CHAPTER IV

RESULT AND DISCUSSION

In this chapter, we present the results and discussion of liquid-liquid extraction

and solid-phase extraction of Cr(VI) anion by compounds 1b, 2b, 3 and 4.

extraction measurements. [  of cor unds 1b, 2b, 3 and 4 were

to chloroform varying

several parameters. One i f initial lution. As we described

e

The spectrophotometrie,method is oneggood example of a precise method to

distinguish Cr(VI utgj ’%d%} EJZ%]I@ m Qﬂlﬁlay be based either

on the yellow colo%f CrO4* ions present in alkalm&solutlon or onqt_l}e orange color
of Crzoﬁ"i PR IRAN 1IN 1A

Flg ¢ 4.1 shows the experimental result of absorption spectra of Cr(VI) in
0.01M KCl solutions at different pH values. The absorption peaks at 350 nm and
373 nm correspond to CrO42_ and Cr2072', respectively. Both wavelengths were also
found in the case of Cr(VI) in 1 M H,SO4 [153].

In this work, the wavelength of 373 nm was chosen for determination of

Cr(VI) anion as CrO4”" in the aqueous phase in the presence of excess NaOH.
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Figure 4.1 Absorption spectra of Cr(VI) solutions at (1) pH 7.84, (2) pH 7.15,

(3) pH 6.51, (4) pH 4.17, (5) pH 3.31, and (6) pH 2.18 in 0.01 M
KCL
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- 4.1.1 Extraction Efficiency by Chloroform (Blank Test)

Chloroform was selected as the diluent (organic phase) because of the
solubility of extractants and extracted species.

Solvent extraction studies with chloroform without the extractants were
performed in the system of 0.257 mM K,CrO4in a 0.01 M KCl solution at initial pH
2.37 (conditions described in section 3.3.1.1). The data listed in Table 4.1 showed no
’);ase (% E < 1.8 for four replicating

Table 4.1 Extraction of whlolﬂforq

significant extraction into chlorofo

extractions).

P77/ 8N
No @ ‘ oro c phase % E
1 0.89 1.77
2 W 63 1.26
3 -~ 0.84 0.84
4 1.26 1.26
Mean = | 1.28 + 0.38
4.1.2 Influence of Initial piLin K,CrO4 Solutio

ﬂ‘UEJ’WIEJWﬁWEJ’]ﬂ‘ﬁ

The extrabtion of Cr(VI) amon°§ in0.01 M KCl asa functlon of the initial pH

ot LD RILE Y £ D 151 i
studied. The extraction results are shown in Fi 4.2 (conditions ed in section

3.3.1.2, see data in Tables A.2a, A.2b, A.2c and A.2d in the appendix).
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: ge%i324showed%E<51
and < 3.5 for compoundg and 4, respect vely. In contrast, the higher extraction

efficiencies werﬁo% Hdé}%ﬁ%n% 94 Shpcufick Th and 2b with % E >

36 and > 59, respectively. This mdlc%;es that compounds 1b and 2b are the excellent

T TR T RN,
increasin extraction ability of compounds 1 ay be o more rigid

structural features. Because both compounds contain cyclic amine binding sites which

- of Cr(VI). Two rephcatll g extra

are appropriate for aggregation of anions. Moreover, the extraction efficiencies of
these two compounds were at higher level of extraction at lower pH. The extraction
property was enhanced in acidic medium showing that the protonated forms of both
compounds were an effective host for Cr(VI) anions. The positive charge, resulting
from protonation of amine groups, helps in coordination with anions as described in

section 2.1.1. However, compound 2b was more effective for Cr(VI) extraction than
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compound 1b. This might be due to the difference in (1) the cavity size of cyclic
binding site and (2) the number of amine groups.

From figure 4.2 it is noteworthy that the extraction abilities of compounds 1b
and 2b decreased with increasing initial pH in aqueous phase. This result might be
explained by the incomplete monoprotonated form (for compound 1b) and
diprotonated form (for compound 2b), which occurs at higher pH and affect the
extraction of Cr(VI) anion. The receptor containing less positive charge is capable to
ing more positive charge. The similar
%ﬂl hexaprotonated amine was

that the formation constant of
& positive charge (Table 4.2). It also

means that the electrostatiganteraction is e 1strate ay an important role in the

extract less anions than the receptor

described by Izatt and co-we

the 1:1 complexes decreasg

complexation.

