CHAPTER 1V

RESULTS AND DISCUSSION

4.1. Synthesis of HPMSP doped mesoporous silica
4.1.1. Effect of catalyst concentration

The synthesis of HPMSP doped mesoporous silica was performed using the
following reaction composition: 1 TEQS 40 H,O : 13 CH30H : 0.18 CTAB :
‘ of NaOH. The concentration of

NaOH solution varied as 0.0 ;0. ¢ Wi the experiments.

During the synthes A hat"z er_dissolving of HPMSP was
observed when the NaOH e6hcentiaii as, decre . HPMSP did not completely
dissolve with the solutio 1 Ni¥NaOH, even * and passed by. In addition,

the silica precipitation wagfobseve CEET AN fter the addition of TEOS
he "NaOH concentration was

e ore, when the 0.075, 0.05,
ed m ous silica obtained from the

‘ esoporous silica obtained from

decreased, the precipitati

and 0.1 M NaOH were use

synthesis was about 3 g, wher€as/{ie PNV

the synthesis was abogt 2g whe ‘r &
A UV spectrumae ashing solutions has shown

his result indicated that the

HPMSP molecules weregvmplete y incorporated into do;@ mesoporous silica.

4.1.11. Characﬂzu Eﬁaﬂn&i ﬂ {W EJ ’] ﬂ i

Orgamc matter cwltents

R TR T N
by calcmaQon method are shown in Table 4.1. The results show that the HPMSP

doped mesoporous silica prepared with 0.01 M NaOH solution has the lowest organic

as used.

that the mentioned .%;

matter contents. The organic matter contents in HPMSP doped mesoporous silica
determined by calculation from the starting materials and that dermined by calcination

are compared in Table 4.2.
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Table 4.1 Organic matter contents in HPMSP doped mesoporous silica determined by

calcination.
Weight of silica (g) Organic matter contents
[NaOH] After
Before calcination o
M) calcinations (2) (%)
(SiO;, + organic matters) )

(Si0y)
0.010 1.3717 0.8121 0.5596 40.80
0.050 1.5612 0.8749 56.04
0.075 0.6766 0.3908 57.76
0.100 1.5977 0.5901 59.47

I
Table 4.2 Organic matf{Ct comf€nis ' > doped'mesoporpous silica determined

roan! "fi"x't‘ rite ts (%
[NaOH] (M 'Il B (o0 ?;\ N %)
' i y calinatic \L\ " By calculation®
.~‘" Jr:'r :7‘?!.- T 1
0.010 0.80 . \“ 56.37
0.050 ‘ 6.07 . W 56.45
0.075 E 56.48
0.100 - i,56.27
? Calculation hi;c“__———— T doped f;f soporous silica is given in

Appendix B.

J . iy

As shown.i ﬁﬂ 5 e used, the organic
matter content‘:‘ngﬂ1 ﬁm’ﬁ;ﬁr j&ﬁgﬁ‘l\ﬁi by calcination is
slightly higher than those determined by calculation (1-3%). ThiSufinding may be
explainecﬂyﬁt’e.] acﬁtm @%ﬂﬂﬂﬁl@am&ej%a r&c}ecules were
removed b)’ heating at temperature above 150°C [14, 15]. These results indicated that
the HPMSP molecules were completely incorporated into HPMSP doped mesoporous
silica. For HPMSP doped mesoporous silica synthesized with 0.01 and 0.05 M NaOH,

the organic matter contents determined by calcination was less than that determined

by calculation. It was probably due to lower incorporated CTAB into these silicas.
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Accessible HPMSP

Accessible HPMSP contents in HPMSP doped mesoporous silica determined
by UV-visible spectrophotometry after extractions with a solvent mixture of
heptane/ethanol (1:1) are shown in Table 4.3.

