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ABSTRACT : Anion adsorption properties of organobentonites modified by two cationic polymers,
hexadecyltrimmethylammonium (HDTMA) and cetylpyridinum (CP), were investigated. The organo-
bentonites showed the significant expansion of basal spacing to 42.0 A at room temperature. The
adsorption experiments were conducted for the 0.2 g of organobentonites with 40 mL solutions of
various concentrations of anions such as nitrate, sulfate and phosphate. As a result, the organo-
bentonites showed excellent adsorption capacities for those anions whereas untreated bentonite
showed very low adsorption capacity. Adsorption rate of HDTMA-bentonite was about 90% for 100
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mg/L solutions of nitrate and phosphate, and that of CP-bentonite was 97% for 100 mg/L solution of
nitrate. Adsorption behaviors were slightly different for the different organobentonites and anions.
Both organobentonites showed relatively higher adsorption rate for nitrate and phosphate than sulfate.
Therefore, these organobentonites showing high anion adsorption capacities can be used for the
removal of deleterious anions in the treatment of environmental pollution.

Moo

HEUOEE tRAQ HE9 dFo=
1 ¥ & 1}o] E(Montmorillonite)E F FA3E
e AT S W3tk HEVEE o) A
5 (CEC), 24, 3t ¥ B&5A %%6—}@
E4Y 2 $E83ESH B4 “H:'vj: | o2 A
Ed FHROE dw$ g3 §52 ALEEHI
ATHSAG 9, 1997, =28, 2000, o4 £,
2000; HHA S 9}, 2003). Wl E o] E: HElo]
E9] 8 nA dol9 24 mel Na-#l

hu ria

EUelESt CallEUelE FoE TRHH,
Na-WlEUo|E7} F3l5W CawlEvo|ERT
HOHoR e PASA, BEE, 24 5L

YelY 7] miEe] AYgAHEE Ca-flEVolE
& YEFO|22Z AP HEYEE F=2
AREgTE o]9jo) frjoloE X&AIZ 7]
8l Ev} o] E (organobentonite)’} A=H|, §71HE
VolEs HIEV|ES {783 gHEAA BHE
EAE L, ol T4, ¥4, ﬂ *@%ﬁ
¥ 59 o EOMW o|-gE 1 §
A f71E% HEZEY v Y, %*J %
o #E APt Bol o|FoAn 9}1(%6%,
1999; Lee and Kim, 2002a; 31
2002; 3AFE 9], 2003; Slade and Gates, 2004),
F7MEYEY 54E olgad §71298
23 235 ARG B AFE FU3THSheng
et al., 1996; Koh and Dixon, 2001; A5 9,
2001; x4 9, 2001, Lee et al., 2002; ol&5<¢
9], 2003). 11—7130,% o F&FH AAA F74

EYolE Qo5 friALgolEg fr7ted
FES o8 Q?E 8 F o] th(Vujakovi¢ et
al., 2000; Lee and Kim, 2002b). 22} thH &
o APEo] §7109TH FIE(L, 7}4@
A%, Wil 34 ) 59 B35 At ¢
A AAES Rt

o] Q [e]
o] =& A5 fo
AE A, Bgdste o3 Ax 9 X9
[e) =L O
Ae dozd ¢ gy A4, v FgiEo 9

S A HEZo IAE & Y FAY
(Kobayashi, 1957) & #3g ol e &
Z A3E o AAoltiLi e al, 2003). o
BA 2 Are &

dotg me YEEA) 2
27 Agos FAIAL 70 FAYE
Fole Eelo B o §3te] Az FIIMEL]
£9 A0Y, 9, AXAH g FHD &
ool §A5AE AU Fokd AEARD,

EYolEY FAde EF97 =31 A
9 -’E?E ERYZUo|ER FAHo lon
ABEI e WEYOIE AE(F
5%-’[‘571] o A AEE AHESIAT. o8 2
o] AAH= HELEE 2 AMS3 A2
ATFZA7e A8 AFE FR7] WFolth
o] Algv AR FA34 BixtE 0|85}
Nas /4438 1]17]7] qj & NaZ X 3A17] 252
d2 ol Ed g

