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Abstract: To improve the adhesion of interface and dispersion of glass beads in the composite, HDPE filled with glass
beads, we encapsulated the glass beads with polymer by phase separation method using complex coacervation in organic
solvent. EMAA and EAA were used as the polymeric wall materials. The microencapsulation efficiency and morphology
were observed by thermogravimetric analysis and SEM, respectively. And also we investigated the physical and dynamic
mechanical properties of the composite as the function of the beads contents and microencapsulation efficiency. Com-
pared with the composite containing non-treated glass beads, the decrease in tensile strengthe of the composites contain-
ing the encapsulated glass beads become markedly small, and about 30~40% increase in tensile modulus was observed.
From the results of the dynamic mechanical analysis, it was found that the adhesion of interface and dispersion could be

improved upon encapsulation.
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HDPE+ 3d4%(F)9 AFQ Grade 2200-J
(M.I=5.0(g/min), Density=0.968) ¢] 12, Glass beads=
Bt de] 300meshe Atz Fagoloz Fwo)
ETES At Ak, wall material 2 ARE-
& EMAAY= Du PontA}e] ACR 0910(density =0.934)
oy} EAA& DOW Chemical®] PRIMACOR(density=
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2. 3. Microcapsule®] MM

Complex coacervationol| 2]t ARgj¥jo g o]
Al glass beads®] microcapsule®] A of¥7} =2
E #ql3l7] $Jsled AA}3lw) A (Scanning Electron
Microscope, Jeol JSM—-350CF)# IR{Perkin Elmer
1430)2 zAbstgc). w8, A43= glass beadsE
QEAe ofd) Hehgae] Fawsl F358 Aux
Atstelct.
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AR JIAH, AR 4D 27 sdshel
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Table 1. The Formulation of Glass Bead Encapsulation

(unit : g)
Ratio CM# WM G.S N.S¢
(GB:WM) CBe EAA(or EMAA) Xylene EE
20:1 50.00 2.50 400.0 300.0
15:1 50.00 333 400.0 300.0
10:1 50.00 500 400.0 3000
8:1 50.00 6.25 4000 300.0
CM. : Core material WM. : Wall material
G.S. : Good-sovent N.S. : Non-solvent
G.B. : Glass bead E.E. : 2-Ethoxyethanol

F433 A 34 A 33, 1992
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E’ = 1E*1 - cos[tan~'(tan §)] (1)
E” = 1E*1 - sin[tan"'(tan §) ] (2)
E* = A.Zﬂ X % X 109dyl'le/sz

. Amplitude factor

A

D : Dynamic force

K : Error displacement constant
L : Sample length

S . Cross—sectional area

ol A1 =7]+= 3mm X 30mm X 0.3mm o]gle
W £l 1C/mnE $AshH4 —170~130C
744 11Hze A &4 3519,
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718719 complex coacervatione] 23t ArE.g]
OB glass beadsE 743} 3}9&, glass beads
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ZA Ashs 27 Fig. 13 Fig. 24 vehigich
&3 wgo] AATE glass beads?] FHe) wall
materialel] &8 F7A FAHH| lg A 5
9lth. 22y} HDPEE wall material & A}&-3}o



nfo]=22 71438 Glass beads 34 HDPE BgHA ) Azt E2jd A4 433

52 G869 16.60 H.Y.
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Fig. 1. SEM photographs of the microencapsulasted glass bead with EMAA.
(a) Glass bead : EMAA = 20:1 (b) Glass bead : EMAA = 15:1
(¢) Glass bead : EMAA = 10:1 (d) Glass bead : EMAA =8 :1