3-protonated

1.40

log K

Aut NN
RN TR IN N Y

Therefore, a pH between 2.25-2.40 was selected as an initial pH of the aqueous
solution for further studies because the highest extraction percentage was obtained

under this condition.
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4.1.3 Influence of Extraction Time

The extraction of 0.257 mM K,CrO4 in 0.01 M KCI at initial pH 2.37 with
compounds 1b, 2b and 4 in chloroform at various extraction time was studied
(conditions described in section 3.3.1.3.). The results Tables shown in A.3a, A.3b and
A.3c in the appendix are represented in Figure 4.3.

%E

30 1

Figure 4.3 Effect of .

AUYANYNINYINT

From Figtife 4.3 the change o‘f % E after extraction time for 30 min were

B s N fraf ﬁm tr"mﬂ“ s i
times causqd no si icant ch the results

Although the extraction ability slightly increased in the presence of compound
4 ten-folds over K,CrQOy4, the extraction of Cr(VI) anion has been studied with
compound 1b and 2b only because of poor extraction ability of compounds 3 and 4.
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4.1.4 Influence of Type and Concentration of Mediums

The studies of influence of types and concentrations of mediums were carried
out at pH 2.37 £ 0.01. The equivalent concentration of compounds 1b, 2b and K;CrO4
were used (conditions described in section 3.3.1.4). The data of extraction are shown
in Tables A.4a, A.4b, A.4c and A.4d in the appendix. The results are shown in Figure
4.4.

Figure Jﬂsﬁ '} RINIRAIAAR WA

lb] =0.257 mM, [2b] = 0.258 mM, [Cr042'] 0.257 mM.
(A) = 1b and (M) = 2b with KCl medium, (A)=1band ( )= 2b with
KNO3; medium.
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(a) Effect of type of medium

On comparison of KCl and KNO; mediums at similar concentration, % E of
Cr(VI) anion from a chloride medium was higher than from a nitrate medium for both
compounds. This indicates that nitrate species act as competitive anion to Cr(VI). This

phenomenon suggests that both extractants have higher affinity for NO;™ than for CI".

A

n di centrations of KCI and KNO;3

(b) Effect of concentration of m

The extraction of C@A

solutions (0.01, 0.05, 0.1 an

st rom Flgure 4.4, % E decreased
Mable to explain with the

when concentrations of

following equilibrium:

=) 28

We could coqcmde that the hlghegi extractic

4.1.5 Influence of Competitive Anions

ﬂummmwmm

Three kinds of oxyanions (mtrate (NO;3"), sulfate (SO4*) and dihydrogen-

oo WA £ M N
The concqn alon of the ox eous solutio at 1.28 mM

(five-fold excess of K>CrOy). The extraction studies were carried out at pH 2.37 *
0.01. The results are shown in Figure 4.5 (see data in Tables A.5a and A.5b in
appendix).

The extraction percentages of Cr(VI) with compounds 1b and 2b decreased in
the presence of other oxyanions comparing to in the absence of other oxyanions. For

both extractants, the presence of KNO; gave the lowest %E while the solution
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containing K,SO4 and KH,PO4 gave the same % E. This indicates that the relative
affinities of these three oxyanions to two extractants were in the order of NOs3 >

H,PO, = SO,*". This finding is in a good agreement with the results in section 4.1.4.

