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rnsaaudsiuiowedalainla bitawudu (PS-DvB) liiingiwulolnieloa lasEunmaea
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MIFNALLULLNT oA @1 pH adansazaisl Seuzaf b Eunsana ANNINIQATL WRZNATBI booaw
A ' A 5 @ (% = < . e o @
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wadnysunsgaduiduuuuuaniiss leaaulanzaananszaananudulddioasazaionsa lunindudu
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Project Title Extraction of toxic metal ions using a benzothiazole
based chelating resin

Name of Investigator Assistant Professor Apichat Imyim, Ph.D.

Year June 2006

Abstract

Polystyrene-divinylbenzene resin (PS-DVB) was functionalized with a
benzothiazole group on the surface. PS-DVB with amino group was initially prepared by
nitration and amination reactions and subsequently treated with ethyl 2-
benzothiazolylacetate to obtain the chelating resin with an amide linkage. The resin was
characterized by elemental analysis and infrared spectroscopy and then evaluated for its
extraction of Cd(Il), Cu(ll), and Pb(ll) ions in water before their determinations by flame
atomic absorption spectrometry. Extraction conditions for batch method such as pH of
solution, extraction time, and adsorption isotherm were optimized. The optimum pH for
extraction of Cd(ll), Cu(ll), and Pb(ll) are 7.0, 8.0, and 6.0, respectively while the
equilibrium of Cd(Il), Cu(ll) were reached within 20 min and 40 min for Pb(Il).
Adsorption behavior of all metal ions followed Langmuir adsorption isotherm. The
sorbed metals could be stripped by 1.0 M nitric acid solution with a yield of 74, 95, and
82 % for Cd(Il), Cu(ll), and Pb(ll), respectively. The spectator ions affect the sorption
efficiency of the resin. The resin was successfully applied to extract the metal ions in real
wastewater.
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1H—NMR spectrum a3 BA
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IR spectrum 223 PS-DVB ijaﬁﬂﬂ’ﬁﬁmtﬂiﬁ’m BA (BA-PS-DVB)
1A3983719289 BA Uaz @1 chemical shifts 970 1H-NMR

Nawad pH damsanalans Cd Cu Uag Pb
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Adsorption isotherm 284 (a) Cd, (b) Cu, L&z (c) Pb
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lasanianuazain saia Jussansnng sansaselanzesnaindisialaing wazauisniinauan
1#lna'le widdasriadanufendgaavasdsdifianuinnizanzasdelansfidesnisana 398au

Fudlundaseanuuuignmevasudsliiianudnnizanzaslagaidonannis Hard-Soft Acid Base [10]

Tgmevasudsinldanalanzdszneudly 2 daunlaunsinnidusssassuvesuduazarni
wihfigadulassuvatlans lasnaldilussuaniasulasauniominefiaa mvvesiuveudsnilonly
lduniianedweiniaisdurianadalaiula btawudu (8] Sudumiiniiie  Meagnuazaansm
L%asJ@iaﬁ'umiﬁﬁmﬁﬂﬁ@wﬁ'ﬂam%ﬁmU"nﬁ@ ﬁiﬂmmmﬁ%’aﬁamiﬁ'@umazha@iatﬁamﬁaﬂ%’uﬂgu
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mﬂmau%mlﬁaEJ'@mmsnﬂi:qﬂﬂﬂmmmaﬁmmﬁiLﬂﬂ:ﬁ“’[@ﬁﬂuamaﬁ LEUWNITLANAITNLTNT W
(preconcentration) UadlanzUSunmtasluaiotng [11-25] wiamsuunlaneAnoannFITUNIUABHANT
a 6 o 3 = L Qa a =} a a a =1 I Q‘ d‘ o I 1
Aanzd asmunInamagadunwedalaiula hilswwdusduiaduisndnduuazinauls laslu
ao & - A a _a a . F A ol A A ' fo Aa A
NwIdshazdinnseTaufiades®u (chelating resin) wumiwuivxwumwyﬂamjuwuamawaaaaﬂmau
o & & & =2 wn < o o A& a = I
Tulasian dawasiduasdlsznau LLa:ﬂﬂmaummimumg(ﬂsmﬂamwLﬂuww ﬁummiﬂi:qﬂ@ﬂmmu

MIULBNUASNILANNAN VLT NT U E]\‘IIQ'V\zﬁ \Duis
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finmsdzgndlgaaundinlnfweiiduanisasivsaudslunisanalanzlaaaudsiinsana
digmavauds manfisulfunfigedewedaleiulalifisiuudu (PS-DVB) [8, 9] wIafiFannanisd
' ) A o [ {
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A C——C——C——C——C——Cwn
Ha Ha Ha
H H
s C—C—C—C—C Crown
Ha Hz Ha

U7 1 laseainanes wedalesula lhilaiwudu

d : o \ & da 2 ¥ A
lasgmavdanlawaufeiiiminelugddasmadndiunAannn (600-1200 m/g) wuAudulalasl

a dl &) a o ¥ e dw a a ' = dl v a
UﬂﬂLﬂuﬁ’]’iﬂ’i:ﬂE]'ULLE]I’EN'W]ﬂ‘Y]’ﬂ%ﬂ’J’]ME‘T’lN'\iﬂﬂ’iﬂﬂ?dwuw’ﬂ@Elﬂ’ﬁL@&lﬁ'TiﬂE]ﬂLﬂ(ﬂLWE]I%K’]&I’]’SHQ@‘H‘U

lanzloaauld (8]  ssdefaaniofunudnfovldiduadunidninglvdidnasenanaies 2 wy

A 1 £ a o A v A a a 4
Iﬂaasmm}agﬂuiammmmnu f3naflanlsznauaas donor atom Miilu aandian Tulasiaw dainas

uazwWaaWass Maduasriaflaany PS-DVB 4 2 33Aan13laaaUunia (impregnation) Was NsiTaude

(2
o A

anuszLadl (functionalisation) lagfinenumsIauasi

=) a 4 . 1 ¥ . T
— NILARBUUBKAI (impregnation) 1%  Saracoglu  Lazamwe [11] 1% ammonium pyrrolidine

dithiocarbamate; APDC iiaLiuanadudunas Bi(lll) Cd(ll) Co(ll) Cu(ll) Fe(ll) Ni(ll) uaz Pb(l)
Twsinauuazsiinzia Isshiki wazame [12] 14 quinolin-8-ol tiaifinanududuas cr(i) i
nzia Tuceli uazame [13] 19 1,5-diphenylcarbazone (atRnnnudutuuas Cr(ll) mnihyszih
Howard uazams [14] 1 dithizone LatanuiTuduuas Hg(ll) waz methylmercury 2N
gIazaLaLA BN Yebra wazamiz [15] 14 PAN tiaufisanuiduduas cu(l) Twinzta Singh
wae Maiti [16] 1 8-hydroxy quinoline Lafauush XAD-4 li&na U(VI) 35nsiafausnsnaflanun
finves PS-DVB fiidaidsdelisaunsasiiedu ﬂé'umslﬁ’lmjvl@ﬁﬁaamnmiﬁaﬁLa@]ﬁ'ﬂmg@aaﬂ
Waldu

