neaunei dunvten

TR

321

S1UIVY

A
1993

o V] oS Y o =
ﬂ'ﬁﬂ1ﬂﬂiﬁﬁ%‘ﬁ‘I—!ﬂ!!ﬁ:ﬁﬂﬂﬂl!ﬂ“ﬁﬂﬂ%’i‘“uﬂiﬂﬂ

¢ a d
!‘U‘M‘nﬂ\luﬂﬁﬁﬁﬂd‘lﬂﬂl!@z!ﬂ‘lﬂlﬂ‘l‘l—ﬂlﬂﬂ!ﬂ]i

Removal of Some Heavy Metals and Acid Dyes by
Natural Bentonite and Modified Bentonites

1ag

SD.

o o d
gNA FGUAUA
= d
V9

w

A 3D

@I lyAgITIn

= = d a d
MAIPINNFAANS A INSFaAsHaznalulag
a (v a da =
HYINYIABAIVAIUAIUNS INsuVATani
NHYANYUM IV INNBINUINENYATAAII

Yszdrtlaudszanat 2551



v av 03 av Py
way ﬂqﬂﬂ\n du Mnsmamenssun1siSunvemna

242321

‘y{

[-.".i -
WV

hs
a v | -
31891 &m&

= |
1393

MsmIalansHintazadoNLdTaL IS HA  ag

d a v
WUND IUNBI TN IALazIUHN® lunaauds

Removal of Some Heavy Metals and Acid Dyes by

Natural Bentonite and Modified Bentonites

Tag

R k>4

d
YWA Tguaue

Av

330U FINDIY

@I TvRgIssnl

a a d a 4
MAIVINNMTNI AL INemMansuazinalulag
a LY a da
NHINAYTIVAIUATUNS Ineuuaifanil
NUYANHUMTIVBDINNBINUINBNUAT AR

Uszdtlavszanm 2551



naanssulsemna

a o a a @ a S @
AIsuvevouRunoInuINuIYAilanil umINudsavaIUATUNS N 1ASAAS TURANY

Ll Q

b4

o a aaw o o ' } a v &K a A =
ﬂ15ﬂ‘lluun’li')ﬂﬂ?1‘lﬁ“5ﬂf]a'NVl‘]Jﬂ'JUﬂ VOV URAMUNANHINAAUNTIVNABAIUNIILIATHULAL

a va

a d @ ' 4 a a d
M3 AAIITHADO1 SmDudmhiReal fiansyaauuwunIsunil wazauzInnmaasuas
Y o

a a @ a S Vo d & A
malulad ymIngrasaavauaiuns Aldanueynsizv lunsledag gunsaluaziniesiie

aee Mldadseduiinl) 18 Taoauysel

b4
Y

& v o a awu ' P a ay v 1o Jd
U 1”531’!')1\1\’115@]“1‘!1‘(\111{3%8 munuwmwa’mau"lﬂmoummmuaiuu‘uuiﬂ’dmai
i 4
lumsiszauIrmsaai
A o o d a a J
1. 1399 mi@ﬂmmm"nnﬂmsazmuiﬂﬂmu‘wa"lu‘nﬁsau‘mmmﬂmmumuwﬂ"luﬂ Tu
“0.0.311M3 ¥.0.Jamil” Jun 5 nangiawn 2551 & Tsausuded aail
2. 1509 Adsorption of Congo Red Dye onto Natural Bentonite and Modified Bentonites Tu
“Pure and Applied Chemistry International Conference (PACCON) 2010~ N 21-23 UNTIAN 2553

a Jd o [~ @ ar =)
1] qummsuﬂiama WHNINYUAIIYDIU

L @

S o
WA FOTUAUA

Flad

daov d a
93501 3951y
eI IwAgIsIw

22 WOATMEOU 2553



242321
UNAAEID

= o w v s Y a Y o L] s
ﬂ']iﬂﬂy'lﬂ'liﬂ'1ilﬂIﬁ“ﬂx1'1‘LlﬂLlﬁxﬁUﬂllll'O"lfﬂ"l’l'lﬂﬁ'li'ﬁza'lﬂIﬂUcl‘]fﬂ’JﬂU'l\uiJuﬂi’]vluﬂ

a & 1a a a 2 d 2 a aa =
DITUYIN %Q!ﬂullﬁﬂulﬁuﬂﬁ‘ﬁuﬂﬂ‘l“ uazmu‘na"lu‘nﬂﬂuﬂi ‘lfﬂ!ﬁﬁﬂlliﬂﬂ?ﬁﬂ'liuﬁﬂlﬂﬁﬂu

