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Characterization and adsorption performance of phenol on amphoteric modified magnetic bentonites

REN Shuang!, MENG Zhao-fu**, LIU Wei*, LI Wen-bin*, DENG Jing®

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Lab of Plant Nutrition and A—
gro—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3.Library of Northwest A&F University, Yangling
712100, China)

Abstract: In order to solve the problem of bentonite separation from wastewater and to improve adsorption capacity of bentonite on organic
pollutants. After prepared magnetic bentonite by the co-precipitation method and then modified by amphoteric surfactant dodecyl dimethyl
betaine (BS-12 ), the study on surface characteristics of amphoteric modified magnetic bentonite (AMMB ), such as scanning electron
microscopy (SEM), X -ray diffraction (XRD ), Fourier transform infrared (FT-IR ) etc., and its adsorption ability to phenol under different
modification proportions, pH, temperature and ionic strength were carried out. The results showed that magnetic bentonite had higher mag-
netism and greater surface area than bentonite. With an increase of BS-12 modification proportion, C and N contents and particle size of
AMMB increases, but the specific surface area and pore volume decreases. The adsorption amounts of 50BS -MBT, 100BS -MBT and
150BS-MBT were 4.76, 7.78 and 12.04 times higher than that of MBT, respectively. Phenol adsorption on AMMB depends mainly on parti—
tion effect due to its linear adsorption isotherm, the adsorption ability increased as temperature and pH dropped, but increased as ionic
strength increased. Henry Equation was the optimal description for phenol’s adsorption isotherms. The studies demonstrated that the AMMB
had high adsorption capacity and can be removed easily compared with raw bentonite.

Keywords: magnetic; bentonite; amphoteric surfactant; phenol; adsorption

s B #H . 2016-08-15

EE® N AF F(1990—) , %, ILARFBEN LA, RN F A5 B L 15T . E-mail : rsrsfly@163.com
* WS 1EE . WM E-mail : zfmeng1996@263.net

EEUWH : HE AAREEEE T H (41271244)

Project supported : The National Natural Science Foundation of China(41271244 )



fE 38,5 NI HREVERZIE - 1 FEAF KO AR 1o 109

WG T 1) i, R R T AN W o 3 o
BTG, R U N RRD IR R DR AR A
A RAAR 75 B 2 BR AR i A e s 2
TARIREALR B L W AURAT 36 1 A ARGk
b BAT BB HE RN R B 75 S I RE T, %
WO A BT AR TSR AW B ) 2 — B SR
b ARG LA WX SRR 4 T e B IR ORI
U AE IR S A BILTS e (W R RE T B2 A ST
R, R LAy BEA T A LB S 1 SR AT BT
P M BE T A ROTIER Y. BA TSRt B, P
T P 7R 1 2 g 1] Pk R g K AP 5 AT 7 A
3 S IE | B0 RL A K BRI X R L AT B
AL, B R S AT U HA R 4 [a]  ul ff E
J308 AR e A i i B L W BRI K A R Y
Y HRE A [ 0 5 DR Y ke, BR ) 1 AR 52 B
HHIN -

FEW I AA R S AR E L, it e S Mn i 55
BRI PR B A AT BEY . FeoOu HOA B IR E
P, W BOHVERETER RS I AR B R0, A S F AR ST
HdE Y, EARTERZIE L P 5| ARETEYI R FesO, H] 2B
MR B 500 140 DR 23, (O BIL TS B ) VR S R 347
SRR, PR, X R - AT A AU , 255 1
PERZ I A (4 PR 7 25 BE 1 A i £ XA HLTS R
e IR R AR 02, 68 418 g R 7K Ak TR BE 3 R B 5] DA
IR PR O3 s TR HAT - E ) S L

ARSCRSLTIEE a1 RGP £, 5 LAP Pk
T PR+ bk T BRI K (BS-12) A 1B iffi
FRSFCHERT T A [RUE i E 5 B BB A , il 2 P41
VRN - o AER AT A A AR A At L i i
FSLIARVY T pH | B 5 B2 AN B 2 PREE A0
LR RN (200, & CEAR W PP T P 1) 4 X
R BRI IS BRI, Ay A W M R 1 L A Ak PR K
FRSHE BT R S g R XA AL i MR A E 7 F P F 1E
T BB, FHOCHITFEIE A i R DL N AMIGE -