maandadiawuszad (functionalisation) 11w Saxena uazams 17 Alizarin Red-S [17] uaz
Pyrocatechol Violet [18] (Taudiaui PS-DVB &3¢ azo-inkage tiaiiuanuidudunas zn(ll)
cd(ll) Ni(ll) uaz Pb(ily T wazld salicyclic acid [19] LBeudaus PS-DVB iiatfuanuiduds
Aa3- Zn(ll) ez Pb(ll) 1%‘&’1 Tewari LLaza e [20] o chromotropic acid, pyrocatechol, thiosalicyclic
acid, xylenol orange L3 audaln PS-DVB LiiaLfinanuiduduues Po(ll) i) Dev uazams [21]
14 bis-(N,N'-salicylidene)1,3-propanediamine \dansiaum PS-DVB tiaifinanuidudusas Cu(ll),
Ni(ll), Co(ll), Zn(ll), Fe(ll), Mn(ll), Pb(ll), Cd(ll) and Cr(ill) lusin Jain uazamse [22-23] 14 o-
vanilline thiosemicarbazone L%amiauu PS-DVB @8 azo-linkage Lﬁmﬁumwm“ﬁuﬂ/umm La(lll)
Ce(lll) Th(IV) U(VI) Cu(ll) zn(ll) Pb(il) lusir  Jain uazame [24] 14 auWus84 calix[4jarene

WandaunisBuriunuszialaiivaana U(VI) uag Th(IV) Uaz Pramanik WAzt [25] lﬁa%ﬁuf



1"

U84 imidazol L%amiaﬁ’m methylene group Ut Merifield resin Lﬁlaaﬁ'@ Ag(l) Cd(ll) Cu(ll) Hg(ll)
Ni(Il) Pb(ll) wwaz Zn(ll)

A ' LA A v ° v a @ Ad o AA LA ' A o
nasaudamInafinaunidudismai lfiAewusziaiiddedfemradina lingaaaniials
nuuazaasninavanlglndld agelsfanuanmenuisafduainwuitaiwlngssnefiaaduasn
A ' A [ & A o A ' v A ° .
fluanaswialng sandanidieszduaziinmgs deznauiunaisaudalditnie azo-linkage (-
N=N-) 397 1A L3TUR AN UN2L19129960 BNINFEasIIdANNARIIUAZANUNE NN ILFILATIEALS
FuNTNINaALRAVUIALEN L3 Kumar WazAtwe [26] 14 o-aminophenol Was Guo WasAme [27] M 2-
(methylthio)aniline \Tansauk PS-DVB tataanudutunad Cu(ll) Cd(ll) Co(ll) Hg(ll) Ni(ll) Zn(ll) uaz

Pb(ll) wines1433 azo-linkage uazdingaiiudsiianudnmizianzasi

andyniaindin luauiddeifaanazdasziisdusialndnfiasnefnasuiaidin
U3znaual8 donor atom 711 O N uaz S | ToNFRLWITUGENUE=L8 MG (-CO-NH-R) lagansnadiaad
@ ' 4 ~ @ [ { o o Y ]
sulalduriansszinn benzothiazole G9iilavsaiveazuil 2 Mniuanshh Abbotto uazATA: 28] MBI
& A o P & a a A Y oa
ayhason lanaiiasuaandonazmansaiasmsdsznaudstauny cu(ll) laa

Eﬂﬁ 2 lassgavad Ethyl 2-benzothaiazolylacetate

@UWANNIT  Hard-Soft Acid Base [9-10] sstifinsnstsznauddaunulosauvatlanzngy
“borderline” waz “soft’ L& @ldur Fe(ll) Co(ll) Ni(ll) Cu(ll) Zn(ll) Pb(ll) Mn(ll) Cd(ll) uaz Hg(ll) lag
AMNIWANLLNZIEI M RINNTa T e ladasvinnsansnIdude 1

v
Yo A

aanwinnuazaina aﬂmqmia@ﬂ@mu

1. Lﬁaé’aLﬂswzﬁwaaa"l@’%uvlﬂvhﬁaLuw’ﬁuLsS’ﬁuWﬁM%iﬁaﬁ%'mavlm‘?(amide) uaziunlaolnielsos
(benzothaizole) 1Juasddsznay

2. ednmnanialessuvadlansfiufiudoignavauds

3. Lﬁaﬁnmm’mLﬂuvl,ﬂvl,ﬁ’l,un'ﬁﬁ']ﬁl,aaaLs%uﬁé’amemﬂlﬁmﬂizqnﬁﬁlﬁ’tummﬂﬂ"laaaumaﬂam

AT UABINNEURUFILATIZR Bzt FoTI9n159971%
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P iunId uuseantdu 3 aaufa 1) NMIFIAIILH ethyl 2-benzothaiazolylacetate (BA) 2) N3

F9LATIZA benzothiazole based chelating resin LLaz 3) MIANENIANA LDBaUTDI LA
2.1 N1IFILATIEA ethyl 2-benzothaiazolylacetate

79 ethylcyanoacetate %%n 6.00 N34 l&luwianunanawia 250 mL Lazidy 2-aminothiophenol

win 6.63 nin Wanlignuuazi lldenasauuudrnhdudflaungunil 120°C ua 2 lus
meldussemeaudalulasian Wdanmunn la Jansasiduihdumwiodls 94 % yield) ianIHaanust

a o 1Y a 1
luAgadiananusaidaanaiia H NMR
2.2 N13§9LAI1LN benzothiazole based chelating resin

%3 PS-DVB 10 ﬂ%'wldlum@gﬂmm WX 4 M HCI 15 mL AuA28LAIaINIBRITALANA LT
WARAMWIRT 12 TAlN9 NIILAZANY PS-DVB 7 Laa289inauanansasa1odunald aInuuansals

lmman nIed wazvhlhisudiinanlfswnaisudsdjnioda U

Tuh 1 U§izenluiasmu
LANRIRZANENINBINTA UASATNTU 20 mL nunIaaInNTn 50 mL a9l PS-DVB 9
G U o U tﬂl v 1 1 =3 I Qld dl
Ww3pn b i lUaudleia3aInIurNIara e uLakanaNIwIa. 1 Talyd A1 60 °C UWNIZUINIY N
YDINFNAIIWINTW NT89 A WALINNAUIRNTNIUINAINNNTA  ATNIRBUNEANMHGLINATA IR 138N

WA I 1d31 PS-DVB-NO,

Tufl 2 UFATeTanTu
\@n SnCl, 40 n3ulumsazanenanvaInIalalasnaeInIiuTn 45 mL NUL@SIUEA 50 mL LANAS
lumawgﬂﬂiaﬂﬁﬁ PS-DVB-NO, 1ntadwandiiuan 12 7u.41 90 °C a¢ldo=0lulnaiwed nsosdsse
inautas 2 M NaoH 22 lde:0lulwawefaase anamoundanmsiensmaiia IR Bunnaasmeialdin
PS-DVB-NH,
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Tt 3 UFATnacliadu
T3 Ethyl 2-benzothiazolylacetate 2.6 n3u laluasfilulndinasdass \nlngdu 15 mL sl
Wandd 100°C lune 12 $alus nsssuszdudaningn amvmeunAasmidsafiia IR Bon
HAAAUIT 61 BA-PS-DVB