B compound1b

% E O  compound 2b
80 -
70.11
04 6564k I/ 67.48
60 /Z/v
53.28 / 53.02
e
50 1 J ——
[ 8.5
e 38.56
29.38
30 -
20 1 S 4 s
e
10 4 e
) 4
0 = T T L A‘:.‘:'." Ll Ll 1 1
no competitive anion - ,,;-"5. é KH, PO, KNO,

Figure 4.5 Diagram of % E of Cr (VIS mn the'p;'cscnce of competitive anions.
[1b] =0. 257.h.mM [Zb] = 0 258 mM [CrO47] = = QZS7 mM,

(SO —ﬁ-fzpo;] ] =[NO5; ] = 1.28 mM in 0. OL.M chloride medium.
J [

Although the resu@ts mdlcated that the extraction of Cr(VI) anion were

influenced by the presence of other oxyamons “both extractants still retained high
extraction efficiencies. It seems that both extractants gave a good selectivity to Cr(VI)

anions over S04, H5PQy4 and NOx . |
4.1.6 Influence of Concentration of Extractant in Various Mediums

The extraction equilibrium studied to obtain the stoichiometry of the extracted
species were carried out under 4 conditions of aqueous solution by using 5 different
concentrations of extractants (conditions described in section 3.3.1.6.). The data was

analyzed by using the classical slope analysis method as described in section 2.4.4.2.2.
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As it is well known that HCrO4~ and Cr,0,°” ions (from K,CrO4: see section
2.2.2.1) become the dominant of Cr(VI) anion forms at high acidic conditions. Thus,
in this section we consider two simple extraction mechanisms as follows:

Extraction equilibrium 1 is defined as ligand extracts only HCrO4 ~ (1 : 1 ratio) :

(L% 2CN)org + HCrO4 ™ 3g === (L**HCrO4 ") Cl oy +Claq

where L?"*2CI is the co mpour «; W/
‘H":"‘E /
b
iﬁ'

The extraction equ111 br; onsta: t

2 /4&5\{{?

i’] ﬁ\\i\

Or one can define in tex distributi
ot

)

3
AUYINENITNYINS

Thus, the ﬁllowing equation can be obtainedjh g
QRIAINIUNNITNYINY

logD = logK'eq + 10g[L¥ 2C1org | vovovvevieeeee )

where
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Extraction equilibrium 2 is define as ligand extracts only Cr,0O 2~ (1 : 1 ratio):
(L% 2C)org + Cr2077 72 === (L*" "Cr207* )org + 2Cl g

The extraction equilibrium 2 constant, Ky, is:

200 o I Ty

Or one can define

I\
/60
/5%

Thus, the following eq onﬁ € C tained

e 61 ﬁ% SNYNT
ARAN ﬂlog'@J LM ¢) ey 148 —

whose slope of 1 allows an access to the stoichiometry of the extracted species [42,

61] and Ky can be calculated from intercept of the graph.

The plots of log D vs. log [L]eq (for compound 1b) are shown in Figures 4.6
and 4.7 correspond to extraction equilibria 1 and 2, respectively. The data calculated
~ for these two graphs are shown in table A.6b, A.6d, A.6f, and A.6h in the appendix.
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Figure 4.6 Extractlo 04~ anion by co b in‘chloroform at 25 °C.
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B 50@. CrO4 in 0. ,pl-@75

x 50 ppnr(&KZCrO.g in 0.0W KCl, pH 2.37
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- where [L]eqt = doncentration of free ngand M), [L *2ClM org » in equlhbnum 1
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Figure 4.6 shows that by increasing the concentration of compound 1b the

distribution ratio increases. Plot of log D vs. log [L]eqi yields straight line and its slope

found to be nearly 1 for all four systems (Table 4.3).
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log D
0.6 -

0.4 -
0.2 -
0.0 -
0.2 4
-0.4 4
-0.6 -

-0.8 -

-1.0
-4.5

x 50 ppm,of KCrOy in 0.05 MKCI, pH 2.37

o7 BRI 77

where [L]eqz = céncentration of free h‘gand M), [L 2Cl Jorg , in equlhbnum 2

q WAL UAIINYIA Y

Similar to extraction equilibrium 1, Figure 4.7 shows that by increasing the
concentration of compound 1b the distribution ratio increases. The slope of log D vs.

log [L]eq2 straight line is found to be nearly 1 for all four systems (table 4.3).
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We have also studied the extraction of Cr(VI) anions using compound 2b
bearing three amine groups as anion binder. The extraction equilibrium is considered
in the similar approach of compound 1b as follows:

Extraction equilibrium 3 is defined as ligand extracts only HCrO; ™ (1 : 1 ratio) :