y a Jd a a a a - 4

llﬂﬂﬂu@]ﬁﬂi‘mﬂﬂllﬂﬁ615ﬂ DONASIATALIBUY l!ﬁ$l“]ﬁ’lﬁvlﬂilll'ﬂ'ﬂllf)uiuluﬂlﬂu5vlllﬂ ATV OU
[ [ @ a ad L []
tudumsaauds lasfnuidugiuinn laslandedianasoululasalnluvudensiauazny
d o ; a o ] I'4 a a a L4
WQﬂTUUNWHN')ﬁ')BUTMUNVI@vluWTﬂULﬂﬂUﬂﬂuwiuﬁﬂﬂlﬂﬂiﬂiﬁiﬂ WANIIAUANITISH

a @ ] I A Yy ' =
ﬂ”nummimmmﬂauuﬂszmnmmamﬂmdmuﬂa'lu‘ﬂmmtm"lﬂ WU ﬂ'J']iJﬁ']il'liﬂl!ﬁﬂl‘l’ﬁUu

@ [ 4 R 3
ﬂszqmnmmmamamu‘na"luw N-bentonite, Na-bentonite, CTA-bentonite 18 ODA-bentonite i

[

AUNMINY 44.3,37.4, 14.7 1AL 9.5 meq/100g AINAIAY

A 9 o s

[ Y a @ (] '
Anwianuansogadu lanzwin 2 wtiafe aznuazdingd Tavared1auune lun N-
v
bentonite, Na-bentonite 1i01& ODA-bentonite wazd t’fan 2 ¥iia Av 719U Black MLD uazaias
@ (] 4 o
Congo Red Tavsrethawune lumn N-bentonite, Na-bentonite t16i& CTA-bentonite NIN1TNATBUVDI

@ s vy

o o a 9 a’ '
HAYDITTOTIAFUAE WY UTuimdgady nazaududusuduvesdisazat lanzuasdua
a ' [ 4 a ' d :ll a @
azliAADNSRATUNLUNL AQUNYUT DY HANISANYINDIUUUND TUNNIMUBTATINITOgAT
[ AN YA [ o @ ' a a d?’ Y <1 2
Tangdangd 1ddn1azna Taomsgadulanzuaazyianevu lasdiesinsinasdaanizauga
moluszoznadudd 2 7219 NMDFVRIA1TAZAWNINY 5.0 YTUIUNMUIZANYDI N-bentonite
v
Na-bentonite 118% ODA-bentonite TUN15QATFUAD 5, 4 LAY 4 L MUEIAY UBNIINT ANVANITO
@ 98 a o‘z a A A 4 4
aadu Tanzuaasaiiavouuune lumismusialia iy Wennududuvesasazarwlans
" Y
a K ' % ] LY
N1 U9 10-40 mg/L @I9619 N-bentonite, Na-bentonite 1483 ODA-bentonite Hina lnn1sgacdiy
15] v :/’ a J a 4 a0 @ o @ o
Wu 'l Idvwwunasiiosuazguarlolmmesy Tasliainnuansogasugagadmiuang
M7 5.76, 8.86 mg/g LAY 0.83 mg/g MUAINY tazdmsudensd ANuaIIT0gATUTIgARD

9.47, 16.00 112 5.30 mg/g WA

diSunnuaiuisogaduddontodsa 2 sHANY I dreruuuneluinsand
ANUANNTOQAFUT Congo Red 1Agand1d Black MLD 1asn13gadiud Congo Red Aatuld
nm%‘a‘lunm 1 fﬂmﬁmi"u Na-bentonite a3 %Tmﬁmévu N-bentonite 1108& CTA-bentonite
Tugasiiior 5-8 Tuvaziinisgasu Black MLD ifaldat1e5aa39Tuaa1 1 §2Tuad sy Ne-
“bentonite a2 CTA-bentonite 118 2 #2119 #1151 N-bentonite A0 4 US1naiimanzauvesda
@ﬂ“ﬁluﬁﬂ 1 g/L (N-bentonite), 4 g/vL (Na-bentonite) 0 2 g/L (CTA-bentonite) #M5Vd Black MLD
1az 2 g/L §1M5UA Congo Red HONIING ﬂmmmsa@,ﬂcﬁ'uﬁé’fammmum"luﬁﬁyemmﬁﬂﬁm
wuay deamududuvessisazaoddouiiuauluginnmduduiiuandiaiu Ae 20100 mg/L

Black MLD, 30-120 mg/L Congo Red @MU N-bentonite 11ag Na-bentonite 1t 300-500 mg/L



