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= &3l dAA HEZAE A Z3T Dynamic mechanical thermal analyzer (DMA)E AR&-3}o]
o edete] EHEAS RN HAAEe EAAuI= ) JTE triggerd] TH AEE
Aol W& FAEAE ATFSATE EEF microwave AT ol QsiA HAA ZSde H2HA
B wE H2E AlHe A7t Jhssld o, v Ee] ko] FUHETE HEE I
2A7F 6 A EYEATE AL JAZANA HFE Y AAEL EFE UEAE F e M
233t WA E AL HFL 40%0 RO, 7Y trigger® DFE AREE S0l 160°C, 30 min2)
2, 7+ trigger® microwaveE AHERH 7d-f-oll= ZARAZE 4 min®] A HEAE =
A7 §23] A FH AT

Abstract: We synthesized polyurethane adhesive having thermal characteristic could be debonded by heat treat-
ment and made a dismantlable polyurethane adhesive including thermally expansive bead. We used dynamic
mechanical thermal analyzer (DMA) to confirm thermal characteristic and investigated bond strength, dis-
mantlement property of dismantlable polyurethane adhesive by content of thermally expansive bead, heating
trigger and treatment conditions. The dismantlable polyurethane adhesive could be expanded by hot-air or mi-
crowave treatment and the dismantlement of the specimens became easier as the weight fraction of the ther-
mally expansive bead increased. At the dismantlable polyurethane adhesive, the content of thermally expansive
bead 40% was suitable for both bond strength and dismantlement, in case of using hot-air treatment as trigger
for dismantlement, bonded joints were separated easily at 160°C for 30 min and in case of using microwave
as trigger, bonded joints were separated easily by irradiating microwave for 4 min.

Keywords: dismantlement, thermal expansive bead, heating trigger, polyurethane
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HHAAR A= de= AE7F o™ Aol o)A
A 282 T Ao AFEH e 2AES A
&3l717F @A Ad Zlolm oA Abgo] Ed ¥
A7 73 e Zte AERAE A8 H2A
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7F ol gkrH1-9]. AR A HEA F
EAQ AoEE F& 7helA Grtaide] H2As
AL =AM sfAlsk=s HFAA10,11], &< FTshs
E4E 71 FAE FUletal JEAARA Y] AHEo]l &
d Fo = 2o AAAMNFoEA HAE A85E T
gate H2A[12], @ AAE 233 epoxy A ZHA
o 7FEAUA YO Z boiling watert} hot airE AR5
A JZAW Y dAES EATIE BH[13,14] Tl
Atk A HZA A AHEEHE FAZE wax, acryl
TA[15] & 250 & et o] wsly & FAE0]
AF=E Qo HAF epoxyTAI[16]19F 2 €A A
FA O gt A% L Q)

A, ZE]9de AEAAE I S8V FEHsh
of Tk Az FEA AHEEI Qo opF A
A HZA RS 8ol A EAL B AT A=
H vk gtk B dFdAE EYFEHEs VEFARE
AHg3te] H2HA o] HEREA ]l skl Mg sfiA
22hs B3 A F2REL e 28t 7hse siAlAd A=
Ao tigt A5 FPstA o, olH A4S UE
W7l feliA €33N =E EF3SH= MDI-ester polyol
typed] Z-v-dlet HAAE A=k, 7ML triggere
TH} Az, a8 IREHEY kel wE
A Ze-de F2A o Rawst, H2EA, A
HZY 55 nFste] g HJ2FA Y HAEA
= ATskT

