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Executive summary

Extraction Study of Metal lons by Silica Gel modified with Benzothiazo Ethylacetate

Introduction: Silica gel has been modified with chelating group in order to use in many fields of
application such as an ion exchanger, liquid chromatography. Of particular interest is the use of
these materials as adsorbent of metal ions from dilute solutions. The preparation of chemically
modified silica gel with organic molecules containing nitrogen, sulfur, oxygen and the'study of the
adsorption of metal ions are great interesting. Because the heavy metals such as Pb, Cu, and Cd
are widely used in many applications, but the poliution of these metals is one of the most
environmental problems because of their toxicity. However, the quantification detgmination of
heavy metal in trace level is very difficult, because the amount of metals is lower tha“r'\- LODs of the
instrument such as flame atomic absorption spectrometry (FAAS). Moreover, problem from non
suitable matrix involves in unable direct determination. Thus solid-phase extraction (SPE) is
intended to achieve (i) removal of unwanted molecules from the sample, (i) removal of sample
matrix or solvent exchanger and (iii) preconcentration for determination by FAAS. The objective of
this work is a synthesis of silica gel chemically modified with benzothiazolyl moiety and a study of
the adsorption of Pb, Cu, Ni, Co and Cd from aquecus soliution. The optimum condition,
thermodynamic results and the application of this modified silica gel to preconcentration of natural

water are reported.

Methodology:

Synthesis of Si-Benzo. Benzothiazolyl-functionalized silica gel {Si-Benzo) was prepared via 3
steps: 1. the synthesis of 2-benzothiazole ethyl acetate 2. the preparation of 3-aminoproply silica
gel (Si-Amine) and 3. the reaction of Si-Amine and 2-benzothiazole ethy! acetate via amide
lankage. The functional group on modified silica gel was characterized by ATR-Spectroscopy. The
organic moieties were characterized by nuclear magnetic resocnance spectrometer (DPX-300
Brucker Biospin for solid state NMR; Varian 400 MHz for solution state NMR) and elemental
analysis. | |
Adsor;;tion*studies: The effects of solution pH and contact time on the sorption of metal ions
were evaluated on batch method. A suspension of 20 mg of Si-Benzo in 5.00 mL of metal solution
at a concentration of 10 ppm for Pb2+, 5 ppm for Cuz*. Ni2+. Coz+ and 2 ppm for Cd2+, was
mechanically stired at room temperature. The temperature was controlled at 298+1 K for

adsorption isotherm experiment. After extraction, the solid phase was separated by centrifugation
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at 3500 rpm for 5 minutes. Residuat metal concentration of the supernatant was determined by
FAAS. The column method was investigated to obtain the optimum conditions for sorption and
desorption of each metal. A mini-column was prepared by using homemade columns. The metal
ion solutions were adjusted to appropriate pH before passing through the mini-column at a
controlled fiow rate. The sorbed ions were desorbed by passing 5.00 mL of 1 % HNG; at a flow
rate of 0.5 mL/min. The sample volume effect was investigated by varying the sample volume from
25 to 100 mL. The effect of iriterfering ion was also studied by adding the interfering ions (Na+, K+,
M92+. Ca’ as nitrate salt, CI, SO, as sodium salt) at 3 levels of concentration (10, 100 and 1000
ppm). Real sample analysis. The application of Si-Benzo to.Pb2+ and Cu2+ preconcentration was

investigated in real sample systems: CU pond, tap water, and drinking water using the column

method under the optimum conditions.

Results, Discussion and Conclusion: in the modification stage, silica gel was activated via the
reaction of organosilane oomﬁound. The amine group can react with 2-benzothiazole ethyl acetate
to form amide linkage. The novel modified silica gel was characterized by 1BC NMR solid state to
confirm that the organic moieties were obtained on the silica surface. The 130 NMR signals are : )
188.48 ppm (-NHCO-), O 122.97-168.46 ppm (C in aromatic), O 42.94 ppm (~HNCH,CH,CH,-), &
2276 ppm (-HNCH,CH,CH,-), and 0 10.33 ppm {(—-HNCH;CH,CH,-). The elemental analysis
results show the difference of %C, %H, %N in each synthetic step indicating that the variation of
the organic moieties was obtained. For batch method study, the results show that the optimum pH
ranges for metals extraction were 4-6. The difference of adsorption for each metal probably due to
their size, degree of hydration and their binding constant with the ligand immobilized onto phase.
The contact times to reach the equilibrium were less than 10 minutes. The adsorption isotherm
fitted the Langmuir's model showed the maximum sorption capacities of 0.22, 0.14, 0.013, 0.007
and 0.005 mmol/g for Pb2+, Cu2+, C02+, Cd2+, and Ni2+, respectively. Si-Benzo shows comparable
capacity level to several sorbents presented in pn:evious reports, especially the sorption capacity for
Pb(ll). In the flow system, a column packed Si-Benzo at 20 mg for metal ions was studied at a flow
rate of 2.5 mL/min. The sorbed metals were eluted by 1% HNO; at a flow rate of 0.5 mL/min. As
sodiurn, potassium, magnesium, calcium, chloride and sulfate are found in all natural water
sampléé and have the capability to complex with many metal ions. Therefore, the presence of
these ions may be resulting in the reduction of overall extraction. Thus, the effect of interfering ions
(Na', K', Mg®", Ca”", CI and SO,”) at 3 levels of concentration (10, 100 and 1000 mg/L) on the
sorption efficiency of Pb2+ and Cu’" was studied using the recommended column method under the
optimum condition. The recoveries of Pb>" and (.‘.u2+ in the presence of interfering ions were

insignificant different in comparison with the value observed in its absence. This result
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demonstrates that Si-Benzo may be used to enrich lead and copper ions from natural water
\ 2 o2

samples. The application of this modified silica ge! to preconcentration of Pb *and Cu’ for pond

water, tap water and drinking water under the optimum conditions gave high accuracy and

precision (%RSD < 7).
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Abstract

A new chemically modified silica gel with benzothiazo ethylacetate (Si-Benzo) has been
synthesized. This sorbent was characterized by ATR-spectrometry, solid state NMR
spectrometry and elemental analysis. The metal sorption properties of Si-Benzo were studied
towards sz". Cu2+, Ni2+, Co2+ and Cd2+. The determination of metal ions was carried out on
FAAS. For batch method, the optimum pH ranges for metals extraction were 4-6. The contact
times to reach the equilibrium were less than 10 minutes. The adsorption isotherm fitted the
Langmuir's model showed the maximum sorption capacities of 0.22, 0.14, 0.013, 0.007 and
0.005 mmolfg for Pb2+, Cu2+, Coz+, Cd2+, and Ni2+, respectively. In the column system, a mini-
column packed Si-Benzo at 20-70 mg for metal ions was studied at a flow rate of 255 mUmin.
The sorbed metals were eluted by 1% HNO; at a flow rate of 0.5 mL/min. No interference from
Na, K, Mg", ca, Cf and SO,” at 10, 100 and 1000 mg/L was observed. The
preconcentration factor obtained was 20 for Pb2+ and Cu2+. The preconcentration procedure was
applied to the analysis of natural water samples. The accuracy was evaluated by spiked

method. The results showed that the preconcentration of Pb2+ and Cu2+ for pond water, tap

water and drinking water from chulalongkorn university under the optimum conditions gave high

accuracy and precision (%RSD < 7).
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TumIusn He™ Avwdawlwihmrrma W dhasstwanimaae wuinldusd Tasamindlufiug
[ e 2 J - R, - -~ ©n R 1
damIana Hg tReld8@nusasiia Vil uaz VIl waznwidsuad Fonseca WazADME [15] 189w

. A . gt - o 3+ 3+ 2+ [
silica-propylpiperazinedithiocarbamate @ uiaana Cr , Fe  uwa: Co e

— .
N LN 7/
T, _ s Si0, | /Sn—-CHz—CHZ—CHz—(Iil-CHz-CHz),,—NH—C\C
saozl ;'Si-—CHZ—CHz—CHz—NH—C\/G —i—© e S
I S S7\'s
v - Vi(n=1) VIl (n=2) VIl (n=3)

