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ABSTRACT

polymers due to their linear polymerization. By adding two or more functional

acrylate or methacrylate monomers it is expected that crosslinking may occur
partially in leading to their chemical and thermal resistance improvements. It is
also possible to increase their adhesion strength by adding acidic acrylate or acidic
methacrylate additives.
Methods: Compounds containing different percentages of methyl methacrylate
monomer and poly(methyl methacrylate) were prepared. By measuring viscosity and
contact angle, a suitable formulation based on surface wetting property was selected.
Gel time measurement was used to find optimum amount of the second component
of these two-component adhesives. For improving the properties, some modifying
monomers including acidic monomer for increasing the adhesion property and a two-
Keywords: functional monomer for crosslinking were added. Crosslink density was assessed by
dynamic mechanical analysis. Thermal gravimetry analysis, chemical resistance and
lap shear test were used to evaluate other properties.
Findings: Results show that the lap shear strength of acrylic adhesive on aluminum
substrate increased from 1.1 MPa to 2.7 MPa by adding acidic monomer as adhesion
promoter. The strength increased to 3.5 MPa by using 4% of ethylene glycol
dimethacrylate as a two-functional crosslinking agent. The decomposition temperature
at 5% weight loss increased from 194 to 248°C. The chemical resistance of cured
adhesives in water, ethanol, acetone and toluene was also studied. The results show
that the specimen without crosslinking was dissolved in acetone while the crosslinked
specimen showed 14.9% weight loss after 24 h immersion. Both the thermoplastic and
thermoset adhesives showed good water resistance.

Hypothesis: Acrylic adhesives based on methyl methacrylate are thermoplastic
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Table 1. Formulations prepared to investigate the viscosity and contact angle.

Code
Material

PMMA25 PMMA30 PMMA35

Poly(methyl methacrylate) (%) 25 30 35

Methyl methacrylate (%) 75 70 65

Total (wt%) 100 100 100

Contact angle (degree) 51 77 80
Viscosity at 30°C (cP) 300-400 1600-1700 8000-9000
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Table 2. Formulations prepared to investigate the effect of benzoyl peroxide on gel time.

Code
Material

B4 B6 B7 B8
Methyl methacrylate (%) 64.77 64.77 64.77 64.77

Poly(methyl methacrylate) (%) 35 35 35 35
N,N-Dimethylaniline (%) 0.22 0.22 0.22 0.22
p-Benzoquinone (%) 0.01 0.01 0.01 0.01
Total (wt%) 100 100 100 100

Benzoyl peroxide (phr) 4 6 7 8

Gel time at 23°C (min) >60 40~ 30+3 30+3
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Table 3.Formulations prepared to investigate the effect of crosslink agent content.

Material Code
MPM MPE1 MPE2 MPE4
Methyl methacrylate (%) 50.77 49.77 48.77 46.77
Methacrylic acid (%) 14 14 14 14
Poly(methyl methacrylate) (%) 35 35 35 35
Ethylene glycol dimethacrylate (%) - 1 2 4
N,N-Dimethyl aniline (%) 0.23 0.23 0.23 0.23
p-Benzoquinone (%) 0.01 0.01 0.01 0.01
Total (wt%) 100 100 100 100
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Fig. 1. Contact angle measurements of PMMA35.
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Fig. 3. The effect of increasing crosslinking on chemical

resistance of samples.
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Table 4. TGA test results of samples.

Code
Thermal property
MPM MPE2 MPE4
T, (°C) 194 219 248
T . (O 396 419 424
Ash at 600°C (%) 2.2 1.9 2.6
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Table 5. The density of two prepared formulations.

Code
Characteristic
MPE4 MPM
Weight out of water (g) 1.036 1.123
Weight in water (g) 0.14 0.176
Density (g/cm?) 1.156 1.185

Ly pd iow OF 3y 5 S 5 1) mhaw il o6 ey
4B ealie ulul 58 Ry Sl e e ol Aile e 65
5 St ol B A B0 Sl 5l plandl Salusse s
GRoe A= B gl pesise 0353 Loaiped i plSond
Sioodes ki 5 Skl LBl el b s
2k Bl e fem e e Y D3 el S
PN mman [FOA] LEL g co3le 53 o (S Sl
ey B ls Sl de Sl e 2 sladlall Sl bl
Py ol S (Saess
MPE4 sMPE2 MPE1 MPM B6 st 50,5 = e ¢l§.>=:.w‘
Coln 5 Oliyes s ol 15l ol 5 BkS e
SIS A s 2 (G348 sy a0) Jgb sbiash A5 s gl 53
Gpe dm3 e DL 1y S B aiplol IS ks b o
Sldiges by pBomal 5 dsb slagl- L S5 gl s
SO I I N A P IN LR R
Dl Gllas 8 05 s 1iSKE 5 i sal ples D S il
sl (O S foe) L 550 glaaasiin 51 ks, nl ediOly

4
-== 86
—» MPEI1
—_ 34 — —4oMPE2 3
= R
% —q MPE4
~ — MPM
£’ /
o F
S Z
7B F
O T T T T T T T 1
0 01 02 03 04 05 06 07 08

Extension (mm)

Lad gad Jsb sbasl- o 505 sla g -0 K5
Fig. 5. Typical shear stress-extension curves of samples.