Table 4.3 Accessible HPMSP contents in doped mesoporous silica.
HPMSP contents

[NaOH] (M) Incorporated HPMSP Accessible HPMSP
(umole) | (%)
0.010 28.0 129.63
0.050 — p— 3 .6 108.76
0.075 101.38

) \‘\\: !
0.100 mf;h ‘N\ 104.55
&ﬁ
As shown in Table 4 cojite: é’\\\ obtained in this way are

slightly higher than thosglinifog ce infoldopec ~ c '~ orous silica. This finding
_ @ \
shows that the ligand qua

g 1 ﬁ%{ a

z‘i:i r

ith a solvent mixture of

heptane/ethanol and so the agce o= 'MSP molecules to the liquid is
excellent. .-
Mesoporosity, surface g Fpore size of ni : ‘

The mesostruc 0 ) i’ by nitrogen adsorption-

desorption isotherms (F1 e 4.1). The adsorptlon isotherms obtained from the
Fa

calcined materi aOH are all of type
IV in JTUPAC system Wﬂbemm 1mpoﬁ&llﬂ ﬂ;eresw, indicating the
characte ﬁ adsorption-
desomtlrﬁﬁﬁ\ﬁnﬁﬁlﬁ mﬁﬁ L’iﬁﬁm }E[urface area.

The average pore size of material was also calculated from nitrogen adsorption
experiment. The specific surface area and average pore size of the prepared doped
mesoporous silica are summarized in Table 4.4. All HPMSP doped mesoporous
silicas have pore size between 38-116 A. The values of pore size indicate that these
sol-gel materials are mesoporous silica. In addition, the pore size of material increases

with decreasing concentration of NaOH solution. This increase in pore size value
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would result from slower silica precipitation when the concentration of NaOH was
decreased. However, the relation between specific surface area of HPMSP doped

mesoporous silica and concentration of NaOH solution was not significant difference.

adsorbed (mL/g STP)

Volume adsorbed (mL/g STP)
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Figure™.1 Nitrog orption | thermsof

]
calcmed HPMSP doped mesoporous silica.

ﬂuﬂ 'm 4 NENS.

calcmcd HPMS’ doped mesanous 51llca /s

0.010 603 115.65
0.050 898 78.65
0.075 989 55.11
0.100 867 38.53

Specific surface area: BET equation; average pore size: 4V,/a, by BET.
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Particle size of materials

The particle size of materials was measured by Malvern laser diffraction
technique. The particle sizes of as-synthesized HPMSP doped mesoporous silica
prepared with different concentrations of NaOH solution are not significant difference
as shown in Table 4.5.

Table 4.5 Particle size of as-synthesized HPMSP doped mesoporous silica.

[NaOH] (M) Particle size (um)
0.010 ‘ 108.18
0.050 176.78
0.075N— (4 3130
071e _éﬁjo
For HPMSP doped silica pr ith 0.1 M NaOH, the particle
sizes of as-synthesized*®nd i A ar II\ .38 um, respectively. This
decrease in particle sizgfva .; G i 1oval of organic species
after calcination process. ﬁ: ‘
BB
4.1.1.2. Copper extraction p per P;J/* s
As Na" and NO; are ubid us ? i ater‘ samples [38-39] and A. Boos
and co-workers reported that : into copper solution increase
the copper extracti- rus silica [6], so the
200 ppm Cu(NOs), NOs; was chosen for
extraction experiment. The extraction of copper on non-d mesoporous silica was

measured to be use as a bldnks,It was shown thapthe non-doped mesoporous silica did

o s o bR H B A oo

doped mesoporofis silica is shown in Fégure 4.2. The results show that the amounts of

M 0TS SR TN I 12 3 2 gl

was observed for the HPMSP doped mesoporous silica synthesized with 0.01 M
NaOH. This result was probably due to the largest pore size of doped mesoporous

silica, which increases the facility of surfactant to leach out from the material.
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Therefore, higher mole ratio of HPMSP/surfactant in doped mesoporous silica was
obtained when 0.01 M NaOH was used in the synthesis.

Hi

=) o o o
—_ —_ o [N}
(=) (9] o (%]
1 1 1 ]

0.05 4

Cu®* extraction (mol/kg)

0.00

0.1

Figure 4.2 Amount ofifonferes -;' ted o ;\."‘}"‘\\“\n‘- mesoporous silica

=

. F \
2 -

o vafiou NaC
| Fipi
f [2ico3
'4.1.2. Effect of doping moleculle /-~

==

synthesizéd I conce trations.

. # = ; v | . .
To delineate the efféct 6f dopine n Jule "quantity on the synthesis of

s

HPMSP doped mesoporous sili :'—,gﬁz‘h,tf_!g’\;f; » . PMSP, X, was varied as 0, 0.04,

0.05, 0.06, 0.075 and.@: ‘g,.:;.".‘::‘;‘ 1 TEOS : 140 H,0 :
13 CH30H : 0.18 CT \‘-’i i used as catalyst in the

I

synthesis, the HPMSP '“ easily dissolved and the silica precipitation was rapidly

occurred.