(L3**3C)org + HCrO4 " 5q == (L’*HCrO4 ") " 2CI oy + Clyq

where L***3CI” is the compot n j

Thus, the followi cquation-can be obtainec

| NN
(/] A4
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‘

where
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Extraction equilibrium 4 i

Wy

30T S +EzO7 T —

D;% (1:1ratio):

Y}
B0 ) -ﬁrmg + 2Cl 4
e oFEARENEHL N
ol ¢

---------------------

Il

o
e
oo

where




76

The results are shown in Figures 4.8 and 4.9 for extraction equilibria 1 and 2,
respectively. The data calculated for these two graphs are shown in table A.6j, A.6l,
A.6n and A.6p in the appendix.
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Figure 4.8 Extr outé«ﬁ)ww %:Wﬁ}xﬂ@ofom at 25 °C.

A V50 ppm of K,CrO4in 0.01 MKCI, pH 2.37
QT SR )
q x 50ppmof§2 rO4 in 0.05 M KCl, pH 2.37 |
® 50 ppm of K;CrO4in 0.01 M KNOs, pH 2.37
where [L]eq3 = concentration of free ligand (M), [L Sk 3Cl Jorg » in equilibrium 3
= [L]int = [Cr(VD]org
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Figures 4.8 and 4.9 show the similar results as with compound 1b. It means
that when the concentration of compound 2b increases, the distribution ratio also
increases. The slope of log D vs. log [L]eq for both eqilibria is found to be nearly 1 for

four systems similar to the case of compound 1b (table 4.4).
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Other assumptions of extraction equilibrium for compound 1b and 2b are
listed in more details in Tables 4.3 and 4.4, respectively. The calculation of hypothesis

3-5 is similar to two extraction equilibria as described previously.

Table 4.3 Hypothesis of extraction equilibria for compound 1b.

slope
Hypothesis*

conditions

‘ theory | experiment
7 \\\1‘ K@l phi 2.37 1 0.63
) L + HCro,” === L*HCrOf . | 0.01 M KCIDkas I 1.04
7 1 1.07
1 1.04
0.90
1.19
1.14
1.08
1.47
1:79
1.53
1.38

a

—

2y L + Clh> =

3) L* + 2HCrO,~ == L* R

a
0.87
0.92
0.63
1.04
1.07
1.04

4) 2L* + HCrO,~

0.01 M KCl, pH 2.37 E
5) 2L% +Cr,0,> == (2L¥@50,2" | 0.01 M KEW pH 2.75

FUET R

0.01 M KNO;, pH 2.37

A B AN PANBAINEOA T o

aq or org)

* log [L]eq cannot be obtained because [L]eq = [Llint — 2[Cr(VD)]org gives negative

NN”NNNNNN-—-—-.——.—_

values.
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Table 4.4 Hypothesis of extraction equilibria for compound 2b.

slope

Hypothesis* conditions -
theory | experiment

0.01 M KCI, pH 2.37 0.47
l) L3*' 4 HCI'O4_ — L3+ HCI’O4— 001 M KCl, pH 2.75 0.61
0.05 M KCl, pH 2.37 0.96

0.01 M KNO;, pH 2.37 1 0.72

et

1 0.89
1 0.92
1 1.09
1 0.75

2) L¥* +Cr,0,7 =

1 1.54
1 1.54
1 1.60
1 0.90

3) L +2HCrO,” ==L

a

a
0.35
0.63

4) 2L* +HCrO,” == (2

0.47
0.61
0.96
0.72

[SS I ST S EE S SR (ST S B ]

7
* the extraction equilibria E,resent in simple term (without counter ions and subscript

e SEALLEY] r} A1 AILr —
RN TUUNINGIAD

From Tables 4.3 and 4.4, the experiment slopes close to the theory slopes are

found for hypothesis 1 and 2. This suggests that these two equilibria might occur. The
extraction constants of compound 1b, K'ex; and K'exx in equations 2 and 3, are
summarized in Tables 4.5 and 4.6 for extraction equilibria 1 and 2, respectively.
In addition, the extraction constants of compound 2b for equilibria 3 and 4, K'c3 and

K'exa in equation 4 and 5, are shown in Tables 4.7 and 4.8, respectively.



