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A D

Silica yield (%)

(b) % not detected
Figure 1. Yield of complexes (a) and silica contents (b) prepared from
different component conditions for 1 hour; DW/TEOS_US: distilled
water and TEOS with ultrasonication, SS/TEOS: silk sericin and
TEOS without ultrasonication and SS/TEOS_US: SS/TEOS with

ultrasonication.
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Figure 2. Thermogravimetric curves of sericin (SS), sericin/silica
complex without ultrasonication for 1 day (SS/Silica), and

sericin/silica complex with ultrasonication for 1 hour (SS/Silica_US).
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Figure 3. FT-IR spectra of sericin (SS), sericin/silica complex
prepared without ultrasonication (SS/Silica) and with ultrasonication
(SS/Silica_US). Before and after sintering was marked as;

(sample)_sintered.
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Figure 5. Solid-phase #Si MAS NMR spectrum of sericin/silica

complex prepared with ultrasonication.
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Table 1. Quantitative analysis of Q% Q° and Q* peaks of solid-phase

PSi MAS NMR spectra

Q* Q’ Q’ Q/Q’
SS/silica [14] 100 59.223 12.775 1.69
SS/silica_US 100 38.335 5.837 2.608
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(b)

Figure 6. FE-SEM images of SS/Silica complex prepared without

ultrasonication for 1 day (a) and with ultrasonication for 1 hour (b).
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Figure 7. Yield of sericin/silica complexes (a), silica contents (b) and
silica yield to TEOS (c) prepared from different composition ratio.
These samples were prepared under ultrasonication for 1 hour. The

intensity of irradiated ultrasound is 20 W/cm?
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prepared with control of ultrasound amplitude. The ratio of sericin to
silica precusor 1s 1:1. These samples were prepared under

ultrasonication for 1 hour.
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Figure 9. Yield of sericin/silica complex (a) and silica contents (b)

prepared with different ultrasound

irradiation time. The ratio of

sericin to silica precusor i1s 1:1. The intensity of irradiated ultrasound

is 20 W/cm?
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Figure 11. Chemical equilibrium diagram of palladium elements in

various pH.

_35_

LELE

1



1.2 5

1.0

o
oo
1

Absorbance
o
»
1

o
i
1

o y=0.0022x-0.0057
“7] R’=0.9991
0.0 T T T T T T T T T T 1
0 100 200 300 400 500 600

Concentration (mg/l)

Figure 12. Calibration curve of chloropalladium ion. The calibration

curve was deduced from the absorbances at 470nm.
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Figure 15. Langmuir isotherm for Pd(II) onto (a) sericin or (b-d)

sericin/silica complex prepared with ultrasonication. Each samples is

irradiated for (b) 1 hour, (c) 3 hours and (d) 5 hours.
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Figure 16. Freundlich isotherm for Pd(II) onto (a) sericin or (b—d)
sericin/silica complex prepared with ultrasonication. Each samples is

irradiated for (b) 1 hour, (¢) 3 hours and (d) 5 hours.
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Table 2. Isotherm constants for Pd(II) ion adsorption onto

sericin/silica complex prepared with ultrasonication

sericin and

Value
Adsorption
Model | FArameter o SS/Silica | SS/Silica | SS/Silica
_US1h _US3h _USbh
Q
34.72 30.02 24.75 20.06
(mg/g)
Langmuir K
. 0.03424 0.03667 0.05961 0.06693
1sotherm (L/mg)
R? 0.9929 0.9928 0.95213 0.9867
Kr
11.68 11.37 12.02 15.00
(mg/g)
Freundlich n
. 6.092 6.839 9.131 24.546
isotherm (L/mg)
R’ 0.8390 0.8607 0.9513 0.9470
B
1571 1878 1942 4902
(g/mg)
BET Q
‘sotherm (mg/e) 34.19 29.76 25.21 19.57
R® 0.9985 0.9999 0.9996 0.9998
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Figure 18. Plots of the fitting of the experimental data of Pd(II)
adsorption on (a) sericin and (b-d) sericin/silica complex prepared

with ultrasonication. Each samples is irradiated for (b) 1 hour, (c) 3

hours and (d) 5 hours.
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Figure 20. Pseudo-fist-order (a) and Pseudo-second-order (b) kinetic

plot for PA(II) adsorption using sericin and sericin/silica complex.
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Table 3.