-

ﬁa’m"ii'fuﬁmn"ﬁﬂ‘i:qnﬂ‘twmlaou%aé’m%‘umﬂﬁum’mnTu‘Emaﬂﬂmﬁ'uazhwiatﬁaa
w y ma da - P
NINTINW [16-18] LT® TANUIANAUNY 2-mercapto-5-phenylamino-1,3,4-thiadiazole 813130LNUATIA
W A 2 24+ 2+ ) 2+ -l .~ YR N ] 1
Windu Pb™, Cd, Cuo uszHg fvzduanudududnldie 1520 it daunsdszgndnng

- . ar 3 - al - . .
TasunInan#fifinsfinwugwfiondn  [(19-21] 1w $dnueaniling 2-pyridinecarboxyaldehyde
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phenylhydrazone sansaldusnvosnanloaanlans: dun Mn®", Fe*, cd*, zn>", Co’', Pb> uaz
cu” TaulHinaindauil (mobile phase) fiflnaelsindaulafarasaiiuasdsznay

uanmnﬁn’rsﬁ’ﬂuﬂ‘s-‘ﬁamwav’hum‘[ﬂ{[umqa (macromolecute) fitiiufaulavesinddy 1iu
Luanalunguan@naniu ‘ﬁam‘%’umﬂuawﬁufdw 9ladisuaziannunainnans a371891%289
Duhart LazAKE [22] WU calix[4]arenebiscrown-6 wwyliauinasfidaudatudanieasmansanyn
FiFronaanninvanfonmafinefvlduddafidseininwdasnimatauuusaanad

ftadaieiandfiiing benzothiazolyl 1Huasdiizznay iudunudndunibifinuinawsaifia
saedaunulans (metaligand  complexes) 6@ 'it"mr_hwaa‘éunuﬁunsjuﬁuﬁmﬁqﬂﬁ 1.2
azaaululasiauuszdanailuny venzothiazolyl 9z1seWn @RI donor  atom lupnszftonon
TanzunindduasFudifinavon 15u 2-(o-hydroxyphenyl}-benzothiazole (L1) 9:Anaznaniy Cu’,
cd”, Pb”, Co uar NP luarsaraneniWiwed acetic-acetate [23] W38 N-benzothiazol-2-yl-
benzamide (L2) \iaasidadanlany cu™, N, P uaz zn” [24] wy benzothiazolyr'ﬁ@iaag:ﬁ'ma
diazacrown ether (L3} ®1130&3H 4 Ag(l) WU liquid-membrane transport sthafiamuduwas [25]
wanIndi SafiTowin 2-mercaptobenzothiazole (L4) iiaaaiiafeuldnyu Bi, Cd, Co,
Cu, Au, Pb, Hg, Ni, Tl U8z Zn [26] #38 mercaptobenzothiazole figiafiy calix[4jarenes (L5) Saldlu
nsa319 Ag-lon Selective Electrode @9wudn fianudunwizda Ag” nile Hg® wn [27] &
S. Afsaneh Uasftu: [28] “leTﬁ’m’né'ﬂmJ':"ﬁﬁn’lwsaﬁ"auﬁunuﬂunsjuﬁ 1oun ‘2-mercapto-
benzothiazole (L6) tWelfillwwazasudslumaninanuiduiuves Ag- lasldasazany sodium
thiosulfate  (iludrrlassulansaansnidarasuds luewissiiswrmdunniaaima e
(T (preconcentration factor) 1YL 300 FIANNAMIQATULINAL 343 pglg uss %R.S.D.
i 2.04 (n=7)

MRG4780108



unfl 1 uml 7

o0 L

L6

A e - s _
71 1.2 dradnvesdunuaniing benzothiazoly! iilussfiusznay

1.4 JaUsraoduaztaunavasnwidy

Lﬁaamnﬁunu@fﬁﬁv\g benzothiazolyl Juasdtsznavsuninifiadiaanuloasulansle
wamnuagziia lasawizngulanzwin s‘fmfu'lumu%ﬁ'uﬁﬁatﬁan‘ﬁLmuefﬁﬁugﬁandmmﬁm%‘u
winufdaddneariialwilasrimasilulwsRaddnies uazfineniladviifinadenmsanalason
Tanzninfouvuuunfuazasdud loud pH - v lunsana audutueasarsazaofiids:
drauynisaadulaseulan: darmsluadiuaeduisasaiazas navadlasauuninaea
(interfering ions) @amsafauazdurniaaimaivanututu laglassulansAlinasas dud
cd®, co”, o, Pb? uaz NP wananil farhmmesaumaiuaudiduleaaanlanslwiian
WRAIETTN AN
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2.1 w3asiipuazainnl

1. Flame atomic absorption spectrometer ju AAnalyst 100 {Perkin-Elmer)

- LY ) - 1 Fy ol 4 p [ o
dminanaialanswinriladn g lasldinmzminiiies faufigiiofmuadiaisaf 2.1

4 - A ) g kg =
A179n 2.1 W']ﬂ3JUilB%ﬁ’l“?ﬂﬂ’ﬁ@ﬁ?ﬂ’lﬂlﬁ&l’lﬂﬂﬂ‘lﬁ:@l']LII.Ylﬂuﬂ FAAS

Operating condition Cu Pb Cd Co Ni
Wavelength (nm) 324.8 283.3 228.8 240.7 232.0
Slit width (nm) 0.7 0.7 0.7 0.2 0.2
Lamp type HCL HCL HCL HCL HCL
Lamp current (mA) 15 10 4 30 25
C,H, flow rate (mL min”) 3 3 3 3 3
Air flow rate {mL min") 10 10 10 10 10

*Hollow cathode lamp

2. Nuclear magnetic resonance spectrometer 400 MHz {Bruker) fMIVANIRBUAN U
2189 RunUENANATILS

3. Nuclear magnetic resonance spectrometer (DPX-300 Brucker Biospin): 13C-NMR solid
statedniuanarsudnyaedinuaaiithum ndioudasuiunududa '

4. CHON/S analyzer ju PE 2004 series Il (Perkin-Elmer)

5. UV-Vis spectrophotometer (Varian Cary 50)

6. pH meter T;u pH 211 (Hanna instruments) ‘

7. Peristaltic pump (ISMATEC) 19373 Tygon tubing R 3607 i.d. 2.79 mm wall 0.86 mm

8. Mini-column 1% stomach tubing tdurMgUININITZINIL 2.8 mm EWMILLTIRAG

« A & as [V = v
‘IIENLL'LNLwaﬁﬂﬂ’m’ﬁﬂnﬂ1u'§:UUﬂaﬂl.ml.l.ﬂ:ﬂ’l‘j‘twuﬂ’l’ml‘llu'uu‘ﬂaﬂﬂﬁz
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2.2 §151AH

- [IN] LY .!' A [¥]
mmaiinnsfiadu AR grade lflummassdlarhidiumshldudansdn & miudaah
- -l A [
a:mﬂaumﬁmﬂu commercial grade LTW dichloromethane, hexane, methanol Uf: ethyl acetate

3 ' L o = [ o
ﬁl:ﬁ'\m'maunau'l'n TIUATTRITIAUUNTUA UFAIAIANIIN 2.2

“ - ) (-
A171IN 2.2 T’]Uﬂ‘TTmTLﬂNU']J'ﬂuﬂluﬁ']u']ﬂU

msnd ' Vitndnaa
3-Aminopropyltriethoxysilane Acros Organic
2-Aminothiophenol Merck

Ethyl cyano acetate Fluka
Single standard solution Cu, Pb, Cd, Co WR: Ni 1000 ppm Fisher Scieniiﬁc
Calcium nitrate Merck
Magnesium nitrate ' Merck

Nitric acid Merck
Potassium hydroxide Merck
Potassium nitrate _ BDH

Silica gel 60 ' Fisher Scientific
Sodium chloride Carlo Erba
Sodium nitrate Carlo Erba
Sodium sulfate anhydrous - ' Carlo Erba

a Fr .
2.3 maasndanwafiBonnan s benzothiazolyl

o AJ J 1 h . b o 8 L :
muaTondinaafitieudadan benzothiazolyl vldaidu 3 Tuaaw aait