Table 4.5 K'cx; of Cr(VI) extraction with compound 1b.

Conditions log K'ex K'exi
50 ppm of K,CrOq4in 0.01 M KCI pH 2.37 2.64 4.43x10°
50 ppm of K,CrOq4in 0.01 M KCI pH 2.75 3.90 8.06x10°
50 ppm of K,CrOy4 in 0.05 M KCI pH 2.37 3.68 4.84x10°
50 ppm of K,CrOy in 0.01 M KNO; pH 2.37 3.37 2.36x10°
Table 4.6 K'op of Cr(VI) extr
Conditiaﬁ;ii—-r_ - K'ex2 K'e
50 ppm of K;CrO, in 0.0 ' 3.14x10°
50 ppm of K,CrO4 in 0.01 2.03x10*
50 ppm of K,CrOy in 0.05 6.49x10°
50 ppm of K,CrOy in 0 2.86x10°
Table 4.7 K'c\3 of Cr(VI) extr
Condltlons 72 -{, *r.: T3 73 log K'ex3 K'sg
50 ppm of K5CrO4 in@l M KCI, pH 2. = 2.10x107
50 ppm of K,CrOy in 0: ) .75 4.56x10°
50 ppm of K,CrOy4 in 0.65 M KCI, pH2 3.19x10°
1.12x10

Table 46]15& ’AM ﬂa@«m N Wﬂ@m EI q a EI

Conditions log K'ex4 K'exa
50 ppm of K,CrOy in 0.01 M KCl, pH 2.37 3.72 5.27x10°
50 ppm of K,CrOy4 in 0.01 M KCI, pH 2.75 3.65 4.50x10°
50 ppm of KoCrOy in 0.05 M KCl, pH 2.37 3.85 7.18x10°
50 ppm of KoCrOy in 0.01 M KNO3, pH 2.37 2.14 1.38x10?

80
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According to Tables 4.3 and 4.4 it is shown that the experiment slopes of
hypothesis 1 and 2 are close to the theory slopes for both compounds. Because of the
slopes of nearly 1 at pH 2.37 and 2.75, this allows us to consider the extraction of 1:1
complexes. The anion extracted might be either HCrO4 ~ or Cr,07 2~ However, Cr(VI)
anion can present in different forms depending on pH and its concentration of Cr(VI)

- as shown in Figure 4.10 [155].

log [Cr (VD], M

Figure 4.10 indicates, that at pH 237 and 2.75 for the concentration of

0.257 mM of Kﬂﬂl&]{%&j%@w dsed ih fhis Work), the majority of

Cr(V]) is foundqi|n HCrO4 form. 'j;herefore the extraction equg}rium 1 and 3

@ 14 8 4RGRE YO YR 8 i

equlllbnuﬂl 2 and 4 (extracted species is extractant—Cr207

According to the aforementioned discussion in sections 4.1.2 and 4.1.6, and
also the classification of solvent extraction system as described in sections 2.4.4.2.2
and 2.4.4.2.3, the possible assumption of extraction mechanism of HCrO4™ or Cr,05 &=

with the 1b or 2b could be proposed in many different cases as follows:
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A. diprotonated form of compound 1b

(a) the extraction mechansim of HCrO4 might consist of 5 steps:

| K,
(L% "2CN)og = (L*""2CI )y Distribution step
2 K2 o2
L7 2C)y === L%y + 2Cly Ion-dissociation step

K;
L%, +HCrOy ,q = (LH

. vyé/}fnplexaﬁon step
9

g len-association step

(LHCrOg) 'y + X'og <2

K
(LHCIOg) X oy —=

bution step

where X is CI" or NO;3™.

