creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= F R0l 86tH HFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICh

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE olSXAt2 Heles 212 WS0ll 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Mg (OH) o/ 7171 Yi=5dA 3 A3

LA Y dAE Al

2009 d 2 ¢



ok
1%
i
>~
—|_l
1%
Ho
(i
Sl

Mg (OH) o/#7) Bk = A3l

aEARe] WAl Az

2009 d 2 ¥



20094 24€

A

i

3]

ol shubA}

Al
=

=
T



List of Figures-~----------------——---""-—--""-"""""""""""-""—————— v
Abstract-—-—--—------""""-—""————— - ———— vi
A1 & A=
1. #21/%7 BFA-—————mmm—m—————— 1
2. =9 A o] kstek A (Supercritical Carbon Dioxide)--=—-==-—-——-—--—-—-- 2
3. 3l % (Emulsion polymerization)—===========s—=—=——c—————————— 4
R R e o 8
A O % kgl 93 Mg(OH)/PS WhiesghAl o] Al %
1. A B R S i SR e e e 9
2. A e el 10
D T e T b B ittty 10
. Mg(OH), Akl AN -——————— oo 11
ok xANd # Mg(OH), 9449} styrene o] F3tsd---—--—--—--—--—- 12
gh A A R A e e 13
3. AN H A 13



7} Mg(OH), Al AN -——————— oo 13
U 2HNE ¥ Mg(OH), 9#F¢} styrene & 8t -—-—--—————-——-—- 18
< 22

T 23
T 24
T B = B b Bt 24
1}, Methacryloyl B-alanine (MBA)A| &———=——==—————————————————— 25
o A o) Aks Er Aol A1 9] poly(methacryloyl B-alanine) &3 --------- 25
3. 278 4 I F -y YR A s 26
7}. Methacryloyl B=alanine (MBA)A|Z-=====-=r—m—=—Sg———mo—mo—m—— 26
v, A o) Akgf ks ol A19] poly(methacryloyl B-alanine) 3 =-------- 28
IR NS ANANY & B W WS .1 WEEE—-— 32
[ ]-—-X = v " O Y F e 33



List of Tables
Table 1. 1.

Solubility of persulfate salt in water-——————————"—"""""~""~"~"—"——————— 9

Table 2. 1.
BET analysis of pristine magnesium hydroxide and y-MPS

functionalized Mg(OH)y—========"=="==""===""="—"—"———- - ——— 22

Table 2. 2.
Emulsion polymerization = of styrene in the. presence of y-

MPS functionalized Mg(OH)y—-—————-—---""""=""—"-—""5—————————— 24

Table 3. 1.
Characterization of PMBA (poly methacryloyl B-alanine) composites

prepared with different reaction temperature————-—=-———=—#———————-

Table 3. 2.
Characterization of PMBA (poly methacryloyl B-alanine) composites

prepared with different reaction pressure————-——————————————————— 39



List of Figures

Figure 1. 1.

Schematic pressure—temperature diagram showing the supercritical

QS =8 10 0 R 4
Figure 1. 2.

Density vs pressure isothermals for liquid and scCOg-ccoo 5
Figure 2. 1.

Experimental measurements for synthesis of inorganic particle /organic
polymer—————4mun 7 T o W ST T W N~ 17
Figure 2. 2.

Schematic representation of the ' process for the synthesis of
Mg(OH)5/PS nanocomposites.——————7———=—————==#————~——————————— 91
Figure 2. 3.

FT-IR spectra of (a) y-MPS reagent, (b) pristine magnesium hydroxide,
and (c) y—MPS modified magnesium hydroxide-———=---========———- 91

Ziv -



Figure 2. 4.

TEM micrograph of magnesium hydroxide inorganic nano particles

before y—MPS treatment (left) and after y—-MPS treatment (right)-———-

22
Figure 2. 5.
TEM micrograph of Mg(OH)»/PS nanocomposites (a) (b) SMAS-10, (c)
(d) SMAS-10, (e) (f) SMAS-30, (g) (h) SMAS-40; (a), (¢), (e), and (g):
high magnification, (b), (d), (f), and (h): low magnification.-————---—--- 25
Figure 2. 6.
Thermogravimetry of (a) pristine Mg(OH)s, (b) SMAS-10, (¢) SMAS-20,
(d) SMAS-30, (&) SMAS=40, (e) PS homopolymer.———-—==—+—---——- 26
Figure 3. 1.
Polymerization of poly(methactyloyl 8~alanine) in scCOy———====————- 32
Figure 3. 2.
Synthesis of MBA from B-alanine——————----=-="="""="==-=——-————— 33



Figure 3. 3.

