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Viscoelastic Properties of Thermosetting 
Resin During Curing Under Variable 
Te m p e ra t u res 

HlROKl NIUCHla, CHlAKl SATOb and KOZO lKEGAMlb 

aGraduate School of Tokyo Institute of Technology, 4259 Nagatsuta, 
Midoriku, Yokohama; 
bTokyo Institute of Technology, Precision & Intelligence Laboratory, 
4259 Nagatsuta, Midoriku, Yokohama 

(Accepted forpublication 1 June 1998) 

Viscoclastic properties rfuring curing were measured cxperimentully by ii rheometer ot 
rotating double cylindek. The viscoelaslic constitutive relations during curing were for- 
mulated by a spring-dashpot niodcl of threc elements. The viscoelastic parameters during 
curing undcr variable temperatures werc estimated by the viscoclastic parameters 
determined under various constant temperatures. The estimated paramctcrs fitted ap- 
proximately to the experimentally determined parameters under variable temperatures. 

(Received 7 August 1998) 
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Adhesion of Paint on Aluminum Treated 
with Phosphate Primer 

TOSHIO OGAWA. JIN YASUDA and SATOSHI OSAWA 

Laboratory for Materials Design Engineering, 
Kanazawa Institute of Technology 7-1 Ohgigaok, Nonoichi, 
lshika wa 92 1 - 850 1, Japan 

(Accepted for pub/ication 12 October 1998) 

Adhesive properties of aluminum here improved by use of phosphoric acid type primer. 
Adhesivc properties bctwcen aluiiiiiitini-iiiiigiiesiuiii alloy (5000 series) and paint werc 
studied. The adhesive strength b i i b  improved consider;ibly by use of the primer 
containing phosphoric acid. zinc chi-omatr ;tiid polyvinyl butyral .  Cohesive failure 
occurred in the peel test of water soluble paint. This fact was proved by ESCA analysis 
of pccled surface. The correI:ition bctueen adhesive strength and primer component\ was 
surceycd in detail. I t  was found that phosphoric acid contributes most ell'ectively to the 
adhesive strength. 

(Received 10 August 1998) 

Vibrational Spectroscopic Studies 
on Wood and Wood-Based Materials (IV) 
Solvent Effects of Diluent on MDI 
Penetration Behavior in Wood 

SH IG E R U YAM AU C H I, YASU 0 TAM U R A, 
YASUJI KURIMOTO and AKlO KOlZUMl 

Institute of Wood Technology, Akita Prefectural University, 
Kaieisaka, Noshiro. 016 0876 Japan 

(Accepted for publication 21 October 1998) 

Infrared ditl'tise rellectance and R;iman spectra of air-dry sugi hlocks impregnukd bith 
crude MDI were measured. Antisymmetric NCO stretching (2270 cnl ' )  and a pnlnrircd 
band at 1530cm' were adopted a s  a n  indicator of MI11 in the wood i n  the infrared and 
the Raman spectra. respectivcl). Thc solvent cH'ects of acetone or  benzene. which is 
dilucnt. on penetration behavior o f  MDI  i n  air dr) sugi wood were investigated on the 
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basis of the vibrational spectral data. As a result. it was indicated that MDI-acetone 
solution penetrates into wood cell wall iiiorc easily than MDI-benzene solution. The two 
dimensional analytical data by infrared spectroscopy demonstrated that residual air and 
pit closure betwecn trachcids arc one of the most interfering factors of longitudinal 
penetration in sapwood and in heartwood, respectively. 

(Received 14 September 1998) 
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Adhesion Properties of Low Density 
Polyethylene Film Treated by Carbon 
Dioxide Plasma 

TOSHIO OGAWA,TOMOYUKI SATOU and SATOSHI OSAWA 

Laboratory for Material Design Engineering, Kanazawa 
lnstitute of Technology 7-1, Ohgigaoka, Nonoich, 
lshikawa 921-8501 Japan 

(Accepted for pubkation 22 September 1998) 

A low dcnqit? polycthglenc (LDPE)  shcci \\:IS treated by ii carhon dioxide plasma tn 
impi-ovc adhesive properties. This treatment was found t o  occ t~ r  uniformlg over thc 
surface of thc L D P E  sheet. 