LA | o ‘
1 1 NMITILATIEN 2-benzothlazole ethyl acetate [29]

S NH; N
@ + NC/\I,/O\/—>Hea[ ©: A\ + NH;
Z g l S 0
O
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. o
AUUBINTY ethyl cyanoacetate (6.0 g, 53 mmol) UR: 2-aminothiophenol (6.6 g, 53 mmol) 11
o e o J o = - A o 4
120 °C muldutsenmealulasiawdius 2 Tl Warasmmubusailagunniivaauirazaodae
. & v oA o v [Ty - [ v
dichloromethane mnuuﬁnlnmqnm‘fwﬂaﬂmﬂmm'[nnﬂmau'l.'nfnammmﬂumgmm unsly
dichloromethane (Tudar: sldufasustidwhduinies (11.1 g, 50.0 mmol, 94%)

Toys 'H-NMR spectrum (CDCly, 400 MHz.): & (ppm)
8.03 (d, J = 8.4 Hz, 1H, ArH)

7.88 (d, J = 8.4 Hz, 1H, ArH)

7.48 (t, J = 7.6 Hz, 1H, ArH)

7.39 (t, J = 7.4 Hz, 1H, ArH)

4.26 (q, J = 7.2 Hz, 2H, -OCH,CHs)

4.16 (s, 2H, ~CH,COOCH,CHs)

1.31 (t, J = 7.2 Hz, 3H, -OCH,CHj)

& J
W 2 MAI8N 3-aminopropyl silica gel (Si-Amine)

\ Toluene O\ /\/\
oH * EtO—Si\/\/NHz ——— o—Si NH,
/ Reflux, N, yd + EwOH
——QOH EtQ ___0/

Si-Amine

HRUTANMIAR 25.0 g 1 dried toluene 150 mL W&L@y 3-aminopropyitriethoxysilane 10 mL
a v g v 2 -~ o - =~
auuazmsInsnduanaumeldussomalulasaudune 24 lue  devawmaniuana

- v Y o - [ .
qannil Weoudy nissmesuddisieeantasgygnme §19d7 dichloromethane (2X200 mL)
P o~ R RV g . . - - Py .
GunTanmianlaiin Si-Amine tiululadinmefinalflunmmaesasdsly

o[ BuR 13C—NMR spectrum (solid state NMRY): § (ppm)
43.38 (-Si-CH,CH,CH,NH,)
_26.17 (-Si-CH,CH,CH,NH,)

10.09 (-Si-CH,CH,CH,NH,)

70Ya Elemental Analysis: C 5.890, H 0.978, N 2.352
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. _
i
fWuN 3 MsaTan benzothiazolyl silica gel (Si-Benzo)

o,
e g T s
o PPt

Toluene Reflux

O 5
0 /U\/L C + CH,CH,OH
e -

Si-Benzo

HaY Si-Amine 25.0 g lu dried toluene 150 mL st benzothiazole ethyl acetate 1.0 g A%
> Y - - P A a o
wazlanuiouni 100 °c neldussenmelulasowdvwiem 24 Flue  dievasuauifiureiy

-~ [y [ a % .
am“ﬂu“ﬂﬂuﬂ')n’ﬂd'ﬂﬂﬂLl%\]@]']ﬂlﬂ'jﬁﬂﬂ'faﬂf!fymv'lﬂ'lﬂ ﬂ']\'l@.f'lﬂ dichloromethane (2X200 mL) U/s

1 u

[ - - I o e “e PRV g . &
methanol (2X200 mL) aldvasudidmfaailuniaims Sonddmieaf l@iin Si-Benzo (Aiuluia
- « o ]

Famafinalflunmanassialy

ﬁaga 13C-NMR spectrum (solid state NMR): & (ppm)
188.48 (-NHCOCH,-)

168.46 (-CH,CNS)

153.056 — 122.97 (ArC)

42.94 (-Si-CH,CH,CH;NH;)

22.76 (-Si-CH,CH,CH,NH,)

10.33 (-Si-CH,CH,CH,NH,)

Toya Elemental Analysis: C 8.929, H 1.613, N 2.430

2.4 msanalansuiinaiy Si-Benzo wssuuuung

#1 Si-Benzo Wi minusinanlndifios 20.0 mg lanaaanaasspuaiduruaudna 13
mm @NRTezaL cu” utw 5.0 mgl Y3u1as 5.00 mL i pH enudainy (UL pH 289
AIATAINIY 1% KOH UR: 5% HNO;) AuaNTassuduiniasnuusiindn (magnetic stirrer) fat
nafmanzas ﬁqmﬁqﬁﬁao uun‘ﬁv'um‘sa:muﬁummuﬁoﬁwm‘%aam‘mmﬁlmﬁ 3500 rpm tHutan
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Pl & A - [ [” - .
5 wifi iurussazasash ldanviadiinalanzndimsaiasioinaiia FAAS lasaiunmw
N19331% (standard calibration curve) uazynmimasaidi 3 srdmiulansudscoiia
- A a Y )
lossulanzafiadug Mmmmesedluwimandoriu  Tasarnudutuvasmsazanslossu
o v e [V 4 '
TanzBuaunlaiiuail
2+ a
®198=8N8 Pb M 10.0 mgi
2 LY *
fsasany Cd 1t 2.0 mg/L
2 [
fsazany NI g 5.0 mgiL
2 A ¥
§1IAZ818 Co  1iiudiu 5.0 mg/l
" L ' ~ w ¢ o A
finmdadunfinadanisanalaveminluszvuwumaaail
' - o - o P )
1. pH Mminzauiiinissiafidsz@ninmanniiga
o v 1Y -l e
mmmasadnanldnsnlitedulasldesazanalancsh pH 1-6 -
-l a af [y o - . of -
2. nalflumsadaihlimmsdalusininwinniga
a oM o v o w % -l «l .
mmaeassdinldnanlithadu lasldarazaolansii pH Aivwunzsay uazldiianlunis
analugag 5-60 wifi
- ot ad - ol ] o
3. lelmAfurasmigady iefinwmn@ninranmigaduszniv SiBenzo fivlassulans
4‘ . et . . - :J‘ ] X ]
uazNBMIAINTININIQATUFIER (maximum sorption capacity) vaaailnildelaaanlanzuda:
- [ vy W u - w o
sia  Ymmeassastnan 1 iten  lasldasaraelessulanzi pH  waztianlunisanan
P -~ X <9 o v f
wanzan Agunndl 208 + 1 K il enudiduvaissazaelansilinaassaglugis 5.0-300.0
mg/L
' v W - a [ I - @
meanututuredlassulanziasiala hindnudulinalansigngaduda
vhwiinwes Si-Benzo ' | | '

2.5 mMsanalanzmiinaay Si-Benzo Tuszyuaasu

haaauniawaidudvgudnanalszanm 2.8 mm ﬁm‘sqﬁ":mﬂa Si-Benzo dhminuyinen
1n&ifins 20.0 mg (Wiodmitnduamuanuminzay) andwmasazss Cu’ [ dudu 5.0 mgll 3o
gTRZAY Pbo 1TuTM 10.0 mgiL) i pH 4.5 U31a3 5.00 mL Tanfidasnmslna flow rate) 183
mia:mumuﬂaé‘uﬁmm‘n’aomi‘fimwﬂu{wu peristaltic pump (uamd’agﬂﬁ 2.1) ﬁqmnqﬁﬁao
né’wlmfuﬁ'lmwz‘laaauTam:ﬁgnﬂﬂiuluﬂaé’uﬂﬂumummzmuﬁ’w:ﬁmm:amﬁmm 5.00
mL Tasfidanmiinafimunsauwidionnu

ﬂﬂmia;mu'laaauTan:ﬁ';humnﬂaé'uﬁua:mm:mu‘?’l'zj:'l@i’ TWenaladFinadansdae
inaila FAAS lagadanminasguaud@oadumsadaluszuuiund
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T

