Polymer(Korea), Vol. 40, No. 2, pp. 216-224 (2016)
http://dx.doi.org/10.7317/pk.2016.40.2.216

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

E2|E-A2|F} SloIEE[= sHAM HEMe sHHMIFE sS4
LESwekx o 2L | ** _ﬁng_* .Jé-;OEI_'|=_>x<,+
AR St At} wrgh A ] 3 7
(20159 9€ 25¢ 4, 2015 102 319 44, 2015 102 319 A=)

Dismantlment Adhesion Properties of Dismantlable
Polyurethane-Silica Hybrid Adhesive

Dongho Kim***, Guni Kim**, Gyeongju Song*, and Ildoo Chung*

*Department of Polymer Science & Engineering, Pusan National University, Busan 46241, Korea
**Korea Institute of Footwear & Leather Technology, Busan 47154, Korea
(Received September 25, 2015; Revised October 31, 2015; Accepted October 31, 2015)

E8: 95 540] Aol® Ay FSUT QA AAEHL AT SlaiN, BY L= Wl dsig
F Qe 94 54 2 B9t soluIs AN FYYom IAY vlo|mR LS SFsHo]
S A2 sl A% F4 FADSCSt 54 A S/ OMAE ALgslel Felsddel 94
E4e Slslgln ESAT A0 TR, 19l R 2 Aeago] e 4 A5 Arsac.
slolzslolzs Al slal o1 Felvaln AAA= aE ARl A7t Asseon, 3o edd e

7} sfolHE|= Hoj=
He| A=
ok 22 HHAEE EAE fleiM e
E(storage modulusyg 7H o= Ao SR1E I

FAE AT A volaz

pENR IR
e] dsisl 9% slolae e FAaHeE U 3
A7 g rlolazsae] P Lol

4297k 8 A4 BeEs. A58 A
24 5] P13l Sjai olol

8] B A

Abstract: In order to determine the dismantlement property of dismantlable polyurethane adhesive by controlling thermal
property, polyurethane (PU)-silica hybrid adhesives with softening properties at a certain temperature were synthesized
and used to fabricate dismantlable polyurethane adhesive by mixing with thermally expansive microcapsule. Their ther-
mal properties were characterized by DSC and DMTA, and bonding strength as well as dismantlement properties were
also evaluated depending on the type of PU, heating triggers, and treatment conditions. The specimens adhered by dis-
mantlable PU adhesive were readily peeled off after the treatment of microwave irradiation, and those by PU-silica hybrid
resin were much more easily peeled off after microwave irradiation for 2 min. This result was attributed to the softening
of adhesive and volumetric expansion of thermally expansive microcapsule. In addition, the dismantlable adhesive should
have low storage modulus at the expansion temperature of thermally expansive microcapsule to have dismantle adhesion

properties.
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M. Polyester polyol®! DT-2014(Z7J: acetic acid/1,4-
butanediol, ethylene glycol, {AFF: 2000, tHY2EE]#)°} DT-
10407 : acetic acid/1,4-butanediol, T4} 1000, thY>x]
Y FFFZZ 100~110 °C 2=04 2A17F B2t EEs)A
ARSI T E2]9H e S f1% o] ARl EE =
methylenedi(phenyl isocyanate) (MDI, Bayer Material Science)
E AE3H o, A&d A 2= 1,4-butanediol(1,4-BD,
Sigma AldrichyS AM-8FTE. 228]aL W3- Zvli?l dibutyltin
dilaurate(DBTDL, Sigma Aldrich)?} HE=zd§ &)l
methyl ethyl ketone(MEK, Junsei Chemical Co., Ltd), ethyl
acetate(EA, Junsei Chemical Co., Ltd)y= 3714 < A 24
glo] ARg-atait). Ze] -l JAA & AR e
DESMODUR RFES AHE-s8ISITH 993 vio|a2 ez =
F-85(Matsumoto yushi-seiyaku Co., Ltd.)& AF-3IS3C}. F-85
= Wil de] esteas hskal AL o2 Aol
acrylonitrile copolymer® 7350 Ue FXEAM, 257t &
O Wjo] BhslrArt Z1shE S 9 o] st A
Ful7} 23S "o, Aol AR F-85% 145~150 °CollA
Hajpgol AtE 3L Ao WAL E=E 160~180 °C 2ot}

S| EFAZ|E Zhe f-77] slolHE|=e] Al2E fleiA
3-aminopropyltriethyoxy silane(APTES, ShinEtsu), 3-glyci-
doxypropyl trimethoxysilane(GPTMS, ShinEtsu), isophorone
diisocyanate(IPDI, Sigma Aldrich), poly(tetramethylene ether)
glycolPTMG 650, MW 650, Sigma Aldrich), tetracthoxy-
othosilicate(TEOS, Sigma Aldrich)& AME-311.0 1, vH-3-Ew)
2% dibutyltindilaurate(DBTDL, Sigma Aldrich)€} hydro-
chloric acid(HCI, Junsei), &7 2+ MEK(Junsei Chemical
Co., Ltdyg A&-31Th.