Thus, The extraction equili

(@2 20 g 0y

X0

._,vf

where the extraction consta

J
oo U RYNT U o
v SRR ERFR) U1 a2

K,
LA, = B v 30, Ton-dissociation step
3
L 2+aq +Cr,07% aqg = (LCry07)4q Complexation step

K4
(LCr207)aq == (LCr207)org Distribution step



Thus, the extraction equilibrium can be obtained:

Kex
(L2 2CN)org + C1207% 75 = (LCr207)org + 2CI g

where the extraction constant, Kex = K x Kz x K3 x K4

B. monoprotonated form of compound M
(a) the extraction mechansim (A}nmst of 4 steps:

—

R

issociation step

tion step

ymplexation ste
\ P

K4 .
(LHCrO4)sq === (LHCr Distribution step

Thus, the extraction equilibrium c: an be obtained

(L+ : Cl—)org <+ HCI’O4 - a (L ] 4 org + Cl_ aq m

Where the emﬂouﬂn’.lﬂlﬂ NINEINT
QW’W AININARIINYA Y
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In ase of extraction with 2b the extraction mechanism could be proposed in

similarly approach.
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C. triprotonated form of compound 2b

(a) the extraction mechansim of HCrO4™ might consist of 5 steps:

K,
(L3> 3CN)og = (L*3Cl)yq Distribution step
K, 5
@A)y, ===l + 300, Ton-dissociation step
aq THCrO4 ™ 4 i@”/ omplexation step
(LHCrOs) ' sq + 2X aq = -"'-f 2X 4 lon-association step

Ks

*1

ion step

(LHCrO4)** " 2X 4
where X is CI” or NO;3

Thus, The extraction equili

3+. - Ke n
(L 3C1—)org +HCI‘04 aq ‘Jl T '.-"c‘-‘

Ly v
(7

where the extraction consta

J

oo BT B
AT RNGH] 11 B

K,
@30y === 1" + 3, Ion-dissociation step
3
3+aq +Cn05% aqg =—— (LCr07)'q Complexation step
K4

(LCr07) s+ Xag === (LCR0O»)" "X & Ion-association step
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K
OO0 Koy == ACRO)" K Distribution step
where X is CI” or NO3~

Thus, The extraction equilibrium can be obtained:

(L 3CN)org +Cra04> e LCr0s)" " ClI oy + 2CIT
org 2Y4  aq F‘( org aq

where the extraction const

might consist of 5 and 4

4.1.7 Recycling of Ligand’ =,

AUYINYNINYINT

The purp& of this study is to prove that compounds 1b an%b can be reused

ot QTR FRINA AU A e

2.57x107*M of extractants and K,CrO4 solution in 0.01M KCl solution at initial pH

2.37 £ 0.01. The equal volume of aqueous and organic phase was used.

The stripping process was performed by using 0.01 M NaOH in order to
migrate Cr(VI) anion back into aqueous phase. The stripped extractant was protonated
by 0.02 M HCI solution in order to regenerate the extractant for reuse. The extraction

time for each cycle was 30 min and the stripping and protonation time was 60 min,
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which was longer than the extraction time to ensure that the equilibrium of stripping
and protonation was reach (more details described in section 3.5.1).

The extraction percentages of Cr(VI) after several extraction and stripping
cycles with compound 1b and 2b were shown in Figure 4.11. The data calculated for
these two graphs are shown in Tables A.7a and A.7b in the appendix.

Cycle

X
Figure 4.11 Results ofj extracti @&m in 0.01 M KCI
at initial pH }};i 0.01 using OQ} M NaOH as strippant.

b 11 THE 7T
e Yo 3 ) . M T EERTBLEL e

decreases with increasing number of extraction cycle. In addition, the decreasing of
extraction percentages of compound 1b is slightly than compound 2b. However, both
extractants retained quite high extraction ability at 7 extraction cycles.

The decreasing of extraction percentages with increasing number of extraction
cycles could ascribe to the stripping efficiency seen from recovery percentage. (87 %
and 65 % for compound 1b and compound 2b, respectively) (see table A.7a and A.7b
~in appendix) The higher recovery percentage of Cr(VI) was found for compound 1b,
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indicating that Cr(VI) was released from compound 1b more than 2b. This can be
explained by the deprotonated calixarenes, resulting from the addition of NaOH to the
aqueous phase, which were no longer effective host molecule for Cr(VI) as shown in

the following equilibrium:

+ A™

-_&-——-

However, the hartiat-deprotonate might occur depending

Ny

on their protonation cors o “‘; ive charge were effective

host for Cr(VI). So, the recgvery percentage < 100 % were obtained.