During thﬂyuﬁj: iﬂﬂﬂﬂﬁjﬂﬂ'} mlﬁ HPMSP content in

0.1 M NaOH required longer time. The use of 0.0Z5, HPMSP/TEQS/required about
4 hours QGW)T\./} aﬁalﬂlﬁmg&% ’aa’talm \H’é.}:a filter using
Whatmann %o. 42 filter paper. In addition, the filtrate and washing solution from the
synthesis did not contain the HPMSP molecules. This result indicated that HPMSP
molecules were completely incorporated into HPMSP doped mesoporous silica in all
cases. This route of synthesis was capable of incorporating HPMSP into doped

mesoporous silica at the maximum 0.09 mole.
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4.1.2.1. Characterization of materials
Organic matter contents

The organic matter contents in HPMSP doped mesoporous silica determined
by calcination method are shown in Table 4.6.

Table 4.6 Organic matter contents in HPMSP doped mesoporous silica

determined by calcination.

Organic matter
Wei 2)
content
HPMSP/TEOS :
Before cai : )
) A tion
(Si (2 (%)
m
0 » . . 0.4714 46.92
0.04 13T 24 0.7404 56.31
0.05 09718 F- ia-- 0.3840 57.17
0.06 S ahiyal 0.9501 59.47
0.075 g 1% 09755 | 61.51
0.09 1.5009 713 0.9670 62.11
LB
As shown in Tab in the materials increase

with increasing am

HPMSP doped mesoBrous
materials and that deterrh'peiby calcination&g;t compared in Table 4.7.

e GGG Gt

determined by ¢ ‘alcmatlon

ganic matter contents in

y c@ulation from the starting

and calculation.
i

| r
IR IUURTINHINE
q By calcination y calculation

0 46.92 45.80
0.04 56.31 53.49
0.05 57.17 55.04
0.06 59.47 56.27
0.075 61.51 58.46
0.09 62.11 59.89
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As shown in Table 4.7, the loss of mass on materials from different syntheses
using various amounts of HPMSP shows that the organic matter contents in HPMSP
doped mesoporous silica is scarcely higher than those which are incorporated during
syntheses. These results of higher organic matter contents may be explained by water
adsorption on doped silica. The result of the experiment can be concluded that the
organic molecules were completely incorporated into HPMSP doped mesoporous
silica in all cases.

Thermogravimetric analysis (1€ | d to confirm the water and organic
matter contents in mesoporous silica. ‘ shows TGA profile and the

rofile for the non-doped

mesoporous silica (HPMSP/ ; ample lost 3.6% of its original mass at

about 95.9 °C; this loss i8S asse€ia ith t \ ption of water. A sharp weight loss

N

C,“ind tx\ composition of organic
molecules. When the tegaPera as Tncres _=«a‘~ -‘ 9.98C, the rate of weight loss
decreased. At about 584.9 : lect les

were completely decomposéd. e :",” t\’ 0sS, was about 45.9% at this

-\ -doped mesoporous silica

om the total weight, the organic

loading is calculated to be about 42:3 weight. This value is consistent with the

incorporated organic matte esoporous silica. This result

indicated that there was “Tio-organic matter Ic S| flie synthesis of non-doped
mesoporous silica.

Figure 4.4 show% TGA profile and the corresponding differential
=Y

thermogravime ﬂeﬂ;ﬁmm’ ﬂp%"ous silica prepared
with 0.1 M Nam. mole S /md € ﬂm thermogram is similar to
that of non-d e sidi  oni ‘ ’ S & lost 2.3% of
its oﬁginﬂnﬁd:jﬁgoﬂ im%mnﬁf ét I mtﬁzjght loss was

about 59.9% at 588.3 °C. If the adsorbed water is excluded from the total weight, the

organic loading was calculated to be about 57.6%. This value is not different from

that incorporated in HPMSP doped mesoporous silica (Table 4.7).
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Accessible HPMSP
Accessible HPMSP contents in HPMSP doped mesoporous silica were

determined by UV-visible spectrophotometry after extraction with a solvent mixture
of heptane/ethanol (1:1) (Table 4.8).
Table 4.8 Accessible HPMSP contents in doped mesoporous silica.

