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1)

Fig.1-1
2)  

 
    Fig.1-1 The difference between adhesive and pressure-sensitive adhesive. 
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Fig.1-2 Structure of Typical Acrylic Pressure-sensitive Adhesive. 
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Fig.1-3 Morphology of Typical Styrene-based Hot-melt Pressure-sensitive Adhesive. 
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Table 1-1  The feature of each adhesive based on the difference in a manufacture system 

 
 

Fig.1-4 The quantity of production according to process type. 
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1999 PRTR 2003 2004

PRTR VOC
VOC 20

90 95

 

13 Table 1-2
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Table 1-2 The guideline value by the Ministry of Health, Labour and Welfare 

VOC
(ppm)

VOC
(ppm)

1 Formamide 100 (0.08) 8 Dibutyl phthalate (DBP) 220 (0.02)

2 Toluene 260 (0.07) 9 Tetradecane 330 (0.04)

3 Xylene 870 (0.20) 10 Bis(2-ethylhexyl)phthalate (DOP) 120 (7.6ppb)

4 P-dichlorobenzene 240 (0.04) 11 Diazinon 0.29 (0.02)

5 Ethyl benzene 3800 (0.88) 12 Acetaldehyde 48 (0.03)

6 Styrene 220 (0.05) 13 Fenobucarb (BPMC) 33 (3.8ppb)

7 Chlorpyrifos 1.0 (0.07ppb) Total VOC 400
 

 

 

Table 1-3
9)  

10,11)

12) 13)

Table 1-4 Fig.1-5
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Table 1-3 The Difference between Solvent Based PSA and Water Based PSA 

 
 
 

 
Fig.1-5 The diagram of prevention of migration by a reactive surfactant. 
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Table 1-4 The example of a typical reactive surfactant 

 
 

Fig.1-6
15)  

Fig.1-6
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Fig.1-6 The diagram of film formation from emulsion particles. 
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18) 20)

PVA
PVA
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21~23) PVA

Fig.1-7 Fig.1-8 24)  

  
Fig.1-7 Stress-strain curves of films  
 

 
Fig.1-8 Swelling behaviors in water of films. 

The films cast from emulsions of  

                      MMA/BA  =  30/70  

PVA-SH: Degree of polymerozation 524, 

      degree of hydrolysis 87%, 

       [SH]=3.1×105eq(g PVA)-1 

AS: Disodium alkyldiphenylether disulfonate 

NS: Polyoxyethylene (n=40) nonylphenylether 

AS= 3phm , NS/AS=5 / 0.5 (phm) 

The films cast from emulsions of  

                      MMA/BA  =  50/50  

PVA-SH: Degree of polymerozation 524, 

      degree of hydrolysis 87%, 

       [SH]=3.1×105eq(g PVA)-1 

AS: Disodium alkyldiphenylether disulfonate 

NS: Polyoxyethylene (n=40) nonylphenylether 

AS= 3phm ,NS/AS=5 / 0.5 (phm) 
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Table 1-5 The characteristic of the hot melt adhesive against other techniques 

 

SIS
SIS

SIS
SIS Shell Chemical

28),29)

Shell Chemical Kraton Polymers

30) Fig.1-9  

 
Fig.1-9 Schematic diagram of hot-melt PSAs introducing crosslinked structure. 
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SIS
30)

UV semi-IPN
31)

SIS

 

EB UV
32),33) Fig.1-10

Fig.1-11 Fig.1-12  
 

 

Fig.1-10 Manufacturing concept for production of adhesive articles based on 
Solvent-free UV crosslinked polyacrylates. 
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Fig.1-11  Typical structure of      Fig.1-12 An example of the UV crosslinked effect. 
     UV crosslinkable polyacrylates. 
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34) 36) Fig.1-13 36)
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Fig.1-13 Comparison of SIS and acryl block copolymer as material for PSAs . 
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Fig.1-14  
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material for reaction

Change to a coatable property
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  Fig.1-14 Schematic diagram of new thermal processing . 
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Fig.1-15  The structure and the reaction of an isocyanate dimer. 
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Fig.1-16  The diagram of Microencapsulation. (Addolink® TT=TDI dimer) 
 

100

Fig.1-17
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Fig.1-17 A typical hardening system of powder coatings. 
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2-2  
2-2-1  

PVA Table 2-1 Fig.2-1
M-205

MP-203 KL-506
 

2- 2-EHA
n-BA AA

HO-8EO
MEHQ  

2,2'-Azobis(2-methylpropionamidine) 
dihydrochloride

10 S/cm  
 

Table 2-1 Properties of Ployvinylalcohols(PVA) 

Product name DH DP Remarks

M-205 86.5-89.5 500 Thiol end group
MP-203 87-89 300 Alkyl end group
KL-506 74-80 600 carbonyl group is included

Commercial product of KURARAY CO., LTD.
    DH:Degree of hydrolysis (mol%)
    DP:Degree of polymerization.  