Waier soluble materials WCI-C produced on the LDPE shcet surface upon trcxtnicnt o f  
the carbon dioxide plasimi Houcvcr, t h e w  inaterials ;idvant;igeouslq. contributcd t o  
adhesion. Optimum conditions o n  the x i h c s i o n  xnd the plasma trcatmcnt \\ere present 
for the laniin3tion of  the  LDPE wJiih pol~etliqlcne-tcrephthalnte ( P E T ) .  

(Received 10 August 1998) 

“The Triangle of the Work of Adhesion” 
and the Dupre-Gamo Equation 
(Provisional Name) 

HlROSHl TOMINAGA,TOMOMI ISHIBUCHI * 
and MASAHARU OHMI 

Faculty of Agriculture, Tokyo University of Agriculture 
and Technology, Fuchu-shi, Tokyo 183-8509, Japan 

(Accepted for pubhcation 6 November 1998) 

“The triangle o f  the work of adhesion” was found out from the calculus of the surface 
free energy. The trienglc was the right-angled triangle with the contact angle 8. and that 
the three equations of the work of adhesion M’(, = o,..( I + I ‘cos 8). W’y = n,.( 1 + cos 8 )  

*Present address: Onahatna Plywood Co.  I . td . .  Iwaki-shi. Fukushinia971-8 183. Jupan.  
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and I t ;  = uI,. sin H ( l  + I/cos 0 )  corresponded to the hypotenuse of the triangle with the 
angle H. the bottom side with the angle 0 and the opposite sidc to the angle H respectively 
(u, .  surface tension of liquid; H, contact angle of droplet on solid surface). And the 
Dupre-Ganio equation W,  was verified using the specific work of adhesion W(,/oI, and 
the theoretical curve I I  + ljcos HI .  All results on the specific work of adhesion were 
plotted into the figure with the theoretical curve. and coincided well with the theoretical 
curvc. 

(Received 21 September 1998) 

Three-dimensional Finite Element 
Analysis of Stress Response in Adhesive 
Single-lap Joints Subjected to Impact 
Bending Moments 

IZUMI HIGUCHla, TOSHlYUKl SAWAb and HIDEKAZU SUGA' 

"Kofu Jyosai High School 1-9-1, Shirnoiida Kofu 400-0064, Japan; 
bDepartrnent of Mechanical Engineering, Yarnanashi University 
4 - 3 -11, Takeda, Kofu 400- 0016, Japan; 
'NKKCo., Fukuyarna, Japan 

(Accepted forpublication 27 January 1999) 

The stress wave propagation and the stress distribution in adhesive single-lap joints of 
similar adherends subjected to impact bending moments are analyzed in an elastic 
deformation using three-dimensinal finite-element method (FEM). An impact load is 
applied to a joint by dropping a weight. Three-point impact bending nioment is applied 
to the joint. FEM codc employed is DYNA3D. The effects of Young's modulus of the 
adherends. the lap length. the adherends thickness and the adhesive thickness on the 
stress wave propagation at the interfaces are examined. It  is found that the maximum 
value of the maximum principal stress oI appears at the the interface of the upper 
adherend subjected to impact bending moments. The maximum stress increases as 
Young's modulus of adherends, the lap length and the adhered thickness increase. The 
maximum stress increases with decreasing adhesive layer thickness. In addition. 
experiments were carried out to measurc the strain response of single-lap joints 
subjected to impact bending loadings using strain gauges. Fairy good agreement is seen 
between the analytical and experimental results. 

(Received 24 September 1998) 
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Effect of Crosslinked Urethane 
Microspheres Made by Dynamic 
Vulcanization Method on the Toughness 
and Adhesion Properties 
of the Cured Epoxy Resin 

TAKAHIRO OKAMATSUa, HAJIME YUYAMAa, 

and MITSUKAZU OCHIC 
YUKO MAEDA~, HIDEAKI HANAZAWA~ 

"Nippon NSC R & D. Corporate Research Ist Project; 
bNippon NSC R & D Divison 7-6-5, Senba nishi, Mino shi. 
Osaka, 562-8586, Japan; 
'Department of Applied Chemistry, Faculty of Engineering, 
Kansai University, 3-3-35, Yamate-cho. Suita-shi, Osaka 564-8680 