HPMSP contents

HPMSP/TEOS | Incorporated HPMSP Accessible HPMSP
)\ /) 4 (mole) (%)

0.04 5.4 6.8 109.09

0.05 113.61

0.06 104.55
0.075 / / ‘ \\\\ 112.69
AN o

NeV
As shown in Tabi€ 48, fhe cdlml{e of HPMSP obtained are slightly higher

than that actually introduged t'g;Bg doped soporous silica. The results
indicate that the complete @€cessibility of PMSP molecule to the liquid is

excellent in all cases.

Mesoporosity, surfac 2 ar
The nitrogen a@wrption— orption 1sothierms @ different HPMSP doped
mesoporous silica are shown in Figure 4§, The adsorption isotherms of every

synthetic matenﬂ %ﬂn@; %W@Ws&]aq 1ﬂe‘§l in TUPAC system,

indicating the m&ostructure of dope‘d silica. In addltlon the 1sotherms present an
1mport ﬁdﬂ ﬂlﬂ ﬂ;irl: of material
[28]. The gore mzeﬁﬁ]cmm oped mesoporous silica seems to increase
with increasing amount of HPMSP (Table 4.9). However, the relation between the
specific surface area and pore size of HPMSP doped mesoporous silica is not
significantly different. Similarly, the particle size of HPMSP doped mesoporous silica
is not related to the amount of HPMSP used in the synthesis.
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Figure -5 Nitrogen adsorption- -desorption isotherms of calcined HPMSP doped
mesoporous silica prepared using different HPMSP/TEOS mole ratios.
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Table 4.9 The specific surface area, pore size and particle size of

calcined HPMSP doped mesoporous silica.

HPMSP/TEOS | Specific surface area (m%/g) | Pore size (A) | Particle size (pm)
0 1059 27.35 77.86
0.04 535 33.11 30.60
0.05 544 35.15 66.08
0.06 867 38.53 65.70
0.075 55.19 27.40
0.09 64.09 65.62

Specific surface area: BET equation

XRD patterns
Normally, the 1

d \\. sition of peak in the X-ray

diffraction patterns i \ shown in Figure 4.6, the
XRD patterns of as-s i S \ a sent the diffraction peak,
which exhibit the crySt ‘,, XRD characteristics of
as-synthesized HPMSP dgpe ,- 50 ." ilica ‘are ‘reported in Table 4.10. The

results show that the interpla istance of HP) doped mesoporous silica tends to

increase with increasing amountcfHPMSP the preparation.

Table4.10 The XRD characteristics ofas= ynthesized

n
HPMSP/T E£7 20 (degree interplanar distance (A)
40.00
[+ T4
df 3f.
220 a 740.12 'y
<} | : it
N3t _ o
2.02 43.70
2.00 44.14
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Table 4.9 The specific surface area, pore size and particle size of

calcined HPMSP doped mesoporous silica.

HPMSP/TEOS | Specific surface area (mz/g) Pore size (A) | Particle size (um)
0 1059 27.35 77.86
0.04 535 33.11 30.60
0.05 544 35.15 66.08
0.06 867 38.53 65.70
0.075 35.19 27.40
0.09 64.09 65.62

Specific surface area: BET equation;

XRD patterns \
- S| n of peak in the X-ray

\. i shown in Figure 4.6, the
XRD patterns of as-sy, i g ; | sent the diffraction peak,
which exhibit the cryst e, XRD characteristics of
as-synthesized HPMSP dgpedfimese ilica ‘are ‘reported in Table 4.10. The

results show that the interplagar distance of HRMSP doped mesoporous silica tends to

Normally, the 1

increase with increasing amount-of HPMSP the preparation.

Table4.10 The XRD characteristics of as-! ynthesized
——— -

:
HPMSP/T E& 20 (degree interplaar distance (A)
0 & 218 @ 40.00
ﬂ. 4” El 15 i3f§
| 005 220 o 012,
‘P ; . L
W GNP VRN Ik
g5 00 02 43.70

0.09 2.00 44.14
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HPMSP doped mesoporous silica.