SEM micrograph of MBA---==---------------""""-—-—————————— 34
Figure 3. 4.
'H-NMR spectra characterization of MBA and PMBA---———————————— 34
Figure 3. 5.
Polymerization of PMBA in scCOg=======-------—-------———————— 37
Figure 3. 6.

SEM micrograph of PMBA with different reaction temperature.

(2) 45T, (b) 5O, ()55 Ty (D)BOT——Fmmmmmmr oo b 38

Figure 3. 7.
SEM micrograph of PMBA with-different reaction pressure

(a) 2000psi , (b) 3000psi , (¢) 5000 psi——=-————=——————————————— 39

- Vi -



Preparation of Mg (OH) o/organic nanocomposites and

bio—degradable polymer for nanoparticles

Sung Yeol Park

Department of Image System Science & Engineering, The graduate School

Pukyong National University

Abstract

Recently, there ‘has been a lot-of work' on the elaboration of nanocomposite
systems by embedding of/ inorganic particles into polymeric matrices. These
materials represent'a new class of polymeric materials which combine the
unique physical properties of the inorganic particles with the processability and
the flexibility of the organic polymer matrix. Among-them, .the preparation of
core—shell composite particles-has received particular attention due to their
great potential applications. While various techniques were used to synthesize
the core—shell polymer particles, a traditional method has been the emulsion

polymerization with inorganic seed particles.

- vii -



Inorganic/organic core—shell nanocomposites were prepared by the emulsion
polymerization of styrene (St) in the presence of surface—functionalized
inorganic nano particles (Mg(OH),). Nano—sized inorganic particles were
previously functionalized with a silane coupling agent, 3— (trimethoxysilyl)
propyl methacrylate (y—MPS), which was confirmed by FT-IR, and BET
analysis. The average size of inorganic seed particles were around 80nm
(Mg (OH) ). The ratio of the inorganic seed particles to organic monomers, St,
showed a strong influence on the stability of latex as well as the morphology of
composites. Mg(OH) o/PS core—shell nanocomposites were produced with stable
latex emulsion when the weight ratio of Mg(OH), to St is below 30. With the
ratio increased to as high as 40, however, the latexes became less stable with
aggregation and the morphology changed to irregular spherical-shape.

The dispersion polymerization in scCOs has been extensively studied since COsq
was widely recognized as an interesting 'alternative to conventional organic
solvent. The advantages of scCOs as a solvent include liquid—like density, low
viscosity, high diffusivity, zero surface tension, fast mass—transfer and tunable
solvent power. Moreover it is non—toxic, -non—flammable, inexpensive,
recyclable, and environmentally sound. "It also offers advantages of easy
separation of products and resolves problems related to solvent removal.

In this paper, we report the preparation of amino acids based polymer in scCO..
The PMBA (poly methacryloyl B—alanine) nanoparticles were successfully

produced from the dispersion polymerization in scCOs. This new environmentally

- viii -



benign process offers advantage of easy separation of composite particles from

solvent.
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Figure 1. 2. Density vs pressure isothermals for liquid and scCO»
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Figure 2. 2. Schematic representation of the process for the synthesis of
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Table 2. 1. BET analysis of pristine magnesium hydroxide and y—MPS

functionalized Mg (OH) »

y—MPS surface
Particle size Specific surface

Inorganic powder - density (zmol m~
(nm)*? area (m“g )
2)b
pristine Mg(OH) » 80 34.85 -
y—MPS modified Mg (OH) » 80 38.01 10.5

? transmission electron microscopy (TEM)

® calculated from reacted y—MPS and specific surface area of pristine Mg (OH)

Figure 2. 4. TEM microgfébh-ef nesium hydroxide inorganic nano

particles before y—MPS treatment (left) and after y—MPS treatment

(right)
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stRom, H7bEE Fabsetadlad s delste] Hluegith. Exms
G thu] 10 wt % AF&SESTh Table 2. 2 oA 2 A9 f3ted 215
e ST Mg (OH) o/PS -3t &ellA FAtstet avl4 ] H7FE styrene
Exwe] st 10 wt%, 20 wt%, 30 wt% 40 wt% AFE3F3oH
Sample 2 SMAS—10, SMAS—20, SMAS-30 SMAS-40 °#&
et SlTE A R FAStavge R Fetsls W ks e Aavt
Aok AR B dgH] 40%9 Fo® FAS UGS AMEEH
TS A A5 AT, Bkgst e vt FEEHSITh Figure 2. 5 9
TEM SAARIA SMAS=10, SMAS—=20 ¥ SMAS=30 ¢ Y534+
FAbglet vl 4ol core o]l AE[EO] shell Q1 FHIE AT 5 Ut
HEde] SMAS-40 o Yes#Als Fatstevlae] Sfo] 2 As
grel & 4 3t (Figure 2.5 (g),(h))