23 msﬁnmmsaﬁ'ﬁiaa awy El\‘ll-'él‘lﬂz

2.3.1 AnwINaved pH Aan1Iana

1. Duwassszasolanznasuasanesg u 1000 mg/l 0.05 mL lgludininasawia 50 mL 1@n 1%
HNO, 40 mL AuGIoLAIaInInsitnan snasasaoaniaaae pH meter dapqifin  s13azane
Tnunsdowloavonlodidudn 1% Wedsy pH e pH 2 dreansazasssluaiatadsunastsulsunas
i 50 mL desiunannlessn lamsazaslansnosuasdanududuiin 1 mg/L

2. espumsaanslansnasualienududuidn 1 mgl fipH 3, 4, 5, 6, 7 uaz 8 lurhues
W@BnUR pH 2

3. udsssazans pH Mesen'ld 7 vaa Wnwiaas 2 70 Imrg@ﬁ 1 Li':;lwgmﬁuﬁuﬁaumiaﬁ'@ (19
AILIAN) °I§@]“7]I 2 \fluganainIana TJLﬂmmia:mzﬂamﬁm‘%wmﬁ 2 415 mL luvieana L@y BA-PS-

o o o [ " { N o d 0
DVB 0.1 n3u a\‘lsLWll’J@]ﬁﬂ(ﬂ u”l“ll’J(ﬂﬁﬂ@]vLﬂLmﬂﬂ@’JﬂLﬂ%ﬂdL“I]ﬁ’]LﬂuL’la’] 20 °IT’JISJ\‘1 ﬁ 25 C

4. ndwuonasazansaenanlalnawes dmsazaelvinld pH < 2 dronsaluasnidudn
udrmdSunaedlannaduaidisinaia FAAS

5. mnasssaiuda 1-4 lagldmaazaslansunaondudi 1 mg/L uazasazanaasnadudu
5 mg/L

2.3.2 Anwnaaiilglunisana
Mmmeasdnilauta 2.3.1 lasiiand pH ﬁlﬁmsaﬁ'@ﬂamLL@iawﬁ@gaﬁq@ waz¥innsEnaniIa

LANANINUAILE 5-60 W7

2.3.3 Anwmizelanzaanain BA-PS-DVB

wifia BA-PS-DVB fildlumssnassazanslansainmssialude 2.3.1 laluaieana @ussazans
0.1-2 M HNO, wia HCI 5 mL whwaesiallwidenioswdniunm 1 5alusfi 25°C aniuuen
minzaweananilalnawes asazanslunlinnweslanznesuaidioiaias FAAS vminassd

g1 3 TANINARDY
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2.3.4 ﬁﬂﬂ’]ﬂ?’?l/?ﬂ’ﬁg)@‘lﬁ_l

o A £y o ' A o o ' P P o o A

rnanasasniionds 2.3.1 lasidandn pH fldnssnalanzudazaiiagenge uazvinisanan
1A 20 Wit MuQuamrniif 25°C lasldmiazmolansianududuGuduuancd19nu aue 1-5 mgiL
#m3ulans Cd uaz Cu uazadud 5-9 mg/ll #wiulans Pb

2.3.5 AN ’Zaaauwﬁwé’u

wiumsazaopaslancuaailsausznesuaatudin 1 mol FolumsszaeiiUsznoudis Naso,
KNO, Uz CaCl, 7#aas 1 g/l uaz pH 2a98138zA108E 5219 6-7 dansszaeiian 10 mL wanindu
0.2 n3u vhneanialliwddaedensgudung 20 wift fl 25°C TnukenasarEBENINITW
ssazanglumUSinmweslanzdaniadas FAAS vhnismasesdn 3 TANINARDY

fminaasniiondrsdn uwdldasszaslansaznadudu 5 mgLl $9usznaudas Ca(NOs), NaNO,

uaz KNO; T1ihaas 1 g/L ey pH VBIFINEAUDLITNIN 5-6
2.3.6 mIanalanzaniuay

1ReaSUSY pH lwliandszanme 7 i KOH asfialildanaznan duamwizdiulaunvinns
naaad laslaindelalumesio 4 13 9 az 10 mL 210 1 (Juganivgy 26f 2-4 @uaGunin
0.3 N34 MuMuLATaINIBLAAANIT®IIAT 20 W7 LenlsTuean wazia1Tacaens 4 97q LUUsu pH

donta lwn3nl#ll pH dindn 2 wazsilddanmidanam €d Cu uaz Pb daiaas FAAS
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NAN13IvY
3.1 nIFILATIER ethyl 2-benzothaiazolylacetate

NAaA TN ldnmsRaeneA dansuciduindudiniesla (94 % yield) daIHaaA s 11

a 6

ﬁgaﬁmnanmmﬁwmﬂﬁﬂ NMR VL@Twaé'ﬁgﬂJﬁ 3

”mwwm‘w

840 820 800 7.80 7.60 740 7.20

WS

4.40 4.35 4.30 4.25 4.20 4.15 4.10 4.05

|

- M
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\

150 140 130 120 110

L l N

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
PPM

Eﬂﬁ 3 "H-NMR spectrum 284 BA
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3.2 N1IHILATIZH benzothiazole based chelating resin
HANMILUREULURIVEY PS-DVB tilar I wm Ity JAzenedna g uaaaasasnad 1

@310 1 wansAuulasved PS-DVB 1wl jisendnsg

U3 NANII&ILNG
nitration Walnawesasuainasnladuwiwass
reduction dialwawaswasuenndindoaduiiiana
amidation e lwaweSilasuannai e adlniiaady

° a e A A ¥ aa 4 o [ A
NINTUATIERALRAILIDTUAILID Elemental Analysis VL@]NG@]\‘I@]’]TIG‘Y] 2

7197 2 Y5 C H uaz N lsfla@sisduanmsianesiais3s Elemental Analysis

Sample C (%) H (%) N (%)
PS-DVB 925 7.48 -
NO,-PS-DVB 70.3 6.62 6.20
NH,-PS-DVB 65.3 5.98 6.41
BA-PS-DVB 74.4 6.44 5.71

mMylaTAfeassBud s FTIR 16 IR spectrum 2a3t3ullafhljAsunene g uaaadagUn 4-7
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fONUUINBUIN )
RN IO INEAY

4000 3000 2000 1000
Wavenumbers (cm-1)

gﬂ'?‘i 5 IR spectrumzaslwaslodulalfiawuduierdfAselwassu (NO,-PS-DVB)
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i ©
: 8
-
i 8
1 oo}
i &
| 8 &
- : >
5 . 7
5] 5 8
: g
82- =
80-
I B
78° s
I 4
76-
74- 5
. N
| 8
72.
4000 3000 2000 1000

Wavenumbers (cm-1)

3U7 6 IR spectrum va3lwdalainla b iiswuduiiarny jAsouweniugu (NH,-PS-DVB)

%T

4000 3000 2000 1000
Wavenumbers (cm-1)

gﬂ‘ﬁ 7 IR spectrum vaslnaslasulalfisiwnduilarnnmisaulsaas BA (BA-PS-DVB)



3.3 NMIANEINIIENALlaRawYBIlan:

3.3.1 AnwINaved pH Aan1Iana

U3z ENTNIWNNIRNARIWIBALANRNNT

%E= ((Cg-Coq)/Co)*100

(3.1)