2. 84 #
2.1. M=

£ Aol AH83F MDI-ester polyol type2] 22|58
g H2ZA el AHE8E polyester polyol?! EB-20 (AA/
EG, MW: 2000, tHZel™)3} B-10 (AA/BD, MW:
1000, tHEZ ™) FHIZZ 100~110°Col|A] 2~3
h &<t 23X ARESIH ST 4,4 -methylenebis(phenyl
isocyanate) (MDI, Bayer material science), 1,4-butanediol
(1,4-BD, Sigma aldrich), dibutyltindilaurate (DBTDL,
Sigma aldrich), methylethyl ketone (MEK, Junsei)< 57}
Al AAAAG Qlo] AMgetRtt E2 e H2A
A A ZE 54 NSCAFY isocyanate 743411 Desmo-
dur RFEE ARSI T @8] =+ matsumoto yushi-
seiyakujit ©] micropearl F-825 A}F&-3}$Th Micropearl
F-829] particle sizex= 20~30 umo|™ EH3H A=
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© 115~120°Ce]al HURELE= 160~170°Co| Tt
F3PAn =] Y F-ol= liquid hydrocarbon©] < Z )
3L shell2 acrylonitrile copolymerZ T4 &0 o o5
oAl do] 7}l A WH-2] hydrocarbon®] 7]3}5 31 2
- shello] A3tE WA Fy)7t S74sHA Aok HAEA
< HUKstr] 913 &A= natural rubber (NR) 30,
butadiene rubber (BR) 709l zinc oxide (ZnO) 35, silica
(Zeosil 155) 45, titanium dioxide (TiO) 15, sulfur 35,
stearic acid 1, ethylene glycol (EG) 2.5, dibutylhydroxy
toluene (BHT) 1, <+ A|(SUNNOC) 1, process oil 1,
2-mercaptobenzothiazole (XA M) 1.7S w3t
155°Coll A 5 minZt 7FwA 7 AL AR A2
7t AHgHEE 19 RAE Zpolr 2= A4 NSC
AFS] AQUACE PR-5025 AM83te] I1FAIH-E A g
e

2.2. AU
22.1. EE99S HIA FA

wH7), WZ7), & %A, dropping funnel, Ny 434
7} 2 kettleol polyol EB-20 (AA/EG, BD MW: 2,000)
80 g B-10 (AA/BD, MW: 1,000) 20 g3} MDI 33.4 g %
MEK 10 g weighingdlal, 80°CE 523} prepolymer
dae AR oW, F7] Fo| i 9 4k}
HF-S-E-9] isocyanate”} WHS-3}A] AE=E AAE FYA
Zth ¥H8- 2 h 3 F NCO contentE =73} o] 23
FAlo] =2dS w 1,4-BD (chain extender)2} DBTDL
(catalyst, aldrich)yS FY3te] fAGRESS AIZ3AT.
1 % AZFe] ®WE NCO contentE 783t hydroxy
group¥} isocyanate®] ¥Hg-°o] EF FHES] NCO content
7} 00l =23tH b FEAFHTE W& W=
o ZetHee] d=E =43}

&< solvents F43}
Ao HF 1P TEE 30%E ZAsAT S

gt A o] 242 Table 10 YER{ATH

22.2. 5 H3A9 2497}

dAE Zgede FA9 283 S4S Hrie
A Z2de B FS teflon moldoll weighingdt
o] 4&(20°C)°l Al 24 h, 60°C ovenoll A 24 h AZAA
dEo2 Ax3sAch. HE+= ASTM D2240° wheh
ASKER A type®] A=A &2 Al o] oo A1 H S 4 W o4
ZAste] 1 BEgs AHgst o, A= A E
& KS M 65189 3 BY cutter2 Al @A S A 2sle] =
At Fele-der J2AA Y] Had AsS S5k
7] &l A4 dynamic mechanical thermal analyzer (DMA-
RSA3, TA instruments)E ©]-83 2™ single cantilever
bending mode®ll A frequency= 1 Hz, S-245%+ 2°C/min
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Table 1. Feed composition of polyurethane adhesive

S

7 g

Table 3. Physical property of polyurethane adhesive

Materials Weight (g) Physical property Value
EB-20 80 Viscosity (cps, 23°C, spindle No. 6) 2800
B-10 20 Tensile strength (MPa) 17.5
Methylenebis (phenylisocyante) 334 Elongation (%) 480
1,4-Butanediol 6.6
Dibutyltindilaurate 0.1 H7FA1HA (bulk specimen)S A £33 the FH|H HIIA]
MEK 280 Hell dF°l microwaves A 2latAth 7HE A gl 2

Table 2. Base composition of dismantlable adhesive

Materials Weight (g)
Polyurethane adhesive 100
Micropearl F-82 5~30
Desmodur RFE 5
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3.1.1. 348 9 7|AF EA

FAE ST A 9 IR spectrumS Figure 1] U
Btk IR spectrumol Al 2260~2280 cm’ H$] <]
-N=C=0 stretch peak®] AF2}A|3L N-H stretch (3356.8
cm'Hl), C=0 stretch (1731.4 cm™), N-bending (1531.8 cm™),
N-C-O stretch (1262.5 cm™), C-O-C stretch (1176 cm™)el]
9]3F peako] AAH A Z vHkS isocyanateRlo] =]
SHE ol & A Ae AT F AU {4
o ¥z 9 AxdEo] E4L Table 39 YeR ST