Thiol  group

Alkyl group

Carboxyl group

M-205

MP-203

KL-506
 

Fig.2-1  Structure of Polyvinylalcohols (PVA) used in this study. 
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2-2-2  
Table 2-2

65

2.5
2  

 
Table 2-2 Emulsion polymerization recipes (parts by wt) 

Recipe Water PVA monomer
Temperature

A)Monomer feed 175 5-10 100 65
B)Pre-emulsion   process 1 87.5 5 10 65

process 2 87.5 5 90

Initiator 2,2'-Azobis(2-methylpropionamidine)dihydrochloride or Ammonium persulfate  
 
2-2-3  

30
105 2  

 
2-2-4  

B 30 10rpm
/ LA-910  

Anton Paar MCR-301 20mm
0.05% 1Hz 80 200

 
GPC GPC LC-20AD SIL-20A CTO-20A RID-10A

TSKgel GMHXL THF 
1ml/min. THF

 
K-100
 

JIS Z0237 2000
5 3

30
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2kg 180  
1.5 2mm 10mm

 
g/g g g  

 
2-3  
 2-3-1  

Table 2-3  

Table 2-3 Emulsion polymerization of acrylic monomers in the presence of modified PVA. 

monomer

2-EHA n-BA HO-8EO AA

A) M-205 10 99 1 0.26 3190

A) M-205 9 99 1 0.27 2580
A) M-205 8 99 1 0.29 1870
A) M-205 7 99 1 0.30 1480
A) M-205 5 99 1 ×
A) MP-203 10 99 1 6.05 3570
A) M-205 7 94 5 1 0.39 200
A) M-205 7 89 10 1 0.32 300
B) M-205 10 94 5 1 0.33 9.16 500

10 B) M-205 10 89 10 1 0.39 8.82 400
11 B) MP-203 10 94 5 1 0.14 8.52 2790
12 B) MP-203 10 89 10 1 0.087 6920
13 B) MP-203 10 84 15 1 0.13 4380
14 A) MP-203 5 84 15 1 0.086 14120
15 A) MP-203 5 45 44 10 1 0.085 10820
16 A) KL-506 5 17 64 15 4 8.51 29600

17 B) SDS*3 1.5 99 1 0.10 2670

*1 Stability is evaluted by amount of coagulant     Good Poor
*2 Two average particle diameter indicates a bimodal
*3 SDS sodium dodecyl sulfate

Stability*1
Particle*2

diameter
]

Viscosity
[mPa.s]

Polymer
number

recipe PVA
parts
(wt)

 

2-
Polymer No.1 6 SH
PVA M-205 PVA

PVA
PVA MP-203 Polymer No.6

/ m
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PVA

HO-8EO Polymer 
No.7 16 HO-8EO SH

M-205
Polymer No.7

10
m

MP-203

MP-203 0.1

PVA
15)

350 750nm

 
PVA

SH PVA M-205
HO-8EO

Polymer No.14 16
PVA

HO-8EO
PVA KL-506 Polymer No.16

HO-8EO
 

 
2-3-2  
 2-3-2-1  

Tg 20
Tg C2

C9 C10 C12
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n- n-BA 2-
2-EHA 2-EHA

n-BA  
PVA 2-

Table 2-4  

Table 2-4 Pressure-sensitive adhesive properties of various polymers(2EHA/AA=99/1). 

Polymer
number

PVA
parts
(wt)

NOMP
Peel ahesion

to SUS
[N/18mm]

Ball tack
[No.]

Holding power
[mm/12×20mm2

,0.5kg,1hr]

1-1 M-205 10 0 0.17 <5 Fall immediately(IF)

1-2 M-205 10 0.1 0.14 6 Fall immediately(IF)

1-3 M-205 10 1 0.10 <5 Fall immediately(IF)

4 M-205 7 1 0.62 8 Fall immediately(IF)

6 MP-203 10 0 0.35 <5 Fall immediately(IF)

17 SDS 1.5 0 2.25 14 0.2

NOMP:n-octyl-3-mercaptopropionate chain transfer agent
There is a residue of the test plate after the test (not cohesive failer

IF Interfacial failure  
 

SDS
SDS

2-
2.25[N/18mm] No.14 0.2[mm/12×

20mm2,0.5kg,1hr] Polymer No.17 PVA 10

0.35[N/18mm] No.5

Polymer No.1-1 6  

SH n-octyl-3-mercaptopropionate[NOMP]

Polymer No.1-2 1-3 Fig.2-2
1.0 GPC

Polymer No.1-1 Mn=5.3×104 Mw=19.6×104 Mw/Mn=3.69
Polymer No.1-3 Mn=1.4×104 Mw=2.9×104 Mw/Mn=1.95
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Fig.1-7 PVA
PVA

 

Polymer 1-1
Polymer 1-3

 
Fig.2-2  GPC curve of sol part of polymer (Comparison with chain transfer agent). 

Acrylic polymer

PVA  

Fig.2-3  A schematic image of film structure. 
    
 2-3-2-2  

PVA
PVA

PEG Table 2-5 PVA 10
5 PVA

50 Polymer No.6-2
6-3 PVA 7 1

#400 7 PVA 100
1.45[N/18mm] Polymer  No.4-2 4-3
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PVA/
 

Table 2-5 The effect of softener for pressure-sensitive adhesive properties. 