Tl

i '™ ~i v ) g oy
Ellﬁ 2.1 ﬂaﬂuﬁﬂUﬁ?mULNa Si-Benzo ua:msmu&luaﬂﬂmﬂnamu peristaltic pump
& v da ] ar o gFo o
anwilaspninasansanalansluizuuaaduviaail
e ‘ L ™) '3 A . B e - -3 A
1. amﬂmﬂwamuﬂaauwuaom*sa:mu'laaauIma:nﬁ'ﬂnmsanﬂuﬂszanﬁmwmnﬂqﬂ
v A v (XY - ar wa ' w &
Mmmaaasaanlengn teen  lasSuliliaannisivarweasuiiuesgrtazet
loaaulanzaglugae 0.56-6.0 mumin
- L3 G A A Qs 3 A
2. mwmu‘uwuaammnmm:aunﬁﬂﬁ’[amgnmanmnﬂaauumﬂnqﬂ
o A ' (7% % [ . b [
mnaaasaanianailitedn  lagdana  Si-Benzo  MAIINMIEABRIIRERNY
i o e v “ o
lesaunasuaiuazaznafiaamnisna 2.0 mUmin u¥msTedasaTazans HNO; WDudu 1-7%
o e .
31197 5.00 mL A8a7InTIRa 0.5 mL/min
3. MIALaNT NI R IR TREa Y 1000 UNDILA IR AN
o o f 2 v v
ﬂma.l‘%m@waqmia:mﬂamagluma 25-100 mL INEITALAY Cu- (uTu 5.0
=] 2 L. % ar IS as
mg/L (WFasTasany Pb it 10.0 mg/L) USunas 5.00 mL 15U pH wasmsazsnoiiv 4.5 15y
Lﬁ'mm?‘uaqmmzmu'[aﬁﬂﬂU_'l“Emhﬂﬂﬂﬁrm'laaau datasanslaninanaduazasMdaz
] as A dl @ v L b
a3 ‘lﬂmuﬂaﬂmfﬂmffqtﬂﬁ Si-Benzo AISATINNTING 2.0 mUmin LI TEADANNAI 8Tz RNY
[ a a . A .
HNO, Wi 1% U5u1@s 5.00 mL fidammiina 0.5 mUmin hansarsazanslansfiniuain
pd A L. [ . -9 L b
aoauiuazmszasnaele llanaiadSunmlenzdioinaiin FAAS Tagadrsnmdunasgiu uaa
hudwmn e fiBudmInaudin (%recovery)

AmTuunniaas MR ua TN NIRRT NA AT EINT oIS ua TR IR R e pawl ane
datiSuasaas

4, ﬂﬁaaummLﬁwﬁwﬂaa'laammaaLL@aua:m:ﬁdﬁﬂﬁqﬂﬁmmmLﬁuﬂ'a"uwifu'ﬁ'u‘lﬁ
fAsviananoil
Hudassazanulesanlans 0-5.00 mL nRIRTAUTNTY 2.0 keE 5.0 mg/ll FwIL
nouaduazazNIeNdey USu pH vadanssraedu 4.5 diusTunasvasersazansloaaulans
Taglfinannlasanaufivunaniu 100 mL ﬂwmm:muﬁ('l.ﬂmuﬂaé‘mfﬁmmwa Si-Benzo
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(20.0 mg fmIUNaIUAI us: 70.0 mg dmiuazm) Asanmslna 2.0 mUmin udrozneduide
#IAZAIL HNO, Tudu 1% USinas 5.00 mL fidamniang 0.5 mUmin dharsesseanslansil
iwneeduitazasaraofinsld  lamatariinulasdaomaiia  Faas  Tasaonmv
e udahandwamidafidudmangudn
5. muRuanudnlossunssmiusrasiuiailesswunsnaaa (interfering fons)

losaurfiadug Aaulefinwn dun Na”, K', Mg”, ca™, ci, 50,7 daiinlosaufinyld
Wwihanmmrd Teodaelessumaiinsduanududu 10, 100 us: 1000 ppm luzuinda
lndsuilafersannsvasuanlossu wiandeluniadafansannsvauanloson seluasazany
lasanvaslan: Taniisnasasssil

Yiamsazanelosaulan: 2.50 mL @ Tazaodiudu 2.0 uar 50 mgll §miy
NAWAIMATAMIANENY 15U pH 1assIazaeiin 4.5 funndefidasmsfinen YiulSnaes
amazaelaseulanslavlfibhunasinlosovauiBananiin - 100 mL  shansasanoitleim
ﬂaé’uﬁﬁmsqtﬂa Si-Benzo (20.0 mg #IMIUNAILAI LS 50.0 mg & miuasia) fiaamnitine 2.0
mUmin udrsnadidanansazary HNO, Tutu 1% 15ias 500 mL fisanmtlna 05
mUmin  hasensazanplanftnuanessmiuasesasaefissls  luessiarfinadanzdan
madla FAAS lagaianmvinassm  udnbhundwanwidsfidudmnduan  uwlsudisuiy
tﬂaﬁ"ﬁu@fnﬁné'uﬁmﬁa‘hjﬁ‘laaawﬁﬂ‘é’uﬂua;‘i

26 nistiuaautulasounaunitazaznaaa Si-Benzo uirsssnma

fimlhdaate 3 wile 1dud 11"'111'mas:‘gmmmrium%nmé’u szt wash@unedes
niad'tfﬂ ldwaa polyethylene 94UN® 5 L n‘smﬁﬂﬁ'zamamu glass fiber Wax nylon membrane TWA
0.45 pm nawh Ul '

Wy cu” 5 pg vwia Pb” 50 pg Twidaat195nas 100 mL dnuﬂaé’uﬁﬁUﬁqMa
Si-Benzo (20.0 mg ®WMILNBIAI UAT 70.0 mg dmiLeza) AdaTn1sIna 2.0 mUmin u§as:
aadnidnumTasae  HNO, Watu 1% 1531a5 5.00 mL fidammilna 0.5 mumin shas
avaraalansfiwanesdmitssmsaranefizeld Ianatatiinalansdamnaiia FAas Tan
shanTnas;u udnhndwamuaiidudmanauin Wisufsuiuafifudnsndufiu
delifimandulasaulanzasly
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<
unn 3

Hantinaaay 3011'“{“3 :ﬂ?ﬂﬂﬂﬂ']'ﬁﬂﬂaﬂﬂ

3.4 mIeTaudanwaimiandadas benzothiazolyl (Si-Benzo)

si-Benzo sunsaweisuldlassu 3 duaeu fe Tuasnusnidlumsieion 2-benzothiazole
ethyl acetate aidusunudfildderudanues tuasuflseniiuljfden siation Twinddaues
WBITFANUINNL 3-aminopropyltriethoxysilane Iﬂumﬁﬂﬁn'ﬂﬂnﬁﬁmﬁﬂﬁuﬁ: _Si-0-Si- u il
3-aminopropyl silica gel w38 Si-Amine \DunfaAat ua:lufuqﬂﬁ'tmﬂuﬂﬁﬁ‘%mszwﬁe
Si-Amine i 2-benzothiazole ethyl acetate lagwijieiiuundinuaa vwifiluiiaedlalvg
(nucleophile) Lﬁﬁﬁﬂﬂf}t"“u‘%mﬁuwgﬂﬁuaﬁamaa 2-benzothiazole ethyl acetate AaWwuszialudler
-‘ﬁamwaf’lﬂag benzothiazolyl fluaslyznay (3undn Si-Benzo fumaumsé’amﬂ:ﬁuamﬁagﬂﬁ
3.1

