAC (H,0)
o Br A4 5 43 B IR & 12.05% , Zr—PAC Fil CTAB-
PAC # B Ze F1 Br HUAT A 481 2%, TF BH 501 4B
KA MR .

2.1.4 BET % #F
PAC fil Zr-CTAB-PAC () BET 25 - L % 2.,

%2 PACHZr-CTAB-PACHIBET 4 &
Table 2 BET results of PAC and Zr-CTAB-PAC

RE b F Y REEEiREY FLIARF
i 2, -l 3, Al
(m*-g™") nm (em’+g

PAC 292.8 0.51 0.170 5

Zr-CTAB-PAC 16.11 1.16 0.010 89

& 2 0] H0, PAC #F B 1 Ik % 1 B N
292.8 m*/g, FLAEFL A 0.170 5 cm’/g; Zr-CTAB-PAC
b 0 B 16.11 m*/g, LK FL R 0.010 89 cm'/g.
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JE R Ze FUCTAB 8251 A PAC £ T J5 , Zr-CTAB-
PAC i FL 4 3 %€
2.1.5 FT-IR &4

T AR BHE fig BUE S I i T PAC A Zr-
CTAB-PAC i) i BL 0 28 ¥ 21 4p 6 3% (FT-1R) , 45
WE 3.

1592 1065
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Fig. 3 FT-IR spectra of PAC and Zr-CTAB-PAC

WA 3 T8 ,2 918.2 830 em™ 4b 1) W Wiz 1 XiF 17
C—H B 45 R 5 51 592 cm™ 4k B W Wi I Sy C—C (1
i 45 4 3h i 5 1065 .773 em™ 4b A W Wi Sl C—H (1)
4 21 . PAC Fl Zr-CTAB-PAC ¥ 30 11 £ Fh
B SAUE BE TR W UG L 3 436 em ! Ak B I i 06 X
—OH W45 9 552 027 em™ kb AW U 16 Sl C=0 #Y
45 IR 306 5 1 360 em™ &b A WY 14 &2 O—C—O Ay i
A0 WR Bl W, SO S A 0 Y R R B R 0 SR A
Zr—OH B ETE o BEAM, 512 em™ 4b il W YT 06 ) [ T
Zr—O B e B4k 3, R W Ze 1 55 2 180 AE PAC
eI
22 BRAWRHEGFRL
221 FHRER

AN TR) 28 TR R B 700 % Bl 1 5 R 1R k2 R 3R A 52
Wi UL 4.

M 47 LIF H,PAC  Zr-PAC . Zr-CTAB-PAC
XF R M L BR 4 il b 48.71% . 79.31% .
83.18%; Ifif PAC . Zr-PAC . Zr-CTAB-PAC X} filj ik £h
B 25 B 5 51 A 2.169% .6.239% .53.56% . PAC A
B T Tl T2 5 FAY TR AR 0 R PR AR L RK L, 5 A Zr
PLJG , Ze=PAC X il 2 5 14 W B AT — 2 19 2 /&1, i %
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Fig. 4  The effect of different adsorbents on removal rate
of nitrogen and phosphorus
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F bR R A R BEER 1 R BRACR B — R
Th, JE R J& CTAB 3G I T Zr-PAC 2 I f4 1E HA, faf &,
AL DLAR S b Are 2 5% 7K v B 1 35 G B R R

25 b, Zr—CTAB-PAC [R] BF 2% B i 52 & A0 A B2 &
P R0 3 B v, R O R 5 R TS
A
222 KK F A EF A

FE BN B[] 24 120 min 2 55 85 2 45 (15 mg/L)
F 1R 25 (30 me/L) TR A % W ) 1 % W pH (R pH=
6.10) i 2 F , % %% Zr—CTAB-PAC W [} 57 JH] 42 %}
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Fig. 5 Effect of adsorbent dosage on removal rate
of nitrogen and phosphorus
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MIE 5 da] LLE 24 Zr-CTAB-PAC JH M
0.05 g 3% 51 0.30 g I, % 1% A5 (1 25 B 2 M\ 59.029% 1
fn %) 81.88% ; Zr—-CTAB-PAC [l #>0.30 g ) , Wi ik £k
BRI NE S . [FFEH , 78 Zr-CTAB-PAC i &
4 0.05~0.30 g B, filf iR £k 25 Bk % 12.01% ¥4 &=
50.00% 74, i Je 26 BR AR HG Ik A A2 15 208 . 7R
FH B, Ze—CTAB-PAC W BF 057 o5 B W B 5 B 3
P, AR PRIk 2 0 B i D 5 BE Zr-CTAB-PAC £ & 1
T VR R S5 2 I 23R 1 o, LR B 0 A A o R ) T B
i 55, Zr-CTAB-PAC ) W [l 78 i AR . 25 & % &
Zr—CTAB-PAC 1Y JH & W B 758 5, 36 45 0.30 g 1N
i 252 W B 52 5 %) O o ) 4 o
223 B WA A 6% h