S e OF 53 Jsde oS sl il glos T clslas ol 5o
o3 dade Ol el Sl CubR 5 e S d
¥ s s e sa3l b b s ) MPE4 s
Sl Gaeie V4] Sldllas sl s ediOly Cllas wlis
led e gdme plad 53 (6 2y 0,50 Jade 5l eddglasis & gad
Lol ol lsyp g s diS Al &pes 4 Camd ol g
Jade LialS e Lol asly [2als €l 55 58 Jade Les il il
sl K05 ged S il e sladlasl glls & se
b o o ddgleSed aisad 300 (St 03 gdome 3 330 00 50k
b 3l LAQT sl Ll sl olis g i Jse 14:°C gles
g oars by (1) dolee Gillas 50 a5 OLLS Ay 4 170°C

Ll 5l MPE4 & 505 gl o My o0 Jsdr) @500 JE

M s = ¥ XATYEQOFEA+YVENADVNOFNNE =) - V)Y

Mo S e Sl g S

g P!
@bueslel cpl dd 25 esleems b Dge3l plndl 51 iy en s
gl slae oyl el S L.S;:?p-‘”)-’ a bl sl eslaad b
S g slml Jlas! ‘cla.w Sla ol o 5 b s o ks
DN O3a3T nl el (5l s GduTsn 3 g 3 (et
Sl 5 03 oS 55 Sl ol oled 515 b (6140 503 B L

12001
1000+
8001

600

400 -

Styorage modulus(MPa)

200 1

0 T T ¥ ' T
20 60 100 140 180 220

Temperature (°C)

DMTA 3050 53 bs-Jsde e ¥ IS
Fig. 4. Modulus-temperature curve in DMTA test.

AEe Sdduwsl—cpate  ©)losds (@)l g o Juw ol SI9I9SS 9 pole (ole Alxe oY?



M5 e i Al 22 553293 GBS ST Slaiuus )3 65 Juasl skl Jole: i

2000

1600 -

1274 132
1400 4 /-1017
76
O

MPM MPE1 MPE2 MPE4
Sample

el gas Jsb 2ol A povie 5 e anslie -V I
Fig. 7. Comparison of area under shear stress-extension

els)

[l

S
1

~

<)

S
L

Fracture toughness (J/m?)

curveof samples.

S g5 AoxaS

3 31 ga 3l sles 28 i L Il (6135 i L ST sl
oo lames (glos ys Al g8 o (Lils 1) Sl 5 ey 508 alass
ilize Ol g5 o 48 el it Sl Wil SUEC S ot on 5 L
Lo o550 03 SWLSIL Ol o3 S o oS 1 0T e gla S5 L
sl b ol 5o gl Jlrle sk b5 L S|
Dbt andl sy 5 g sl 1 WOT Caslin 5 ool 558
S by Sl Soge 3 1y el eddd 1S b (el
53kl SRl e (g Ayl (ol (S o5 2 sladla]
OLEd3 0bes 5 55,018 Jlie b (614 gas 4 1 e a3 0
5] (S iy ol 35 ol ST Slan o5 m 3l o3l b el
1S Sl o ale 53 o 5550 033 31 e s 2l 2531 4 5
5 b Cslie e ladlail sbol U B as sbowsl 505
5ol S kST slacmar s sty b G181 G gl S
Cooslie oo Ll O ply s o9 Cuaslis Coenls S50
0> Sl ol jl.a)S @ gos s e 0L JS6) Bl s s
sz...j Coglio 5101 sdaglaSis slad sos Lol Sy o Ol
et el (698l I aS Wl 95 5 Ol il s L
S slie a3l 05 0 S ST sl ol OLES s
B kel slayosipe e Ll 5ol L digls 555 53 inss
Cols 25l ol el 3L Sl 51 550 g o Sl oF.
A 53 S 531 1 OF Ol o o8 Jgb sl 25 15 50 5

Bl Ol alS e s Rl il s S

dyYy \Ers Sddanl—cpoug F 0 lowd (ool g Jw sl 53909iS5 9 pale (pele Ao

Lap shear strength (MPa)

il

MPM MPE1 MPE2 MPE4
Sample
L gas OLE on o oSl aslie = IS
Fig.6. Comparison of lap shear strength of samples.

