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Preparation of toughened high temperature bismaleimide resin based on DGEBA
epoxy resin and investigation of its composite properties with glass fibers
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In this study, a new bismaleimide resin was designed and synthesized based on epoxy resin to improve the
mechanical and thermal properties of epoxy resin and to overcome the inherent brittleness of bismaleimide.
For this aim, two maleimide precursors including 4-hydroxyphenyl maleimide and
4-carboxyphenyl maleimide were synthesized through the reaction of maleic anhydride with
4-aminophenol and 4-aminobenzoic acid, respectively, in the presence of suitable dehydrating agents.
These intermediates were then reacted with Diglycidyl Ether Bisphenol A epoxy resin. Through DSC and
FT-IR analyses, the curing cycle of synthesized bismaleimide resin was determined. TGA results indicated
the higher thermal stability of the synthesized bismaleimide resin compared to neat epoxy resin.
interlaminar shear strength of the composites prepared by glass fibers showed 44.03 MPa and 46.40 MPa
at 78 °C for bismaleimides synthesized from 4-hydroxyphenyl maleimide and 4-carboxyphenyl maleimide,
respectively. Moreover, the interlaminar shear strength of the prepared composites at room temperatures
were determined 50.10 MPa and 52.65 MPa, respectively, indicating an improvement in both interlaminar
shear strength and toughness compared to neat epoxy resin.
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Fig. 3 'H-NMR spectrum of 4-Hydroxyphenyl maleimide. The peaks
in the range of 6.8 to 7.1 ppm are presented in an enlarged view.
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Fig. 8 FT-IR spectra of epoxy resin, 4-Hydroxyphenyl maleimide and
synthesized bismaleimides under the mentioned reaction conditions
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Fig. 5 FT-IR spectra of 4-Carboxyphenyl maleimide

soortlle Jotb S5 54 & by FT-IR il 5 JSCs

o gt sladiges 5l S ye g laisl 95T Jguar
Table 1 Abbreviation code for each prepared sample

oSy eyl yl osws STy Agasd 0
30min/150 °C HPM + Epoxy MHE
2h/125 °C HPM + Epoxy MHE2
3h/115 °C HPM + Epoxy MHE3
30min/150 °C
+
Toluene HPM + Epoxy MHE4
7.2
(o]
| 0
» 'Y
(e]
e Ty
13.12 |

161514131211 10 9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
Fig. 6 'H-NMR spectrum of 4-Carboxyphenyl maleimide. The peaks
in the range of 6.8 to 7.1 ppm are presented in an enlarged view.
ouds odly gloald o partlls L8 S5 S4 4 by 'H-NMR 2l 6 S

el 0a 0als lid el HledS )5 g0 4 8.1 ppm U 7.5 ppm a>b o



Oed 5 (ALS s

Ay SWIL 0T wu)guels yolsd w9 DGEBA LS sl (3350 Al aw pis Sueuillousr SVLLes (325 aus

50y oy dewlors b el (189.17 g/mol) uapille Juid oS’ joun-4
e Joib (oS gyt g (oaS ol (255 5 00 i dentllopan (s
oo 13 ) srartlo s 000 83.89 g, ol 5l solicial Ly a5 05
3,18 5529 MHE4 &ig05

s ool Jlazsl THNMR 5 FT-IR sl oaalissas mlts b
SSL Rl Wl oo (o) crl 5o Sl yob 4 STy ploxil pae Jle oS
hele sloog T JolS 3,55 52 pas ( ASTy Lane (1390 (Konl ey j9Sm
b JeSgyon sloog S 05 s pd STy 5 dnS ol 09,5 b JouSg 000
S exSslr 5 oSl el sl calple sl wlaSgl ole slaog S
- STy s (Sl e 5l aS ab sl ety jeSn s SLSL Gl
olos (Sl (ype dlaly 4 b 00,5 eolii] spartlle Joid o 51,54
SLls 5Ty Lo 5wl 425l |, K080 b 5,95 o d laJsSUye
005 ClgSs g Ne