W BfE B ] R — AN E OB W B S 8, A Ze-
CTAB-PAC &} 0.3 ¢ ZEFFBE R £ (15 mg/L) F1AiH
1% £5 (30 mg/L) VR A5 ¥ W) 46 5 W pH (R pH = 6.10)
20T R 9E T W B ) 18] X Ze-CTAB-PAC W Fff
il 92 5 AN 12 £R AR g L 25 R LR 6.

100
90+
80 ./-‘.,/n/"\-/"
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Fig. 6 The effect of adsorption time on removal rate
of nitrogen and phosphorus

i 18 6 AT LA MY, Zr—CTAB-PAC X %0 Y W% B
T IR B 7, B AR R AN AY R £ 4 B 7E 20 min Al
10 min 15 2 W BB e RS, 5B R 40 i AR 7 7F 80%
M 55% F2 47 o 3% AT AE 2 B S W B 0 Uh B B Ze-
CTAB-PAC (W45 & s B8 2, W B 8 35 e b s (EL Bt
FF [E0) f9 SiE K, W BV 0t % 987 FE L LB = 25 ) 3R A% 1Y)
SEG LA W AR R TR E
224 pH#Hh

ANTA] pH Bl R R B 2 A1 g B ) 3 T 3
A A2 A2 Kt R A . #E Zr-CTAB-PAC FH &

0.3 ¢ BEMREE R 15 me/L MR EE 4 30 me/L H. 5 W i
(B8] 2 120 min [ %440 T, %5 %2 pH XFE A % W i 2
ER AR AR £ J BRI I RE 25 5 LK 7
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90 -\‘/H—l—\.___.__._.
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Fig. 7 The effect of solution pH on removal rate of
nitrogen and phosphorus

M 7RI LA, 7E pH N 4~10 B, Zr-CTAB-
PAC X 7K Hfr @ 18 h 1) 2 BR R AR AE 88% A A, A W 7
I pH YU PN W R Eh 35 5 2L H,PO, AT HPO, 1B R
FAE B R+ 5 Zr-CTAB-PAC £ [fi 1Y) Zr—OH Z [1]
Ry KB T A e, 3 H Zr—-CTAB-PAC % [fi 45 1
HL il , A7 F) F a Ze—P AL NH,—P 2 [8] i & B 1E
W B K r s B B A 1) B R R

MU pH<4 B3 W T R i A7 AE Y H A Ze-
CTAB-PAC K IE ML fif 34 £ , Zr-CTAB-PAC 5 fi§ IR
R 09 A EAE G R o Y pH 7E 5~9 B, Zr-CTAB-
PAC X 7K Hfv i 2 & 14 0% B e ) A RN AE 5 pH 9
W #) 10 I, Zr—-CTAB-PAC X filf B2 £5 1 "% B fig
T B, BT B T OB B, 5 R ER TR AR
T SEGEMRE SR TR R R A B

S Sk U, Zr-CTAB-PAC X 0 B 09 W% [, 7T 78
pH H 5~9 F 4T,

225 MR BN R

TEZr—-CTAB-PAC H4 5 0.3 g 4E+7¥) 4 % W pH
(BRI pH=6.10) F1 5 I B} 8] A7 120 min (9 Z50F T, [ 22 il
P2 b 0 1 R B SRy 30 mg/LL, IS [) S5 k)l 1
(5~30 mg/L) , % S B R A6 XA R 46 L BR A i 2 ) , 45
RV 8(a) . [AIFEHE, [ BEIRER BT S vk i 15 mg/L,
AN [) J5 £ V4 1) A 1R 5 (10~60 mg/LL) , 25 25 iR
AR X R £h ZSBR R 5, 25 5 WL R 8(b) o