242321

Congo Red 11131 CTA-bentonite ¢179819 N-bentonite 14 Na-bentonite ﬁﬂa"lﬂms@ﬂcﬁ'uﬁvfmm
W luaumgudsle Tsmesy luvmsii CTA-bentonite ﬁﬂa"lﬂms@,ﬂcff'uﬁmiawﬁmﬂu"lﬂ"lﬁ'v'lgq
wuuuasaiosuazvguas loTamesu TavannuanIsogadud Black MLD gagaued Na-
bentonite itAYCTA-bentonie 1NINU 23.04 1AL 58.82 mg/g NSMUT Congo Red #7981 N-bentonite,
Na-bentonite 1182 CTA-bentonite UAINNUAINIINGAFUGIGAND 104.17, 163.93 UAz175.44 mg/g
auddy wamsAnmiuaasiiTuidetausivume uidausviia Na-bentonite 110z CTA-
bentonite auTAiuiagady lanzunz ddoumedafiiuszdntnm Fnirfiasir U195z Tomily

o w a U ‘=y‘=, 3 ' :’ a oy =) Y
ﬂﬁﬂ'ﬁ)ﬂﬁ'ﬁwylﬂﬁ1uﬂIJ‘L!Lﬁﬂu11\4llﬁﬁ\iu'lﬁiﬁll‘lf'lﬂllﬁZU'ILfTUﬂWﬂQﬂ’d'l'ﬁﬂiiil.lﬂ



242321

Abstract

The removal of heavy metals and acidic dyes from aqueous solutions using a natural clay
mineral and modified bentonites was investigated. The natural bentonite (N-bentonite) samples were
modified by ion exchange with sodium (Na) chloride, cetyltrimethyl ammonium (CTA) bromide and
octadecylamine (ODA) to obtain Na-bentonite, CTA-bentonite and ODA-bentonite, respectively. The
bentonite modification was confirmed by examination of their surface morphology and functional
groups using scanning electron microscope and Fourier transform infrared spectroscopy, respectively.
The cation exchange capacity (CEC) of the bentonite samples was also examined. It was found that
the CEC values of N-bentonite, Na-bentonite, CTA-bentonite and ODA-bentonite were 44.3, 37.4,
14.7 and 9.5 meq/100g, respectively.

The adsorption capacity of the bentonite samples for two heavy metals including lead (Pb) and
zinc (Zn), and two acidic dyes including Black MLD and Congo Red was investigated using batch
experiments. The effects of the contact time, solution pH, adsorbent amount and initial concentrations
of each metal and dye solution on the adsorption by each bentonite sample were studied at ambient
temperature (29.0+1.0°C). The results revealed that the adsorption of Zn by N-bentonite, Na-bentonite
or ODA-bentonite was higher than that for Pb. The adsorption for each metal occurred rapidly and
reached an equilibrium status within 2 hours of contact time at the solution pH of 5.0. The optimum
concentrations of the adsorbents were observed to be 5, 4 and 4 g/L for N-bentonite, Na-bentonite and
ODA-bentonite, respectively. In addition, the metal adsorption capacity of the bentonite samples
increased with an increase in metal concentrations within a range of 10-40 mg/L. The equilibrium data
fit well to both the Langmuir and Freundlich adsorption isotherms. The maximum adsorption capacity
values of N-bentonite, Na-bentonite and CTA-bentonite for Pb were found to be 5.76, 8.86 and 0.83
mg/g, respectively, while those for Zn were 9.47, 16.00 and 5.30 mg/g, respectively,

For the two acidic 'dyes, the adsorption capacity of the N-bentonite, Na-bentonite and CTA-
bentonite for Congo Red was found to be higher than that for Black MLD. The adsorption of Congo
Red occurred readily and reached equilibrium within 1 hour (Na-bentonite) and 3 hours (N-bentonite
and CTA-bentonite) at a solution pH range of 5-8. While that of Black MLD was found to be 1 hour
for Na-bentonite and CTA-bentonite and 2 hours for N-bentonite at pH 4.0. The optimum
concentrations of the N-bentonite, Na-bentonite and CTA-bentonite for Black MLD adsorption were 1,
4 and 2 g/L, whereas those for Congo Red were 2 g/L. The dye adsorption capacity of the bentonite

samples increased with an increase in dye concentrations over a different range of 20-100 mg/L of
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Black MLD, 30-120 mg/L of Congo Red for N-bentonite and Na-bentonite and 300-500 mg/L of
Congo Red for CTA-bentonite. The dye sorption data for N-bentonite and Na-bentonite followed the
Freundlich isotherm while those for CTA-bentonite fit well to both the Langmuir and Freundlich
adsorption isotherms. The maximum adsorption capacity values of Na-bentonite and CTA-bentonite
for Black MLD were 23.04, and 58.82 mg/g, respectively, while those of N-bentonite, Na-bentonite
and CTA-bentonite for Congo Red were 104.17, 163.93 and 175.44 mg/g, respectively. These
research findings suggest that the modified bentonites including Na-bentonite and CTA-bentonite
exhibit a high potential for adsorption of heavy metals and acidic dyes and could be utilized to remove

these toxic pollutants in natural waters and industrial effluents.
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