3.1.2. 738 EfHETA FEN

Figure 2= DMAERH 343 A3t e
Ao & wE HEAI AARE F-829 48R
=741 (Matsumoto rnicrosphere® F-series expansion curve,
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Figure 1. IR spectrum of polyurethane.
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Figure 2. Viscoelasticity of cured polyurethane adhesive and
volume expansion of F-82 according to temperature.
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Table 4. Peel strength of dismantlable polyurethane adhesive
with various F-82 content

Content of F-82 Peel strength (kPa)

(%) Initial peel strength  State peel strength
0 (Virgin) 950 RB" 1000 RB’

15 900 RB’ 1000 RB

25 950 RB’ 1000 RB

40 950 RB’ 1000 RB"

45 300 400

50 30 60

M=) Ego] oY M=o} Eol ok

*

- RB : Rubber break

& HZAE ARt Zta TS HEAT AIE Table
4ol vreRiAS. W2 g-de H2A Y 27] HAES
950 kPa°lal AEiFHEE-S 1000 kPa® =75 =4
Hrr M= 1FA 2R Y] gho] MY EE AEE A
zhe o] -3k

S, A=Y TS FUHATIHA A2S @
A A J2A Y HAAEE Hre A9 99F
HE 3 40%7HA= ARG E7E AN 45%
ool A= HEA L HlEte] Egto] oy HEr}h
F7tete] =x 5ol EFstdon Axm HAAETL
A AstEe ZASE UERTh

ofr

3.3. TENIS| WEY
3.3.1. 71 Triggerel W& E3Fu| =9 PJFA4

AL F2A N ALEEE GV = F-82 A 9]
7tE triggeroll WE BB BHE FUstr] A
Amg A% A 22 WA =0l microwave
Abel dFAe F vl e 9 Fy HsE A
AT Microwavex 2] Holl= &7 o] 1~25 pmeolil
T3 Ee oKt W¥E 739 dA] IHAH =Tt
microwaveS 4 min{t FARGE Tol= 7ol 10~80
umo]i iRE &ds 7P FEE H AAEHR
Bl microwaveol] ©oJ3fjA] G| =o] Husifo] 7}
gt AS FRAEAT 7HE triggerE S AMES
S0l 120°Col A4 30 min B WAYS W= P
ARE Ba7F 33E JArse] #EAEHG e duA
= F-829 Hol HF2=2 160~170°C =1 9]l
T3 = 160°Ce EA8 ZANAE microwave 4
min A&} §FAE AFE AJoh spEAHE A &
AR =] e ¥ A7) Figure 39 WERHAUTH

G
%]
o|
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3.3.2. 7FE Triggerel W& FIA9 2= {3}
7+ trigger ¥ A z2de] wE fH" H2A Y 2
SRS #Est] Table 50 YR E3AE 9]
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Figure 3. SEM images of thermally expansive bead after heat treatment ((a) untreated, (b) microwave 2 min, (c) microwave
4 min, (d) 120°C 30 min, (¢) 160°C 30 min).

Table 5. Surface temperature of polyurethane adhesive after heat treatment

Surface temperature of adhesive (°C)

Heating trigger Condition — - -
Virgin adhesive Including F-82

120°C, 30 min 90~ 100 90~ 100

Hot-air 140°C, 30 min 120~ 125 120~ 125

160°C, 30 min 130~135 130~135

2 min 120~ 130 120~130

Microwave 3 min 150~ 170 150~170

4 min 190~220 190~220
A5 AZA Y 25+ 120°CY] A8 2dolA 90~ E AFAY 2=W3E #ES 27 microwaves:
100°C7HA Zds3tAaL 160°Ce] A2 2zolA 130 }% st Aol d¥FS AHgete A R Jtdas ¥
~135°C7HA] 353 H 2™ microwaved] 2JFA = 2 Aol e Zlog AgHTE T3 Table 59+

min A 2]l 120~130°C, 4 min *]&]ol 220°C7}A] <5 Table 6914 microwaves A E|gF 7§ 1FIZA) KT}
SR 71 trigger® EEF S AHSS A ER AR ZYE" AZAY FHLEV O 2 olf e &
o] WHo] 7ted 5 oo g HAA L stdo] 7t FHgre] FHgo] 1T FHE Bk 7] e
T 2Ex1L 140°Co| e 160°ColAl 30 mins o2 FHHAr)