Polymer
number

PVA
parts
(wt)

NOMP
Glycerol
parts(wt)
for polymer

Glycerol
parts(wt)
for PVA

Peel
ahesion
to SUS
[N/18mm]

Ball
tack
[No.]

Holding power

[mm/12×20mm2

,0.5kg,1hr]

6 MP-203 10 0 0 0 0.35 <5 Fall immediately(IF)

6-2 MP-203 10 0 1 10 0.22 <5 Fall immediately(IF)

6-3 MP-203 10 0 5 50 0.32 <5 Fall immediately(IF)

4 M-205 7 1 0 0 0.62 8 Fall immediately(IF)

4-2 M-205 7 1 7 100 1.76 6 Fall immediately(CF)

4-3 M-205 7 1 7(PEG#400) 100 1.45 <5 Fall immediately(CF)

NOMP:n-octyl-3-mercaptopropionate chain transfer agent
There is a residue of the test plate after the test (not cohesive failer .

IF Interfacial failure CF Cohesive failure  
 

2-3-2-3  

PVA
PVA

PEG PVA
Table 2-6 HO-8EO

Polymer No.7 8 PVA
MP-203 10wt% HO-8EO

Polymer No.12 14 15
HO-8EO

PVA PVA
2-EHA

n-BA
 

 
Table 2-6  The effect of PEG macromonomer for pressure-sensitive adhesive properties 

monomer

2-EHA n-BA HO-8EO AA

7 M-205 7.5 94 5 1 0.50 0.50 6 Fall immediately(IF) 0.88
8 M-205 7.5 89 10 1 1.02 2.04 11 Fall immediately(IF) 2.37
12 MP-203 10 89 10 1 2.69 4.33 20 0 3.64
14 MP-203 5 84 15 1 3.20 3.51 18 0 1.89
15 MP-203 5 45 44 10 1 5.26 5.28 24 0.1 2.05
16 KL-506 5 17 64 15 4 3.14 3.01 17 4.5 3.61

IF Interfacial failure

Ball
tack
[No.]

Holding power

[mm/12×20mm2

,0.5kg,1hr]

Peel ahesion
to condensation

surface
[N/18mm]

Peel
ahesion
to glass
[N/18mm]

Polymer
number

PVA
parts
(wt)

Peel
ahesion
to SUS
[N/18mm]
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2-3-2-4  
PVA 2-

2.66[N/18mm] Table 1-9 , Polymer No.1-1

Table 1-8 , All Polymers SDS
0.18[N/18mm]

PVA
Polymer No.16  

Table 2-7
SDS PVA

PVA
PVA

 
 

Table 2-7 Changes in the moisture content of the adhesive surface after peeling.  

Polymer
number

PVA
parts
(wt)

parts of
HO-8EO

Peel
ahesion
to SUS

[N/18mm]

Peel ahesion
to condensation

surface
[N/18mm]

Moisture content
before test

[%]

Moisture content
after peeling

[%]

17 SDS 1.5 0 2.25 0.18 5.6 5.7
1-1 M-205 10 0 0.17 2.66 5.8 11.1
12 MP-203 10 10 2.69 2.74 6.2 10.7

Moisture content is evaluted by Electrical resistance type paper moisture meter kett K-100  mode:kraft
There is a residue of the test plate after the test (not cohesive failer .  

 
2-3-3  

MP-203
G Fig.2-4 tan Fig.2-6 M-205

Fig.2-5 2-7  
2-

G Fig.2-4 2-5 SDS Polymer No.17 55
104Pa

PVA
HO-8EO Polymer No.1 Fig.2-5 6(Fig.2-4)  
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5 20 PVA 106Pa

HO-8EO Polymer  No.9 10 Fig.2-5 11 12
13(Fig.2-4) 20 G

PVA MP-203 Fig.2-4
M-205 (Fig.2-5)  

 
Fig.2-4 Storge modulus(G’) of MP-203 polymers.    Fig.2-5 Storge modulus(G’) of M-205 polymers. 

 

  
Fig.2-6 Loss tangent(tan ) of MP-203 polymers.    Fig.2-7 Loss tangent(tan ) of M-205 polymers. 

 
tan Fig.2-6 2-7 SDS Polymer  No.17

42 PVA
15 35

PVA HO-8EO 15 35
42

PVA MP-203 Fig.2-6 42 HO-8EO
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5wt% SDS
15 35

PVA M-205 Fig.2-7
HO-8EO 50

PVA 25 PVA
MP-203 5wt%

50 PVA 20 20
HO-8EO 10wt%

M-205 PVA
 

PVA
HO-8EO

PVA HO-8EO
HO-8EO PVA

PVA PVA OH PVA
Fig.2-8

M-205 PVA
HO-8EO PVA

-20
MP-203 PVA

15 35 PVA
 

 

Acrylic polymer

PVA

PVA

Acrylic polymer

new phase consisting of  PVA and acrylic polymer

Increase of HO-8EO
(PEG macromonomer)

 
Fig.2-8 A schematic image of film structure. 
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2-3-4  
PVA

Fig.2-9 2-10
(PolymerNo.17)

PVA
3

20 Fig.2-11
1.5

 
 

  
Fig.2-9 Degree of swelling immersed in toulene.  Fig.2-10 Degree of swelling immersed in ethyl acetate. 