Figure 4.7 shows X-ray diffraction patterns of non-doped mesoporous silica
before and after calcination at 540 °C for 10 hours, the XRD pattern of non-doped

mesoporous  silica before calcination exhibits a high intensity peak at
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26 = 2.18° corresponding to an interplanar distance of approximately 40 A. After
removal of the organic by calcination, the peak broadened and shifted to 2.56°,
relating to an interplanar distance of approximately 34.48 A. The results show that the
crystallinity of non-doped mesoporous silica was preserved after calcination process.
In contrary, the diffraction peaks in XRD pattern of calcined HPMSP doped
mesoporous silica were disappeared. This observation suggested that the amorphous

solid structure of these doped mesopa

silicas were obtained after calcination
process. . 77//
. - ]

__ 7000 - \

o ¢ calcination™.

8 6000 - B

Q

9 5000 -

e

S 4000 A

o

L 3000 4

? 2000 -

5

E 1000 -

0
0

Figure 4.7 :;’.— ------------------ ; 1 ngsoporous silica

bﬁ)re a c 40 ﬁ (10 hours).

‘a v
4.1.2.2. Copper pﬂp‘?m m lg(w EJ} ’] ﬂ
The 200 ppm Cu(NO3); in 0. ' 3 containing 0.1 M NaNO3; medium
was used.in I £X i0] A ﬁ i rﬁf e shown in
Figure 4@%3&&@651&%‘1 mﬁ:)l _ porous silica

increases with increasing amount of HPMSP in doped mesoporous silica. However,

the amount of copper extraction per mole of HPMSP in doped mesoporous silica is
almost constant, 0.5 mol Cu®"/mol HPMSP, indicating the 1:2 stoichiometry of the
complex formed between copper and HPMSP.
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Figure 4.8 Amount of copper & u“'f gdlor ‘(‘\ﬁq, mesoporous silica
synthesized usifig &' /'/ ‘ \\0 S mole ratios
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4.2. Extraction behavior§ of

The HPMSP doped ) with 0.1 M NaOH and
0.06 mole HPMSP was used * " Copp r, eobalt and nickel were used
in the study of the parameters g (hEeRtpecti process. These parameters
include effect of medium, conce metal solution, and extraction

time. Especially for thejcoj : ,t of HPMSP doped

L

¥ J were also studied.

mesoporous silica, and !f:
prption age@. Each extraction and

Finally, HNO; and HCI were te
desorption experiments were done in duplicate. g ,

AUYINBNINYINT

4.2.1. Effect of meditim

¢ o e/
CANIRS YT AT T VIR TN " e
mediums was studied. The 200 ppm metal solution used in the experiment was

prepared in aqueous, 0.01 M HNO3, 0.1 M NaNOs, and 0.01 M HNOj; containing 0.1 M
NaNOj, respectively. Especially for the copper extraction, effect of concentration of
NaNOs; in 0.01 M HNOj; was also investigated. The non-doped mesoporous silica was

used as a blank in extraction experiment.
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4.2.1.1. Copper extraction

At first, the copper extraction of HPMSP doped mesoporous silica from 200
ppm Cu(NO3), solution in 0.01 M HNO3 and 200 ppm Cu(NO3); solution in 0.01 M
HNOs containing 0.1 M NaNOj; were investigated according to the experiment of A.
Boos and co-worker [6]. When the 200 ppm copper solution prepared in 0.01 M
HNO; was added into the HPMSP doped mesoporous silica, the color of silica was
immediately changed to green. After the mixture was stirred for 24 hours, the solution
was separated from the solid. The solution obtained after extraction was turbid and the
‘ he copper extraction capacity of
. Addition of 0.1 M NaNO;

ity % 0.24=moi/kg. This observation was in

/ / \ action was also studie
j \ \ died.

pH of solution was about 2.4. In

HPMSP doped mesoporous sili

increased the copper extracti

accord with the previous wo
The effect of concent
When the concentration of NalX e ased, the solution obtained

after the extraction was irl ~betame ¢ #‘-. fusing more than 0.1 M

NaNOs. Influence of the NaNQ ncﬁlr ? the copper extraction capacity is
shown in Figure 4.9. ‘ &@J; '
.a"ﬁf-
0.25 7

%D 0.20 4 T

o e e —— ——————

E

= 0.15 4

2

£ 0.101

5 :

% 0. i ,] ﬂF

®)

iél‘lkosl (moljg a

Figure 4.9 Influence of the NaNOj3 concentration on copper extraction.