Figure 2. 6 < XA SR EE ) FAS R IUE  H7MEed w&E
U EgAe] TGA FAA3dE Yehidvh. FArsbetadlge] ool
S E dRe EAo] FAEUL PS TR EZEHE 260TTlA 460T
Aol el A 37 wE A 2

o] o] wt
FAE I ] FEFo]l vhE A7l Mg(OH)o/PS Yl s5ghale] dis)
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542 vlxd A% HERSIY. SMAS—-10, SMAS—-20, SMAS—-30 %
SMAS—-40 9 ¥#3] % &= 424 6.5%, 11.6%, 15.2% 181
20.1%% YEbRaL, o]RlEs #AtstH 10.4%, 20.6%, 28.8% 1#]al 41.9%

2 saxdolM e At dEe] g vudls o A dAss Ae

Table 2. 2. Emulsion polymerization of styrene in the presence of y—MPS

functionalized Mg (OH) 5

Sample Mg (OH) s in feed (g) Conversion (%) ~ Stability of emulsion

ps® 98.0 turbid, stable
SMAS-10 0.5 92.8 turbid, stable
SMAS-20 1 97.0 turbid, stable
SMAS-30 1.5 S turbid, stable
SMAS—40 ) 96.1 week aggregation

4 styrene homopolymer by emulsion polymerization-without Mg (OH) 5

> polymerization condition; styrene = 5 g, NP—1060 = 0.25 g, EU-S133D =
0.25 g,

APS = 0.05 g, DI water = 45 g, Time = 12 hr, Temperature = 80 C.
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Figure 2. 5. TEM micrograph of Mg(OH)4/PS nanocomposites (a) (b)
SMAS—-10, (¢c) (d) SMAS—10, (e) (f) SMAS—-30, (g) (h) SMAS—40; (a),
(c), (e), and (g): high magnification, (b), (d), (f), and (h): low

magnification.
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100

80
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0 100 200 300 400 300 600 700
Temperature ("CH

Figure 2. 6. Thermogravimetry of (a) pristine Mg(OH),, (b) SMAS-10,

(c) SMAS—-20, (d) SMAS-30, (e) SMAS—40, (e)*PS homopolymer.
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1, 743 A719 Z¢ deadzd #HE d2bd (poly (methacryloyl p—
alanine), PMBA) A WA =S 95 F A ¥% o, {7 &uivt

A8 Yo AnvaE 94z Az b 3N Aste 9 Aok

2. A &

7k Ak 8 717

Methacryloyl chloride (Sigma—Aldrich), Ethyl acetate (Junsei) A}&3}7]
A3 Z2E sholEke]=(Caly) & Wol 4wt FRdte] Abgslth. T3
WA A= 22l 2,2 —Azobisisobutyronitrile (AIBN, “Junsed) += H&-E 9]
ANAgste] A & Agsla, AL ARl V-65(Wonil Chem) 2} B—
alanine, NaOH, HC1(37%), & A3 8 COy (Daeyoung Co., 99.99%)+= A A
glo] 2= ARE sk M, o3} T (DIW)E ARE sl

MBA ¢ Az PMBA: ¢ 5 H2kE (monomer conversion) &
gte1st7] 91stel JEOL (Japan, JNM ECP-400)¢] 'H-NMR A#HE#S
ARgstdlor, &= DO & AREsHth. MBA, PMBA ¢ Rk A7]E
X357 938te]  HITACHI(Japan, S—2400)9 Scanning Electron

Microscopy (SEM) & ©]|£3}3it}.
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. Methacryloyl p—alanine (MBA) A&

500ml three neck flask ] DIW 100ml & ¥ % B—alanine 5g, NaOH
448g S =k AL HY7] dlollAl AA| 3 methacryloyl chloride
5.84g & HH3] dropping At &EE -5CTC=E FA7]WA] stirring

3l<=t}. Methacryloyl chloride €] dropping ©] ¢5¥ & wHk spdA 3 A7

-

FoF wkE AIZIt) Drop & 1 AlZF EQF whSo] A3 dojyrnz 2%

GA el A7 Ao stk 3 AI7F ¥ES- & HCl (37%) S #H7bste] pH 2 7}

(

YT 5% &1, ethyl acetate & ©] 83t 3 ¥ HE FZ=8r} Ethyl acetate 2}

‘

acetate O %

rlr
o
o
(G
o
(O]
@
=
=

DIW 9 & &2& ol&sto} =l =of 8l
o3ty =& g st Anhydrous MgSOy & 7% A]7]3l rotary

evaporator £ ©]£3 white crystal & 9=t oA

s
)

white crystal
powder = A ¥ ethyl acetate o AAA3e] 7§EE3k white crystal

powder & Y+=Tt}.
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ok A0 AEg A oA 9] poly (methacryloyl B—alanine) &%