Wa Co= anwuidiniuvassiazmelanznasuaszaaiuguidmldnnmafisunnwanasgu

Coq= ANuTHduvaszsazaslansnosuasluimasiunissnanaiuwlaannmsiisuns v

4197337%

NAMTENalaneil pH 6199 UEAIAIA1I197 3

a7197 3 YszAnSawmIsiauad BA-PS-DVB 7l pH 6199 (n=3, anlumIsnia 20 52lu9)

pH Cd Cu Pb
%E SD %E SD %E SD
2 0.6 1.0 fir 0 3.9 1.7
3 1.1 1.0 1.2 0 10.0 1.7
4 2.0 2.7 9.0 0.0 14.2 0.0
5 5.9 2.2 8.2 1.8 23.3 2.1
6 38.8 3.5 26.7 3.1 62.3 2.2
7 61.4 S 47.0 3.8 na na
8 57.2 5.6 48.9 6.8 na na
na = not available
3.3.2 Enwursilslunisna
wamiaﬁ'ﬂiamﬁnm@hm URAIFIANTN 4
AT 4 m'lmgﬂﬁgﬂsﬁ'uﬁnm@i’me] (n=3)
Time(min) Cd (pH=7.0) Cu (pH =8.0) Pb (pH =6.0)
ug/g SD ug/g SD ug/g SD
5 16.5 1.4 11.7 2.2 151.9 8.4
10 21.6 1.4 12.7 1.4 156.9 8.5
20 22.3 0.2 19.8 1.4 181.3 8.4
30 23.4 1.6 14.1 3.7 186.0 8.6
40 23.3 1.9 13.6 2.2 200.5 8.4
50 22.2 2.9 14.1 1.4 205.6 0.4
60 26.7 2.9 14.5 3.2 205.4 14.6

19



3.3.3 ﬁnmmw:famaanmn BA-PS-DVB

dszaninmwlunszzlanzaanain BA-PS-DVB dR8a15AZaANENIA LAAIAIATT1NN 5

20

HANINARRILEAdluaN 1197 5 UsednSmwmss: (% S) lanzeanann BA-PS-DVB dumisildannaunis

% S = ((Cs*Vs)(Cyg=Ceq)*Ve)*100

(3.2)

dWe ¢ = @muL°1J’3J°1TwuaaﬁmazmﬂIamﬂ;@muquﬁa’mvléfmﬂmnﬁm_mﬂw;nmgm
Cop = anuiduduzosssszanslansnasrnumaanandmldnmaisuniwuiaign
Cs = ANNLDNTUVBITTREaN 8 AR NAIHI BT TZ LA THZAIINTA LUN3N
ﬁdﬂuVL@Ta'mmsrﬁUUﬂiﬁmnmgm
Ve = Bunessazanlansilianmssna
Vs = Banasssazanania uninildana

A3197 5 Yednsawlunsoslanceaanain BA-PS-DVB (n=3)

Cd Cu Pb
HNO3(M) %S SD %S SD %S SD
0.1 76.4 4.8 90.2 0.6 86.2 3.3
0.5 75.9 3.2 91.0 0.8 80.2 3.9
1.0 74.2 2.4 95.4 3.2 82.3 6.5
15 75.6 3.8 94.2 35 75.0 1.7
2.0 80.8 2.0 93.8 1.4 75.5 15
HCI(M)
0.1 188 15 54.6 3.1 na na
0.5 16.2 1.9 53.3 3.0 na na
1.0 22.5 2.0 53.2 1.2 na na

na = not available



3.3.4 An®IANNINIIPATY
HANMIANBIAMNINIATU UAAIGIANTIIT 6

7199 6 anududuvasmIazaolanziudu (C,) wnzanuiduiusasmazanslanziauga (C)

Metals Cy, mg/L C, mg/L
Cd 1.0 0.3
1.9 1.2
2.9 22
3.9 3.1
49 3.9
Cu 1.0 0.2
2.0 0.8
3.1 146
4.2 29
5.1 3.8
Pb 5.0 1.1
6.0 2.1
7.0 3.2
8.0 3.8
9.0 6.6

3.3.5 ﬁﬂﬂ?ﬂﬁ?fﬂd?ﬂﬂﬂ%ﬁﬁﬂﬂd%
wamsﬁnmwamaﬂaaau%u@iaﬂixaﬂ%mwmiaﬁ'@ LRAIAINNTINN 7

A A A o AN A al Aa A o
A9 7 YeEnsawmsana lanslusnsasanon kil lesauduiazaiazanonil lasenduiinds (n=3)

Metal Without other ions With other ions
%E SD ug/g SD %E SD ug/g SD
Cd 38.8 35 18.9 1.7 7.5 3.8 4.0 2.0
Cu 98.0 0.0 10.7 3.1 52.4 1.4 27.6 0.8
Pb 62.3 2.2 120.0 4.1 94.3 4.4 227.2 10.2
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3.3.6 mIsnalanzaninugy

§15298 NI NIMEMNLa9INLELa3s Wuh useananla Fraunsane ﬁﬂ?iuo:umn a6 pH la
Uszanms 0.9 USunmaasudsfiazaersvua (Total Dissolved Solid, TDS) winnu 44 g/L 39¥i1and5u pH
e KOH awikdedl pH Yszanm 7 wuiifnasnauwiimau ssssaeoiaswinwindosdang iamuls
luvminasasaialanzeosdu ldnanmmasasasnied 8

a799 8 Usnunmwlanzluwingy

Metal AT NTW (mg/L)
Aauana RRIANA
Cd 0.610.0 0.410.0
Cu 4.610.1 3.070.1
Pb 2.7%0.1 1.1£0.2

® eaduESD (n=3)
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a v
n'ﬁanﬂ‘nﬂwauawaa‘gﬂ

41 n1IFILATIEA ethyl 2-benzothaiazolylacetate

MIFILATIZA ethyl 2-benzothaiazolylacetate tHuaAIFUNIAUE1

ethylcynzoscetats 2-sminathiophenol stiryl 2-benzothiszolylacetate

mngﬂﬁ 3 'H-NMR spectrum (CDCl, , 400 MHz.) w83 BA #3UA1 chemical shifts leravsit
08.02(d, 1H, J (Hz) = 8), 7.88 (d, 1H, J(Hz) = 8), 7.47 (t, 1H, J (Hz) = 8), 7.39 (¢, 1H, J (Hz) = 8), 4.25
(g, 2H, J(Hz) =7.2), 4.16 (s, 2H), 1.30 (t, 3H, J (Hz) = 7.2) G9maansasnuai chemical shifts vaslUsnan
@499 LLaméTagﬂﬁ 8

4.25
1 .lll—\ [} 7.88
(o} 8 38
\§
4186 N 7.47
B.02

E‘]Jﬁ 8 laseai19ued BA uaz @1 chemical shifts 310 1H-NMR

4.2 N13§9LAI1LN benzothiazole based chelating resin

BWININTRILATIZRALRAILTTY WRAIAILHUAINT 1
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Ha Ha
/
HNOi |
H,SO, A \
NO,
PS-DVB
NO,-PS-DVB
SnCly/HCI H
——c—cr
H;
H
—t—c—cr 7
Ha (o) |
EtO-«_(S:@
=z | 3 N X
—»
\ \ reflux Toluene O NH
NH,» s
NH,-PS-DVB \
N
BA-PS-DVB