According to Figure 4.9, the capacity of copper extraction tends to increase
with the increase of NaNOs concentration. A. Boos and co-workers [6] suggested that
Na® could be substituted quaternary ammonium, which adsorbed at the surface of

silica, and decreased repulsion of solid particles. So the increasing of copper
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extraction at the surface of HPMSP doped mesoporous silica was observed when the
concentration of NaNOs in copper solution was increased. The repeatability of the
copper extraction is quite good since the standard deviation measured for the amount
of extracted copper in seven experiments is 1.26% (Table 4.11). The results indicated
that the homogeneity of the synthesized HPMSP doped mesoporous silica is obtained

in each synthesis.

Table 4.11 The amount of copper extracted by HPMSP doped mesoporous silica

resulting fromghiefsame synthesis.
O A oflafof Cu”* extracted
Number of exitaction | '“/
— i 2)

“ A —
77/ \ NS
LA 2 N,
l (/= i\\\ i\_
IIIII@ |

7 &\‘,‘

Averag 2 — ik
f?ggjﬁjaﬂ

SD ~—
LY

o
YRS

-
el

\/ g P

| rl
Copper extractiox I of sixteen doped mesoporous silr e resulting from different

synthesis was also studie@.«Fhe reproduc1b€ of the ﬁper extraction, and as a
lﬁir Sl 1t

TR TG L TEa ot AR

deviation measu“d for the amount %f extracted cogm:r in the snxte&g materials is

1 MM L5 (MR AL W1 e

MesoporQys silica” was ‘ex per extraction capacity non-doped

consequence t

mesoporous silica was also studied in 0.01 M HNO; medium and 0.01 M HNO;
containing 0.1 M NaNO; medium. It was found that this type of silica did not extract

any copper from such mediums.



Table 4.12 The amount of copper extracted by HPMSP doped mesoporous silica

resulting from different synthesis.

43

Number of

synthesis

Cu’" extracted
(mol/kg)

Number of

synthesis

Cu”" extracted
(mol/kg)

1

0.2128

9

0.2022

0.2000

10

0.2018

0.1951

0.1965

0.2057

0.1955

0.1968

0| N O\ | K| W N

0.1977

0.2055

0.0084

4.09

4.2.1.2. Cobalt extraction
The 200 ppm

extraction experiment

s used in the cobalt
Jand HPMSP doped
mesoporous silica. The results s rials @ not extract cobalt, even
0.1 M NaNO; was added. Wlﬂ the aqueous se_lptlon of cobalt was added into non-

doped mesoporouﬁ % EJ[ % % QL] %Wq ﬁ‘ibalt solution was

faded, while the color of silica was not ghanged The equ111br1um pH of solution was

about 6.8, Wﬂm ﬁ?wm m[wa ﬂ?ﬂ Sl] a ﬂalt did not
precipitate atsthis condit he resulfs showed that the co xtraction capacity of

non-doped mesoporous silica reached 0.09 mol/kg (Figure 4.10). When the same
cobalt solution was added into HPMSP doped mesoporous silicas, the color of the
sorbents changed into darker orange-brown and the cobalt extraction capacity of these
materials was about 0.13 mol/kg. Addition of 0.1 M NaNO3; made the capacity of

non-doped mesoporous silica increase to 0.19 mol/kg, whereas that of HPMSP doped
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mesoporous silica increase to 0.30 mol/kg (Figure 4.10). So the next experiments

concerning cobalt extraction will be carried out in 0.1 M NaNO3; medium.

0.35
0.30 -
0.25 4
0.20 -
0.15 1
0.10 -
0.05
0.00

Co”" extraction (mol/kg)

.1 M NaNO3

— l’i}’ \\\m\ —a
Figure 4.104F (’ .\. \

action.

4.2.1.3. Nickel extraction : \

The results 6T nigkelextrac ion ate ginilarito those of cobalt extraction.
The non-doped mesoporous#silia and/ H1PMSB. doped mesoporous silica have no
capacity to extract nickel in both 0. J.,;‘,g { and 0.01 M HNOj containing
0.1 M NaNO; medium. In o-_;~:~'__-_: n capacity of HPMSP doped
| > 200 ppm Ni(NOs), in
i ',.' g the same condition,

aqueous solution was used-;
Il

the nickel extraction “ of non-doped mesoporous siliéa was about 0.11 mol/kg.

