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Preparation of Resin Particles with Core-Shell Structure Using a Planetary Ball Mill and
Evaluation of Heat Resistance Property
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In this study, core-shell type particles with a membrane-like shell layer were prepared using a planetary ball mill.
Tg = 63°C particles (8.7 pm) and Tg = 32°C particles (7.4 um) containing a low melting point material were used for
the core particles, and water suspension of acrylic particles (150 nm) were used for the shell material. Cross-sectional
observation showed a membrane-like shell layer with no visible interfaces was produced on the core surface. This is
because the shell particles uniformly adhered to the core particle surface, followed by the close packing and
deformation due to the capillary force and curing during the vacuum drying. When the processed particles were heated
in an oven at the temperature of the 7g of processed particles, no thermal aggregation and seepage of the low melting
point material were observed. It was found that the shell layer effectively protected the core particles.

Keywords: Planetary ball mill, Core-shell, Suspension of shell particles, Function separation, Filmed shell layer.
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Table 1 Core particle properties

Polyester resin 7g

Polyester resin ratio

Low melting point Particle size

Sample X
[°C] [%] componets ratio [%] [nm]
Tg = 63°C Core particle 63 100 0 8.7
Tg =32°C Core particle 32 90 10 7.4
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Fig.1 SEM image of shell particles
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Fig.2 Processing flow
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Fig.3 Temporal change in particle size
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Fig. 4 Temporal change in 7g = 63°C core particle size distribution
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Fig. 5 Temporal change in 7g = 32°C core particle distribution
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Fig. 6 Change ratio of under 5.47 pm particles after processing
compared to unprocessed particles

WD X DR OZALIZ A RN S % 205,
Tg=32°C I 7 RLAFIIHL T IREEDSGG\ A 72D I EASiE & %
EEZBN, Tg=63°C I TH T L R FBH5A OZAIE
K&EL o7z,

Fig. 6 12, BMIC X D ZAbrA L7z L X o b kT
B O/ FERTH LEHNEHOWEL >~ P 547 pm
DFORFEE GR— I VPO 5.47 pm DUF OR;
TEA L a TR OR T 5.47 um DUT O T-EEG D7

727



5) DEALDRERGEALZ IR, Tg=63°C I TH.A % Hwv
72 100 rpm Ti&, WBFERH 10 7012 TR FEE MK
L, 2040 F TEALIZ WS, 30 ki a 7R LML A
NVOEEERL, 500 rpm Ti&, ABLRER] 10 512203 T
MFEEIZWA L, 20 5D ML T304 TiEar
AF XD INRFREDOEIGHE L o720 Tg=32°C T THL
FEJAW72H DI 100 rpm TUERALHLEER 10 4220 Tz
FHEGTWA L7ztk, 20 0 F THaEA L, 30 40 %ixa 7
T O/ T REDOEARHE F T L 720 500 rpm Tl
10 230 TREF-H#IA1ZA L, 20 0 DAL, 30
S CRIBICHI L Tz,

LRI L 7- i R — v I Vi, BFk T o B A1k
ZURRICT A E & BT, WAL EZAT HEET
&%, Fig. 4, Fig. 5 DR 154 DZALB L U Fig. 6 ©
547 um LT QR FHEOR RS, WL Te =
63°C I 7HF, Tg=32°C I T7HF & I 500 rpm ALFH
IR ORI X B LD 547 um BLTF 0 #]
AT 5L E 2 o0, WWHKERIZ Te=63°C I 7H,
TFlE205F T, Tg=32°C A 7R TIE 1050 F T, #LE
A=V IO L, I TR T LY 2 VR T O
&b (a7 vk WER L, BTSN L 72
EFZEz2zbNb, LhL, HAEMPETL, MFEIRK
AR U2 DREE, BIRIREE AR Tg =32°C I TH
D547 um LT OFERIEICHML 722 &2 5, B
N INIBEEAC LR FORPER L2 2 E 2 bbb,
a7 ¥ x VR OVEELI DT T BT OB AL DS E
TL TV MPIRE IR E T B LB D B,

A=V I VIE L 72k O R E, H#E% 100 rpm
&L, MR Tg=63°C I THIT1d 20 47, Tg=32°C
I7RTIL 10 FICREE L TER L2 0 vz,

3.2 FEHLUHEOHEERE

Fig. 7 12 Tg=63°C B X' 32°C a7l &2 H W THR—
VI OVALER L 7ok T30 0 SEM BIZHRE R 2R3, A lE
Tg=63°C A7k T, BlETg=32°C IT7HTTHDY (a)
BIO (o) IFHRLEO T TR T, (b) B LU (d) IFLHRE
ThHbo WHBOR TIE A D Tg=63°C ITH T, BD
Tg=32°C A THF & HITRIILD a2 7K1 & 1) KA
wesh, BRIZEBILL T2,