WATAINT 1 LWINIINITFILATIZRALAAILITU

MM NeRaadisdusiedt Elemental Analysis laNafsa13197 2 uaz Namiﬁgﬁ]ﬁmﬂé’ﬂmﬁﬁw

wmaia FTIR ajﬂvlﬁﬁamﬁoﬁ 9

MNINTIA 2 HaMTIATIERUTIIE %C %H waz %N 1ufiadisfuainniienziaieis Elemental
Analysis WU PS-DVB laiwu N LL@iLf}aﬁwﬂQﬁ%m nitration 13%% NO,-PS-DVB {131tk %N AT uas
\fla¥ufA5e amination i35 NH,-PS-DVB @sfitfsainm %N indudn uaesinsdufidnamzsle
faUfAsenasnsna #au35u BA-PS-DVB U501t %N aaad uaashaunud BA snansadnvindfisenle

§ Y o v o A =2 v o o @
BINANINARDIREINTDEUGU IFABNARA FTIR G992 lonanlunidana b
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d ' -1 a ' { o [
@790 9 LEAIAT wave numbers (cm ) VILITUANIE) NRILATEA Lo

VST mgﬂdﬁ“ﬁ'u wave numbers; cm’” SNBITAN

PS-DVB C=C bending 1597-1447 m
C=C bending 1602-1338 m
NO,-PS-DVB C-NO,bending, nitro compound 1522 18z 1338 S
C-N bending aliphatic 1220-1020 w
NH,-PS-DVB C-N bending, C=C 1602 w
C=C,1° amide, N-H bending 1602 m

BA-PS-DVB e Matoting 1343 unz1183 s, W
C-H bending disubstitution 840 S
mono-substituted amide 1508, 1602, 3250-3500 m

RUNELAG Lfia w=weak, m=medium L8 s=strong
i]’mmi’mﬁ 9 WU IR bands °uada’liLL@ia:’ﬁﬁ@aa@ﬂﬁaaﬁumieﬁLﬂi’l:ﬁmmmumwﬁ 1
4.3 nmsAnsnsanalasawadlans
4.3.1 Anwnavas pH slamIana

NAMINARIANENNAUBY pH dan1Ianalans Cd Cu Was Pb meéﬁgﬂﬁ 9

70 . 140
60 | k3 120 - I .cd
50 | I 100 - . Cu
40 - 80+
w I 2 60 - aPb
>30 - + Cd S I
yy I 40 - T
20 = Cu z & {
> 209 s T =
10 - RN A Pb 01 foirers
0 § = % : ‘ -20 : i : :
0 2 4 oy 6 8 10 0 2 4 o4 6 8 10

(a) (b)
3UN 9 Waves pH @amIanalane Cd Cu uaz Pb (a) Wasiaudnsana (b) anwInIgaduLiu ug/g

A & A & A a £ A a o
ﬂ’]ﬂg'ﬂ‘ﬂ 9 CLHWINLND pH Taﬂa’]iaza’]ﬂia%:ﬂ\? 3 TUHALNNUY ﬂi:aﬂﬁﬂ’mﬂ’ﬁaﬂﬂia‘ﬁ:ﬂ:
a & d \ oA @ ] d & v a & X { =
LANNUY %GW‘U’J’]LN@ pH PBIRIINEAYULNIT 3 (miﬁ:mtl&lﬂ’ﬂmﬂuﬂiﬂu’m) ﬂﬂiﬁﬂ@lLﬂ@l‘lluvL@%aﬂ %Gﬂ
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seaadasnuaNNAgIuiinezaenlulasiauou BA-PS-DVB awsngnluslawmald ilasanazaaulula
e am . ; . o a . R x g
wudiaslidianateuglaai@onnieaguazlizAniniwnianaazdas 9 Rndwde pH NN
{ U v o v U & { 1
Wiadnnanuntuwuasllsnonluasazaioaaas vinlwazaanlulasianun BA-PS-DVB mu%mﬁvlwgﬂ
lhslawamaninfasstszneudsfaunulang e uazluannziidunans dsdninmmianasziidng
asnnlumiazanofianududurasilieukasunniaatandnldd BA-PS-DVB agluzidunas
= a a £ s & a £
Ssmansafiesnstszneudidaunulanzdafidszquanle

1n3U7 9(b) anugnIgaduiu po/g Sruamldanaunis

ﬂ%mm‘[amﬁgﬂgwﬁ‘uumiéﬁu (M)

ANNINIQATY = (4.1)

WRABNLIT (g)

' a o weR A 0 A A A o a a
wuhwsdusansngadulans Po ldfis 120 pg/ig Tegeninlanzafiadu pH Mnanzandwiunsana
lang Cd Cu uaz Pb fia 7.0 8.0 uaz 6.0 MAAL ANINIQATLVEI Cd dn1vad Cu (HasanaNy
WTwINAUALTINTY Cd WinAL 1 mg/L udwed Cu winnu 5 mo/ll luvaeitfAnsaidesidudns

sNadMIL Cd 92§9n97 Cu (9RUNIT 3.2)

a v A Qs 1 £ { [l ld I
mIanaleaauvadlans Cd uaz Cu lettefifudnmsanadaudnnifitas pH 7-8 Talluldauainy
s lg/ Qs £ k3 s { 1
AMARNEY NMIFNATUNL pH VaIaN3R=a Iudalanalassmsiaiguamsanad pH 1-12 LAINNNNINARDI
YV o & { v { U e ] Y o Q { 1 o o >
ldviudns pH 2-8 Tawaftld isswafiazagdud lasdsldlavinisanad pH anndt 8 & wiu nsana
o 2 ' E @ ' P P '
lanz Pb imsfinmgad pH 2-6 lidaauguainsgaduginitlanzaiiadn minasasfi pH gandn 6
W v oo Py a A - =2 ) %
laldvmnasasiiasnnifiadyminanaznewvaslans Pb T1ldaannfnsnisgaduld

4.3.2 Anw s lglunsana
NANNINARBIANBINAVAINIAFaNIIRNA Lane Cd Cu baz Pb LL&@]G@T\‘JEﬂﬁ 10

mﬂgﬂﬁ 10 u,amé'm'lL%’maaﬂ'lsgwﬁwaﬂamﬁ'a 3 1ia WUINNLIAT 20 wIN ANNINIQATL
2p9lanz Cd way Cu LINAIN LLaﬂaiﬁLﬁudWﬂavlnﬂWﬁtgﬂ%’uL’%m%g{auqa faulane Pb AN INATY

A & & o [ a ' @ A a
PNNUBLANUDIRAIINNLIRT 20 YN ABADUVNAINLADLIRT 40 YN

Tumsdnenanlilunisane daanlunssuaauin ﬁﬂﬁmigwﬁmﬁﬂvlﬁum ANUINIQATL

A X ' = v & ' { A I < )
WL 8819 IAUNANIINARDILEAIMIARINTaIAANAIN 40 WA 1w 1 Tl ANNANTIQATY

o

al v a X ' o al ¥ o o o A &
flanuannanatniineimeny 3290 leimmesssaisnamsananswuning
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=)
=100 -

200 - Pl/f/l/l/*—‘
=150

—»—Cd
+Cu

4+ Pb

20 40
Time(min)