This decrease in extraction®isSprobably due o’ the ionization of silanol in silica
surface. In additloﬁuj iﬂt&j mfﬁawﬂ a({)])ﬁNi(N O3); solution
increased to 0.1 M,q!)oth non-doped ang' HPMSP doped mesoporoussilica exhibited

e QAFARENTIHUNIQALARE 11
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Ni*" extraction (mol/kg)

_ nt per extraction capacity
of HPMSP doped mesop siliga, pper 'c tion varied from 200 to

400 ppm and 0.01 medium were used in the

extraction experiments. #or
of HPMSP doped mesop

kel extraction capacities

sili al ¢ ration varied from 200 to

600 ppm and 0.1 M NaNO; # {IAWETS U e results showed that the amount

of metal extracted by HPMSP doped.mesc ilica was constant for each metal,
;, &

even though there wa i ie 4.12).

N i
Bﬁﬂﬂﬂéﬂﬂﬂﬂﬁ

o
W
(=}

-
MetaFextracti I/k
_ <;ﬂractlon (mol/kg)
S 35 e

0.20 X xex 4 o
NIUNMINGARY|
0 2(I)0 4(')0 6(|)0 8(|)0
Metal concentration (ppm)

Figure 4.12 Influence of metals concentration on extraction property.
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4.2.3. Effect of pH

The extraction of copper, cobalt and nickel by HPMSP doped mesoporous
silica at various initial pH values were investigated by batch extraction. The 200 ppm
metal solution in 0.1 M NaNOjs at various initial pH values was used in this study.
The pH values of the metal solution were adjusted using 1 M HNOjs solution. After
extraction experiments, the pH values of metal solution were higher than the initial
pH values. The plots of amount of metal extracted by HPMSP doped mesoporous
silica versus the pH values of metal solution after extraction experiments are shown in

Figure 4.13.

0.25 +
o0
=< 0.20 -
o
£ _ :
.5 0.15 b g A Cu2+
£ 0.101 o Co**
= ° Ni**
S 0.05 4
>

0.00 +

8
Figure 4.13 ' AGe Of [ metals extraction.

The resultsy sh "that the HPMSP doped

not able te opper at -1; < 0.6. Then the copper

mesoporous silica w
extraction increased ram’d& with increasin&‘pH. The maximum copper extraction

capacity wasﬁs%ﬂ ﬂv} %lﬂ ?-w m ﬁtraetion capacity of
25w

non-doped me§dporous silica at p as also measured. The results showed that

b F Ry Th ok i3 T

extraction. The extraction of cobalt and nickel increased with increasing pH, from its
minimum at pH 3 to its maximum at pH 4. The extraction of cobalt and nickel was
constant in the pH range of 4-6.5. The cobalt and nickel extraction capacity of non-

doped mesoporous silica in the pH range of 4-6.5 was also measured. The results
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showed that these non-doped mesoporous silica was not able to extract both metals in

this pH region.

Determination of equilibrium constant for copper extraction of HPMSP doped
mesoporous silica

As a result shown in Figure 4.13, the HPMSP doped mesoporous silica is able
to extract copper in the pH range of 0.6-2.5. In addition, non-doped mesoporous silica
is not able to extract copper in this pH range. So the extraction of copper on doped

mesoporous silica in this pH range is o, HPMSP molecules incorporated in the

doped silica. It is generally asst “that Jti hanism of copper extraction on
HPMSP doped mesoporous,silica i @ liquid-liquid extraction. For
liquid-liquid extraction,‘ c_cxiraction] Sl With HPMSP is described by

Therefore, the readtio ‘ ~;. ngt 1S ‘and SP in the solid can be

written as shown below:

M™ +n (HPMSP),j; _:ﬂ PMSP),)soria + 1 H' (ag)

. u
Where K isa e.c';mllbnum constant

ronfl) W EJ ’JM&MQ}W BIn%
QW]Nﬂ‘imﬂJﬁﬂﬂEﬂﬁﬂ

It wilfibe D[ 1"
[HPMSPsohd]

D = K[HPMSPSOHd]n
H]"




And when take log, it will be

log D =

48

log K + n pH + n log [(HPMSP)s01id]

The linear relation between log D and pH provides the amount of H' of ligand

that exchanges with copper ion in the complex formation (n value). From n values, the

equilibrium constant (K value) for copper extraction was calculated.

