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Preparation and Phosphorus Adsorption Property of Cationic
Polyacrylamide Intercalated Bentonite Composite
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Abstract: Composite material was synthesized by modifying Na-bentonite (Bent) with
hexadecyltrimethylammonium bromide (CTMAB), cationic polyacrylamide (CPAM) through two-step wet
method. The samples were characterized by XRD, FESEM, FTIR, BET and TG-DTG-DSC. Then, the
adsorption of simulated phosphorous wastewater was investigated. The results indicated that CPAM was
intercalated into the lamellar structure of Na-bentonites steadily, the layer spacing was significantly
increased. The infrared spectrum showed that the composite material had obvious carbonyl absorption
peaks. Its specific surface area decreased and surface hydrophobicity was enhanced after intercalation. The
results of adsorption of phosphorous wastewater revealed that the order of adsorbability was CPAM/Bent >
CTMAB/Bent > Bent. With the increase of reaction temperature, the initial concentration of phosphorous
wastewater and the decrease of pH value, the removal rate of phosphorus by CPAM/Bent was gradually
increased. Under the conditions of initial concentration of phosphorous wastewater 3.5 mg/L, pH=S5,
temperature 35 °C, adding amount of CPAM/Bent 5 g/L, and adsorption time 20 min, the removal rate of
phosphorus was 75%. After five times adsorption and regeneration, the adsorption ability of CPAM/Bent to
phosphorus decreased significantly. The adsorption isotherms could be described by Langmuir and
Freundlich equations. The adsorption process could be better satisfied with the pseudo-second order kinetic
equation.
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Fig. 1 XRD patterns of Bent, CTMAB/Bent and CPAM/Bent
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okt
Table 1 Elemental composition and content of Bent, CTMAB/
Bent and CPAM/Bent
i JLER St 43 B % ST /%
Bent (0) 57.80 70.04
Na 2.06 1.74
Mg 2.38 1.90
Al 9.44 6.78
Si 28.32 19.54
CTMAB/Bent C 36.31 47.89
o 37.36 36.99
Mg 1.15 0.75
Al 7.20 4.22
Si 17.98 10.14
CPAM/Bent C 31.25 42.07
o 41.63 42.07
Mg 1.18 0.79
Al 5.88 3.53
Si 20.05 11.54
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Fig. 4 N, adsorption—desorption isotherm of Bent (a), CTMAB/
Bent (b) and CPAM/Bent (c)

# 2 Bent. CTMAB/Bent Fl CPAM/Bent 4L %5 My 4HiE

Table 2 Pore structure characteristics of Bent, CTMAB/Bent
and CPAM/Bent

& 5 BET BEBULEBU(em'/g) P EFe/m

H i HFEEH  BIH BJH BJH BJH
[(m*/g) W 5 T B T I

Bent 60.31 0.107 0.114 1023 739
CTMAB/Bent  12.15 0.098 0.105  27.15 1125

CPAM/Bent 4.59 0.054 0.060 35.68 11.24
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ot b, HAEXT IR B — e (E R, W AR
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YNEER G, R AT A2 X IR S S, B
R S TR 2R AE W B A TR 26 T o Zead i 2 20k JS , Bent
BAC LR, (H R T AR kN . L E
FRAR K, W BF 5L V RIS 2R, o o R o 5 R R
FIR A X VE AR 55, ZEARE T AR5 {0 B 7 [
RETm DB TEYE S, HAERTEA Y R
SFIRERT, R C I RIERE o FI2WH, 4k
Bl R, WA R L BESR LA I E A R A
23 BB

Bent,CTMAB/Bent il CPAM/Bent (1) TG-DTG-DSC
HhZeani&l 5 fros o

M5 AT, Bent Fl4d 2 201 Bent AT 43
H 3 A B SB—FrBRMNERE] 120 °C, BB
S JZ ] H K 5 WK Bk B B, Bent 284205,
i I R RN R R A R R R, 3 IR R AR A 1
96 °C F &R )5 1 68 & 76 °C, A H Y 6.1% /N
2] 3.1%K 3%, R TELAVIHEZMMSS, Bent 1Y
FEHL K PEIG 38, X 7K AT B W B RE e Es , 2[R
A K5 RN s 55 AN B 120~560 °C,
Bent 2L B 2] 2.8%, {F 450 °CH — 5808 s, Xf
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Fig. 6 Mechanism schematic diagram of Bent modified with
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Fig. 7 Removal curves of phosphorus wastewater by Bent,
CTMAB/Bent and CPAM/Bent
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Fig. 8 Removal curves of phosphorus wastewater by CPAM/
Bent in the different temperature (a), initial concentration
(b) and pH (c)
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Table 3 Kinetics parameters of phosphate adsorption by CPAM/Bent at different temperature