WAPE W= HFZA Y] 257} 135°C7HA] vtell s

HA e Ao E YEISTH Microwaves AR A 3.3.3. 7} Triggerdll WE H A o] E4 A3}
ZAIZEO] 2 min o) wjFEH GBI =] WA AAE A IA-7F A=ZA Y A0l vAE FF

off

[e5

25 oo g HAAE 7IEE F AL, 3 min A S AES] 93l 714 triggeret 0| w2 yF-u]F
gl Sol= €37 =] HURAE=7A] 7Hgo] 7} Aol EQHUSIE SAsH o I ZI}E Table 69
3 Aoz Yehyt Zsde H2A At & et 7F 250 microwaveS 2~4 min XA
BN EE X3St A9 JFEA g g3 54 749 159 A5 210°C7HA g ot 32|
T FABIER 7HEAE] A 3| =o) o3 HE o A, JAAAE, AAE 5o 71AH B4 FAH
A 2EHstE Qe Foz AFAHUY 7TE trigger©l] Aot Wi d3VMEe 254w e] AUlroz 2
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Table 6. Physical property of rubber adherend after heat treatment
. . .. Surface temperature Physical property
Heating trigger Condition of adherend (°C) Hardness Tensile strength Elongation
(ASKER A) (MPa) (%)
- Untreated - 67~ 68 83 475
120°C, 30 min 80~90 67~ 68 8.3 470
Hot-air 140°C, 30 min 120~125 66~67 7.5 430
160°C, 30 min 130~135 64~ 66 49 355
2 min 90~110 67 83 465
Microwave 3 min 140~ 160 67 8.4 460
4 min 180~210 68 8.3 459
% 120002 X0l 30 min AT AgolE T e00 —
2R o] BAWETE QYoM 140°ColE AR E wo|| o Comemtotraz oy
7k Rzt AstE 3 160°CA A E AR, A=, ARE g ||T3I0 Coenotraz s [
o] mE Gold 140°C ol4be] LEoNE wEHLA  § a| A
o] BA Ay} BAst= Aoz FelEQth olet 2 g - __ﬁ'/{ﬂ . o
o] 7} triggeroll Wl 1 F-I]2A 2] EAJo] 2 AL o A
DEAHA 7} o] wBHE AZte) o] WEA A 5 ol A
o2 HolH microwave AZ& A7} Lo =& § //_/:'-/".
H= AlZro] &ob I3yl AIREA e W] dF g ™ 75
el Ag Ao wad Aol guHes hof < | =&
HEA o] Lol ZAIRE WA o =H A3 ZA 7}
gol oja st AYHRYY] HEOR FHAL Umwa @0 w0 we 1@ ¢

3.34. @A AF HZA S BFAH

7+ trigger 2 M E| X2 2 A HZA Q] &)
AERS 7HeslEr] f18] @3 nIse] g we
2| bulk specimene RFHE0] &7 microwaveol <
gk Hads), A 58 #EASA T Figure 40 €
BAgn|co] gPFEE %o W bulk specimen] F
4 Uepdoh dF Al 9|3 bulk specimen
o] HuF7tE AWE A3 120°C 2527 A= F
yjsggo] ol & Ao Z UE=H ©]= Table 5
oAl HZo] HEAS 257450l 90~100°Ce] 1A
gz WALE Fo vAA HEir] W&o
2 AsHEt 140°CY LExAGAE HZA 25
7 AR o] BAAZLRE o]l 120~125°C7}
A A HgTA e HEHE ol 200~270%
Azo] Bysgo] MPHRYA, 160°C, 30 min Z719
AT 330~430%2] Fy o] #AFEHIAOY 160°CE
Hs A9 o oo Rusie] dojuR &yt o
A A F2A Q] A 22l EFE AT AT
e H4 140°C o¢e] &x7F st 160°C7t
Hexwol Ao g AgHTH
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Tempamsture(s )
Figure 4. Volume expansion of cured dismantlable polyur-
ethane adhesive treated with hot-air.

GO0
——a#——  Content of F-82 | 0% (urgin)
memepeenee Cofibet of F-BZ . 152
SO0 — ——y——-  Contentof F-82: 259
& —-—-—-  Content of F-82 : 40%
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- e ——
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Microwave treatment time (min)
Figure 5. Volume expansion of cured dismantlable PU ad-
hesive treated with microwave.