ﬂ‘LJEJ’J'VIEW]iWEJ’]ﬂ‘i
QW']&NT]?EU UAIINYA Y
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4.2 Solid-phase Extraction Studies

4.2.1 Extraction by SiO; (Blank Test)

The extractions of Cr(VI) anions with 0.01-1.0 g SiO; in the absence of the

extractant (conditions described in section 3.3.2.1) were investigated. The extraction

results are shown in Table 4.9.

Extraction CrO4°
[ 4 _]aq % E
time (min) (ppm)

30 56.49 0

30 54.21 0

30 50.32 0

60 50.38 0
30 45.65 9.19
60 45.64 9.21
30 41.93 15.63
30 1d09086' PN L 3.32 41.98 15.53
30 M)E—tj “ B “ 3 H 8.34” ﬁ40.98 15.10

L1 4827, | 238 =
wn Péasal |qnﬁf\ﬂ% D | 1514
6an l]. 0 [T dble NI 339 .P 14.85
49.70 | 2.37
60 1.0007 3.37 4236 14.77
60 1.0018 3.42 41.07 14.92
4827 | 2.38

60 1.0018 3.42 41.06 14.94
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The results show no significant extraction for 0.01-0.20 g SiO,. The extraction
percentages of 9.2 and ~15 were obtained for 0.5 and 1.0 g SiO,, respectively, where
the number of moles of SiO, were > 3,000- fold over that of K,CrOg.

These results suggest that SiO, has little ability to extract Cr(VI) anions.
Nevertheless, as described in section 2.2.2.4, chromate ions can sorb to mineral solids

that have hydroxyl groups exposed on their surface as follows:

Surface -OH + H' + HCrO;. == Surface -OH, 'HCrO4

Thus, it could be concluded tha ions sorb to SiO, because the
surface chemistry of sili ' sence of hydroxyl groups
commonly referred to as ition, as the extraction was
done in acidic conditio of chromate ion sorb to

silica could be provide

Silica-OH +

hydrogen bonding beeatise fi can’ attract amine, hydroxyl

groups or ethoxy group & described

T Augneninens
RGIASRNAIINYIN Y

Silica O H O R

S.1) giviﬂ the calixarenes coated on

where ... means the hydrogen bond interaction.
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The effect of extraction time in the extraction of K;CrO4 (5 mL of 0.257 mM

or 1.28x10° mole) from 0.01 M chloride medium at initial pH 2.3740.01 by ligand 1b

and 2b coated on SiO; was investigated. The ligand capacity and the munber of moles

of ligand used in the extraction are summarized in Table 4.10. The extraction results

are shown in Figure 4.10. (More details of the data, see Tables B.1b, B.2a, B.2b, B.2¢c,

and B.2d in the appendix.)

Table 4.10 The ligand capacity and mlTr’ )gand used in the extraction.

Ligand loadi o | Li an$ca Weight of

- - Mole
o Q‘ igand coated SiO;

. x 10®
‘ d - ~ used (g)

L 0.0369+0.0001 | 1.28+0.01
N

| @381-0.0001 130001

\N)334J_r0.0001 1.2840.01

Compound* in SiO
(umole/g o
1b-LC 36
1b-HC 10
2b-LC 40
2b-HC 149

| 0.0102+£0.0001 | 1.3020.01

Remark: mw. of 1b = 1060.281%5 7!

# Calculated by:

a R
L e
; b

® Calculated by: |'Li

R

mole of ligand loading in SiO,

] %eﬁ!’ Ejligand used
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Figure 4.12 Effect of exfraction time on extraction percentages of Cr(VI) for SPE.

yrrdeyr W
(o) = Si0,, (}) ”F‘l' C, () =2b-LC, (m)=2b-HC.