60

g'ﬂﬁ 10 HaTaINAGaNIENALany Cd Cu Laz Pb

4.3.3 ﬁﬂﬂ’]ﬂ’]?‘]f&‘:[ﬂﬁ;’é)ﬁ]ﬂ@’?ﬂ BA-PS-DVB
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& A o | = @ =
LRaN pH ‘Y]L‘Viu’]:ﬁ“u’]ﬁﬂ@lﬂﬁ:ﬂ']ﬂﬂ AMMNNINIIANEIUD 4.3.1 LLﬂ:ﬂﬂH’]ﬂ']i’mﬁIﬂﬁ:‘ﬂaﬂLL@ﬂ I@]U

l#Iazans HNO, AMuiugi 0.1-2.0 M uaz HCl anudugu 0.1-1.0 iiludare asazaonnzilad pH

t: ' é &) o v e a ¥ ' a s Qs
@nit 2 adsanuidunsanin ﬂﬂmwuﬁzmaamiﬂi:nammmamzmwaLLnuﬁnuIam%qﬂaamnnﬂu

a a I3 o q v a A o o a a
Lummﬂmmuﬂgﬂiﬂﬂmu@] ml%mwummmlumim@miﬂi:ﬂammmauﬂﬂama@m LlJE](Z]E'ﬂYI 11

%S vaslanzny 3 slialegnueaiuaniazaty HNO, finlndifinauazninnin 80% uaasiilanzengg

sNNINgNTzean MM Iaza1y HNO, ladndiansazanonia HCI

A a PN Y v A A =3 v ' 6 & s . o .
LN@W?]’]?ELL’]E']JY] 11(a) ANNTNTHVAINIAUNANTENULNSLAN WYL aILTUGNIIENG  §IWTU

lanz Cu aldnsa HNO, WduINNNdY 1.0 M maninanalanzaananldiiay 100% msvzlans Pb a2

c: { v v v tj/ ' J v v ' 1
a@maaLﬁahmia:mﬂni@mwumnmu E‘T’J%ﬂ’]i‘ﬁﬂﬂ‘ﬁ: Cd Wy ﬂ’J’]llL‘llll?.l%“lla\‘lﬂi@]vl,&lfmﬂ@mﬂ'l?ﬁz

HNO3 (M)

Wr—— 3 -
] m
60 -
2
i o —+—Cd
~=Cu
20 1
0 ‘ | | ‘
00 05 1.0 15 20 25

%S

100

80
60 - ¥ 5 —+—Cd
40 4 —=—Cu
20 - P\i,/’/{

0 T T

0.0 0.5 1.0 15
HCI (M)

(a)

(b)

Jun 1 navasThauaza NNt wIasaTzdan Tz lae Cd Cu Uaz Pb (a) n3@ HNO, (b) N3@ HCI
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fmsunsaelans Pb dasansazanunsa HCl lailavinmséinsiflasanniiansanaznau PbCl,
IUR1382818 LATEINAADINITATINIAAILINATA FAAS

4.34 ﬁnmmmgmig)@ﬁ/

IMNINIINARN E]Gﬂ'ﬁﬁﬂiﬂ"] AN N’ﬂﬂ’]i(ﬂ@‘ﬁlﬂﬁﬂﬂ@ﬂ‘ﬁ\‘]ﬁ 6 ﬁ’m’]'ﬁ‘Wfﬂa@]ﬂ‘i’]WI@ Ul‘ﬁ/ﬁuﬂqiﬂ’]iﬂﬂsﬁlﬂ

284 Langmuir L&aIa9%

A A v v A ' & 6
da € fa anududuwraslanziauga mbhaduluad
& a A @ a A
Nf fa UTumlanengnaaduunisdunauga

No A8 FAITILEAIAIAINTNN TG

k Ao ﬁwaaﬁﬁﬁmﬁaaﬁuwﬁqmmaam‘s@@sﬁu

Wallsun,WIzning CNF o € 2gle Langmuir adsorption isotherm unuiduasieazli 12

120 - Cd 70 - Cu
K4
100 - 60
50
801 40
Z 601 = i
(8} © )
40 y = 2519.1x + 7.7561 = 993.78x - 0.0816
R? = 0.9706 o »* e '
20 | =0. 10 R?=0.9823
0 T T u U 0 T T T T T T 1
0.000 0.010 0.020 0.030 0.040 0 001 002 003 004 005 006 0.07
C (M) c M)
(a) (b)
70 5 Pb
60 o
50 -
.40 |
O 30 1

20 - y = 1945.9x - 9.8749
10 4 R? = 0.9282

0 T T T T T T )
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

c M)

(©)

Eﬂﬁ 12 Adsorption isotherm w3 (a) Cd, (b) Cu, uas (c) Pb
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@1 correlation coefficient (Rz) va9lany Cd, Cu, uaz Pb AU 0.9706, 0.9823, Waz 0.9282

AN ﬁ]’mﬂi’]Wﬂ’]ﬁ’]ﬂ’nuﬁlﬂ?iﬂ@‘fﬂ“ﬂFNIG'V% Cd, Cu, uaz Pb vLﬁWi’]ﬁ"U 44.62, 63.90, and 106.48

mg/g
4.3.5 ﬁnmwawaﬂaaauwﬁ@ﬁu

HRTBINED NaSO,, KNO,, CaCl, Ca(NOs), and NaNO, fiamandudu 1 giL dannsgadulans

14 3 Tia meé'agﬂﬁ 13

250 V- o JLTRRNN S S
O Without other ions

200 - & With other ions

150 -
(=]
>
5

100 -

50
0 L[ lm
Cd Cu

U7 13 NaVad loaaudndanNIIFNG Lane

mﬂgﬂﬁ 12 wuinleasudu fanadanIanalanzynodia Tnoitlosawmnanit vilvmsaria Cd
s uastrevinldnnsanalave Cu uaz Pb @aw eRansanannnanms Hard Soft Acid Base Wuin
sansautilesausaniu 2 nqu Aalesan Cd” 1u soft acid ion &w Cu” sz Pb™ ilunga borderline
acid ions %ﬂﬂﬁjmnm:gmumuﬁaleaaauﬁlﬁumvlﬂ daun@;uﬁ 2 a:ﬂﬂgmumuu@iné’uﬁamﬁu
sz EnTnmwnIsna ﬂﬁﬂgmitﬁﬁﬂ'ﬂﬂmminaiqﬂLLa:a"E'mﬂvlﬁﬁawé'ﬂmﬂmq%'uﬁ'u active site 9
loaouanda Na' K" Ca’" il hard acid ions LANFUIUNIBMTENA soft acid jon #ANKBINTOTLNBNE
MInesadii  a1adesssnuUuMInansstiuanlaane ashavl,iﬁmuwams‘n@aaqf:mmsna;ﬂﬁfh

MIIUVDI b aulaREAURUARAUWLTTUN active site NUANFIIN
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4.3.6 nIgnalanzaninuge

Mnash 8 wuisduiisereldmansoldanalavzainindoseld mnuddszansaw
msstagslidufinwels wWeslmuwdmianagnsulans Cd Cu usz Pb ldividy 66 65 waz 41
audey Wesanazimldannnmasassslisoandestusnmnassindsess nande lwindsess
fi1 Total Dissolved Solid §9014 44 gL nNMINaasiEesnavasloasnan larmsanmnlumsazasfis
@1 Total Dissolved Solid LiNg 3 glL %ﬂaaauﬁa:mﬂagj’[mfwL%Uﬁaﬁ?udawa@iaﬂizaﬂ%mwmmﬁ'@