(Accepted for publication 25 December 7998) 

I n  order to give a toughness and an improved adhcsion properties to cured cpoxy 
system, modified epoxy resins containing crosslinked urethane niicrosphercs. which were 
formcd by using a dynamic vulcanization method i n  liquid diglycidylether of bisphenol 
A. were prepared. I t  was found that tlie size of tlie particles dispersed in thc epoxy matrix 
decreased to sub-micro order with increasing in solubility of tlie oligoniers into tlie epoxy 
resin. and particle s u e  coethcient of variance resulted in less than 1504. Lap shear 
strength. peel strcngths and fracture energy G, of the cured system were iniproved by 
modification with the crosslinked niicrospheres, and tlie adhesion propertics of the 
modified system did not depend on any curing conditions because o f  tlie formation o f  
stable particles in the cpoxy resin before curing. 

(Received 15 October 1998) 
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Development and Performance 
Evaluation of High- Resolution 
Tester of Shear Adhesion 
for Pressure-Sensitive Adhesives 

ZENlCHl MlYAGl and MASAYOSHI KOIKE 

National Research Laboratory of Metrology, 1-1-4 Umezono, 
Tsukuba, Ibaraki, 305-8563, Japan 

(Accepted for publication 7 December 1998) 

A new shear adhesion testing app; i r ; i t i i~  for pressure sensitiw adhesives (PSA) hiis heen 
developed. 13) which thc slippage o f  I'SA under h e a r i n g  load can be measured u i t h  the 
resolution of  O.O? pm pcr digit. The temperature of  the  surfacc of adhercnd can be 
changed from 0 to 100 'C by  ii tlici-1110-iiiodule uvng the Peltier etfect. The specimen is 
attached to the adlierend made of stmiless htccl p l a t e  in the nay prescrihed by JIS. 
Shearing load IS applied b) ;I dead weight. A quart7 glass hlock is put on the specimen. 
and the micro slippage of the specimen i s  i l leastired using a laser displacement 5ensor. 
The uncci-tainty of the new testing nictliod was estimated to  clarify the  pcrformancc o f  
the testing methocl uitli stanclai-d uncertainty. and i in  expanded uncertainty w:is 0.7R pm 
(k = 2)  :it the mcawrcment displacement ol'?OO pin. I n  espcrinicnth using t h i s  apparatus. 
the slippage 01' i i i i  acrylic PSA for l iquid crystal pane ls  w a s  mcasi i i -cd a t  9.X N sheai-ing 
load. The aggregate slippage of .;pccimen iiicrciises a s  tlie stirfacc temperature of 
adhei-end iticreiiscs. The results using tlic dcvelopcd apparatus agree with tlic prediction 
based o t i  viscoclii st ic cons id era t i  o n h  . 

(Received 26 October 1998) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
0
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



I14 ABSTRACTS J .  ADHESION SOCIETY JAPAN 

Hydrophobic Treatment of Polymer 
Surface Through Fluorine 
and Alcohol Mixed Plasma 

TAKASHI NISHINO, HlDEKl TSUCHIDA, 
YUTAKA ISU and KATSUHIKO NAKAMAE 

Department of Chemical Science and Engineering, Faculty 
of Engineering, Kobe University Rokko, Nada, Kobe 657-8501, Japan 

(Accepted for publication 13 January 1999) 

Tetrafluoromethane plasma was irradiated on the surface of high density polyethylene 
(HDPE). The dynamic contact angle increased from 88" to 114" by plasma treatment for 
5 min. This corresponds to the surface free energy of 14 niJ/cm'. which is lower than that 
(22 mJ/cm') of polytetrafluoroethylene. However, longer plasma treatment brought the 
decrement of the dynamic contact angle, and the surface free energy apparently 
increased. The mixed plasma of tetrafluoroethane with a small amount of methanol was 
found to be quite effective to maintain the high contact angle even at longer irradiation 
time. This mixing erect is due to the suppression of the surface rougheness through 
etching. judging from the X-ray photoelectron spectra and scanning electron micro- 
graphs. Same erects were also observed by adding ethanol and I I  propanol to tetra- 
fluoroethane plasma. 

(Received 15 December 1998) 
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