NH, B N
eat +
@ . NC/\H/O\//_+ @:\ NH;
SH 7 (0] s 4 0\

. (I)CH3
OH /\/\ Toluene O
o HiCO ISI NHy g 0}5; NHz  +3CH,0H
OH OCH; Reflux o
Si-Amine
(o] ]
0, Toluene %0 —
o3s” "N+ o s —_— O?Si/\/\ﬂu“ +CH;CH,0H
8] L Reflux o
0)|\/|~\~N
Si-Benzo

i r a .
51111 3.1 TuaaUNNTFILATIEW Si-Benzo

-

[ : . Qr A b L o - -1 L 1
n'nwgaﬁlananmﬁmaamamaal.vj'immmﬂ:ﬁ"ln Ylasandumnaiianvanininsalng ldun
13
ATR, C-NMR uaz CHNS/O Analyzer
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a . . o P o a ot woa .
ATR ainaiue9 SiO, uss Si-Benzo UAAIGITUN 3.2 Tausaaununiganiuilndifosiu

: L bt . - z J’ l‘ o s 1 [}
HAMIMNAADIUFaAAIDINUITUIILYEY P.S. Roldan uszatue [30] ﬂﬁ“l“ﬂﬁﬂﬂﬂﬂgﬂTHQ7:“1'}d“l‘.‘l

L) e N . . - W a - [y A - o o,
BRIIUDA NY 3-aminopropyltriethoxysilane WNaUa mualﬁuunuwg‘nmuaan‘lumﬂﬂgmm

.14

Si2
012 Si 1

010

008

0068 -

Absorbance

004 -

0.02 -

S PN
000 F v adl

i i i ' i . 1 L I i
3500 3000 2500 2000 1500 1000
’ Wavenumber

5171 3.2 ATR spectra 184 SIO; (Si 1) WibLiflsuiy Si-Benzo (i 2)

] [} (.3 - g st L ) e J’ F A a
wdadalafiany ATR aulnafusmunsaduduldinlayWus benzothiazolyl vuAUEIEEIN A
v ’ o A da , -
e unumsgﬂnﬁunﬂi:mm 2900-3000 cm 7Lfiaan C-H stretching Pasvazlsandn  unu
o -1 A -1 -l -
MIQANAUN 1750 cm  v8d C=0 vouBlE uAzunumIgandufilszanm 900 cm ftfiaan
. . . o o e - Y A . A -1
—Si-O-Si- symmetry stretching Ltnnm‘i@ﬂnﬁunmnngua:umwwug«mmmunmﬂa'n 1096 cm
g oy ol ¢ o
Salluanemusianizral ~Si-0-Si-  anti-symmetric  stretching unumtgﬂn‘éunﬁﬂtmmuﬁﬂnvmz
- s [ - J 1Y el Bt -l as 1 s P AV‘\ «
fianda  dududdnai lWldinidaudsaslianyue broad ndRmaeimTANRUNUa#I9
nvias [30]

13 a P [ Ao a
e C-NMR 183 Si-Amine Uar Si-Benzo URAIAIANTINN 3.1 WURQUDYIUNRIATY

R
vy e ! d = - ¥ - . ) '
louri fygnadugas 1044 ppm Fududygruariveusssnilniia (-SiCH,CH,CH,-) Tatuan

1 - Lo AA [y 1 . B A A 1

INRAWUT: -SICH,CH,CH, Nfvasd8n1aa & Si-Benzo Siwudygrmvasmiuauiidiuni
- < A - -~ & G

122.97-168.46 ppm Waz 188.48 ppm Fufludugruaivenlunazlandnuazanfuefia muday
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- . 13
@1979N 3.1 /gl C-NMR 183 Si-Amine WA Si-Benzo

I AYBIUTDY chemical shift (ppm)
Si-Amine 10.09
26.17
43.38
Si-Benzo 10.33
22.76
42.94
122.97-168.46
188.48

a o o o - o P .7
#FMTU %C, %H, %N T TIiWsTaupIndwnsaawdsmesl ﬁlﬁmmmquuau

€ -

lalavton uazlulaTion Fuilusedlrznauvasfunudifinin Fneldann %C. %H, %N fRxduin
N3t Si-Amine U8z Si-Benzo tHawFtuifisurudanmuafilifinsdantmand (Si0,) uanus
aTaf 3.2 athelsfianu ligansolddoya %G, %H, %N WamanuduWuE % loading 89
benzothiazolyl UuEAnAle

(ﬂ'ﬁ’wﬁ 3.2 %C, %H, %N 183 SiO,, Si-Amine W& Si-Benzo

IWRDAINDD %C %H %N
SiO, 0.053 0.011 0.057
Si-Amine 5.890 0.978 | 2.352
Si-Benzo 8.929 . 1.613 2.430

= e L g - -2 . ] [+ P .

Tuns@nsnisane legaulavzdoiasauds ssfinwannz Si-Benzo 1Yiuu ladan Si-

. - ' - o o A —n ® . | [ ' . E A

Amine HwgiNarduefuwiiisui@duwsudaifisuiumy benzothiazolyl lurnizilaasulansh

[ . . J I - & )

daImanaazagiugl free ion Wammmzmoagluaniznia fanziazililiilaiue (protonate)
val 1 = ™ & . v o . ' ] -~ -l

lanmahaiin fiadszauantwin -NH, - §anald si-amine Limanzandanmsgadilasauniiyzg

uIn
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3.2 HANTANALARZHRNAIY Si-Benzo IWsrULULNG

3.2.1 kavad pH savasazanalasanlanzdonisana

ol o A - 2 2 2 2
HRT29 pH vadmTatanslesanlaveiiidadst@nSawnnsana P, Cu”, NI, Co WAy
2+ A - R - "
cd mmgrmlugrssnnugnigaduvaslansdadmininagesuds (mg Tanz/g Si-Benzo) uaas
a o
aIgfl 3.3

3.0 -‘
25 ¢ } {
204
3 cu -
E= » Ni o’
5-" 15 4Co
=z oPb
o)
E I 4 b x Cd
1.0 4
L]
0.5 4 . I =
3 - x
x [ ] | 4
S 7= ~

0.0 -
1

=
w
-
w
-3
-~

pH
A 1] L "3
311 3.3 navas pH A IazaILdEnIaia laaaulans
[Cu” o= (Nl = [Co™ ] = 5.0 mgiL, [Cd” ]y = 2.0 mg/L, [Pb’ o = 10.0 mg/L, Lafildafia= 30 urfl
U min Si-Benzo = 20 mg (n=3)

o o . - & - o I 4
fl pH < 3 WU Si-Benzo himwNInanalaned 5 Tila udidla pH TaImITATILRUTH
. o oA v P - ' “ al PR
anuimIgaduradlancitAindudis mn pH fikadamigadulansiitasninlugnzfudunsa
- J 1 J = [ [ -
1 ng araifaldslauail donor atom vy benzothiazolyl 4léud wy —N=C-S- ifieuiln
+ ' - o a W ol N 1
N'H=C-8- Mldlianansofefiisanulossulanled uasfi pH veIeIazaoyindy 3 euduin
Si-Benzo mmmg}wﬁ'u'laammaaumua:a:ﬁ'z‘lﬁ'ﬁmtam’i'x donor atom VW& Ui deprotonate
3  m  al Lo L 7 ‘J [ - ., o - |J a
Mliifafaaiulessulanz1d Tauh pH 923 4-6 dnsEninmnisgadulasaulanzynofialuluiy
-l ' w - .
pH PaITTaTaY uar pH vasmTarauiminzaudaniigaduleaaulonzynaiiafia pH > 4 uaz
o a ' g ' . o & o a
iian pH = 45 dmiummaasssell wenvnfidanyi1 Si-Benzo MNTNgATUAMANgaLE
- o - [ A . | e | o W v v oA e
Wounvlosanlansofiadug qud pH wiin 3 udull whranududuGuduraasazais
-'.- N . - A 1 LAl a s
leaauarmazinnninlesaulavizsiiaduiaiy  prananilain  anudume  (selectivity) vauwa
. ' [ - I A [ - X .
si-Benzo danigaduleaaulansii pH aaud 4 - sFuadavldasit Pb > Cu > Co > Cd > Ni
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3.2.2 l.’Jmm‘l'fﬂﬁﬁ (dontact time)

J-l ] - A e 2 2 .2 2 2 d
wavasnfifidadssininmwlumeada Pb™, cu”, NI, o waz cd” Tanenuluzilves