 

 
  Polymer  No.17  (SDS  uesd  )                     Polymer  No.6  (MP-203  uesd)  

 Fig.2-11 A photograph of sample after immersed in toluene for 20 hours. 
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2-4  
PVA

PVA
PVA

PVA  

 
PVA

PVA
PVA

PVA  
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TDI
MDI HDI

 
 

3-1  

 
Fig.3-1  

thermal dissociation

add 

Generation of new chemical bonds

material for reaction

Change to a coatable property

(A)

(B)

(C)

 
  Fig.3-1 Schematic diagram of new thermal processing . 
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Fig.2-2
 

 

Fig.3-2 The structure and the reaction of an isocyanate dimer. 
 

2,4- 150
1

2),3)  
SIS 150 200

 

Fig.3-3  
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2 R2-OH

 1. Stability of uretdione ring at reaction of the end diisocyanate group with alchols

2. Stability of urethane units at decomposition of  uretdione structure by heating

 3. The isocyanate generated by the dissociation reacts with coexisting hydroxyls to become urethane.

2

R3-OH

2 R2-OH

 1. Stability of uretdione ring at reaction of the end diisocyanate group with alchols

2. Stability of urethane units at decomposition of  uretdione structure by heating

 3. The isocyanate generated by the dissociation reacts with coexisting hydroxyls to become urethane.

2

R3-OH

 
 Fig.3-3 The necessary conditions for applying an isocyanate dimer. 
 
 
3-2  

3-2-1  
2,4-toluene diisocyanate (TDI) 2 RheinChemie 2,4-toluene 

diisocyanate dimer ( Addolink® TT)  
 diphenylmethane diisocyanate (MDI) 2

4,4'- diphenylmethane diisocyanate (MDI)  ( MILLIONATE®MT)
Tributyl phosphine  

1,6-hexamethylene diisocyanate (HDI) 2 Bayer MaterialScience
DESMODUR ® N3400 DESMODUR ® 

N3400 1,6-hexamethylene diisocyanate (HDI)
HDI
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Fig.3-4
 

 

 
   Fig.3-4  Structures of Materials used in this study. 
 
3-2-2  

3-2-2-1 MDI  
4,4'- diphenylmethane diisocyanate  (MDI) 100

200g IP 1620 70
Tributyl phosphine 0.1ml 5 p-Toluenesulfonic Acid 

Methyl Ester 0.2ml
IR 2-methylpropyl alcohol (iBuOH)

1H-NMR MDI
1H-NMR MDI NMR
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a) (TDI MDI)  

Diisocyanate dimer 2-methylpropyl 
alcohol (iBuOH) NCO:OH=1:25(TDI) or 1:50(MDI) 60 4
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IR
1H-NMR  
b) (HDI)  

HDI dimer DESMODUR ® N3400
Ethyl alcohol NCO:OH=1:25 1

IR
Ethyl alcohol IR

 
 

a) b)  
(TDI MDI)

Fig.3-5 TDI 4

60 IR
IR

HDI
DESMODUR ® 

N3400

IR

 
 
 

3-2-3  

(100 200 30 or  6 IR
 

Fig.3-6

Fig.3-5 Solubility of Addolink® TT (g/100 cm3 solvent). 
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2,4-toluene diisocyanate (TDI)  dimer

TDI dimer i-BuOH urethane

Reaction product 
eq:TDI-i-BuOH uretane

Thermal dissociation of 

 
Fig.3-6 Reaction pathway for TDI dimer.  (in the case of MDI  same pathway) 

 
Diisocyanate dimer 2-methylpropyl alcohol (iBuOH)

Diisocyanate dimer
2-methylpropyl alcohol (iBuOH)

140 200 2-methylpropyl 
alcohol (iBuOH) IR 1H-NMR

 
 

3-2-4  
IR Perkin Elmer Spectrum One Universal ATR Sampling 

Accessary 1H-NMR Burker AN400N
DMSO-d6 TGA TGA-51 5

/min.  
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3-3  
3-3-1  
 a) TDI  

TDI 2-methylpropyl alcohol (iBuOH) IR Fig.2-13
TDI IR Fig.3-7 88.4

 
 

    
Fig.3-7  IR Spectrum of TDI dimer( ).    Fig.3-8  IR Spectrum of TDI dimer 

                                                  -iBuOH  urethane  ( ). 
 