LLa T
4.4 Boayll

= ' & o a a A a oA v < o & o aaa )
nnmadasungWeizusaddnialaiule htawududslfiduamesiveds dedjitelwesiu
uas3anTw wahjiseneslilasuny Ethyl 2-benzothiazoylacetate 3nn1sasIatananmoivaslwdiues
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Extraction of Cd(ll), Cu(ll), and Pb(ll) in water by
benzothiazole-based resin

Apichat Imyim”, Somsupang Meesri, Narong Praphairaksit

Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand

Abstract

Polystyrene-divinylbenzene resin (PS-DVB) was functionalized with a
benzothiazole group on the surface. PS-DVB with amino group was initially prepared
by nitration and amination reactions and subsequently treated with ethyl 2-
benzothiazolylacetate to obtain the chelating resin with an amide linkage. The resin
was characterized by elemental analysis and infrared spectroscopy and then evaluated
for its extraction of Cd(11), Cu(ll), and Pb(ll) ions in water before their determinations
by flame atomic absorption spectrometry. Extraction conditions for batch method
such as pH of solution, extraction time, and adsorption isotherm were optimized. The
optimum pH for extraction of Cd(ll), Cu(ll), and Pb(ll) are 7.0, 8.0, and 6.0,
respectively while the equilibrium of all three ions were reached within 10-30 min.
Adsorption behavior of all metal ions followed Langmuir adsorption isotherm. The
sorbed metals could be stripped by 1.0 M nitric acid solution with a yield of 74, 95,
and 82 % for Cd(ll), Cu(ll), and Pb(ll), respectively.

Keywords: Extraction, Toxic metal, Benzothiazole, Chelating resin

Introduction

Solid phase extraction (SPE) offers a number of important benefits [1]. It reduces
solvent use, solvent exposure, disposal costs, and extraction time for sample
preparation. Consequently, in recent years SPE has been successfully used for the
separation and sensitive determination of metal ions, mainly in water samples [2].

Polymeric resin has been widely used as a solid support for metal extraction in
SPE technique, especially polystyrenedivinylbenzene (PS-DVB), due to its high
porosity and ease for surface modification [3]. The modification methods of PS-DVB,
recently reported, they can be divided into two main methods; impregnation and
functionalization with. chelating agents or ligands containing electron donor atoms,
such as nitrogen, oxygen, and sulfur.

For the impregnation method of PS-DVB, Saracoglu et al. [4] used ammonium
pyrrolidine dithiocarbamate (APDC) for the extraction of Bi(lll) Cd(1l) Co(ll) Cu(ll)
Fe(I1) Ni(ll), and Pb(Il) in drinking water and sea water. Isshiki et al. [5] impregned
quinolin-8-ol on the resin for the preconcentration of Cr(l11) from sea water. Tuceli et
al. [6] reported the use of 1,5-diphenylcarbazone for Cr(I11) extraction from tap water.
Howard et al. [7] used dithizone for Hg(Il) and methylmercury extraction. Yebra et al.
[8] used PAN for Cu(ll) preconcentration from sea water. The drawback of this
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method was that the resin could not be reused because the impregnated ligand was
leached during the extraction and stripping process.

Many authors reported the functionalization of PS-DVB procedures, for example,
Saxena et al. used Alizarin Red-S [9] and Pyrocatechol Violet [10] via azo-linkage for
the extraction of Zn(ll) Cd(Il) Ni(ll), and Pb(ll) from water sample and used
salicyclic acid [11] for Zn(ll) and Pb(ll) extraction. Tewari et al. [12] used
chromotropic acid, pyrocatechol, thiosalicyclic acid, xylenol orange for Pb(ll)
extraction from water.Dev et al. [13] used bis-(N,N’-salicylidene)1,3-propanediamine
for the extraction of Cu(ll), Ni(l1), Co(ll), Zn(ll), Fe(ll), Mn(I1), Pb(I1), Cd(Il) and
Cr(lI). Jain et al. [14-15] used o-vanilline thiosemicarbazone for the extraction
La(ll1) Ce(l1) Th(IV) U(VI) Cu(ll) Zn(l1) Pb(Il) from water. The advantage of this
method is that no leaching ligand was found during the operation. The resin could be
reused after generating with acid solution. The ligands used were big molecule and
were not easy to synthesize. Some author report the use of smaller ligands such as o-
aminophenol [16] and 2-(methylthio)aniline [17] reacted with PS-DVB via azo-
linkage for the extraction of Cu(Il) Cd(ll) Co(Il) Hg(ll) Ni(I1) Zn(I1), and Pb(II). It
was noticed that the azo-linkage (-N=N-) between PS-DVB and ligands allowed low
selectivity of the chelating resin towards metal ions. To overcome this problem,
benzothiazole derivative (Fig. 1) has been used in this research due to the ease of
preparation and its selective for Cu(ll), previously reported by Abbotto et al. [18].

/\OM N

Fig. 1 Ethyl 2-benzothaiazolylacetate

In this work, we combined the advantages of polystyrenedivinylbenzene and
benzothiazole derivative for the extraction of Cd(ll), Cu(ll), and Pb(Il) in aqueous
solution.

2. Experimental
2.1 Apparatus

A flame atomic absorption spectrometer (Perkin-Elmer Model AAnalytst100) was
used to determine metal concentrations using an air/acetylene flame. The analytical
wavelength of Cd, Cu, and Pb are 228.8, 324.8 and 283.3 nm, respectively. A digital
pH meter (Hanna instruments Model pH211) was used for all pH measurements.

2.2 Materials and reagents

All reagents and solvents were standard analytical grade and used without further
purification. De-ionized water was obtained from cation and anion exchange resin
columns. The conductivity of the de-ionized water was less than 4 uS cm™. Working
standard solutions of Cd, Cu, and Pb were prepared by stepwise dilution of 1000 mg
L stock standard solutions (BDH Laboratory Supplies and Fisher Scientific).
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2.3 Preparation of resin

A mixture of ethylcyanoacetate (6.00g, 53.0 mmol) and 2-aminothiophenol
(6.63g, 53.0 mmol) was stirred for 2 hours at 120°C under nitrogen atmosphere. The
product; Ethyl 2-benzothaiazolylacetate (BA,) was characterized by NMR.

PS-DVB beads, (10 g, AR grade), was stirred with 4M HCI (15 mL) for 12 hours,
filtered, rinsed with deionized water until free from acid and ethanol, and dried in air.
The resins were treated with 20 mL of concentrated HNO3 and 50 mL of concentrated
H,SO, and the mixture stirred at 60°C for 1 hour. Thereafter, the reaction mixture was
poured into an ice-water mixture. The resin (NO,-PS-DVB) was filtered, rinsed with
deionized water until free from acid and further refluxed with a reducing mixture of
SnCl; (40 g), concentrated HCI (45 mL) and ethanol (50 mL) at 90°C for 12 hours.
The final product (NH,-PS-DVB) was filtered, rinsed with deionized water and 2 M
NaOH and air-dried. A NH,-PS-DVB was refluxed with BA (0.5 g) in toluene (30
mL) at 100°C for 12 hours. The resin (BA-PS-DVB) was filtered, rinsed with ethanol
and air-dried. All resins obtained in each stage were characterized by EA and IR.

2.4 Extraction procedure

Study of pH effect on extraction: A Cd(ll) solution (5 mL) containing 1.0 mgL™
was placed in a test tube after adjust its pH ranging from 2.0-8.0. The Resin (0.10 g)
was added into the test tube and stirred for 30 min. The remained amount of Cd(ll) in
the solution was determined by FAAS.