300mesh glass beadsZ microencapsulation *]7}2 9} wlwsled AAZE F2E okg Table 29 3¢ 7
2 3tgoyt EMAA9K= 2| glass beads EHel 7} FAIEE = 88% ~99% 9] wi$- =& EASLL
AAA 43 HDPE A2 FAe] o] glass e SleE & 5 Aok
beads®] 7J&3}7} o|F A& gk}, o] AL glass Glass beadsell &2+ wall material 2 AAA o2
beads EHo| %gt A,AS 727 dELE A7 87 Y3t Aestd glass beadsE IR-spec-
o] silane coupling agentZ XA 25 3o HFA troscopy2 ZAbe}d). Fig. 3¢} Fig. 4= ZH7
< =921} HDPE 743} glass beadsE 9+ d= EMAAZ 73535 glass beads®} EAAR He3ts
Al s}g3ch glass beads®] IR-spectrumo]t}. ¥F-g&zAJu|7} 27}
EMAA¢} EAAZR 77} 73} glass beadsE 45 copolymerql wall material®] carbonyl &<
A2 A|A microencapsulationd] 2]3] glass beadsel] band”} 1700cm™'e]| 4], polyethylene®} polyethylene
739 wall material®] F3eke A3}, o2 copolymere]] veh}= B4 &4 band7} 29000cm™’
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Fig. 2. SEM photographs of the microencapsulated glass bead with EAA.
(a) Glass bead : EMAA = 20:1 (b) Glass bead : EMAA = 15:1
(c) Glass bead : EMAA = 10:1 (d) Glass bead : EMAA = 8 :1

Il

Table 2. Absorption Percent of Wall Material, Table 3. Absorption Percent of Wall Material, EAA
EMAA on Encapsulated Glass Bead on Encapsulated Glass Bead
Fato | pprg) | EMWi(g) | TEMAg) | AP Raio | ppig) (EMW(2) | TEMAg) | AP
G.B*: EMAA G.B*: EMAA
20:1 3.9936 0.1887 0.1902 99.2% 20:1 4.3835 0.2013 .2087 96.4%
15:1 4.3289 0.2625 0.2706 97.0% 15:1 4.6982 0.2101 0.2936 88.6%
10:1 3.6425 0.3201 0.3311 91.2% 10:1 5.5167 0.4660 0.5015 92.9%
8:1 2.7042 0.2734 0.3005 91.0% 8:1 4.1648 0.4287 0.4628 92.6%
*G.B ! Glass bead °G.B : Glass bead
*EP . Encapsulated glass bead *EP : Encapsulated glass bead
EMW : EMAA weight on glass bead ‘EMW : EAA weight on glass bead
‘TEM : Theoretical EMAA weight ‘TEM : Theoretical EMAA weight

‘AP : Absorption percent *AP . Absorption percent

Fd3e A3 A 35, 1992
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Fig. 3. IR specira of the microencapsulated glass
bead with EMAA.
(---)Glass  bead,
glass  bead(8:1), (--)Microencapsulated
glass bead(20:1), (— - ~)EMAA

(—)Microencapsulated
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Fig. 4. IR spectra of the microencapsulated glass
bead with EAA.
(---)Glass  bead,
glass bead(8:1), (---)Microencapsulated
glass head(20:1), (- —)EAA

(—)Microencapsulated
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Fig. 5. Tensile strength vs. encapsulated glass bead

contents of HDPE—glass bead composites.
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Fig. 6. Tensile strength vs. encapsulated glass bead
contents of HDPE-glass bead composites.
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Fig. 7. Tensile modulus vs. encapsulated glass bead
contents of HDPE—glass bead composites.
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Fig. 8. Tensile modulus vs. encapsulated glass bead
contents of HDPE—glass bead composites.
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Fig. 9. DSC curves of the EMAA, EAA, EMAA-
HDPE, EAA-HDPE, HDPE.
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v EMAA (15:1) Fig. 11. Dynamic modulus of HDPE filled with

EAA microencapsulated glass bead.
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Fig. 10. Dynamic modulus of HDPE filled with glass beads7} vjE& 29l HDPEe| 4le] v 2
EMAA microencapsulated glass bead. H1 9)ee =alth o] tandzto] Asebd BALA

e AU
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Fig. 12. Loss tangent vs. temperature of HDPE
filled with microencapsulated glass bead.
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Fig. 13. Loss tangent vs. temperature of HDPE
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