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Manufacture of Alkyl Acrylate Multi Core-shell Composite Particle
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2 2F: Core YAZE methyl methacrylate (MMA), n-butyl methacrylate (BMA)E 3}il shell YALZ
MMA, BMA, stylene (St), 2-hydroxylethylmethacrylate (2-HEMA), acrylic acid (AA)E ZHZb AF-8-3hed
WA A aommonium persulfate (APS), 8412 sodium dodecyl benzene sulfonate (SDBS)®] & %(0.01~
0.03 wt%), FZFA o] TR/} S HIAA T8 AT E T coreshell EFYAE A=
st Ashg, dAE H A% BE, By A, EATE, fEldoley, A Fy 9 1=}
A& 77 SHs e 22 485 4tk SDBS % 0.02 wt%oll4l MMA core-(BMA/St/
AA) shell E&RIA7E Hslgo] 98%=E 4393, YA A2 SDBS &% 0.03 wi%olA BMA
core-(MMA/St/AA) shelle] B3UA7F 047 ymE =4 Ugth FEldoleT 42 @Y core-shell
E&date] 2ol Hlgtd ThF core-shell Hd U= 3T EI7F SRS shellTHEFAl W] Tk 9
T 240 wet fFeldoler 2HE Jhestal FAlO HEAYol FFE HEALAEA FAE
A AEAZE A2 4 AUTH

Abstract: Multi core-shell composite particles were prepared by the water-born emulsion polymerization of
various core monomer such as methyl methacrylate (MMA), n-butyl methacrylate (BMA), and shell monomer
such as MMA, BMA, stylene (St), 2-hydroxyl ethyl methacrylate (2-HEMA) and acrylic acid (AA) in the
presence of different concentration of sodium dodecyl benzene sulfonate (SDBS). The following conclusions
are drawn from the measured conversion, particle size and distribution, average molecular weight, molecular
structure, glass transition temperature with DSC, morphology, tensile strength and elongation. In the case of
the concentration of 0.02 wt% SDBS, the conversion of MMA core-(BMA/St/AA) shell composite particle was
excellent as 98%. In the case of the concentration of 0.03 wt% SDBS, the particle size of BMA
core-(MMA/St/AA) shell composite particle was high as 0.47 pm. We confirmed that 3 points of glass
transition temperatures appear for multi core-shell composite particles compared to 2 points of glass transition
temperatures appear for general core-shell composite particles. We showed that it is possible to adjust glass
transition temperatures according to the kind and composition of the inner shell monomer that it is can be
used as a adhesive binder material with improved adhesive power.

Keywords: multi core-shell composite particle, water-born emulsion polymerization, adhesive binder, tensile
strength and elongation, glass transiton temperature
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Table 1. Physical properties of monomers and surfactants, initinators used in synthesis of acrylic multi core-shell adhesive

Properties
Materials

d? M, bp. (°C) T, (°C) Structure

Methyl methacrylate (MMA)

0936  100.12 100 105 CH,=CH3;COOCH;

Main monomer n-Butyl methacrylate (BMA) 0.895 14220 163 20 CH»=C(CH3)COOC;Hy
Styrene (St) 0.909 104.15 145 100 CH,=CH(CsHs)
. 2-hydroxylethylmethacrylate (2-HEMA) 1.073 130.14 67 55 CH,=C(CH3)COOC;3;HsOH
Functional monomer . .
Acrylic acid (AA) 1.051 72.06 139 106 CH,=CHCOOH
Surfactants Sodium dodecyl benzene sulfonate (SDBS) - 34848  >300 - C1,H,5-(CsHs)-SO3Na
Initiators Ammonium persulfate (APS) 1.98 228.21 120 - (NH4)2S,08
Table 2. Polymerization recipe of core polymer  (unit : g)
Reaction ...
SDBS Time
Run DW (50 Wi%) MMA BMA APS tz:ong;. (h)
MMA
(CM-1) 800 0.01 60 0.5 85 4
MMA
(CM-2) 800 0.02 60 0.5 - -
MMA
(CM-3) 800 0.03 60 0.5 - -
BMA
(CB-1) 800 0.01 60 0.5 - -
BMA
(CB-2) 800 0.02 60 0.5 - -
BMA
(CB-3) 800 0.03 60 0.5 - -

Figure 1. Experimental apparatus for multi core-shell poly-
merization.
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Table 3. Polymerization recipe of multi shell polymer (unit : g)
R Material