Fig. 8 ICWiHI OBIERE R Z /R T, I TR FRECY =
VEPER SN TVD Z LA b, T 7R
EV I NVEOREICRER LY 2 VRTFHBRO O N,
Y VEOTEH S R TR TIRIZED bk
7Y, ¥z VKT FELOREMBEHAFED Sk nw L X
WAZE TRERIE L T 7z,

33 ATHFEY T IIVRFORFEIREE

AWFFeTid, Y2 VMBI ARy Y 3 Y ERHW,
Y VKR IRBIC B W TERE L TV b 20, &k
B, WHBNENCEY Y2 Vvl T2H—12aTh
T HESEL72DTH b, ARV Y a v OREEHE
AT D7D, Tg=63°C ATH T % 40g, “HOY <
WKL T-% 2 7HRETASHR LT 5.0 mass%d% A L, 100 rpm T

WBL7-b 02 FRL, RIIKEDLKZ1T>72, Fig.

728

Core particle Processd rparticle

(A)

(B)

Fig. 7 SEM image of (a) Tg = 63°C core particle and (b)
Processed particle.
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Fig. 8 SEM image of cross section of particle after processing
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Fig. 10 Processing image processed with dry shell particles

Fig. 11  Process image of core-shell particle formation where shell
layer becomes film
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Fig. 13 Tg measurement results by DSC of Tg = 63°C core Particle

0 T

DSC [mW]

20 0 20 40 60 80 100 120 140 160

Temperature [°C]

e (L B L B B
@ |
B 34.8°C

— 2

=

E 3

2

A4
5 -
6 _
_7\\\\\\\\\\\\\\\\\
20 0 20 40 60 80 100 120 140 160

Temperature [°C]
Fig. 14 Tg measurement results by DSC of 7g = 32°C core Particle

ATV C-O MifFB LU 1725 cm™ 12T A TV C=0 fHiffF D
V=B LN, TNHIET 7V VEBIRRTTH 5
VWK TICRRTAE -7 Th b, Vo VR TRHR
BRAEMGEPICR 22w, A=) I)VILEE L 728 113,
arvRFE, YIVNFHEDOART MVEFET LI L
DHERTE 720
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DI % Table 2 I2/R T Tg = 63.0°C I 7H. T & Tg =
68.6°C /R L 5.4°C F5- L7z, Tg=32.0°C I TR T3 Tg
=498°C #/RL, 17.3°C L5 LTHY Tg O LA» 8
Thole TN, ITHF LY ZVKF O Tg DEH
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Table 2 7g measurement results by DSC

Sample Tg [°C]
Tg = 63°C Core particle 63.2
Tg =32°C Core particle 32.5
Processed Tg = 63°C Core particle 68.6
Processed Tg = 32°C Core particle 49.8

L7 IRTE TIRE M B ASRAE 35 2 L b o T b,
FIT, A=)V IV L 2R T O Tt Bt 0 2L % FEAl
T 572012, WHLL 72 Tg=63°C I 7HLF1d 70°C ThZk
L., Tg=32°C I 7Hi ¥ 50°C THIZLEL L 72308 21
W72 MEGREEE, DSC MIE TRz, R—IL IV
%O Tg MERRIHEDEFE Lz, ERLHEZH
W, BEERESHIE & SEM 12 X B REBIER 21T -5 720

Table 3 IZEHEEIMEDHK R EZ R T KRLHD Tg =
63°C I 7HIT-1X 88.3%, Tg=32°C 2 7HiT-1d 88.2%D %t
B IR L7z, WL 72 Te = 63°C 2 7R 113 38.8%,
Tg=32°C I TR T1% 56.5%% /" L, BHEEHDRIRIIKT
L7zo A, RUBLO g 7RO Tg LLEO#E N
ZTCHEEOREDRIALT S5 EAHEICR S
CERRLTBY, Yo VEPBIIHT S a7 RO

LIRS



Table 3 Agglomeration rate

Sample Ch [%]
Tg = 63°C Core particle 88.3
Tg =32°C Core particle 88.2
Processed 7g = 63°C Core particle 38.8
Processed 7g = 32°C Core particle 56.5

Before heated After heated at 50 °C

*Ij(;)f\?'/.\melt‘ing

(A)

(B)

Fig. 15 SEM image of particle surface after exposure to 50°C for
1 hour
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Fig. 16 SEM image of particle surface
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Nomenclature

Tg : Glass transition temperature [°C]
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C, : Agglomeration rate [%]
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