Olpe dmmlio plowl g sranillo oo i (610 00 lpidin g, Gl
Seeeille Jotd onS 92574 oole (Sl 005, b KaSTy 90 53y A5y
ol Cod g ol 00938l Sl 4 (08 Djsoas 115 °C gles o 5
el dalol SOl e b el 6 o a4y 2aSTg odayl
50 seille Juid oS 91,54 5l oudd i dpenillogpey (Lol -1-3-3
i 55T,
g 20 5l a5 pshailan 10 IS5 b llas FT-IR (5051 b b
g oud B> 915 cm! > g0 0 08905 ;0 WSl Jole 09,5 asli
059 b 5l il oo iy 3487 cm! 290 sae 0 sui el Sy
(etS pla)l ol 0ad s () (ot Hibe o il (ke 09,8
90 S 1275 em! 4 1244 Cm_lgs??‘ das odgaze 4o C-O wigw
lros,S 45 WS o ol Ssze daled lply sl s jalls glasls
@S5k cge 5 03,5 alex WliSal (ole 095 4 ShenS 55 (ole
5| drosle i S, S-4 45 (Gland b a0 5 ond Syl dil>
0555 dpepille Jid oS g 000 ) Cand (5 e Sy STy o j
Wy LS A !

o9y 4 Seantllo e Jol s 1 pliebol jslaiedy 55 Al e ol yo
saali 11 S5 45 jsbilen s solial THANMR sl oy 53
Pl el ysb ey (STs 525 sy 5o 45 ol (LA gl lid w05 o
@l @lral o3guze )3 (Sl 09,5 4 by pe slaals 5 Cowl onds
Wloads ,alls 2.6-3.6 ppm
o iens ranillo s ity aslllae 43
oy 2Uly el slacr;) plo wile ond st deentllo s
ooy Jelge jloolinnl b ooy ol o8 5 Gommli pecigen (29, 4 oS
5 3530 Oselioshisan Coy (39, o gy Gl o oS 3 M0 |y (el
59y & Bipogdlo st Sy coid ool Slalllas 3ol ool 48,5 13
03995 (nl &5 398 o0 £9,%0 170 °C 5l i sles )3 Ggamlin yockigo
Sdgn ()l > S sl Oyl alize sl un lp oleo
sl dwartlle 05,5 C=C wl50 tigey b (simentlle slaog,s C=C 4550
slagnsy plo jo ooy iSly 9l Ngdioo laSd g eols A5l
DatiSE (yeds 5 9 s0 s VL] IS ilsEl Crge dpapillo s
ol ol g ladeds JESl glod Gl crge 0ol C3y () b
2035 0 el (69 ag 00l C3y srepillo e 41 S

Sloiles tipnn Jol b gsdge cal 4 il gy STy lae
ol STy L

Slerig (2STy danzme I (oSl 09,5 oS @95 jolaiear culed 5o
L o9 solitnl sdalcawdas sole ilw alls sl cglg P 5l a5 w
boo 5l stz 55 LB sk a4 (Sl 09,5 MHE4 diges )5 (g, cnl ploxil
Ao 5 Bds STy

00gaze ;o oS gl Jale glaog S 4y bg e laald 9 IS g3l
4 by glaas € 5 b By L 2.3-32 ppm plerds olral>
7.9- gloet @lral )0 55 (hd JouSg 00 (ile 05,5 Lgiye als
Jol5 jsbay iaSly 555 oo 0daline a5 jglailes aitus aseis 8.1 ppm
OlaS 5 1SS 2 0y Sy Al jahaie 4 Al e ol Ho Sleais
5l o jle 4 Wl s p aolee 3

8x + 20y + 12z = 64.62 2)
2z=1 3
4x = 3.11 “
0
/\
CH,CHCH,0—
1
b c e

V|

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 PPm

Chemical Shift (ppm)
Fig. 9 'H-NMR spectrum of synthesized MHE4 sample

oais yiiw MHE4 &igai (gl ol cowsas 'H-NMR b 9 s

il polie z 5y X (sloyielly slp Jstzme g dolae ans J>

el Cawd A 5 Oy

x =077 )
z=125 (©6)
y = 0.67 7

oalaiwl 3 Jae,d 3l oyt Spenillo e o> da)ﬂwad.g slp
Ry s

y X M,
v x 100
X X My(xy+ ¥ X My(y)+ Z X My(z) (8)

% mass of bm =

duﬁ)? )iL..) MW(Z) 9 Mw(y) ‘Mw(x) )1~>Ln.n aJoles w‘ B aS
5 (755.34 g/mol) oouds yius dpontdlo puss (377 g/mMol) oSyl J5SUgo

2650

0399408 (S5 9US 9 pgle &y s



0399408 (S5 9US 9 pgle &y s

Oed 5 AL s

Ay SWIL 0T wu)guels yolsd w9 DGEBA LS sl (3350 Al aw pis Sueuillousr SVLLes (325 aus