1 #HH5H%

1.1 EIEHR

fgz i 1 (BT 7 il pa 45 P, S0 A 7% it 88.6%,
BB 758 # i 1 003.32 mmol - kg™, FeCl,- 4H,0 .FeCl;-
6H,0 NaOH K 35 4 4 M 4li, W B KR 1 k243t
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Figure 1 XRD patterns of BT ,MBT and BS-MBT

¥

e

Z1t % Transimittance/%

4000 3500 3000 2500 2000 1500 1000 500
W% Wavenumber/cm™

2 Bt mEMERE K S SRR R T FTIR EiE
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Figure 4 SEM of BT, MBT and BS-MBT
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Table 1 The carbon content, nitrogen content and surface characteristic parameters

£ Soils C it - NEHE CIN It Lz 4L Porevolume/ F-Eykife Average LRI Seer/
Carbon content/% Nitrogen content/% C/N ratio Pore size/nm cmi.g? particle size/nm m?-g*
BT 0.09 0.08 1.13 25 0.012 22.47 50.61
MBT 0.04 0.07 0.57 25 0.012 5.07 63.62
50BS-MBT 4.88 0.38 12.84 25 0.010 47.03 48.04
100BS-MBT 8.03 0.58 13.84 2.5 0.010 62.90 45.87
150BS-MBT 10.06 0.74 13.78 2.5 0.008 63.71 41.20

SEM 25 i1 4 4% 5 2 FBME Henry A A LR (30 C)

2.2 KPR B 4FAE
2.2.1 BS-12 &4 LU iy 5%

AR A AETE 30 CAAFT XA 1 Ay W B 45 2
DLIE 5, X Freundlich #5574  Langmuir #5:%) BET 45
TR Henry 52700565 W B 4508 A 400G 2085 SR, e AR B A
A Henry SR HLA S5 L3R 2, FHOC R B r ¥ik %)
e 2 K- (P<0.01), i B Henry R 5 i ik i 44
ARG R X R R . F T S AT DL, 2%
AT R Py P R O R R A R TG O, SR B
BT AR AL . 7SSV EEYa R, #5 ik
X TR T 1 R 5 5 A 3 2 R O R R VR B S
LA E TR RERRETE Fe0, J5 , X 2R B W
B W A )N, Zeadt BS-12 48 i AT LA Sk 2 4 v
R RE ST, HWR N RE ST REE BS-12 iR im Lk
G ImIG K . R 2 th Henry BORHLE HZS50 K (E
KNI 55 & 5 H i B 45 I 2 1) v AR 56 42—
#(,50BS-MBT .100BS-MBT ,150BS-MBT(K,) 5 MBT
FH L, W 2 B4R 5 T 4.76.7.78.,12.04 %5, 5 W1
A6 i A 22 s A P9 2 i) % 24 Ty R o 344 1 AR AR R
HEAR 3,

W PE e IS MR BS-12 194 7 Rl B — A
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Figure 5 Adsorption isotherms of phenol adsorption

Table 2 Results fitting Henry model of phenol adsorption(30 °C)

A+ Soils r K K,

BT 0.941 8** 4.55 —

MBT 0.972 7** 3.49 —
50BS-MBT 0.996 1** 16.61 4.76
100BS-MBT 0.996 3** 27.16 7.78
150BS-MBT 0.999 0** 42.03 12.04

TE % FORAE P=0.01 /K PAISC 3, 2 H il ET=8, MK P=
0.01 B,r=0.765,

Note . **Indicates that the correlation coefficient is significant at P=
0.01 level (r=0.765 when the degree of freedom =8 and the level of signifi-—
cance P=0.01).