MIE 8 (a) AT LA Y, il R £5 1) ) Uf O Vi 5 oh
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Fig. 8 The effect of the initial concentration on the removal rate

FE 1 (30 mg/L) B, YW R R A 5 mg/L 3N E] 10 mg/L
I, Zr—-CTAB-PAC I fiff 2 £h (1 2 BR 6 M\ 75.26% 42
Tt & 88.87% ; 1M i iR £ M\ 10 mg/L 3% = 30 mg/L i,
Tl R &6 1 25 B R BRI & 40.75% . 3 0l 3 KT Zr—
CTAB-PAC 48 fin 2 — 5 i, JH: 3R T8 09 395 P 6 s i
W — 2, W B BT 70 AR R AR A B, S B 3R 3 5 T
16 5 e B AR S I, Ze—CTAB-PAC fiY 28 T8 35 P 17 45
(I Zr—OH) Bl P 3 5 95 58 4, W B 5 &b 5 2ok ) AR
A HOL L BRAAT

11 DT 8 () i LU H 4 Bl 1R kW0 4 o1 ok vk
Sy i (15 mg/L) B, B 25 Al 19 45 070 Uh I o vk B 1) 4
mLoEEREH:EBRRETFRES . XBARE T Zr-
CTAB-PAC XJ i £k 1) W b BE AT 15 1 38 e 4 FH AT
L LA R T G i R Ak Y W A 0 . IR
it 12 £ %) Uk Mk B X Zr—CTAB-PAC W Fff 12 £k 1) 5%
Wi AN J 25
2.3 WMz A=

J T f# Ze-CTAB-PAC A W BfF 250 R A ML,
JHE— 28 5l 07 2 FfE — 9 8 1% J5 B X Zr-CTAB-
PAC W B 8 12 &5 A IR £ ) o B IEAT LA, S 8K
W23,

R3 HE—RME_RINZFRESH

Table 3 Quasi-first-order and quasi-second-order kinetic fitting parameters

) B B WE— %8 % WEZ s %
I o/ (mg-L7) g/ (mg-g) q./(mg-g™") k,/min”" R’ q/(mg-g™")  k/(g-mg"-min™") R?
15 2.607 0.852'1 0.000 15 0.156 2 1.710 0.064 41 0.999 9
fiFg e & 30 2.979 0.015 39 0.004 38 0.308 3 2.806 0.598 9 0.999 7
45 2.882 0.346 3 0.032 59 0.944 3 2.900 0.004 941 0.999 8
15 1.644 03747 0.023 22 0.529 7 1.207 0.200 0 0.899 8
iR 25 1.583 1.120 0 0.034 33 0.8330 1.602 0.208 5 0.998 1
35 2.607 9.007 0.008 21 09113 2.735 0.050 49 0.996 3

M3 FLLE i s J 4 BRI S
i T - 1687 2 B St g, 5 S o T %) - A7 R R )
FEE R, Bl g sh 2y fE ) RP KT 0.999,
Wit Zr-CTAB-PAC X il R 45 19 W B AT 0 75 & 1 5
Bl J 2R (R I, X T R R 0 T B A
WE G0 gh Iy AR R I O e R 2 A A AR
FHFE ], B A b2 e B
24 WRMERE
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i b TR A W AR 25 CC HE A OB AR, 4R
WA 4.

F 4 Zr-CTAB-PAC T BEER 15 /A BR 18 AU 55 R TR M AR BY

Table 4  Phosphate/nitrate isotherm adsorption
model by Zr-CTAB-PAC
Langmuir Freundlich
A <m7;‘;;'> (Lfnl{g 0y R K, 1/n R?
BEEadh  3.090 07563 09987 6.396  0.2648 0.9937
MREE 2911 0.5958 09999 6.998 03097 0.9924
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Zr0Cl,-8H,0 7 /K 1 ¥ 4k Jy ZrOOHCI 1 CI™,
PAC R TJE M Zr—OH , H 5 H,PO, Fl HPO,” & 4= 1
TR M 2 7 T Ze—-CTAB-PAC X B iR £ 1) 1l
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Fig. 9 Mechanism for phosphate and nitrate
adsorbed by Zr-CTAB-PAC
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