@S aazgl 4SSl pge S qald 1) Sash b ceslis 3)55 5 c0 3 b
el wyaz oobe ploond JLole o wSal o5, 5l Gowe,0 9529 NMR
ey Al GRlBl g dedee deeetlle ele 095 93 9,55 Casles
da3(oo ) (gl rockigen

Slead i (pj, @lp 12 UK 50 ssslcwwsa DSC o oo
4>l O oo (8 G 5 TSl g seetlle Jid (oS 54
odimslis aS oad s sl S Sy olml e 150-300 °C Lo
150 °C los (JSio @illae .ol 00w dpontdloun Sy 2aSTy
sl slo 300 °C 5 ey slos 7ol 206.8 °C oy Sy g9,
5 waantle C=C ailS'gs wige 150 °C glos 51 &dly po .l cry STy
iS558 oS (35 2SN 09,5 D jslome po (528,518 Ll 4 o>
L) RS a4 dpentlle 09,5 g0 Jlail sl Iy bl il g ouds i C=O
0l delol oy (22519300 °C gles b g aigd g0 (5laSius 9 00,5 2l 8

Wged Sy g9y sbes (12 JS8 DSC sla g ez gl
Slawbrs Bllas .ol 055 lagy alS H-BMI aiges 4 s C-BMI
184.120 J/g L 1, C-BMI agai iy (glp oo ol3T (sla )5 oy plol
ol S H-BMI wgei oy 3iSTy sl oo ol3T slo,5 (yl5me 5 45 009
el 168 sl 271.23 J/g L

Heat Flow (mW/mg)

1 1 1
50 100 150 200 250 300 350

Temperature (°C)
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resins without curing agents at a 10 °C heating rate

5 C-BMI (slaiy s, Gaumlpponligad coty 4y gy e DSC Jvie 12 JSC0
10 °C ool > 35 b ey Julse 5l oozl g0y H-BMI

DSC g FT-IR Cowd I o8lisiw! b C-BMI oo (pas iy andllas -1-4-3
FT-IR ewcab 3l ool yuw satllopun oS con 5l lisebl 6l
4 5las 5180 °C sloo o cels 2 5l oy ooy 5l L3 Sl alato 4w (o
sadoslslid 13 IS 4o T ol a8 o eolanwl 220 °C slos ,o celus
Glald Ol s 5l onds dgs deepilloun Sy [L3, o)y Sy el
iy 4 as 3102 cm! 699 cm! >0 slacl yo snd el asls
oj)f Cc=C 43[)450 J;}u LngC-H ;5“"‘“5 9 £5“~°> U“"L':‘)| O Ja}a).a
5 celn 2 flejaae 5l w13 S Gillas .ol ool s aenille
3102 5699 cm! =g slacl jo &dly 4l g o as ;1 180 °C sles
1y oot 3y 0 (sl Sy (2STy 28y oS 05 o s cm!
5 34 DSC 9a3T 3l nalinssd mlis waz il iz 038 oo a0l

292 (St JB 180 °C (glos ;o seontllo s

2C-BMI

2651

~
S 1768
)
3 3487 952
=
§ - 3101 2920 88
H
k]
g
A~
~
1512
1244
——— 4-Carboxyphenyl maleimide 1605

1713

| NP WU [NUN [ U R R
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)
Fig. 10 FTIR spectrum of synthesized bismaleimide derived from 4-
carboxyphenyl maleimide and epoxy resin, using a mechanical stirrer
in a newly designed reactor
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Fig. 11 "H-NMR spectrum of synthesized bismaleimide derived from
4-Carboxyphenyl maleimide and epoxy resin, using a mechanical
stirrer in a newly designed reactor
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Fig. 13 FT-IR results of C-BMI homopolymerization at different
curing times: (a) before curing, (b) after 2 hours at 180 °C, (c) after 4
hours at 220 °C
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Fig. 14 Investigation of complete curing reaction of synthesized C-
BMI without curing agent using DSC test at a 10 °C heating rate
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Table 2 Avarage values of Inter Laminar Shear Strength for composites
made from C-BMI and H-BMI resins reinforced with glass fibers at

78 °C and 23 °C.
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Fig. 16 Inter Laminar Shear Strength curve of composites made from

H-BMI-GF and C-BMI-GF samples reinforced with glass fibers at

23°Cand 78 °C
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