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ABSTRACT

properties, can improve the properties of epoxy resin. 4,4'-Bis(maleimido)-

diphenylmethane resin (BMI) is one of bismaleimide resins that can be cured
simultaneously with epoxy resin by amine curing agents and both resins can be cured
with the same curing cycle. This improves the physical-mechanical properties of
epoxy-based composites.
Methods: BMI resin was synthesized using the reaction between maleic anhydride and
4,4'-diaminodiphenyl methane in acetone to form an intermediate of amic acid. The
dehydration of the amic acid was carried out to form an imide using acetic anhydride,
triethylamine and sodium acetate. The product was characterized by FTIR and
"H NMR spectroscopy techniques. The synthesized resin was blended with DGEBA
epoxy resins in different amounts of 10, 20, 30 and 40 phr. Next, the blends were

l l ypothesis: Bismaleimide resin, due to its favorable mechanical and thermal

cured by 4,4'-diaminodiphenyl methane as a curing agent, and the composites were
prepared from the blends and glass fibers. The interlaminar shear strength (ILSS) of

bismaleimide, the prepared composites was measured as a key parameter of composites. The curing

epoxy, behavior of epoxy/bismaleimide blend was investigated using isothermal differential

scanning calorimetry (DSC) and FTIR spectroscopy.
ellste, Findings: 4,4'-Bis(maleimido)diphenylmethane resin was used to improve ILSS
cure, properties of the composite prepared based on DGEBA epoxy resin and glass fibers.
The value of 52.50 MPa was obtained as the optimum value of ILSS at 78°C for the
mixture with 30 phr of bismaleimide. DGEBA and BMI resins have the ability to
simultaneously cure by 73% and 78% using MDA curing agent at 160°C. Full curing
of the epoxy and bismaleimide mixture requires a temperature higher than 160°C,
such as 220°C.

interlaminar shear strength
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Table 1. Samples coding and composition of each epoxy/

BMI blend.

Sample Epoxy resin BMI MDA
code (phr) (phr) (phr)
EBO 100 0 26.294
EB10 100 10 30.294
EB20 100 20 34.294
EB30 100 30 38.294
EB40 100 40 42.294
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Fig. 3. FTIR spectrum of synthesized 4,4'-bis(maleimido)di-

phenylmethane resin.
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blends with glass fiber at room temperature by displacement.
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Table 2. ILSS of the prepared composites of epoxy/BMI

blends and glass fiber at room temperature and 78°C.

ILSS* (MPa)
Sample >
at room temperature at 78°C
EBO 50.32+2.41 37.85+0.53
EB10 49.34+1.52 37.02+0.85
EB20 53.96+3.57 42.71+0.70
EB30 55.19+4.34 48.35+0.74
EB40 56.60+1.73 42.02+1.57

“ Interlaminar shear strength.

o ol s il oS sy STy el 6l S L
A OT Jlisar 5 s mly SLaeSd sl J5S05 02 Sl
CLrsyr oS5 el eldsy gl (5054
lad s 5s Ol goas oal STy oy b Jole 55 5 darlle oy
(5 5S a3 sl b S e e a3 sl Sl S S
g g S5 aelS GlaVom (o plSoial o 1A e
o slie U aseel 55 deadlle s Slie L2150 L s (6 g
W Sl CaselS Yo b oozl o+ phr T
ROV NCL PSS SR S-SC SR I I S T L g P
el oS il s
=5 alie oz oo OLEVACC (glos 3 sal Cousw ILSS 5l
53 Aealo o Vo phr Jlie 5 g2 5 b cJaes glos 53 ILSS O a5
Dbas s 3 i i Sl o o ¢St ol 2 el
33 deadle e Sllie 515 L S J 3 b e talS S
ool b o 2ol B ILSS Hldis o phr 5 Yo Y+ slie 4 axsesl
G ged Sl opm o5 cK}J.\.«:‘ VAC les js oS ol Jb> s
b nl Dol SRS Y phr sl 4 ool ¥ phr
dy p8ial 5 (Kejiz el 5 5 ILSS Olojes 03 51 e
DS o 13 Ogesl 5y se James gled 5 bk ses 45 Sloy .ol
Pzl [l 331 L el s 5 (S i Cool b oSl 5
il b bl g5 e ILSS lie il 53l o g dlagp 5 4]
53 dooelo oy 1 cainl 53 3 gn oS il s OABp 5 5 e
O a5 5 (535 S il 5l 5 55 e it i Ui
S5 gpolS IS ILSS ke OF plSowinl 4 o (55 550 5l
s el 3 deadlo ey i) 3975 153 Sl 4l 5
(el pls 558 L ILSS 51 (g S yislas 53 55 5 &y sty S



Szl )3 T wiady JUd) w32 9 Ol Jaidis3(93uoaillo) yuuss—E'E (32)) alwliah 9 sihass

(€)
W
©

(b)

(a)

3100 1512 916 691

4000 3500 3000 2500 2000 1500 1000 300
Wavenumber (cm™)

Yo phr o U BMI- oS ol aiel FTIR glacilb —Ve |3
S o (@) il Cou ladley s oy bl Sogsle s
3 17+°C les ;3 YO min (d) \+ min (¢) O min (b) 3l w5 T

JY°C o> 53 Y min 31 . (€)
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Table 3. The surface area under the peaks of used absorption bands for calculation of degree of curing of epoxy and bismaleimide

resins by FTIR spectroscopy.

Curing time (min) Peak arca (cm’) DOC of epoxy (%) | DOC of BMI (%)
691 916 1512
0 452.53 748.86 2963.79 0 0
5 181.56 590.3 3900.58 39 69
10 200 434,32 4598.25 62 71
25 150 300 4465.67 73 78
30 0 0 ; 100 100

* First 25 minutes at 160°C then 30 minutes at 220°C.
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