HAEAS H7keb] Qe 3% 3 ot 22 H
SR IFSlaL 155 °CollM 527 7krAX Azt 3
718 3 &R ZA]: natural rubber 30, butadiene rubber 70,
zinc oxide 5, silica(Zeosil 155) 45, titanium oxide 15,
sulfur 5, stearic acid 1, ethylene glycol 2.5, dibutylhydroxy-
toluene 1, stabilizer(SUNNOC) 1, process oil 1, 2-mercapto-
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Table 1. Composition of Silica Hybrid (SH)

Materials Weight (g)
APTES 22.1
IPDI 22.2
PTMG 650 65
DBTDL 0.05
TEOS 200
GPTMS 60
Water 173

Zay, Al4048 A23, 20163
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Table 2. Formulations of Polyurethane Resin (unit: g)

Materials GPU HPU

DT-2014 80 80

DT-1040 20 20

MDI 25 25

1,4-BD 3.6 2.7

SH - 77.3

DBTDL 0.1 0.1

Solvent mixture (MEK:EA=2:1) 300 300
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Tof 231 AR2(20~25 °C)ollA 2411 7F, 60 °C toﬂﬁ 24X
7F AN A FEFHZE A259T AEE ASTM D2240
of w2} ASKER A type®] 4EAIE AJHS] JogAHe &
H oY SAst] 1 HEpE ARSSITE 18l a I
£ ASTM D412, A5 ASTM D624 W}t TH5A 8 &

7] (universe testing machine, UTM, Zwick-1435, Zwick)E
ALgsle] 2351990, oluf load cell> 500 kgfo] 22 2794
T 200 mm/mine. 2 A sH st 7kt
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3 B RIS/l H] ]L B Hrtelr] A% siAd J&
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HX 54 "It Differential scanning calorimeter(DSC,
DSC-Q100)y5 AH&alA e Zel-aet JaAe €4 5

& It $2EEE 5°C/min®] 2™, -80~100 °C
Table 3. Compositions of Dismantlable Adhesives  (unit: g)
Materials DA-GPU DA-HPU
GPU 100 -
HPU - 100
F-85 20 20
Desmodur RFE 5 5
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Figure 1. FTIR spectra of silica hybrid and its intermediate prod-
ucts.

Table 4. Assignments of Characteristic IR Peaks

Wavenuinber Assignment
(cm™)
3332 N-H stretch
Aflgls‘ 2260 N=C=0 stretch peak
1629, 1558 N-H deformation vibration
3330 N-H stretch
APTES- 1732 C=0 stretch peak
IPDI- 1630, 1559 N-H deformation vibration
PTMG 1221 N-C-O stretch
1172 C-O-C stretch
3330 N-H stretch
1732 C=0 stretch peak
SH 1635, 1563 N-H deformation vibration
1221 N-C-O stretch
1080 SiO,
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Figure 2. FE-SEM image of silica hybrid.
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Figure 3. Fractured surface images of dismantlable polyurethane
adhesive specimen ((a) magnification: x50000; (b) magnification:
%100000).
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Figure 4. DSC spectra of polyurethane resins.

HEHM EM: Figure 5914+ DMAZ =43 Za|¢-det
o] 2ol wE Hed IR = F-859] IS



Zelpaehadart slelue= siAA HEA A 54 221

1e+8 7
Expansion ratio of F-85 ——»

Te+7 +

le+b |

Storage modulus (Pa)
Expansion ratio

le+5 L

1e+d 0
20 40 80 80 100 120 140 160 180

Temperature (°C)

Figure 5. Viscoelasticity of polyurethane resin and volume expan-
sion of F-85 according to temperature.
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Table 5. Surface Temperature of Dismantlable Adhesive after
Heating Treatment

Surface temperature (°C)

Heat trigger

GPU HPU
2 min 140~150 170~190

Microwave
3 min 160~180 180~200
140°C, 120~130 125-130
30 min

Hot-air .

160°C, 140~145 140~145
30 min
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golaly] YafiA ojwdl AE|x &4x] k& F-8590 71helAt
2 vlo]aZgo|Be} AFE ARl IAEg F v =9
Fe| 2 F3 Wss ATt A e Ao
3~25 ume|al ] B of7k HEgE 19l F-85 AL vt
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HE st 7o) Fe|R e A2 NE nlo|agg)o]
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nlo] A2 o] Ho|| nlsjr= FujeidEo] Wodrh. F-859] +
Z+= Figure 60l YERIQ oM, Ixj2] A, T F-85 Ak &
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Shell wall : thermoplastic resin
Shell wall thickness : 1~10 pm

Encapsulated material : hydrocarbon

P
3~25um

Figure 6. Structure of thermally expansive microcapsule.
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Figure 7. SEM images of thermally expansive microcapsule treated
with microwave and hot-air treatment: (a) untreated; (b) 140 °C,
30 min; (c) 160 °C, 30 min; (d) microwave, 2 min; (e) microwave,
3 min.
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Figure 8. Photographs of dismantlable polyurethane adhesive spec-
imens after microwave treatment.
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Figure 9. Volume expansion of hardened dismantlable PU adhesive
treated with microwave.
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Table 6. Adhesion Strength of Dismantlable Polyurethane
Adhesive

Table 7. Debonding Strength of Dismantlable Polyurethane
Adhesive

Peel strength (kPa) Heat-resistant

Exp. No. . adhesion
Initial State strength

DA-GPU 520 800 RsF* 3 mm

DA-HPU 700 10001RB? 1 mm

“RsF: rubber surface failure. RB: rubber break.
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