[ "] 1 v - At A
qumigmu-ﬂaq‘[an:maﬂwumﬂmamﬁo (mg lant/g Si-Benzo) WFAIAIFUN 3.4

3.0 -
2.5 1 i n . e ]
¥ o Cu(ll)
8 201 = Ph(ll)
7 A Ni(ID)
~ 1.5 X Co(II)
= ¢ ¢ ¢ ® 3 & oCd(n
&
£ 1.0 -
0.5 1 % P
g ¥ 5§ & :
0-0 T T T T T T 1
0 10 20 30 40 50 60 70
Time (min)

3ﬂﬁ 3.4 navssnflflumsanalosaulan:
[Cu"To= N o = [CO- 1o = 5.0 mgiL, [Cd” Jo = 2.0 mgiL, [Pb> 1o = 10.0 mg/L i pH = 4.5
Wniin Si-Benzo = 20 mg (n=3)

- I 4 ' ad a v o o <
finanasud 5 wiidwld Si-Benzo manIngadulasaunasuasldnim Twrnsilaaauasm
L |l r ] A’ = o4 s ol v A ] [ L ]
Falumsada 10w Iulfiaaclddmnugmigaduai uaadWifwimseaduifialdade
. B P [ T [ -~ ’ ’ as
719137 (fast kinetics) Guiluiliofiddgdimivmsansluszuunasund fudamuInIgaduTes

P P v A - P [
lossulanzBnamuriiamndwdntaslaursf g lunisana

3.2.3 lalenisunas nsQaty

hnsfinmlalafifurenisgadu w‘ﬁaﬁnmwqﬁnsswaemsgwﬁ’mzm‘w Si-Benzo Ny
leaaulan: ua:uﬁammqumig@-ﬁ'ugaqmaaLﬂaﬁﬁ‘ﬁ@ia‘laaauTaw: ﬁqmﬂqﬁmﬁ 298 T 1K
TﬂU'r‘imjmﬁ'ﬂ‘laaauTan:ﬁﬂﬂm'ﬁn'ﬁuei'mq fipH = 45 uaz pH = 35 dmsuueadioy Tasld
V33N tune Si-Benzo A3l 20.0 mg anumantavannazsndlumigadulesaulan: uraslaws

. ooy A v
m’mqm'i@‘ﬂ‘ﬁ)u (sorption capacity) Faw ldnauns
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sorption capacity (molig) = ﬂ'imtu.‘laaauTan:ﬁgnglﬂcﬁ'mTwLﬂmxmu'ﬁa (mol) (3.1)

dmininsrauds ()

(Y [v) ol - | . . gl
Llﬂ:lmmiﬂﬂmuuuuuaolﬁu%nqmﬂquﬂdn (Langmuir Adsorption Isotherm) [31] &M3u
(-3 sl 1 A
ﬁnmwqmmmmaqmiﬂmmzmuMammuima:'laaau'[ﬂn: Fatlguniaiu

c__1.c
Nf BN AP

(3.2)

lag ¢ fe snudndulesaulanslussazans (moliL)
- P ar = a . . L
Ny s dwulusveslancignaaduuwmauasuda 1 ndu (sorption capacity, molig)
N Ao @1anunigadu§IRa (maximum sorption capacity, molig) '
' ]
b fa efnaf

[ - -~ ' e ) A € A n
ingansamisgatusswiniavesuduar lsssulansiullamaunmuaandsd adiou
Y™ B . ar - -l o« - . |
nTamudIRuE IR O/ N, fu C srldiduasandanuddu NS uazliyadaunu v il 1
] v o ' . ' al v
N Plimmndmnndenuaunsalunmiseduinngigauazanif b e
P Y - - o ¢ ' 9 v o,
WadaysrinuanmmansaidounmuanuFRuiTnin O/, fu ¢ WWaumianien r
ol o i g, - . N “ - ey el
Vil 1 (uaasdagUi 3.5) usasinduanuduiufiiodu (inearity) Wufawg@nssumigaduua
-~ & -y #) el =l 1 - [) ¥
si-Benzo fiulassulansns 5 sila Wnllawngaduuuuuaniiod lasdwnniimeid g aalld
a E ' a - o & [ 4 - .
fauasluanTif 3.3 uazdnuamigadugga Fuadaulaasi Pb > Cu > Co > Cd > Ni
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18 25 6
16
14 P
_ 12 - o4
3 0 -
E 3 E b3 &
h 1 Fr8g = «+ L]
© - © k]
< 6 OF % A
) =
4 4 Z
1
2
- 0 0
+ v . v 0.0 . . , .
00 5 10 LS 20 2.5 0.0 2 4 K & 1.0 1.2
€ (x102mol.dm™3) € x10 3 mol.dmy
(1) (2)
4
b 30
;[ 6
3 . Fas
- - 5
- o~ T [ 20
=} 125 - A
£ £ g 47 E
& 2w s g
%- (& }--4 3 34 az“-
z -3 1]
F Z
AR : gz’gf 16 2 a CVsNg
s ® CVsC
Nf 1 Ne 5
0o . 8 . . . 00
1 2 3 4 5 00 2 4 6 F 10 1.2
C 104 mol.dri3; C (x10 5 mol.dm'3)
(3) 4)
12 14
A Y
1.1 4 P12
]
- 10 10
‘o -
5 9 bg
£ 5
= —
z R LIS
g
z a 4 CvsNp |4
® CVsC
R Nf P2
5 - - s T Q
20 40 60 B0 100 120 140

€ (x10"5moLdm*)

)

- w + + -+ + + ol
71l 3.5 lalmAsunsgaduves (1) cu™’, (2) Pb”, (3) Ni”", (4) Cd”" uaz (5) Co™” 11 298+1 K
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22

<t . P : a <
A17197 3.3 ATWITIULS E]%G]’N | 'ﬂ’maunﬁm‘i@‘]ﬂ‘nuuuuumLﬁufnqmvmu

-

u

298 + 1 K

f

lesaulan: UM TLEUATI r N, b
(x10™ molig silica)  (x10" Limol)

Pb” y = 4518x+0.1278 0.9921 2.21 3.5

cu”’ y = 6795x+0.3006 0.9943 1.41 4.2

co” y = 77933x+1.331 0.9927 0.13 58

cd”’ y = 143765x+0.4724 0.9971 0.07 304

Ni*" y = 192178x+5.8282 0.9813 0.05 33

FMIVIUAINTLITENINUNR Si-Benzo fuleaaulansiiuuuy chemisorption wiatiafiadu

' o € B o o ] a A A, [ . [ ar r
srwindunuanulosaulaveiuies anhazifiefilaafidunis NS ve4 benzothiazolyl (Jundan land

v a o o e b o al o a .
magaauuaguﬁa m‘sﬁﬂmn’mn@a’mm'ﬁaumaam&wufman[&t]mm N benzothiazolyl

lu

r-y-| - r-Y A
peflsznay lapAt UV-Vis spectrophotometry IMNNUITLVINTAAT WTN@ [32] wumTidRauulag

1!E’NLLﬂUﬂ’]‘JG](ﬂﬂﬂqu’ﬁ’]\!ﬂ’J'mU’T]ﬂﬂu 250-270 nm -mmw,mumwmnawamu benzothlazolyl LEJ?J

Lnﬂﬁ'mﬂnwaunu'laaauTaW"nuﬂmo6] LLET@N(ﬂﬁﬂY] 3.6

A corr

250 200 290 310 aao 350 370 300
A/nm

A corr

P P ar a ‘a o da . = A o
sin 3.6 mnﬂauuuﬂmmﬂnmmaqmﬁwuﬁfman[zt]t.amnu benzothiazlyl \iluasntlsznauiiiaifia

adadeunylasaulanzsiine g
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L P ' . % - e .