%7]‘1415‘/}0]‘5-4 Aol AME-S FY18HEHE
< F 7HA F5F9 584 F71Z8 ™ Hexade-
cyltrimethylammonium (HDTMA)2} Cetylpyridi-
nium (CP)o]t}. HDTMAE 382 o] CoHapCIN
oli FHstE wr] EAFL 320010tk CP=
3}stA o] CpH3CIN - Ho00]3 FH3tE ujn
AL 358.010)h. o)59 g 38, 3}
g2, B4 Table 16 YeER AT

Al &
=

o

i
RIIMELIO|ES M=
HDTMAS} CP 3§8& 83 ¥3-S 93}
of Agoel AMET WEU)E] ol udhgF
(101 cmol/kg)®] 200% o2 WELO|E &
SN A, 2&5F9 HDTMA-bentonite?} CP-ben-

~ 148 —



ol & EWE 0|88 FMEUIEY Sole FHEA

Table 1. Chemcal formula and molecular weight of cationic polymers

Chemical name Abbreviation Chemical formula Molecular
weight (g/mol)
Hexadecyltrimethylammonium, chloride HDTMA CiogH4:CIN 320.01
Cetylpyridinium; cp CotHoCIN - HiO 358,01

Hexadecylpyridinium, chloride
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Fig. 1. XRD patterns of untreated bentonite, HDTMA-
bentonite and CP-bentonite.
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Fig. 2. XRD patterns of HDTMA-bentonite accord-
ing to the change of heating temperature.
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Table 2. The adsorption amounts and efficiency for untreated bentonite in various concentrations of solutions

Initial conc. Adsorbed amounts (mg/g clay) Adsorption efficiency (%)
(mg/L) NOy SO~ POS” NO5 SO,” PO,*
20 0.02 0.0 1.18 0.50 0.0 29.50
50 0.27 0.01 1.78 2.70 0.10 17.80
100 0.07 0.07 2.14 0.35 0.35 10.70
200 0.31 0.20 1.51 0.78 0.50 3.78
400 0.17 0.70 3.48 0.21 0.88 4.35
800 2.45 2.05 3.78 1.53 1.28 2.36
1000 2.90 0.44 1.37 1.45 0.22 0.69

Table 3. The adsorption amounts and efficiency for HDTMA-bentonite in various concentrations of solutions

Initial conc. Adsorbed amounts (mg/g ciay) Adsorption efficiency (%)
(mg/L) NOy S0~ PO NOy SO~ PO
20 3.78 3.74 3.99 94.50 93.50 99.75
50 9.42 8.90 9.56 94.20 89.00 95.60
100 18.23 14.92 17.86 91.15 74.60 89.30
200 27.42 18.78 29.79 68.55 46.95 74.48
400 31.28 21.42 31.79 39.10 26.78 39.74
800 34.97 22.72 37.81 21.86 1420 23.63
1000 38.83 23.14 40.44 19.42 11.57 20.22
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Fig. 4. Variations in adsorption amounts for (a)
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CP-bentonite in various concentrations of nitrate,
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Table 4. The adsorption amounts and efficiency for CP-bentonite in various concentrations of solutions

Initial conc. Adsorbed amounts (mg/g cly) Adsorption efficiency (%)
(mg/L) NOs | SO PO NO; SO~ PO~
20 3.95 3.50 1 3.59 98.75 87.50 89.75
50 9.85 7.53 8.09 98.50 75.30 80.90
100 19.38 10.93 15.92 96.90 54.65 79.60
200 33.26 13.47 23.12 §3.15 33.68 57.80
400 42.67 16.52 26.71 53.34 20.65 33.39
800 47.12 18.55 32.0 29.45 11.59 20.00
1000 47.40 17.85 31.15 23.70 | 8.93 15.58
E;
3
>
£
IS
=
<]
E
a
=
2
a
&
w0
el
<
0 200 400 600 800 1000
Equilibrium concentrations (mg/L)
(2)
s
B
E
€
o
S
£
&
c
8
g
S
L]
°
<
0 200 400 600 800 1000
Equilibrium concentrations {mg/L)
(b)
Fig. 6. Adsorption isotherms of nitrate, phosphate and sulfate ions for (a)
HDTMA-bentonite and (b) CP-bentonite.
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