Kinetic

parameters  of

the

Pseudo—first-order

and

Pseudo-second-order model for Pd(II) adsorption onto sericin and

sericin/silica complex prepared with ultrasonication

Sample Pseudo-First-Order Pseudo-Second-Order
K 4 g2 | Bx107 g 7
o5 (/min) (mg/g) (g/mg-min) | (mg/g)
0.006034 31.75 0.9957 0.281 35.76538 0.9972
Ki q6 R2 KvQ X 107 3 qe R2
SS/Silica (/min) (mg/g) (g/mg-min) (mg/g)
_US1h
0.002514 23.90 0.9619 0.404 30.40438 0.9968
K, a0 P2 | Hpx107 q. B
SS/Silica (/min) (mg/g) (g/mg'min) | (mg/g)
_US3h 25.57544
0.001397 21.28 0.7613 0.700 0.9995
757
K, q P2 K,x10* q. B
SS/Silica | (s (mg/g) (g/mg'min) | (mg/g)
_USbh
0.000633 19.86 0.7195 1.576 20.24291 0.9998
- 54 -
] 21 ]



NE AFAM APAS ol gkl FHL AAWFAL ol

Q
1_.

<1

_>i,
=2
N
o
~
|=J

BeA W destel EA oste] woh g Fele FAARA T8
4 4 9% AR YAt ek AAE A FAE SPsn FH
52 BAgonn APT FAAZY HeAS Aving

_55_



22 gl M AbE

17 ¢t

ste] 1%l 219 JERH AT

A

5

=}
urE

€}
=

S
=
=

e 2

°©

g

=2
=

27t 9 Aue FAE

Fol Alxzd A=/

5]

s

i
=y

oln

N
B

s

*

—

0

<M
4

il
)

o

gyl

5h ZARA2E

A 2]

1
H

97 %%

A
=

0

o]
o

_EH

o)
~

2y

244 <]

o

H

Pk (2

°©

g

=

7 2
EER

T

T

%

A
has

2%
<t
olFel Azt Alell /A

| o @5 AARn <
T AT

=

pzs

71

[e)
=

Al A G27r 7B A vERE T

7+

=

>=
=S

=}

ol

_56_



I SS
0.09 4 I SS/Silica_US1h
1 Il SS/Silica_US3h
0.08 - I SS/Silica_US5h

0.07 +

g
o
o
o)
1

Remaining weight (
o o o
& % 9

0.02 -

0.01

0.00 -

1 2 3 4 5
Regeneration cycle

Figure 21. Remaining weight of sericin and sericin/silica complex
prepared with ultrasonication after regenerated adsorption. Initial

weilghts of all samples were 0.1 g.
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Figure 22. Adsorption capacity of sericin and sericin/silica complex

prepared with ultrasonication after each adsorption cycle.
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Abstract

Preparation of Sericin/Silica

Complex Using Ultrasonication for

Pd(II) Ion Adsorption

Yeonwoo Kim

Biomaterials Engineering
The Graduate School

Seoul National University

Ultrasound irradiation can increase the interface area of the reaction
to proceed over, which results in increased rate of reaction. Sericin
which 1s the minor component of silk protein has been used for
synthesis of the silica. In this study, sericin/silica complex was
prepared by ultrasound irradiation, and its effect on silica synthesis
was evaluated. In order to analyze the vyield of silica, sintering
process was employed. Thermal gravimetric analysis (TGA) and
Fourier—transformed infrared (FT-IR) spectrum revealed the synthesis
of silica. The rate of silica synthesis was greatly enhanced under

ultrasonication. It was investigated that the ratio of sericin to silica
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precursor, intensity of ultrasound and irradiation time affect the yield
of sericin/silica complex and the content of silica in the complex.
Based on the data, the yield of sericin/silica complex and the content
of silica were increased with ultrasound irradiation. Nuclear magnetic
resonance (NMR) data also verified the synthesis of silica with high
degree of polymerization. Sericin/silica complex prepared with
ultrasound irradiation was examined to apply as Pd(II) ion adsorbent.
The adsorption capacity and behavior were investigated in terms of
1sotherm and kinetic models. It has been found that the adsorption
model of sericin/silica complex for Pd(II) would be BET model and
pseudo—second order model. By the assessments of remaining weight
and adsorption capacity after repeated adsorption, the stability of

sericin can be enhanced in the presence of silica.

keywords : ultrasound, sericin, silica, palladium, adsorption
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