IR N-H 3300cm-1

C=O 1700cm-1 2270cm-1

2980
2850cm-1 TDI dimer

1400cm-1 1780cm-1

 
IR

1H-NMR
2

NMR
2-methylpropyl alcohol (iBuOH)

NMR
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1H-NMR Fig.3-9  
 



 - 44 -

 

O

O

O O

O

N
H

O

N
H

NN

a a

b b

ccd d

e e
f f

gg
h h

h h

O

O

O O

O

N
H

O

N
H

NN

a a

b b

ccd d

e e
f f

gg
h h

h h

 

a b c d
e

f

g

h

a b c d
e

f

g

h

 
 

a b c( ) d e f g h

(ppm) 8.95 7.56 7.26 7.13 3.89 2.20 1.94 0.95

( ) 0.89 0.83 1.00 1.01 1.85 3.08 0.84 5.68

( ) 1.00 1.00 1.00 1.00 2.00 3.00 1.00 6.00

a b c( ) d e f g h

(ppm) 8.95 7.56 7.26 7.13 3.89 2.20 1.94 0.95

( ) 0.89 0.83 1.00 1.01 1.85 3.08 0.84 5.68

( ) 1.00 1.00 1.00 1.00 2.00 3.00 1.00 6.00  
 
Fig.3-9   1H-NMR Spectrum of TDI dimer–i-BuOH urethane ( ). 
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4,4'- diphenylmethane diisocyanate (MDI)  dimer

DI dimer iBuOH urethane

Reaction product 
eq:MDI-iBuOH

Thermal dissociation of 

4,4'- diphenylmethane diisocyanate
(MDI)

 
Fig.3-10 Reaction pathway for MDI. 

 
MDI Tributyl phosphine
2 1)

7-165723 61.9%
MDI IR Fig.3-11 IR Fig.3-12  

 

  
Fig.3-11 IR Spectrum of MDI.            Fig.3-12  IR Spectrum of MDI dimer( ). 
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Fig.3-13  IR Spectrum of MDI dimer-iBuOH urethane( ). 
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a b+c d+e f( ) g
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Fig.3-14 1H-NMR Spectrum of MDI dimer–i-BuOH urethane( ). 
 
MDI 2-methylpropyl alcohol (iBuOH) TDI

1H-NMR H MDI-iBuOH
MDI

 
 

c) HDI  
HDI TDI MDI

HDI DESMODUR ® N3400 IR  Fig.3-15
DESMODUR ® N3400 Ethyl alcohol IR Fig.3-16  

IR N-H 3330cm-1

2270cm-1

 
1400cm-1 1760cm-1

 
 

   
 Fig.3-15 IR Spectrum of DESMODUR®N3400. Fig.3-16 IR Spectrum of DESMODUR ® N3400 

                                                  -EtOH urethane. 
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3-3-2  
3-3-2-1 TDI  

3.3.1 TDI dimer-iBuOH urethan ( ) 30
6 120 200 IR

Fig.3-17 22  
 

   
 Fig.3-17 IR Spectrum of ( ) heated at 120  for 30min.  Fig.3-18 IR Spectrum of ( ) heated at 140  for  30min.    

 

   
 Fig.3-19 IR Spectrum of ( ) heated at 160  for 30min.  Fig.3-20 IR Spectrum of ( ) heated at 180  for  30min.    

 

   
Fig.3-21 IR Spectrum of ( ) heated at 200  for 30min.  Fig.3-22 IR Spectrum of ( ) heated at 180  for  6hours.    



 - 49 -

( ) 140 30 2270cm-1

C=O
180 6

C=O
IR

2) 200
 

2-methylpropyl alcohol (iBuOH)
140 30 IR Fig.3-23 TDI
2-methylpropyl alcohol (iBuOH) IR Fig.3-24

 
 

 

   
 Fig.3-23  IR Spectrum of ( ) heated at 140      Fig.2-24 IR Spectrum of TDI-iBuOH urethan. 

                         for  30min  in  iBuOH.  

 
 

Fig.3-23 IR Fig.3-24 IR
1H-NMR

Fig.3-25 Fig-3-26  
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Fig.3-25  1H-NMR Spectrum of TDI–i-BuOH urethane. 
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Fig.3-26  1H-NMR Spectrum of ( ). 
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1H-NMR 100

Fig.3-27  
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Fig.3-27 Finished time at various temperature in synthesis of ( ). 
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Fig.3-28 IR Spectrum of MDI-dimer-iBuOH( )    Fig.3-29 IR Spectrum of  MDI-dimer-iBuOH( ) 

                    heated  at  120  for  30min.                      heated  at  140  for 30min. 

   
Fig.3-30 IR Spectrum of MDI-dimer-iBuOH( )    Fig.3-31 IR Spectrum of  MDI-dimer-iBuOH( ) 

                    heated  at  160  for  30min.                       heated  at  180  for 30min. 

 
Fig.3-32 IR Spectrum of MDI-dimer-iBuOH( ) heated at 200  for  30min.                              
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Fig.3-33 1H-NMR Spectrum of Heating reaction product( ) and MDI-iBuOH urethane. 
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MDI dimer TDI dimer
-

 
 

3-3-2-3 HDI  
3.3.2.1 DESMODUR® N3400 Ethyl alcohol

30 100 200 IR
Fig.3-35 39  

    
  Fig.3-35 IR Spectrum of N3400-EtOH at 100  for 30min.  Fig.3-36 IR Spectrum of N3400-EtOH at 120  for 30min. 

     
   Fig.3-37 IR Spectrum of N3400-EtOH at 140  for 30min.  Fig.3-38 IR Spectrum of N3400-EtOH at 160  for 30min. 