WeulSuufisudamuymsaadusedda SiBenzo luawidsddudranuynisgaduves
aa . a d P, LA a - ol
Fanuesaaulimaniiziiadu g vnrfiafldanalanzoiiad g uradiarii 3.4

o - . -~ ¥ o & v oan o al
A1319n 3.4 ﬂ‘]‘illﬁﬂumElUFﬂﬂ’J’IN?‘ﬂ’]‘i‘i‘}ﬂ‘ﬁuuﬂ:ﬂ'mun'ﬂﬂdlﬂ‘sﬂ]a\‘ltwﬂﬂwﬁﬂﬂﬂlﬂﬂﬂﬂI.I.]J')'Yi’NI.ﬂu

A o« '
Wadug dmivlesaulanzdneg

- winine snuansgadulaseulans (Lmolg)
(mg) e o NT o™ cd’
Benzothiazolyl (Si-Benzo) . 20 221 141 5 13 7
1,8-Dihydroxyanthraquinone [33] 1000 76.4 - - - 70.2
2,4-Dichlorophenoxy acetic acid [18} - 200 440 320 - 140
N-[3-(trimethoxysilyl) propyl]-ethylenediamine [34] - - 184 261 L7 -
5-formyl-8-hydroxy quinoline [35] 1000 158 448 255 205 92
o~dihydroxybenzene [36] 1000 82 348 178 175 32

wIAwin Si-Benzo Qwﬁ'u"laaauﬂ:ﬁ"ﬂﬁﬁmmi‘iatﬁﬂuﬁ'mﬂaﬁuq Tuvmefilfinavasundalu
mIatafise 20 mg Lt ua:tﬁaamnmmqmsgaiumm Si-Benzo #BALNIURINAILAIZINT
lopaulavedin  dntumsfinsmsanaluszuuaesmuiumsdnmiladbineg  dmuasiua:
naaumtﬁnfg

3.3 HANITANRLANLKINAIY Si-Benzo Iuszuuaadu

vamsdneniliindneg  fiinadanmanalonsunasaiuazazia  idud  dammslnanas
aaeaelonaulancuazirziuaadnd  anuduturssdrrslunisoslansnie  uasmais
anaduturasaTazay lossulan:

[ - .~ g
3.3.1 9917 ﬂ'l‘i1“ﬂ!li]ﬂﬁ'l7ﬂzﬂ'l Htﬂﬁt Nl'lﬂﬂil ANK

vnnsdnslesldasasann Cu” 1 udu 5.0 mg/l (WIaasazann Pb 1udu 10.0 mgiL) #i
. [ o . [ .
pH 4.5 15u1a3 5.00 mL muﬂﬂﬂmfﬁu7ﬁyﬂﬁ Si-Benzo 20.0 mg naaTNTInadinlug 0.5-
' [ [ ‘ol
6.0 mUmin lénadouaadlugn 3.7
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6.00 -

5.00 1 [ 1 { I i

| ]

¢BLu
w B-Pb

mg M"*/g silica

2.00 A

8.0 1.0 20 30 490 30 6.0 7.0
Flow rate (mlimin)

< o . & - e
zljﬂ 3.7 Nﬂ'ﬂﬂiﬂ@lﬂﬂ'\'j‘lﬂﬂ'ﬂadmfﬂzﬂ']ﬂ‘lﬂﬂﬂu'[a“:uﬂuﬂaﬂuuﬂaﬂf:ﬁﬂﬁﬂqﬂﬂqfﬁnﬂ‘laaﬂu

nauaduazlanauazia (n = 3)

luntdlusslassunoiuns wuiidammsnatdusesmivesssasanslugi9 0.5-6.0 mU/min
ol ¢ -~ | a [ & A
Lifinadamianalassunawuas  Iwraefdssdnimwnsaialessuazmazaaaadloaanmsina
' v ea, O | . Y o v oas |
ygariTasanuaaalildaind 2.5 mUmin iuanly SimaaafasnudanImaaadranidlu
a - ' a - v . a - -
NMIRNALUULUNTANLIT mMIane lassuacmazlfiaanuiuniinisana losaunaduaadniay vl
w a - o ' = w - o o P
miaNauuLAssuNaanmTIravasesacatatiTa T Ml intmwnisanafianas  1iia9an
lasouaznauas benzothiazolyl Hlamaduiadiutanas
Tumsnasasdalianfanlddarnisinasasssacaslossulansduaadiniiiiu 2.0
. B Il-i A e R el - - L
mUmin milassuazmuaznauas idalidinddiisdninmluniaiagiga

3.3.2 AT BIUTNTWBDIAI T

mrdendre ssRMTanTINeEMIINEENTasRTsRanh lAleneddninaiia FAAS 3
nvalumindludrresiianitafimunzay Ynaufunammansasfitiinuiwudn Si-Benzo lianansa
analaseulansldluannznsadniulummensasiisafonnialusindudas:  mmsdnslaold
&3 azan Cu’ 1 nTu 5.0 mg/ll (WSaansazans Pbo ity 10.0 mgiL) Al pH 4.5 Y311aT 5.00
mL. sunedan{fiussyna Si-Benzo 20.0 mg fidaTimslua 2.0 mUmin udvhnsosdsasazan
HNO, adu™ 1-7% 15313 5.00 mL fidgamnislva 0.5 mUmin (Lﬁané'ﬂﬂn'ﬁ'lm'ﬁ"lﬁqmﬁa'lﬁ'

a a . o - & = ]
Ramsrzanniiga) leuaduaasluaisei 3.5 lagnesunadudasiifudnaudy (%recovery)
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A L4 - a .I"
A17791 3.5 HRTDIAINY L'LTu'nmnaammzmumﬂ'l.uﬂ‘mmami'ﬂ:‘laaauﬂmumua:ﬂ A

%Recovery*
HNG; (%)
Cu Pb
1 8915 9014
3 9412 9314
5 9541 9114
7 93+1 8911

. F .
*duady +-298° h=3

n

. - < o
wdwihanssraantaluainduie - 1-7%  eninrzlaasunsiuauszaznalad  lasd
€ = o - - o & ¢ a & | [ Y P
wedidudnindufugsfia 90 WanSsuifivuiunefidudnminaufunsanivldnaszm (@i
. a . « ' -~ v o [
3.6) wuiweniuld airalsfiany lummasasaelleuBanaiscsaonsaluadmdudu 1% wald
-~ | [ ' ! Pl “~ 9 -
Judarz tRaliTlasaudns g sglumsarsofivzanaiafinulanzdan FAAS Yasfige

A 1 L3 gl a‘ e VA a ) bl
A197191 3.6 andefidudmInaufuuas %R.S.D. AnauivUldfianuidududrs 9au [37]

Unit Mean recovery, % RSD, %
100% 98-102 13
10% 98-102 2.8
1% 97-103 27
0.1% 95-105 37
100 ppm 90-107 5.3
10 ppm 80-110 7.3
1 ppm 80-110 11
100 ppb 80-110 15
10 ppb 80-115 21
1 ppb 40-120 30
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- (YRR &
3.3.3 NMTINNATNLDNYWYDITITAZAN ﬂTﬂ gavnaIltAaIlacazn

& a &
mMimaaadiezfinwaumunTalunnRuaututTuadlesaunauanazacNaa o g
Si-Benzo lasaiuguiiinalessunsuaiuazaziadiu 25 uaz 50 tg aadidy TuyFinas 25-100
v ¥ - . a w . ' -
mL mumm:mﬂ'laaauTau:'lﬂ1uﬂﬂﬂuﬁnUﬁq Si-Benzo NIA@TINTITING 2.0 mU/min uivsaaduyd

“v A L -~ L

MYRIIAZANY HNO, tTuTU 1% USHaT 5.00 mL ASRTINTIAG 0.5 mU/min loHaaILgadluaTa
ol '[ ", ¢ " § [

7 3.7 lasTornudaiwidafiruaninauau

ol ' =« L o '
@171 3.7 AudafidudnmInaufintuedlessunauaduasasmiviinatleaaulanzena g