T Gz 12 B K W 12 B
A(mg/g) Jy/min”! q/(mg/g) R} ky/min™! q/(mg/g) R
25 0.514 0.0465 0.0761 0.8167 1.9889 0.5174 0.9999
35 0.536 0.2395 0.2589 0.9432 2.7054 0.5451 0.9999
45 0.550 0.0599 0.0655 0.9508 2.9266 0.5531 0.9999
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F 4 ARESHEE KA ET CPAM/Bent W [tk i 5h 114251

Table 4 Kinetics parameters of phosphate adsorption by CPAM/Bent at different initial concentration of phosphorus wastewater

B B i S g E—H 3 -S4 M) 1+ 24

/(mg/L) /(mg/g) ky/min™' g./(mg/g) R? kp/min™! g./(mg/g) R}
1.3 0.158 0.0145 0.0177 0.5085 16.3713 0.1510 0.9998
2.3 0.338 0.0493 0.0519 0.9182 3.1902 0.3401 0.9999
3.5 0.536 0.2395 0.2589 0.9432 2.7054 0.5451 0.9999

%5 Al pH T CPAM/Bent Bt (0 3h 11254k
Table 5 Kinetics parameters of phosphate adsorption by CPAM/Bent at different pH
o 2 g. E— 293 125 HE— BN 125

/(mg/g) ky/min”! qe/(mg/g) R} ky/min™! q/(mg/g) R
5 0.536 0.2395 0.2589 0.9432 2.7054 0.5451 0.9999
7 0.506 0.1359 0.0918 0.8403 1.5660 0.5282 0.9999
9 0.526 0.0108 0.0908 0.8094 1.1717 0.5129 0.9998

2.7 WRMEIRL
3 &g

CPAM/Bent X i i) e b & — A~ sh 2P i id 72
R TR W Bk AR AR, DR SR AR A R
1T M i) Langmuir 287EAR (5 (5)]) KL
Freundlich 58 (2 (6) ),

Pe__ L P (5)
qe qum qm
lgg. =1ng+11ng (6)
n

K, gu LR FEZEKRRM R, me/e; k
A Langmuir W B % %%, L/mg; ks A Freundlich
W RT3 K85 o, A A AT 857 S YA ) ot R 2
mg/L; n & Freundlich #2715 41 .

AL (5), (6) X SEd i gt irils, 4528
mE 6 fim.

# 6 CPAM/Bent W2 BB (1 25 R B S 50

Table 6 Isotherm parameters of phosphate adsorption by
CPAM/Bent
. Langmuir Freundlich
E/°C
k/(L/mg) gn/(mg/g) R ke 1/n R?
25 2.9950 0.3319  0.9902 0.4992 0.3221 0.9978
35 4.2754 0.3842  0.9998 0.5008 0.3485 0.9992
45 4.7969 0.3984  0.9996 0.5019 0.4402 0.9981

MZE 6 A1, CPAM/Bent XM 1454 Langmuir
J5 B2 Hl Freundlich J7 8%, MG R4 R* (H I 7E 0.99 L)
I, AFEIEET Langmuir HREBLESE gm (H/D
TS g {6, VR TR R ITIE Langmuir A5
BTk i sy 72 bR RE, METERSFIESZ
ST IR Z BRI . AL, FH Freundlich J5FE4ll
A TSI 1n 7E 0.3~0.5 Z 0], 6 T W BFF 25 5 3284 7 o

(1)l CTMAB X} Bent #4746 22tk , Bk T
2, 5T aFHATE KK CPAM HE A2
B, FeZ il %t CPAM/Bent,

(2 )Bent £ 42 MO 5, L2 T AR B0 |
SEIALEARAE K, K R K A i R R R
FAPTREAL, FAHK SR IE 5

(3) CPAM/Bent X & B & /K i1 £ BRACR I b
Bt 0 i R TR L I KD A TR BE RS M LA ) pH
FRAIG, XTBEM RPRFE WG R, &l 5 U R F
At 2 J5, CPAM/Bent WY FfH 5 9 6E 71 i 25 T B% .
CPAM/Bent X % @ 2 /K (W 174 #4145 & Langmuir
5 Freundlich MRS, widEA~me B B =, oE
TG B ) AR BE T AT M AR WA A 2 2O Bent [
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