Considering OPW lb cith x canill high capacity, the extraction
' ,.»\ Compound 2b shows

similar phenomenon. Itgcleér that compound 2b is more effective to extract Cr(VI)
anion than compound 1b. »

e xSy A A e i i

extraction time. “Thus, an extractlogl time of 15 min was suﬁ'101ent to reach

SRR UNANIIN Y e

and 2b correspond with the results of LLE in section 4.1.3. It means that both
compounds showed similar characteristic of Cr(VI) extraction ability either in LLE or
SPE. However, two remarks are noted:
(1) The equilibrium time in SPE was less than in LLE, and
(2) The extraction percentages of both compounds in SPE were higher than in
LLE.
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These can be explained as follows:

(1) HCrO4 and Cr,07% accessibility. When the calixarenes are coated on
solid support, they have enormous surface area to contact the aqueous
phase. This environment can provide a higher accessibility of HCrO4~ and
Cr,07*" than that of calixarene in liquid phase.

(2) The hydrophilic influence of liquid or solid matrix environment. The
calixarenes coated on SiO, have more hydrophilic environment because
the surface chemistry of silica is dominated by the presence of silanol
groups. In contrast, calixareneS{zﬁ;esent in chloroform have more
hydrophobic envirenment, t}berefore i};e distributions of HCrO4  and
Cr,0;% to thewealiXaienes in silica environment were higher than in

chloroform ;/MﬁGprffeht beca%se it is well known that the anions favor
dition,

hydrophilic /6 L > 2

p‘ "‘ "¢ L
‘ 4

e
4.2.3 Recycling of Ligand ?At&d onSiOz. 04 &
4 _I " -,..(
¥ < .‘.-'l' : X -‘t"d
The purpose of this study‘ rs to prove ’th&t compounds 1b and 2b coated on
SiO; can be reused several times. The results ‘dré;§hown in Figure 4.13. (More details

of the data from grapr'l see Tables B.3a and B.3b in the ap&ndlx )

,j LJ

S L B 1b-LC
o o O 2b-LC
20 &% 57.63
70 Ja) =22 65.65 63.81
60, -
50 -
40 -
30 -
20 -

10 -

0 S > .

Cycle 1 Cycle 2 Cycle 3

Figure 4.13 Results of three extraction cycles for SPE.
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When the stripped extractants was reused for Cr(VI) extraction, the extraction
efficiency decreased with increasing number of recycling times. However, after three
extraction cycles, both extractants retained quite high extraction ability. The
decreasing of extraction percentages with increasing numbers of extraction cycles

could be explained by the same reason as in section 4.1.7.

Fortunately, the results shows that compounds 1b and 2b coated on SiO; can

D

be reused several times and retains hi

- 4.2.4 Leaching of Ligand fr

To test the stre ng interaction between the

calixarenes and SiO,, 0.0 2b-HC were agitated with
chloroform at different e 4.14. (More details of

the data see table B.4a

% Leaching
30 -

23 3
28

Is:ﬂwmﬁwmm
ammnmumwmaﬂ

1 Leaching time (min)
60 90 120 150

Figure 4.14 Leaching percentage of compounds 1b-HC and 2b-HC by chloroform.
(A)=1b-HC, and (M) =2b-HC.



94

Consider both compounds, the leaching percentage curves increased sharply
from 30 to 60 min and slightly increased with the time after 60 min. The results
indicates that the leaching time of 60 min is sufficient to reach the leaching
equilibrium.

Comparing both compounds, it is clear that compound 1b has weaker

hydrogen bonding interaction than compound 2b because it had higher leaching

| percentage while compound 2b-HC had higher ligand capacity. (See Table 4.10:
ligand capacity of compound 1b-HC b HC were 94.5 and 127.6 pmole/g,
respectively.)

Although the results shows that com @ and 2b can be leached from

and <15 for compound 1b-HC

Si0,, leaching percentages a
and 2b-HC, respectively. Sg

¢ ‘ ‘u | lx )
It is found that the gXtr E!g mpounds 1b and 2b could
be developed for other‘application &u: s the pre ~ » ation of Cr(VI) in waste

-J‘-lg-i, d
PEECR

121
AN
VT
270\

i
SN e e s

water.

e —

Eﬂ 2
ﬂUEI’J‘VIWl‘ﬁWMﬂ‘i
ammnmwnwmaﬂ
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