T AA®E Figure 3. 1 oA zreks] Yepdiler. Aol e A s
o] &3t PMBA T3 vl 1ulg ¥l (Teflon—coated) 7} S0 & 119} HES7]
el MBA 0.2g 3 7WAIAI(AIBN, V-65) 0.004g < 7 €&t} ISCO
Syringe pump(Model 260D)E o]&ste] ®wkg7] Wfitol] ortsteis

Fdeta FxE w7 25 AL F 7k JMAIAI(AIBN, V-
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Figure 3. 1. Polymerization of poly (methacryloyl p—alanine) in scCO,
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3. 23 3l u#

7}. Methacryloyl g PB—alanine (MBA) ] A=

Methacryloyl chloride ¢} B—alanine ¢ ¥4 HbEgS Figure 3. 2 °f|A]
7veFskAl YEFSIYE. Methacryloyl B—alanine (MBA) 34 ZA3p= &1
Dy0 & AH&38ke] 'H-NMR & &3 &<lat3lon (Figure 3. 4 (a)), B2 %

] o

-

<

A48 MBA S4A7 Alx¥ AS SEM image & &3

=

J
ek
>

o)

A AT Figure 3. 3). &4 34 % DIW oA ethyl acetate = °. % MBA &

=

FZ3F= B4 oA methacryloyl amino acid 7} hydrophilic dto] 2w 2]
F&o| wol "ojxitk
| NH, | H
NaOH OH
/A(Cl * S / N
| =_— W W
(0] o O O
OH

Figure 3. 2. Synthesis of MBA from p—alanine
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Electron Image 1

Figure 3. 3. SEM micrograph of MBA

400pm

H d
N OH
o )ﬁ( \c/\[r " (a)

/(\i
(o)
(L)

Polymer
bhackhone

ppm
Figure 3. 4. 'H-NMR spectra characterization of MBA and PMBA
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. 29 A1 s A4 9 poly (methacryloyl B—alanine) &

AlolArster A Yol A poly (methacryloyl p—alanine) (PMBA) 2] 5%

P
ks

W& Figure 3. 5 oA depdiglth. $3 A3= 'H-NMR £4& &3l
e, a ¥=Z7t AEAI EZW backbone A7 UERHO®E
skQlst it (Figure 3. 4 (b)). A dak= wEE7] diftel EAjstd
A oAbt Ae] FFor MBvAE AVIE A HH, vE 2& Y
a4y T S dEste] AdEe 1A dA A71E =22 & ATk
MBA monomer & =71& 3% A4 oA Fo] IPHA LA sk ke

L,

IR R e L GO

£

Stel b ® WSkl wE PMBA YA+

p

REZFAE BAS9 I, 27 A" 278 Table 3. 1, 3} Table 3. 2 9

Figure 3. 6)
Table 3. 2 M+ dgH3 o] W& A3 S YeRya, 1o st
A= Figure 3. 7 9 SEM ° =%

2t ARG Bl Frhstol

)

N
N

Pel mwn] A@gol SR, 9¥el F1¥ £ = PMBA 14
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n
o o)
initiator
HN . HN
scCO,
O o)
HO HO

R= CH3 , PMBA
Figure 3. 5. Polymerization of PMBA in scCOs

Table 3. 1. Characterization_of PMBA (poly methacryloyl B—alanine)

composites prepared with different reaction temperature.

Sample Temp (C) Conversion (%) 7' Diameter (nm)
(a) 45 - B
(b) 50 60 240 ~ 260
(©) 55 85 220 ~ 250
(d) 60 89 180 ~ 200

Reaction condition : MBA 0.2g, V=65 2% (w/w to MBA), 5000 psi, time 24h.
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Figure 3. 6. SEM micrograph of PMBA with different reaction

temperature. (a) 45CTC, (b) 50CT, (c) 55CT, (d) 60CT
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Table 3. 2. Characterization of PMBA (poly methacryloyl B—alanine)

composites prepared with different reaction pressure.

Reaction condition :

MBA 0.2g, AIBN 4% (w/w to MBA), temperature 65C. time

Sample

Pressure (psi)  Conversion (%) Diameter (nm)

(a)
(b)
(c)

24h.

2000 91 450 T 600
3000 93 260 ~ 340
5000 94 220 7 250

Figure 3. 7. SEM micrograph of PMBA with different reaction

pressure.(a) 2000psi, (b) 3000psi, (c) 5000 psi
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