. CM-1 CM-2 CM-3 CB-1 CB-2 CB-3 MMA BMA St 2-HEMA AA APS (1 wt%) DW
BMA/St (BS) 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425
BMA/St (BS) 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425
BMA/St (BS) 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425
MMA/St 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425
MMA/St 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425
MMA/St 80 10 10 10 425
BMA/St/2-HEMA (BSH1) 80 10 9 1 10 425
BMA/St/2-HEMA (BSH2) 80 10 8 2 10 425
BMA/St/2-HEMA (BSH3) 80 10 7 3 10 425
BMA/St/AA (BSAl) 80 10 9 1 10 425
BMA/St/AA (BSA2) 80 10 8 2 10 425
BMA/St/AA (BSA3) 80 10 7 3 10 425

30 min7hd AR GFAS AANT) 0P NS TF coreshell BFUYAE AxAT
2 oY core-shell HEFUYAE A=A th thaol # L PHOE core?t shell A S| F/HE W3l
548 GFAE 3= 1S core-shell WHg-S I3 A] A A o2l 7] B core-shell A5 FA33H7] <t

717] 95te] BsA A7 E3E 23F shell TEFA| HWk2-9] ZA-S Table 39 A stETh
E 13} shell S8 SL PHoZ FIES Y
Azl F HAF FHAE 120 mesh AHFOZ AHAA
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Figure 2. The effect of SDBS concentration on the con-
version of core-shell polymerization.
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Figure 3. The effect of SDBS concentration on the con-
version of multi core-shell polymerization with 2-HEMA.
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Figure 4. The effect of SDBS concentration on the con-
version of multi core-shell polymerization with AA.
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Figure 5. The effect of functional monomer on the con-
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Figure 7. Particle size and size distributions of multi MMA
core-(BMA/St/AA) shell composite particle at different SDBS
concentration during core-shell polymerization.
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Figure 11. FT-IR spectra of PMMA/PBSH2.
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(a) MMA core-BMA shell
composite particle

)ONG.-A El 0K\ 5 100nm WD 3.4mm

(d) BMA core-MMA/St/AA
shell composite particle

9,000 100:

(¢) MMA core-BMA/St/AA
shell composite particle

Figure 12. SEM micrograph of various core-shell composite
particle.

Table 4. Average molecular weight and molecular weight
distribution of multi core-shell composite polymer

Core-shell composite particle A7, M,  Polydispersity
MMA/BMA 20293 34498 1.70
MMA/BS 20654 34905 1.69
MMA/BSHI 20183 36276 1.95
MMA/BSH2 21486 37356 1.87
MMA/BSH3 22782 38444 1.77
MMA/BSALI 24742 39356 1.56
MMA/BSA2 26113 42041 1.61
MMA/BSA3 29863 51364 1.72
3.5 BoEXE 58

]

of o

FTHe core-shell EFUAFS] TR FEAH M)
FTHHAEAH M,)S S35 $lte] A B3} A=
FE 22 (GPC; Waters Co. USA)E ©] &3ttt &4
271 FES AAS dxE ARY FEE 0.1
wt% (THF §E 3t A28l 2% 40°C, 52 1.0
mL/ming ¥ F3-8 500, 10°, 10° 2 10° A &A=Z
H p-2B 24 #S AHgsilon, SN A £
g 2gHd EFEFS o] 83AH

Table 49 MMA corel] tH3}e] shell A 2 BMA,
BMA/St, BMA/St/2-HEMA, BMA/St/AAS ZtZ+e] s
A gFA TR TEE HIAA FTEHS E A
core-shell H-YA}e] B A F-S YERARITE Table 4
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A I MMA-co-BMA
B : MMA core — BMA shell
C : MMA core - BS shell

Heat Flow Emdo Up(mW)
/ b

0 30 60 90 120 150
Temperature(T)

Figure 13. DSC curves of multi core-shell composite particle.
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3.6. AIRIFAIQREN
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Table 5. Tensile strength and elongation of multi core-shell
composite particle

Drying temperature 80°C

Samples - 3 -
Tensile strength (kg/cm”)  Elongation (%)

Blank 0.20 13.6
CM-2 2.24 7.4
CM-2/BMA 2.13 83
CM-2/BS 2.16 7.9
CM-2/BSH1 3.36 5.6
CM-2/BSH2 3.57 6.1
CM-2/BSH3 3.66 6.9
CM-2/BSAl 3.87 4.5
CM-2/BSA2 432 44
CM-2/BSA3 4.55 4.1
CB-2 1.89 8.9
CB-2/MMA 1.91 8.1
CB-2/MS 1.95 7.8
CB-2/MSH1 2.99 6.3
CB-2/MSH2 2.89 6.1
CB-2/MSH3 3.15 59
CB-2/MSA1 3.13 5.6
CB-2/MSA2 3.23 5.7
CB-2/MSA3 3.23 5.4

3 B k5 kg0 3HFOE 10 min 3 4ERI T HZ
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&3 A JER A
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N
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