Figure 4.14 shows the relation between log D and pH of copper extraction by

HPMSP doped mesoporous silica, HPJ u S

less than the pK, value of

phase extraction. The

microporous silica (the .coppe

silica was about 0.04 md ;"

sae

: icroporous silica [6], and liquid-
‘:’\ ﬂ.\ene [6]. The HPMSP doped
mi op@a could extract copper in
on. This low pH value is
\ \\\‘ dvantage of the use of solid-

action experiments of

\\“ \\ yimilar to the complex

Opec \:\ ous silica and the HPMSP
S \ evertheless, the extraction

higher than that of HPMSP doped

PMSP doped microporous

=2

ction, the complex formed

E

4

mesoporous smca

1IN

<© HPMSP in
toluene (liquid-

y=1.84x-4.04 liquid extraction)

2.0 3.0 4.0

Figure 4.14 Relation between log D and pH of copper extraction.
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4.2.4 Extraction time

To study the effect of time for copper extraction by HPMSP doped
mesoporous silica, a 200 ppm Cu(NO3), in 0.01 M HNOj3 containing 0.1 M NaNOs
medium was used, whereas the conditions for cobalt and nickel were 200 ppm
Co(NO3), and 200 ppm Ni(NOs); in 0.1 M NaNO; medium, respectively. The relation
between extraction time and the ratio of metal extraction in each time (q;) per metal
extraction at equilibrium (qe) are shown in Figure 4.15. The results show that the rate

of metal extraction is extremely rapid in the first 12 minutes, which is the first

e kinetic order of each metal
xtraction by HPMSP doped

measurement. Therefore, the investiga tio

__\\\

/9. (%0)

Figure 4.15 The effect of extractlon time on meg extraction.

4.2.5. Effectofan@n‘ldajazgj.I ﬂﬂiw Ell]ﬂ‘j
AL -1 4 T A

in the copper extraction experiment. The relation between the amount of HPMSP
doped mesoporous silica and amount of the copper extracted on the materials is
shown in Figure 4.16. When the amount of doped mesoporous silica used in
extraction experiment was less than 0.35 g, the amount of copper extraction was
linearly increased with increasing amount of doped mesoporous silica. However, the

extraction capacity of copper on doped mesoporous silica was maximum at about

0.21 mol/kg. Furthermore, the results showed that the complex formed between
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HPMSP and copper had a 2:1 stoichiometry. Copper was completely extracted when

more than 0.4 g of doped mesoporous silica was used.
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80 - e * *
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Cu®* extraction (umol)

Figure 4.16 Influepee™ ’,f‘// i ) Fy-:}‘\&::\{;-..._\ esoporous silica
| \s_.

USGE Q QppescC (ractio a\
4.2.6. Effect of foreign Metalfious present in soluti

+

Several ions such as'} natural water {38]. The

influence of these ions on ¢@ppg HPMSP doped mesoporous

silica was determined.

2* extraction (mol/kg)

Figure 4.17 Influence of NaNO; KNOj; and Ca(NOs), on copper extraction.
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According to Figure 4.17, the addition of 0.1 M Ca(NO3); or 0.1 M KNO; in
200 ppm copper solution prepared in 0.01 M HNO; did not interfere the copper
extraction behavior of HPMSP doped mesoporous silica. This observation suggested

that the materials can be applied to ion separation of metal from a charged matrix.

4.2.7. Metal desorption study
4.2.7.1. Copper desorption

copper from the doped_ fiea-up. to | 585 1 M HCI can desorb copper
maximum at 50%. The-efféet Oi-thi jon with 1 M HNOj;and 1 M
HCI were also studieds¥hie g 9/

O3 was completed within
4 hours. Moreover, gif€ct, /

opper desorption was also
studied using 0.5, 1.0, 4% angd r ml as eluents. The results show
that the copper desorptiod was ¢o u-a' ing 1 M HNOj (Figure 4.19).
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Figure 4.18 Effect of time on copper desorption.
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Figure 4.19 Influenge ¥Os co cen opper desorption.
4.2.7.2. Cobalt desorptioy
Cobalt can be desqubc mplctely fron non-doped mesoporous silica and

HPMSP doped mesoporous si

4.2.7.3. Nickel desorption
The amount of 10% of ‘ C x-’.’fs.zf
using 1 M HNOj; within 8 hours. A

doped mesoporous silicg bsing 1 M HNO; co ntainin o

om non-doped mesoporous silica

tnickel was desorbed from non-
O3 within 24 hours.
L7 )
Considering the desorp V 8 d mesoporous silica, nickel
b |

i
l I

can be desorbed up to 70%-tising 1 M HNO; within 8 hoursi
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