Yogaulan 1 mith Si-Benzo Buataazaiolassulans
(mg) 25 mL 50 mL 100 mL
cu® 20 9215 931 9332
P 20 7614 7014 5311
Pb> 50 80+6 78+4 504
Pb’” 70 9742 984 10243
ol LoosS
*mmaui\/_,n=3
n

o | - & "
fwiulossunawas Wathinesvasasazanlosaunasuaafivinnin  ulafifuns
o o w o, 4 A P [ ¢ € e & o “ W
navfuveslesaunasuasliufsuulss WauFsudfisuduulefifudmansudnfoseniuldinasgm
o ' a o . A
(@390 3.6) wuinweniuld lasludnieesmaAnanadudurinny 20
s o [ A A & g v © =&
fwiuleseuazm WatknemeasatazauloeauarMiinuniiu ndumhldldadidudnis
o & . E A o - o - a .,
navaulasauaznadhss vsfisrailuwnadistfinemam o lessulansiignaadurian
A 1 A el A L
zgnazesnulasmTazasfidudninmendy WiadlalFnaTrssnIasaunIINTENYEI89
] -l 1 e z d' - T L T -3 . = AI
losaulanztaufiinnnin  aaulamaniarasudizfudaivloooulanzfadasas  Savhmafu
Y Lo = o gt A (o3 1 IJ ¥ o o oA
wminina Si-Benzo 1111 50 uaz 70 mg @ udel Hazdninmbhwinia 70 mg Mlvideduiud
[ ~ v o e ar - ~ e
myndufusauiuls WanRsufnudnlefifudnindufnfivenivldinasgm (n1ef 3.6) laod
unnimaimstRua Uiy 20 riw@sanunsdueslasaunasuas
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LYY < 4 o < P (YR Y [
3.34 ﬂ')’l;ll‘l.lﬂ'l.l%‘ﬂﬂﬂﬂ gaunadladitasasng ﬁ‘n‘laﬂnﬂ‘1u17nmuﬂ1’mL‘lm'u‘lﬂﬂuaz

1

linear range

Ynmadnmanadududfigavasmtasan Cu® usz Pb” Al Si-Benzo manTnLAN
anudutuld lasvmsRsanududwlesaulansiidanudutudra giu A pH = 4.5 laufiuvn
s imstfiuanmduturindy 20 duadusadluanned 3.8 lasmoruasidwdafifudnis
naudn wudefiiuadninauiuuas %R.S.D. ﬁ‘lﬁmnmmﬂaaqﬁszﬁun'nmfuﬁu@‘i'\ﬁqmm
grsazan Cu uez PbY Tumiiae pgil dindfianitldiffonSoufioudue fifudmendudndg
pauiuldnaTgn (@137 3.6) Ainududu 4 uaz 200 pgl awdy Tas linear range Tunns
Wunnudutulossunsuatuazasiaidu 4-90 uss 100-250 pg/l anadneiu uasdn correlation
(R \Tlu 0.9998 uax 0.996 dmivlassunesuatuazazia arudeu

< ¢ &« “ A < e v v a2 e }
AT WN 3.8 llJaTl‘ﬁuﬂﬂqfnﬂUﬂu‘lﬂﬂﬂuﬂﬂﬂu@ﬂllﬂ:ﬂ:n']'ﬂﬂ')']ulﬂu%ulsuelu'laaﬂuIﬂ“:ﬂqﬁ c]

anadatuidudu (ugi) %Recovery”
Cu Pb
4 7641 )
9 75£14 )
18 8012 ]
54 8846 ]
91 8811 _
%0 - 37£31
100 - 51127
150. - 7116
200 - 9246
250 - 10243
* fadn + ti}’is n=3
H
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3.3.5 pay Elxﬂﬂ’r]ﬂ%llﬂ?ﬂﬁilﬁ@ii)ﬂ'ﬁ'l'ﬂnﬂﬂ'}"\&l n'fuifu'laaaunaaum UAZAZNI

“ + + 2+ 2+ - 2- a v oo
MasENsNaIad Na, K, Mg , Ca , Cl, SO, HNT=RUANUWUTH 10, 100 uaz 1000
Ao - v [ w &
ppm mmam‘smumwrﬁu'uu'l.aaaunaaumua:ﬂ:m T@]Uﬁﬁﬂ"l’):’ﬂﬂﬂﬂ’ﬁﬂﬂﬂadﬂ{m

#maz Tosownsauas  lasawazia
anuudusudunasasacaielasaulans ( Lgit) 50 125
Bunasmsazaielessulans (mL) 100 100

pH 45 45
dwiiniWa si-Benzo (mg) 20 70
fammrinarasasazarsloseulans (mmin) 2.0 2.0

LRE 1% HNO, 1% HNO,
FRuases: 5 5 ’
dasMyInavasdIr (mUmin) 0.5 0.5

s G A
1@]Haﬂ']‘iﬂﬂﬂﬂ\1ﬂ\1@nﬂd'ﬂ 3.9

ol ) A s o &
A19791 3.9 Nﬂ'ﬂﬂ\l19@aullﬂ'fﬂaﬂﬂﬂﬂlﬂaTL‘ﬂu@lﬂqfﬂﬂUﬂu' 1ﬂaﬂuﬂﬂdllﬂdllﬂ:ﬂ:ﬂ?

Vuiilenen wasifudmmivuisduamnuduiuwreslesauunsnaan
lenaulan: lessuuninmes
nInwas 10 ppm 100 ppm 1000 ppm
cu” . 94(2) Na’ 97 (7) 100 (1) 90 (2)
K 98 (1) 94 (2) 102 (2)
Mg 93 (1) 102 (2) 105 (3)
ca® 93 (2) 100 (1) 100 (1)
cl 89 (2) 98 (1) 87 {3)
so” 94 (1) 103 (1) 103 (3)
Pb*’ 82 (3) Na' 84 (6) 88 (7) 102 (1)
K" 83 (4) 85 (5) 100 (1)
Mg 80 (7) 81 (1) 85 (1)
) S cat 78 (6) 88 (5) 105 (4)
cl 98 (4) 88 (2) 102 {2)
s0,” 84 (3) 91 (3) 97 (3)

“fwadt (SD) n = 3
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“~ o a P ' = a : f '
lasauuningae lauld one-tail t-test AszAUAMMMTENU 95% fatafidudnisnaudnliuanday

fiu wxavitlosanuninraamiriilidnadannivanutuduradleseunsuaiuazasia atals

- ol et & ' - R & w A & v o, , &

il nwniifinalessuunsnasanniu smaliledidudnandufiugsudan Fnhaniigi
ol 1 D AJ A

migadulasaulanclildnalnuuumsuanidfowlasen  inmeminidiunalnmauaniaonleasu

- - b ko a4 o ] A. : at & Q-
PizininmmsgeduaTaasadienududulassudn gluszuufan  damu na'lnmigﬂ‘nuﬁo

(U1 chemisorption WuL89

P (VR Y LY . H -
34 ﬂ'\slﬂuﬂ']'\ulﬂ&l'ﬂ“‘laaa“ﬂaﬁuﬂ\luagﬂsﬂqﬂqﬂ Si-Benzo 1““'\5?7“'5'1@

IenassurzuumatAyaudutulesoulanenoiuaiuszasniaiy  Si-Benzo NUWEINN

prumd 3 sz fe dhiseth ﬁmmnntmmmamﬂlummmmung AmIngaaad Y

ua:ﬁwmnav’lmmq ‘lﬂﬂﬂﬂ’ﬁﬂﬂﬂﬂdﬂdﬂ’lﬂiﬂ 3.10

A -3 - ‘.-l 4 3
@15191 3.10 Wafiduaminauduloasunasuauazacna lwiisisumé

Tan: Add, pg Found *, g Recovery A RSD, %
t'rﬁmnmzqmmmtﬁum’mmé'u
Cu 0 nd - -
5 4.310.3 85+5 6
Pb 0 nd - -
‘ 50 371214 7413 4
sz
Cu 0 nd - -
5 4.6+0.1 912 2
Pb "0 nd
50 44.941.9 9043 4
iharnnetasnsanin
Cu -0 16.94£0.3 - -
5 19.5+0.09 10443 3
Pb 0 nd - -
.50 4543 9016 7
* dady + t:}’is , n =86, nd = not detectable
n
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