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Mechanical properties and water resistance of acrylate polyurethane

adhesives with linseed oil
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ABSTRACT

This research studies on modification of mechanical properties and water resistance of
acrylate polyurethane édhesives using linseed oil. Firstly, acrylate copolymers were synthesized by
solvent-based polymerization in the presence of various quantity of linseed oil in range of . 0-25
wt%. Acrylate polyurethane adhesives were prepared by the reaction between acrylate copolymers
and diisocyanate. Effect of various parameters on properties of acrylate polyurethane adhesives were
studied, that is types of diisocyanate, i.e. toluene diisocyanate (TDI) and methylene diisocyanate
(MDI), molar ratio of isocyanate to hydroxyl (NCO/OH), i.e. 0.75, 1, 1.25, 1.5 and 1.75, linseed oil
content in acrylate copolymers and formulations of acrylate copolymer. The as-prepared adhesives
were investigated their gel time and %swelling in water. The gel time of adhesives prepared from
MDI was lower than that of adhesives prepared from TDI. Swelling percentage of the adhesives
containing linseed oil was lower than that of adhesives without linseed oil. The mechanical properties
of as-prepared acrylate polyurethane adhesives were tested according to the standard of wood
adhesive BS EN204. It was found that the tensile shear strength and water resistance of adhesives
prepared from MDI were higher than those of adhesives prepared from TDI. An increase of NCO/OH
molar ratio could improve the tensile shear strength and water resistance of adhesives. The tensile
shear strength and water resistance of adhesives containing linseed oil were higher than those of
adhesives without linseed oil. The acrylate polyurethane containing 15 wt% of linseed oil gave the

highest value of tensile shear strength and water resistance.
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-CH=CH-CH,-CH=CH- WUBLQUUUYN (Isolated double bond)
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CH, NCO

NCO |
(jr o Yo Yoo )

NCO 2,6-Toluene. dusocyﬂnate 4,4'-Diphenylmethane diisocyanate (MDI) NCO
24-Toluene 1,5-Naphthalene
diisocyanate diisocyanate (NDI)
CH,
| CH—CH, CH—CH, NCO—
'OCN(CH,),NCO OCN—CH HC—CH,—CH C—NCO | -
1.6-Hexamethylene CH,—CH, CH ,—C H, N !
diisocyanate (HDI) . NCO
4,4'-Dicyclohexylmethane diisocyanate (H,,MDI)
4,6'-Xylylene diisocyanate (XDI)
H,C
’ N=C=0 s Gy |
H,C 0=C=N—CH2—(I3——CH,—CH—CH2—CH2—N=C=O ocw—.O—Nco
H,C CH,—N=C=0 CH, para-Phenylene
3-Isocyanatomethyl- 2,242,4,4) Trimethylhexamethylene diisocyanate, diisocyanate (PPDI)
3,5,5-trimethylcyclohexyl isocyanate. (2.28-Trimethy!-1,6-hexamethylene diisocyanate) (TMDI)

{Isophorone diisocyanate) (IPDI)

CH, CH, Hy— CH,
NCO
//\\// OCNNCO OCN‘O—CH,@NCO
OCN =

Cyclohexy) diisocyanate 3,3-Tolidene 4.4'diisocyanate. 3,3-Dimethyl-diphenylmethane 4,4'diisocyanate
(CHDI) (3,3 -Dimethyldihenyl 4,4'diisocyanate) (TODI)

51 1.1 Taseadramuaiivesmnlseneu lale Ta losnuan 1l unedgsimu

% 24
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1. Afseiunedonn ballunedgsmu

(HO-R-OH)_, + (OCN- -R’ ’\CO) ‘—_-— "(‘(l',l‘ I}J R—I]\I-E-O-R-O I
OH HO

aumsai (1)

2. U§Asefuilgugil nie nAvgiiielu (Primary or secondary amines) tiaiflugiSe /i
UAsendulaefiu (Diamine) iHaliunedgiSe (Polyurea)
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I [

HOH HOH ﬂﬂﬂﬁﬁ 2
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2(R-NCO) <= R- N-R . C C
®NCO == RN/ 07 Ny o
G N
0O R
Dimer Trimer
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(Y =1