 
Fig.3-39 IR Spectrum of N3400-EtOH at 180  for 30min. 
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100 30 2270cm-1
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C=O
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TDI MDI
 

 
3-3-3   

TGA  
 

 
Fig.3-40  TGA chart of various isocuanate based urethane. 
(The values indicate the temperature for the weight loss of 0.1% and 1%) 
 
 

TDI based urethane  195.7(0.1%), 221.1(1%)  

HDI based urethane  180.0(0.1%), 207.8(1%) 

MDI based urethane  196.4(0.1%), 253.9(1%) 
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4-2  

4-2-1  
2 RheinChemie 2,4-toluene 

diisocyanate dimer ( Addolink® TT) Bayer MaterialScience
DESMURUR® N3400 2,4-toluene diisocyanate

®T-100
3- -1,5-

P-***10

F-**10 Table 4-1 Fig.4-1



 - 59 -

 
 

 Table 4-1   Materials used in this study 

Product name 

 
Molecular 

weight 
The number 
of functional 

group 
NCO 

% 
OH- 
value Remarks 

Addlink® TT 
CORONATE® T-100 
DESMODUR® N3400 

348.3 
174.2 

 

2 
2 

2.5 

24.1 
48.2 
21.8 

 TDI dimer 
TDI 

HDI dimer+  

KURARAY POLYOL P10010 
KURARAY POLYOL P6010 
KURARAY POLYOL P2010 
KURARAY POLYOL F3010 
KURARAY POLYOL F510 

10000* 
6000* 
2000* 
3000* 
500* 

2 
2 
2 
3 
3 

 11.2 
19 
56 
56 
336 

MPD/AA 
MPD/AA 
MPD/AA 

MPD/AA/TMP 
MPD/AA/TMP 

TDI: 2,4-toluene diisocyanate, HDI: 1,6-hexamethylene diisocyanate  
MPD: 3-methyl-1,5-pentanediol, AA:adipic acid, TMP: trimethylol propane 
*Number average molecular weight 
DESMODUR® N3400 is a mixture containing a HDI dimer 
 

 
 
Fig.4-1  Structure of Materials used in this study. 
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4-2-2  
Table 4-1 NCO:OH=1.0:1.0

THINKY ARV-310 0.2kPa
60 IR

 
 
4-2-3  

4C150
R60

PET#25 40 5
 

 
4-2-4  

IR Perkin Elmer Spectrum One Universal ATR Sampling 
Accessary Anton Paar MCR-301
20mm 0.05% 1Hz

5 /min. -80 200 Anton Paar
MCR-301 20mm  

JIS Z 0237(2000)
SUS304 12mm 2kg

30 RTM-100
300mm/min. NS

19.6g 1cm/min.
JIS Z 0237(2000) 

12×20mm2 500g
 

 
 

4-3  
4-3-1  

KURARAY POLYOL P6010 TDI
Addolink® TT HDI DESMODUR® N3400

NCO:OH=1.0:1.0
IR Fig.4-2 4-6  
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  Fig.4-2 IR Spectrum of POLYOL P6010.     Fig.4-3 IR Spectrum of Addolink® TT. 
 
 
 

    
Fig.4-4 IR Spectrum of DESMODUR® N3400.  Fig.4-5 IR Spectrum of Polyurethane  

made form P6010 and Addolink® TT. 
 

  
Fig.4-6 IR Spectrum of Polyurethane made form P6010 and DESMODUR® N3400. 
 

Addolink® TT DESMODUR® N3400
C=O 1760 1780cm-1
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4-3-2  

4.3.1

 
KURARAY POLYOL P6010 Addolink® TT TDI dimer KURARAY 

POLYOL P6010 DESMODUR® N3400 contatining HDI dimer
160 5 20 IR

Fig.4-7 4-9  
 

    
Fig.4-7 IR Spectrum of P6010/AddolinkTT   Fig.4-8 IR Spectrum of P6010/AddolinkTT 
           after  heating  at  160  for 5min.         after heating at 160  for 20min. 
 

  
 Fig.4-9 IR Spectrum of P6010/N3400 after heating at 160  for 20min. 
 

C=O 1760 1780cm-1

2270cm-1
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3.3.2
C=O

IR

 

KURARAY POLYOL P6010 TDI
Addolink® TT TDI NCO:OH=1.0:1.0

Fig.4-10
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Fig.4-10 Viscosities of heated polyurethanes. 
##P& : ## shows the ratio of TDI dimer to TDI , & shows Mn*10-3 of polyol  
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40 5 IR
Fig.4-11 4-12  

 

    
 Fig.4-11 IR Spectrum of P6010/AddolinkTT   Fig.4-12 IR Spectrum of P6010/AddolinkTT 

    after  hot  press.                                  after  aging.  
 