Sgad s ol 03 45 BO &5a5 ol sl S-Sl L
sl 4l s e S OLLE Hsbas s 4l

ol adyl Wpad sl ey PSS 0 &S bokes
5 deol L Sk pegige 025380 L aS )15 VY MPa
Tl 5 oy Ol (a8 Gla S m (I3 5 MPM & 50
(s ol aelsl 3 3l S YV MPa 4 alSomnl sl 5l
S&s il 5 oe Jlasl sl lale 1Y 5 Y O 03458
S SSlr (55 plSmtl il o 503 3 o5 0 sladlas]
6l Gges b el 53wl L5050 ¥/0 MPa « YV MPa
D353 3l ol Gaa ccnl asiie ool al il YVAY.
Ll 5l S 5 alond Cnslin 3500 s ,e Jlail ule
Ol a8 4Bl Ll 0 e pSoid (5 o ladlall sl
el 43 Jisay 3531 e pomid

S s o DL ) sk sbiask 25 o ped ) b VIS
23S B s e S (5L L Olgea | OF Ol
Jole SIYT ol 6503 B sl 5m5 S5l o3 oSl el 53l L
WYY I/m? W8 Im? 51 e 6531 e « e sbadlasl
Jlast sl Jole e 20530 b ol L o il 531 SYYL m
SRS WYY /MY a e ol (sleSd Sltle Ay 5 s e
5 IS S HIB USRS ol el
SO RS & pabe oul S il g pdyilanl nalS
L@l ool bl g Al dalys e ) gla i
WS ol 5 g el 65 S b S S (Se i
sl ey Ll S Y 55 S e a2 L



10.

11.

Handbook of Adhesion, Packham D.E. (Ed.), John Wiley and
Sons, West Sussex, England, 2nd ed.,12-14, 2006.

Mirzataheri M. and Lotfaliei M., Adhesives (Persian), 1deh
Pardazan-e Fan Va Honar, 1th ed., Tehran, 2012.

Handbook of Adhesive Technology, Pizzi A. and Mittal K.L.
(Eds.), CRC, 61-73 and 737-748, 2017.

Tutunchi A., Kamali R.., and Kianvash A., Adhesive Strength of
Steel-Epoxy Composite Joints Bonded with Structural Acrylic
Adhesives Filled with Silica Nanoparticles, J. Adhes. Sci.
Technol., 29, 195-206, 2015.

Lees W.A., The Science of Acrylic Adhesives, British Polym. J.,
11, 64-71, 1979.

Del Real J.C., Ballesteros Y., Chamochin R., Abenojar J., and
Molisani L., Influence of Surface Preparation on the Fracture
Behavior of Acrylic Adhesive/CFRP Composite Joints, J.
Adhes., 87, 366-381, 2011.

Real J.C., Del M., De Santayana C., Abenojar J., and Martinez
M.A., Adhesive Bonding of Aluminium with Structural Acrylic
Adhesives: Durability in Wet Environments, J. Adhes. Sci.
Technol., 20, 1801-1818, 2006.
www.scigrip.com, An Introduction to MMA Structural
Adhesives, Available in December 2021.

Bjorkner B., Acrylic Resins, Handbook of Occupational
Dermatology, Springer, Berlin, Heidelberg, 562-569, 2000.
Bianchi N., Garbassi F., Pucciariello R., and Apicella A.,
Compositional Influence on Toughness of Structural Acrylic
Adhesives, J. Mater. Sci., 26, 434-440, 1991.

Briggs P.C. and Jialanella G.L., Advances in Acrylic Structural

12.

14.

15.

16.

17.

18.

19.

A& Sddnl=gyoag F 0)lob (e olg o Juw ealy $J9)9iS5 9 pole (ol dlxo

¥yl ko Al 22 3293 SIALS ST Sy )3 6 e Juasl szl Jole il

Adhesives, Adv. Struct. Adhes. Bond., 132-150, 2010.
Ramelow U.S. S.,
Glycol Methacrylate

and Pingili Synthesis of Ethylene

Dimethacrylate-Methyl Copolymers,
Determination of Their Reactivity Ratios, and a Study of Dopant
and Temperature Effects on Their Conductivities, Polymer, 2,

265-285, 2010.

. Paz E., Narbon J.J., Abenojar J., Cledera M., and Del Real J.C.,

Influence of Acrylic Adhesive Viscosity and Surface Roughness
on the Properties of Adhesive Joint, J. Adhes., 92, 877-891,
2016.

Standard Test Methods for Density and Specific Gravity (Relative
Density) of Plastics by Displacement, ASTM International,
D 792, 2008.

Handbook of Adhesion Technology, Da Silva L.F., Ochsner A.,
and Adams R.D. (Eds.), Springer Science and Business Media,
2011.

Kubiak K.J., Wilson M.C., Mathia T.G., and Carval P,
Wettability versus Roughness of Engineering Surfaces, Wear,
271, 523-528, 2011.

Structural Adhesives: Chemistry and Technology, Hartshorn
S.R. (Ed.), Springer Science and Business Media, 309-346,
2012.

Barszczewska-Rybarek 1.M., Korytkowska-Watach A., Kurcok
M., Chladek G., and Kasperski J., DMA Analysis of the
Structure of Crosslinked Poly(methyl methacrylate)s, Acta
Bioeng. Biomech., 19, 47-53, 2017.

Awaja F., Gilbert M., Kelly G., Fox B., and Pigram P.J., Adhesion
of Polymers, Prog. Polym. Sci., 34, 948-968, 2009.

OYA