3.3.5. Microwave A E]°l] oJ% H3A| o] FA
v &3 " H2AAY bulk specimens
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Table 7. Peel strength of dismantlable polyurethane

[e))

1=
2 -

¥d|

]

adhesive after hot-air treatment

State peel strength

Peel strength after hot-air treatment (kPa)

Content of F-82 (%)

(kPa) 120°C, 30 min 140°C, 30 min 160°C, 30 min
0 (Virgin) 1000 RB 700 RsF™ 600 RsF"" 400 RsF™
15 1000 RB' 700 RsF™ 500 RsF™ 250
25 1000 RB" 700 RsF 400 RsF™ 30
(Easy separation)
40 1000 RB" 550 RsF" 300 Dismantlement
45 400 150 60 Dismantlement

(Easy separation)

- RB" : Rubber break, - RsF™" : Rubber surface failure

Az microwaved] Azl wE RyBIS 7
Zsiglom, Fuw3 Wl gk A#}E Figure 59
g EZE el @3l e} A2 4
R o] sFeFo] =182 R Bo| Z/)15gon
Al e Hu 3 H-S microwave 2] A1ZF 2 minol A HE
ANZE o] 4 minoll A Hoe] £33 JERNT 5 min
oldel AAZtlAE 1 olitel HujsFo]l dojut
A ¢k} Microwave A2 2 minollA HZA| &&7}
EF 140°C M} FARBH 120~130°CE 455
B2 HZA| Al Ryjsiio] NAEE ZAoE Hol
H 4 minol A= ZE9EE FA Hekalo] F243]
AstEEA AR o] A BHFLEHT L& 190°C
oA HEAA L 257} =dsle] Hujo BFES
Uebl Itk 28y 5 min Ao E o o] 13
BHo] glomA HANE e 5% 2358

FEo] Yol daro] et oA A &
o} wEe] A WFLES 2ot BHu e B

Bzl a==0] AIRAE Q7] WjFEo 2 FAHETE Microwave

AR F2 Algtol] HAA 25E =Y
AL DA A B 22T 5 o] oy A
& WAl o 53 7L triggerd] AOZ AR HT

F{

3.4. SHHIEM
34.1. EFAE o5 HASA

dAH| =] aFS HEAIZ A4 ﬁﬂﬂi A
2het HZAHES Ao 24 h HXT g IFA
g =0 mE IFAELS HrIerd o éﬂrg Table
70l YERA AT

Y H=E 23R e ZESE" HgA =
gd3FAE A J2AA=E A ‘*OP”M”P Wzto] #
Zole A A =& HFAHS YeERYSITh
olggt Ayt | SHe A=A 9 “7} Aol 71l
e ZloZ A E FozN HAAI Ao
A5t ol Tt 257 UE7hEA AR & §
3F7] gEo® AsdEn. A 8 9-Ee HEA

(b)

Figure 6. Photographs of separated rubber adherend after dis-
mentlement treatment by hot-air (Dismantlement condition :
160°C, 30 min, (a) control, (b) content of F-82 : 40%).

o dFA g o HAEALS BUHeE A I
T o] el S7HESTE HAE A2A 9 A H2A
57 9 sopxlon) IFHES 40~45% AR A
o= 160°Col A 30 min WXt H2H o] e I
A7 Aso 2 B EHAT olHF A= AR

A 2 A A 11A A 1Z, 2010
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Table 8. Peel strength of dismantlable polyurethane adhesive after microwave treatment

Content of F-82 (%)

State peel strength

Peel strength after microwave treatment (kPa)

(kPa) 2 min 3 min 4 min
0 (Virgin) 1000 RB’ 700 RsF~ 650 RsF™ 500RsF
300
15 1000 RB 650 RsF 500 RsF 200
(partially)
X - 30
25 1000 RB 500 RsF 250 .
(easy separation)
40 1000 RB 350 30 Dismantlement
(easy separation)
45 400 100 Dismantlement Dismantlement

- RB" : Rubber break - RsF~

A A Z2]9-dl g2 storage modulus7} SO}
o 99 duA vy} BAEE 3o ﬂp:]—ﬂ

: Rubber surface failure

(@
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Figure 7. Photographs of separated rubber adherend after dismentlement treatment by microwave (Dismantlement condition : mi-
crowave, 4 min, (a) control, (b) content of F-82 : 40%)
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