2270cm-1

 

 
 
4-3-3  

KURARAY POLYOL P6010 P10010
TDI Addolink® TT TDI

NCO:OH=1.0:1.0
KURARAY POLYOL P2010

KURARAY POLYOL F3010 F510
Table.4-2  
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Table 4-2  Polyurethane composition used in this study 

Sample name 

poly-ol 

for polyurethane 

(ur-ol) 

TDI dimer TDI 

poly-ol 

for additives 

(ad-ol) 

100P6 
75P6 
50P6 
25P6 
0P6 

P6010 
P6010 
P6010 
P6010 
P6010 

100% 
75% 
50% 
25% 
0% 

0% 
25% 
50% 
75% 

100% 

No add 
(before heat process) 

50P6F30-1.0 
50P6F30-0.3 
50P6F5-1.0 

100P10F30-1.0 

P6010 
P6010 
P6010 

P10010 

50% 
50% 
50% 

100% 

50% 
50% 
50% 
0% 

F3010 100%, 
F3010 30%, P2010 70%, 

F510 100%, 
F3010 100% 

N100P6P60 P6010 N3400  100% P6010 100% 

 %: Calculated from functional group equivalent  
 ###P&&F**-++ :  ### shows the ratio of TDI dimer to TDI , except N100 (N3400 100%) 
                  &&  shows  Mn*10-3 of ur-ol ,  ** shows Mn*10-2 of ad-ol ,  
                  ++ shows the ratio of  F3010 or F510 to P2010   
 

Fig.4-13  
 
 

OH

HO
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HO
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OHHO

mono-ol
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tri-ol crosslinking structure
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coupling

 
Fig.4-13 Differences of reactions by various polyols. 

 

Fig.4-14  
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Fig.4-14 (A) Storage modulus (G') and (B) loss tangent (tan ) plotted against  
     temperature for **P6 before heat. 

 
(100P6 25P6)

2,4-

 
50:50 50P6)

50P6F3-1.0
Fig.4-15  

 

1.0E+03

1.0E+04

1.0E+05

1.0E+06

1.0E+07

1.0E+08

1.0E+09

-100 -50 0 50 100 150 200

St
or

ag
e 

m
od

ul
us

 G
'  

[P
a]

Temperature [deg C]

before G'

after G'

(A)  

0

0.5

1

1.5

2

2.5

3

-100 -50 0 50 100 150 200

Tan

Temperature [deg C]

before Tan

after Tan

(B)

 

Fig.4-15  (A) Storage modulus (G') and (B) loss tangent (tan )  
plotted against temperature for 50P6F30-1.0 before and after heat treatment. 
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Fig.4-16  (A) Storage modulus (G') and  (B) loss  tangent (tan )  
plotted against temperature for **P**F** after heat treatment . 
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SIS/Tackifier/oil=100/100/20 Fig.4-17  
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Fig.4-17  (A) Storage modulus(G') and  (B) loss  tangent (tan )  
plotted against temperature for 100P10F30-1.0 and SIS based adhesive. 
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Fig.4-18 (A) Storage modulus (G') and (B) loss tangent (tan )  
plotted against temperature for N100P6P60 before and after heat treatment. 

 
KURARAY POLYOL P6010 TDI Addolink® TT 
HDI DESMODUR® N3400

Fig.4-19  
 

 

Fig.4-19 (A) Storage modulus (G') and (B) loss tangent (tan )  
plotted against temperature for 50P6F30-1.0 compare with N100P6P60. 

 
HDI Tg G’

TDI HDI
G’ HDI

HDI
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4-3-4  
4-3-3 Table 4-3  

 
Table 4-3  Pressure-sensitive adhesive properties 

Sample name 

poly-ol 

for polyurethane 

(ur-ol) 

poly-ol 

for additives 

(ad-ol) 

Peel adhesion 

to SUS 

[N/12 mm] 

Probe tack 

[N/5 mm ] 

Holding 

power 

[mm] 

50P6F30-1.0 
50P6F30-0.3 
50P6F5-1.0 

100P10F30-1.0 
N100P6P60 

P6010 
P6010 
P6010 
P10010 
P6010 

F3010 100% 
F3010 30%. P2010 70% 

  F510 100% 
F3010 100% 

P6010 

14.26 SS 
2.18 CF 
6.47 

16.74 CF 
6.12 

2.95 
5.65CF
2.48 
4.85 
5.11 

0.3 
27 min. CF 

0.2 
1.6 
1.1 

Holding power(12 × 20mm2, 0.5 kg,1 h)  SS: Slip-stick, CF: Cohesive failure 

 

50P6F30-1.0 50P6F30-0.3
50P6F30-0.3 27

50P6F30-1.0 0.3mm
5.65N/5mm 2.95N/5mm

ad-ol

50P6F5-1.0 14.26N/12mm
6.47N/12mm
Fig.4-20
50P6F30-1.0

50P6F5-1.0
 

100P10F30-1.0
 

4.3.3
G

 

Fig.4-20 Photograph of PSA sheet
          after  peeling  test.