G KA LA B 43 ST A6 1 HRL Al ) 25 g 5 A0 671 Ha g 119
FRILFHA 25K LA D, BS-12 &4 MBT i, 3@ 14 745 1F
HL ) N 55 G V4 R R MBT R IRIZE 4, 1BS-12
B K R EE M SMEf 72 MBT R IAJE A HLAE, i MBT
(14) 3 7K BT 91 2 TRT 725 A7 0 /K S i 2 TS, 2 1 2 B0 )
& BS-12 &M i iy 35 K ,BS-MBT 1% C Al N & i
G | R TR T BRI IR

B W FE PR I, A ML LE K S 1] R o
B3 3 2 AT B K o3 B A PR A I =, 3 T 0 BRI
A 2 Bl - v B S AR R A R B, A7 A B R B 25
It T3 TR FH A 0 e D) i~ o 2 St e kA A
e, BS-12 &5 1) BS-MBT [ b1 BT B, (R
M TEA R A A SRR L I B, 2 I
S BT B R B R 2 TR GE , TESE 2R T
BN S WG e BS-MBT - i 3282y 28, T2 LA 4y
e R oAy = A B ML, X —25 SR AR AT 22 A A R
P W X 4 Ty O o 45 SR o 4 — B2, 3 A
TR A A 1 e P ALk BB AR S ) 7 A 1 - X A AL
15 YW i W B AL
2.2.2 pH X W Ft 5

pH FSZIMZE AN 6 FTR . 453 Rkl 1
FREOXT 2 T WK Y 2 P4 A pH 3 R s/, BT FA
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MBT 55 BS-MBT {4 7 pH 341 XT 28 13 4 W B 9 /]
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PRGBS A R R R S i A B . Y pH 3 K3
11.0 B, 4 Bl A i I B 253 5145 pH 3.0 B TR
T 33.89%.45.81% .53.24%F0 53.41%,, H Pi%LE R —
T SR AR A ¢, B T pH<9.95 IR 3
BLLAH S CeHsOH MITEAAAE, BB H IR pH
T, AT 1 B Ak s, i £ LY CeHsO M4 22, fur
PN O) A R e RO RN L )y E: NI E O PN
)4 B FRERE 15 55— 7 i 5 BS-12 AR B fk2#
5RO, T BS-12 (W45 X 7E pH5.1~6.1, 4 pH
TS X, A5 9 BS-MBT 2 1 i) £ H 3 4]
(AnyRBE PR BE4E ) M H B 388 K, il 1= 2 1 iy 1 i
o Hf R, BT B R ) 3 1A [R] RR 2 49 5 X 6 H A
CeHsO 1Y 5 1, (WL B A 5 647, 588 BS-MBT XJ 2%
13 2 T 8 7 Bl pH TP T R
2.2.3 XTI B AR S

TS5 X6 2 1 18 - W o s e ] 7 iR . FE
20~40 CE Bl P, 25 AHA A A 6o 245 7 A W et 25 B 1R
FETE R B T HA R TR, 40 CH BT,
MBT .50BS-MBT.100BS-MBT F1 150BS-MBT X % i
P 2t 55 20°CH AR Ee 43 511/ T 12.08% .37.36%
2.67% .4.32%7F0 2.80%. BS-MBT ()1 {f & Jsi/ Nt 3
. F BT A1 MBT, 2R H P& i - AE HA R Bl
A RN, A A A X AR T 114 W 34 S B L £
BN IRGE RS T LR B A TR S B R Ak T
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Figure 6 Effect of pH on phenol adsorption
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Figure 7 Effect of temperature on phenol adsorption
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Table 3 Thermodynamic parameters

¢ Soil AG/kJ-mol™* AHIK [ AS/
¥ Soils 20 °C 40 C J+mo kJ-mol2-K*
BT -3.82 _3.48 881 -0.017
MBT -3.09 -2.39 -13.49 -0.035
50BS-MBT  -6.88 -7.14 -3.14 0.013
100BS-MBT  -8.34 -8.60 456 0.013
150BS-MBT  -9.29 -9.54 -5.53 0.013
200 4BT mMBT 50B-SMBT
&100B-SMBT 7 150B-SMBT
160f | S O s T i
o ¥
'sp 1
L 120f A I A " A
| i~
:2 80;" P, S e e e e e s el

06 .............. 0 a.l ........... 02 ........... 0 ;30;4 ............ 05

BSF-HR B lonic strength/mol - L™

B 8 B 5% B X A B 2 A 22 NI
Figure 8 Effect of ionic strength on phenol adsorption
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SR T KT A T i R AR R IR I T Lk 3
P, KRB R —Fh 5 R BT , YAE R AR e R AR ] 5
TR AR BT NaCl i, NaCl /T L= A “ £h A dons ™ v
IR TE KT VR T Vs A B, 2 TATHG KOR By 745 LA
R R AL
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