5. UfiFeugTiny (urethane) ieuflusa Tavuue (allophanate)
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H
! |
R-NCO + —N—ﬁ-O— PG CI_N_R
o -N-C-O-
: I
Urethane O
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a ol = o_ o 1 oq 9/ ' t
Wunefwesfifinnuvainnate uaslanudrdydenislssgndldlugiunudien wu
a -4
Tolw, idule, 8aaTawes (Elastomer), 117 (Adhesive) 1AL A5IAADY (Coating materials)
[] 4
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1.5.5 Wodue 151254 (Polymerization) [1, 3, 6]
=y [Y] =} aan =1 a o 4 d! aan =

wodwe lsiwdu fle Ufnsemsnieunediuosonueusies Faulgisemaniiaes Uszan

fio wodwe lsduuuugn e w3 LUUTINAT (Chain or addition polymerization) uazwodime'ls
¥
FULUVIY M50 LuuAILLUY (Step or condensation polymerization)
wotime lsiwiumuugnldvssuuus I
a aaa 3 = aw . =) & 1

na lnveamsifailfATererniiunuuriusdna (Free radical AvoznaunIonguoznou
oy Q' 3 1 L 0’/‘ Qy T Q [-7)
YUTL5U (Initiation) JULHVe1ea1e Ta (Propagation) LLﬁS‘UHﬁH’c’Iﬂﬁ’]HTW (Termination) &1HTU

aaa av { [ o aa aaa 1 ' a .
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. 1 a g 4 J 4 g A o .
peroxide) (YU wulsdanlesoon lad (Benzoyl peroxide) uazlesoon ladoiiunsd (Inorganic

. ' o o 4 o o s
peroxide) 15U Inunadouesdama iWelinnudou use uas Wuse -0-0- vealeseenlua
a oo 9 a 2L o 3 aa A ana ] o’/‘ 3 aaa a
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o ¢ a 4 o d o o o A gy
Iﬂﬂ M L‘]Juillmflﬁ‘llﬂquﬂuﬂluﬂi 133 14 ki ADAIANNUDIDATUTIT N TUVUNITLITIUAU
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E4
o/ oda o

Fuvereae e (Propagation step) Usenaulidreveusmesnmaussaaula M, @y

Tuanaweueies ulTuaiun

k

P

Mn+ M 5 _NIEY Mn+1
a P o o LY o a Ay Ay a v
'Wi)ﬁlﬂl@iﬂﬂ']ﬁ\i‘llEJ']FJG]TIW‘HQﬂl%i@tﬂﬂiﬁllﬁ%ﬂﬁuﬁﬂ ﬂ'ﬁﬁu’QWﬂﬂ%'Iﬂﬂ'J'HJ’J'Ean'J‘UﬂQ

ayyadasevuall  TavdfisussuinmeJumnavetoyyadass  ayyavaIzaasdsyil

1AL laen1339u6 10U (Combination coupling)

| Yy 2 2§ g_ CHy o

nIofamauanlasuoyyadase lalasiou TasnsaieTeulilfeyyadasediou Wy

a a o ar 1 4 1A o X
Hax1InMTINA Tuananedwes goei uaz Iddud lududmiledau

H H kg H H
'"CHZ_(:' + -C——Cszwvw _—>MVWVCH2_C H+C=CH2"W’”‘"
Y Y Y Y
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3) mAtianeame | s uiuUNYIUGDE (Suspension polymerization)
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3. n1waglad (Cellulose glue)
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wedeeas (30 | 30 | 11| 28 1 7.5 20 60/40
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3.1.1 71 % Nonvolatile, A2 18%HA, ANMTlUNIA (Acid Value), lansenGa (OH Value)

M3197 3.1 auliAvoINoaDoa

%Nonvolatile ANUNila Acid Value OH Value
(105°C x 3 %) (Poise/25°C) (KOH fiafdinsw/ (KOH laaniu/
nsu) AF)

Wofvea 1 60.5 50.0 53 109
WoH00A 2 60.5 40.0 5.1 116
Nof00n 3 60.1 40.0 4.6 114
NoR0D0 4 60.6 34.4 4.8 118
No7D90 5 59.4 45 4.0 121
weodoon 6 Ligmnnsn’ld deswnfamsuendu
Wofooa 7 60.2 20.0 4.5 105
No700a 8 60.9 16.1 5.6 106
NWone9a 9 60.9 10.3 5.0 112
NWoRe0a 10 59.4 1.5 4.8 111
Wodooa 11 59.3 10.0 5.1 114
WoRo0n 12 59.7 10.0 53 109
WoRDoq 13 58.2 2.5 43 117
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