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Zeta-Potential of Modified Montmorillonite and
Its Effect on Adsorption Capacity for
Direct Red Dye From Aqueous Solutions

YE Ling, ZHANG Jingyang, XIAO Zijing

(College of Materials Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract; Various compounds were used to alter montmorillonite, to prepare modified montmorillonites with
different zeta-potentials ({-potential) as adsorbents for removal of the direct red dye from the aqueous solu-
tion. The impact of the {-potential of montmorillonite on the adsorption capacity toward dye was investigated.
The results showed that the values of ¢-potential have a prominent effect on its adsorptive affinity for dye. The
modified montmorillonites, such as Al;;-M and Ni-phen-M, showed higher decoloring performance with the
decolorization rate over 90%. The adsorption of dye on Ni-phen-M was pH value independent. Futhermore,
the kinetics of the interactions for Al;;-M toward dye was best described by pseudo-first-order mechanism, but
Ni-phen-M followed the pseudo-second-order model. It was also found that the rate-limiting step of Al;;-M
was more likely to be liquid film diffusion as compared to Ni-phen-M. of which the rate-limiting step was intra-
particle diffusion. Thermodynamic studies showed that the adsorption of Al;;-M and Ni-phen-M were well de-

scribed by Langmuir and Freumdlich isotherm model, respectively. The adsorption capacity of both were about
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Fig. 1 XRD patterns of

modified montmorillonite
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Tab.1 ¢-potential of modified montmorillonite and its adsorption capacity for dye

I H Na-M Cu-M Ni-M Cr-M Cu-phen-M  Ni-phen-M Cr-phen-M Al;;-M
CHLAL/mV —51.3 —33.5 —36.8 —28.6 +20. 7 +23.6 +16.8 +9.3
g/mg e+ g ! 0.18 5.28 4.59 5.76 18. 32 19.16 19. 26 18.93

7/ % 0.9 26. 4 22.9 28.8 91.6 95. 8 96. 3 94. 6
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Fig. 2 Effect of pH value on ¢-potential of Fig. 3 Plots of modified montmorillillonite
modified montmorillillonite decolorization rate for dye against pH value
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Fig. 4 Plots of modified montmorillillonite
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Tab. 2 Kinetic model parameters for modified montmorillonite dye adsorption

BE T/K _ ?ﬁ*ﬁfj}j{% - ?Eﬁ:g'(ﬁ]jj% _ :
ki/min"!  ¢q./mg-e g’ R? ky/mg e+ (mg e+ min) ' ¢./mg-e g’ R?
293 0.078 0 18. 88 0.999 3. 87 22.47 0.996
Al;;-M 313 0.082 1 19. 21 0.998 4. 67 22.77 0.997
333 0.089 3 19. 34 0.996 5.93 22.80 0. 997
293 0.058 4 24.99 0.996 1.57 24.52 0.995
Ni-phen-M 313 0.058 7 25.65 0.917 1.72 24. 85 0. 997
333 0.068 4 28.09 0. 892 1. 88 25.07 0.996
B T/K KL A HE WA A
kia/mg e (g+min"?)"" b /mge g’ R? ky/min' by /mg e g ! R?
293 2.514 1.610 0.938 0.084 9 —0.0210 0.998
Al;-M 313 2.563 2.006 0.919 0.094 1 0.011 8 0. 998
333 2.579 2. 450 0. 893 0.099 9 0.043 2 0. 996
293 2.128 0. 608 0.987 0.049 9 —0.3110 0.939
Ni-phen-M 313 2.201 0. 858 0.982 0.058 8 —0.2600 0.913
333 2.268 1. 067 0.965 0.068 4 —0.369 0 0. 895

XF T Al =M B S A7 I B G ORL N B OB R R® IR 0. 94 SR G BOR AN 4 n] L g B
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L G| 77 5.

X F Ni-phen-M 52 5 41 0 B ek o by FL IR TBOR 20 RURE 3 7 BICRE 0 A ] ke 2 80 R® wl L 46
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Fig. 5 Effect of equilibrium concentration
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Tab. 3 Equilibrium isotherm model parameters for dye adsorption onto modified montmorillonite

. Langmuir & % Freumdlich £ &Y

F i T/K - - . _— s

(/MG * g b/L « mg R* n Ki/mg-+ g R*
AL M 293 21,02 1.727 0.999 5. 850 13. 26 0. 939
8 313 21. 56 3,085 0. 999 7.600 15. 38 0.971
' 293 22. 67 0.628 0. 989 4. 300 2.29 0.996

Ni-phen-M

313 22.76 0.912 0.991 5. 596 2.30 0.995

{1 Freumdich BUA) K, B0 W Al,-M JF Ni-phen-M, B85 AL,-M xF e R4 f 6 0 2 52
B 0 B O s L WSRO 5 Langmuir )
B b 25 A 9 AL M &5 0 AL, M xR
BL S F D B R AR PR P S A R B B e (YR Al Mg

T LW 0T S0 U B 14 104 B oy M
RS SN P 6 TR 1 6 BT B AL Alm
ML R R - £ B 0 5 S0 Nicphen-M Bt N

BHRT G - [FRE R BT 09 4R 3l W Wie i[RI a2 — 25 ik W] 9

ol 252 7 % 4 1 4 2 0 T 200 1600 1200 800 400
viem™
3 i B6 RE 8 2T AR i

Fig. 6 FTIR spectra of samples
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