Study of suitable extraction time: In order to determine the rate of loading of
Cd(I1) on the resin, batch experiments were carried out under the following conditions
. 0.10 g of Resin was stirred with 5 mL of solution containing Cd(Il) 1.0 mgL™ after
adjusting its pH to the optimum values at different contact time of 5, 10, 20, 30, 40,
50, and 60 min. The remained amount of Cd(Il) in the solution was determined by
FAAS.

The study of Cu(ll) and Pb(I1) was performed in the same procedure but the initial
concentration of Pb(I1) was 5.0 mgL™.

2.5 Adsorption Isotherm

The adsorption isotherm was studied by mixing a solution containing 1.0-5.0 mg
L cd(1))(pH 6-7, 5.mL) with 0.1 g-of resin for 20-min. The resin-was separated. The
remained amount of Cd(I1) in the solution was determined by FAAS. The extraction
of Cu(Il) and Pb(ll) was performed in the same manner but the initial concentration of
Pb(I1) was 5.0-10.0 mgL™.

2.6 Desorption procedure

The desorption of retained metal from the resin was investigated using 5 mL of
various eluting agents. A standard solution contained 1.0 mg L™ Cd(11) (pH 6-7, 10
mL) was initially contacted with 0.1 g of resin for 30min. Nitric acid was used as
eluent, its concentration was varied from 0.1 to 2.0 M. The amount of Cd(Il) in the
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stripped solution was determined by FAAS. The desorption of Cu(ll) and Pb(ll) was
performed in the same manner but the initial concentration of Pb(I1) was 5.0 mgL™.

3. Results and discussion

3.1 Characterization of Resin

The *H-NMR spectrum of BA was obtained with the chemical shifts as followed:
'H-NMR (CDCl; , 400 MHz.) $8.02(d, 1H, J (Hz) = 8), 7.88 (d, 1H, J(Hz) =8), 7.47
(t, 1H, J (Hz) = 8), 7.39 (t, 1H, J (Hz) = 8), 4.25 (q, 2H, J(Hz) =7.2), 4.16 (s, 2H),
1.30 (t, 3H, J (Hz) = 7.2). The synthesis of BA-PS-DVB was depicted in Scheme 1.

H

+C_|C_|:_)n_ —FCH—E—)n-

/
HNOi |
H,SO,4 \ \
NO,
PS-DVB
NO,-PS-DVB
SnCl,/HCI H
—=6—Cmr
Ha
H
—-G—Cr =
H> o) |
Eto-l(_<s
F | N@ N
\ \ reflux Toluene 0 NH
NH» s
NH,-PS-DVB \
N
BA-PS-DVB

Scheme 1. Synthesis of chelating resin

The IR bands of nitro (1320, 1520 cm™), amine (3200-3500 cm™), and mono-
substituted amide (1530, 1680, 3250-3500 cm™) groups were found for NO,-PS-
DVB, NH,-PS-DVB, and BA-PS-DVB respectively. In conclusion, the benzothiazole
derivative resin based on polystyrene-divinylbenzene polymer bead was successfully
synthesized.

The EA results were illustrated in Table 1. The EA results of nitro-PS-DVB resin
showed that the nitration reaction on the surface of PS-DVB was undertaken.

Table 1 Elemental analysis results of resins
Sample C(%) H(%) N (%)

PS-DVB 92.5 7.5 -
NO,-PS-DVB 70.3 6.6 6.2
NH2-PS-DVB 65.3 6.0 6.4

BA-PS-DVB 74.4 6.4 5.7
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3.2 Effect of the sample pH on the metal sorption

The percentage extraction of the metals retained on the sorbents was calculated
from the difference between the starting amount of each metal (mg) (Ns) and the
amount of metal (mg) left in the filtrate (Nf) according to equation 1. The results are
shown in Fig 2.

. N. — N
%Extraction = —5——1 x100 (1)
NS

70 -
A
60 - * .

jgf = " o Cd

i Y- m Cu

30+ L] APD

20 -

A

10* A [ ] ‘
0 § » o

0.0 2.0 4.0 6.0 8.0 10.0
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%EXxtraction

Fig. 2 Effect of pH on metal extraction (n=3)

For batch experiments, the optimum pH for extraction Cu(ll) is 7.0, according to
the highest percent extraction obtained. The maximum percent extractions of Cu(ll)
were about 50 %. The new chelating resin showed a good stability at every pH of
aqueous solution.

3.3 Effect of the contact time on the metal sorption
The rate of loading of metal ions onto the resin was determined by agitating

the standard solution with the resin at different contact time. The equilibrium time
was observed that around 20 min for all metal ions as shown in Fig. 3.

90 +

80 -
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Fig. 3 Effect of contact time on metal extraction (n=3)
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Adsorption Isotherm

The adsorption of Cd, Cu, and Pb as a function of the resin was studied by
equilibrating for 20 min at room temperature and the results obtained are shown in
Fig. 4. The Langmuir treatment is based on the assumption that maximum adsorption
corresponds to saturated monolayer of adsorbed species on the resin surface and there
IS no migration of the metal ions in the plane of the surface. The Langmuir adsorption
isotherm was represented by the equation 2:

c_1_ ¢ 2
Nf  kNy N

where C is the equilibrium concentration (M), Nf is the amount adsorbed at
equilibrium and No and k are Langmuir constants related to adsorption capacity and
energy of adsorption, respectively. The linear plot of C/Nf versus C shows that
adsorption obeys Langmuir adsorption model (Fig. 4). The correlation coefficient for
the linear regression fits of the Langmuir plot was found to be 0.9706, 0.9823, and
0.9282 for Cd, Cu, and Pb, respectively. The adsorption capacities (No) determined
from the Langmuir plot were 44.62, 63.90, and 106.48 mg g™ for Cd, Cu, and Pb,
respectively.
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Fig. 4 Adsorption isotherm-of (a) Cd, (b) Cu, and (c) Pb

Desorption of metals

Desorption of the metals from the resin was tried with nitric acid of different
concentrations. The % recovery in this section was calculated from the amount of
metals (mg) in the starting solution (Ns) and the amount of metals (mg) eluted from
the column (Ns) according to equation 3. The results are summarized in Fig. 5.

N+
%Recovery = —fi %100 3)
N S
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Fig. 5 Effect of nitric acid concentration on metal desorption (n=3)

It was observed that solution of 1.0 M nitric acid could guantitatively elute Cd, Cu
and Pb from the resin with the recovery of 76, 64, and 82 %, respectively.

Conclusion

The SPE procedure developed using polystyrene-divinylbenzene resin modified
with benzothiazole derivative facilitates an extraction of Cd(lI1), Cu(ll), and Pb(ll) in
aqueous solution. The preparation of the chelating resin is easier than that of other
solid sorbents used for similar purpose. The adsorption capacity of the resin for Cd,
Cu, and Pb (44.62, 63.90, and 106.48 mg g™) is much higher than those previously
reported (for example; o-aminophenol [16]: 3.42, 3.37, and 3.32 mg g*, 2-
(methylthio)aniline [17]; 23.52 and 8.77 mg g™ for Cd and Cu, respectively). The
proposed method can be applied for the extraction of the metal ions in dilute aqueous
solution, and also for the preconcentration for the determination of the metals.
However, the method validation shall be investigated.
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