50P6F30-1.0 50P6F5-1.0 
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G  
TDI HDI N100P6P60

TDI HDI

4.3.3  

HDI
 

 
 

4-3-5  
SIS

4-3-4
10mm Toluene

n-Hexane Ethyl acetate Acetone 2-Propanol  
 

Table 4-4  Solvent resistance of Pressure-sensitive adhesive 

 Toluene n-Hexane Ethyl acetate Acetone 2-Propanol 

50P6F30-1.0 

SIS based PSA 

Swelling 

Soluble  
(~1hrs) 

Insoluble 

Soluble  
(~1.5hrs) 

Swelling 

Soluble  
(~3hrs) 

Swelling 

little Swelling 

Insoluble 

Insoluble 

SIS based PSA : SIS/Tackifier/oil=100/100/20 as typical formation 

 
SIS Toluene n-Hexane Ethyl acetate

Fig.4-21 Toluene 24 24
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SIS

 
 

4-4  

 

UV EB

SIS
 

 
Fig.4-21 Photograph of 50P6F30-1.0  

   immersed in Toluene for 24hrs. 
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5-1  

 
Fig.5-1  

SIS
Tackifier resin Heat Mixing
Oil

Backing
Pretreatment
 of Backing

Coating Winding Cutting

 
Fig.5-1  The diagram of producing the adhesive tape by hot-melt process.  
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Fig.5-2 1)  
 

  
(a) Kneader         (b) Kneading Extruder 
Fig.5-2  The device which is used for hot-melt PSAs production. 
 

(a) (b) (a)
(a) (b)

Fig.5-32)  
 

 
    Fig.5-3  The device which is used for hot-melt PSAs coating. 
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5-2  

5-2-1  
2

RheinChemie 2,4-toluene diisocyanate dimer ( Addolink® TT)
2,4-toluene diisocyanate ®T-100

3- -1,5-

Fig.4-1  
 
5-2-2  

THINKY ARV-310
0.2kPa 60

4C150 R60
 

 
5-2-3  

KR-35
160

PET#25 40 5

Fig.5-4

 
5-3  

5-3-1   Fig.5-4 Schematic diagram of extruder for our process. 
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t=0 15
60

 

Fig.5-5
 

 

 
Fig.5-5 Effect of additional polyol on time-course of their torque at 160 . 
 

10
 

Fig.5-6  
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Fig.5-6 Effect of the heat dissociation parts ratio on time-course of their torque.  

(25P6 75P6)

2.5[N m]
25 25P6F30-1.0

% 10
40

75%
75P6F30-1.0

 
75P6F30-0.67 50P6F30-0.5
Fig5-7 5-8  

 
Fig.5-7 Effect of the amount of additional tri-ol for 75P6 on time-course of their torque. 
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Fig.5-8 Effect of the amount of additional tri-ol for 50P6 on time-course of their torque. 

 

25P6F30-1.0
50P6F30-0.5 50P6F30-1.0 75P6F30-0.67

Fig.5-9  
 

 
Fig.5-9 Schematic diagram of different route for equal amount of crosslinking structure. 
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5-3-2  

Fig.5-4

TDI /TDI 50/50 50P6
15 5

PET

5-3-1

Fig.5-10  
 

  

 
Fig.5-10 Photograph of Extrusion examination. 
    (a: Around die head , b: Around banbury mixer) 
 

a) 

b) 
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5-3-3  
5-3-1

Table 4-1 75P6F30-0.67 50P6F30-1.0 50P6F30-0.5
25P6F30-1.0

 
 

Table 5-1 Pressure-sensitive adhesive properties of various composition 

Sample name TDI dimer 

poly-ol 

for additives 

(ad-ol) 

Peel adhesion 

to SUS 

[N/12 mm] 

Probe tack 

[N/5 mm ] 

Holding power 

[mm/12 × 20mm2, 

0.5 kg,1 h] 

75P6F30-1.0 
75P6F30-0.67 
50P6F30-1.0 
50P6F30-0.5 
25P6F30-1.0 

75% 
75% 
50% 
50% 
25% 

F3010 100%, 
F3010 67%, P6010 33%, 

F3010 100%, 
F3010 50%, P6010 50%, 

F3010 100% 

4.59 
8.16 
7.69 
4.12* 
5.75 

2.11 
3.17 
2.72 
2.85 
2.72 

0.2 
0.3 
0.2 
11.2 
0.4 

*: Cohesive failure partially 

 
75 75P6 50P6F30-1.0

75P6F30-0.67 50P6F30-1.0
0.2 [mm] 0.3 [mm] 7.69 [N/12mm] 8.16 [N/12mm]

2.72 [N/5mm ] 3.17 [N/5mm ]

0.6 [N m] 0.1 [N m]

 
50 50P6 25P6F30-1.0

50P6F30-0.5 25P6F30-1.0
0.4 [mm] 11.2 [mm] SUS
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Table 5-2

 
 
Table 5-2 PSAs properties of extrusion sample compared with pressed sample 

Sample name 
 The specimen preparation 

method 

Peel adhesion 

to SUS 

[N/12 mm] 

Probe tack 

[N/5 mm ] 

Holding power 

[mm/12 × 20mm2, 

0.5 kg,1 h] 

50P6F5-1.0-HP 
50P6F5-1.0-CP 
50P6F5-1.0-Ex 

Mixed and Heat pressed 
Mixed and Cold pressed 

Mixed and Extrusion 

6.47  
3.54  
4.75  

2.48 
3.72 
3.43 

0.2 
1.8 
1.2 

Heat pressed at 160  Cold pressed ar room temperature 
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5-4  

 
 
 
5-5  
1)   

 6  4  107-116(2009) 
2)  /  

 1  251-263(2009) 
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diphenylmethane 
diisocyanate (MDI)

 

UV EB
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